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1.6. Special Note 

Medicine is continuously developing. Therefore, all information, especially diagnostic 
and therapeutic procedures, only corresponds to the knowledge at the time the 
guideline is published. The greatest possible care was taken with the 
recommendations on therapy as well as choice and dose of drugs. Nonetheless, the 
users are requested to call on the manufacturer's instruction leaflet and the SmPC 
and in case of doubt to consult a specialist. In the GGPO-editors' general interest, 

relevant discrepancies should be reported.  

The users are responsible for each diagnostic and therapeutic application, 

medication, and dosage.  

In this guideline registered trademarks (protected trade names) have not been 

specifically marked. Therefore, it cannot be concluded from the missing of such a 

reference that it is a free trade name.  

The copyright of the document is protected in all parts. Any use outside of the 

Copyright Protection Law is not allowed and illegal without written agreement of the 

German Guideline Program in Oncology (GGPO). No part of the document may be 

reproduced in any form without written permission of the GGPO. This holds in 

particular for copies, translations, microfiche, as well as the saving, use, and 

exploitation in electronic systems, intranets, and the internet.  

 

1.7. Goal of the German Guideline Program in Oncology 
With the German Guideline Program in Oncology (GGPO), the committee of the 
Scientific Medical Professional Societies (AWMF), the German Cancer Society (DKG), and 
the German Cancer Aid (DKH) have the goal to fund and support the development, 
update, and implementation of evidence-based and practical oncologic guidelines. The 
program is based on medical-scientific knowledge of the professional societies and the 
DKG, the consensus of medical experts, users and patients, as well as regulations of 
the guideline preparation of the AWMF and the expert support and funding by the 
German Cancer Aid. To show the current medical knowledge and to take medical 
progress into consideration, guidelines have to be reviewed and updated. The AWMF-
regulations will be used as a basis for the development of high quality oncologic 
guidelines. Since guidelines are an important quality assurance and quality 
management tool in oncology, they should be specifically and sustainably 
implemented in routine care. Thus, active implementation measures and evaluation 
programs are an important aspect of the GGPO-support. The goal of the program is to 
establish professional and intermediately funded prerequisites for the development 
and preparation of high quality guidelines in Germany. These high-grade guidelines 
serve not only the structured transfer of knowledge, but they may also find their place 
in health care system structuring. Worth mentioning here are evidence-based 
guidelines as the basis for preparing and updating disease management programs or 
for the implementation of quality indicators taken from guidelines for the certification 

of organ tumor centers. 
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1.8.2. Coordinators of the Guideline Group 2007/2008 
The coordinators of the update of Chapters 6, 8, and 9 in 2007/2008 were: 

Chapter 6 – Endoscopy: Implementation and management of polyps:  

J.F. Riemann, W. Schmitt  

Chapter 8 – Adjuvant and neoadjuvant therapy:  

R. Porschen, R. Sauer 

Chapter 9 – Therapeutic approach in patients with metastases and in the palliative 

situation: U. Graeven, H-J. Schmoll 

1.8.3. Composition of the Task Force Quality Indicators 
The suggestions on quality indicators were developed by the task force listed in Table 

2. 

Table 2: Members of Task Force Quality Indicators 

Name Institution 

Coordinators: 
W. Schmiegel 
C. Pox 

 
DKG, DGVS 
DGVS 

Members: 

M. Haß 

 

Dt. ILCO 

W. Hohenberger DKG, DGAV 

A. Holstege DGVS 

F. Kolligs DGVS 

M. Klinkhammer-Schalke Task Force of German Tumor Centers (ADT) 

I. Kopp AWMF 

S. Ludt AQUA 

J. Ockenga DGVS 

S. Post DKG, DGAV, CACP 

A. Tannapfel DGP 

S. Wesselmann German Cancer Society (DKG), Department of Certification 

1.8.4. Methodological Support  
By the German Guideline Program in Oncology: 

• Prof. Dr. Ina Kopp (AWMF), Marburg 

• Dr. Markus Follmann, MPH MSc (DKG), Berlin  
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1.9. Available Documents on the Guideline and 
Implementation  

This document is the long version of the Evidenced-based Guideline for Colorectal 

Cancer that is accessible via the following links: 

* German Guideline Program in Oncology (http://www.leitlinienprogramm-

onkologie.de/OL/leitlinien.html)  

* AWMF (www.leitlinien.net)  

* German Cancer Society 

(http://www.krebsgesellschaft.de/wub_llevidenzbasiert,120884.html)  

* German Cancer Aid (http://www.krebshilfe.de/)  

* Guidelines International Network (www.g-i-n.net)  

* Participating professional societies (z. B. http://www.dgvs.de/508.php) 

 

In addition, the long version of this guideline will be published in the "Zeitschrift für 

Gastroenterologie". 

Aside from the long version, the following complementary documents for this 

guideline exist:  

* short version 

* guideline report 

* translation (English) 

* patient guideline (lay version) 

* external evidence report  

All these documents can also be accessed via the mentioned links. 

The external evidence report for Chapter 4 (Screening/prevention) and parts of 
Chapter 7 (Preoperative diagnostics and surgery) was prepared by the University of 
Witten/ Herdecke (Institute for Research in Operative Medicine) in cooperation with the 
University of Duisburg/ Essen (Alfried Krupp von Bohlen and Halbach Foundation 

Professorship for Medicine Management). 

A nationwide distribution of these evidence-based updated recommendations is 
needed in particular to improve the quality of patient information and care. With the 
help of standardized methods, quality indicators were derived from the 
recommendations. Aside from implementation, the guideline serves primarily the 

quality assurance and the improvement of patient relevant processes. 

http://www.leitlinienprogramm-onkologie.de/OL/leitlinien.html
http://www.leitlinienprogramm-onkologie.de/OL/leitlinien.html
http://www.leitlinien.net/
http://www.krebsgesellschaft.de/wub_llevidenzbasiert,120884.html
http://www.krebshilfe.de/
http://www.g-i-n.net/
http://www.dgvs.de/508.php
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2. Introduction 

2.1. Scope and Purpose 

2.1.1. Goal and Issues 
Colorectal cancer (CRC) is one of the most common malignant tumors in Germany with 
over 73,000 newly-diagnosed cases and about 27,000 deaths per year. For the first 
time in 1999, the DGVS in cooperation with the German Cancer Society published an 
S3 guideline for CRC, which was intended to provide an exhaustive, standardized, 
high-value set of patient care guidelines based on evidence-based medicine. In the 
meantime, a European colorectal cancer guideline has also been published. The 
guideline committee felt specifications are necessary, because of the heterogeneous 
health care systems and care standards in the European countries. This German 
guideline covers additional aspects that are not covered by the European guideline. It 

strives to consider all issues relevant for Germany. 

The guideline is divided into eight topic complexes (TC): 

* TC I: Prevention Asymptomatic Population (see Chapter 3) 

* TC II: Screening Asymptomatic Population (see Chapter 4) 

* TC III: Risk Groups (see Chapter 5) 

* TC IV: Endoscopy: Implementation and Management of Polyps (see Chapter 6) 

* TC V: Preoperative Diagnostics and Surgery (see Chapter 7) 

* TC VI: Adjuvant and Neoadjuvant Therapy (see Chapter 8) 

* TC VII: Management of Patients with Metastases and in the Palliative Situation 
(see Chapter 9) 

* TC VIII: Follow-up Care (see Chapter 10) 

 

In order to keep these recommendations at the most current stage of scientific 
knowledge, the guideline has since been regularly updated in close cooperation with 
the AWMF (2004 completely and 2008 the TC IV, VI, and VII). The current update 

affects the TC I, II, III, V, and VIII, as well as individual sections of IV, VI, and VII. 

During the update process in 2012/2013, the guideline group decided that 

recommendations would be made on the following issues: 

* Which prevention measures can reduce the CRC risk? 

* Which methods should be used for screening/prevention? 

* Which procedures should be implemented in preoperative diagnostics for 
CRC? 

* What has to be taken into account when constructing stomas? 

* What is the role of laparoscopic resections? 

* When does tumor follow-up care start? 

* How important are rehabilitation and tertiary prevention after curative tumor 
operations? 
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Based on these questions, all recommendations were reviewed whether they were up-

to-date. If necessary, they were updated after literature searches.  

Each recommendation box contains the date of the last update (2008 or 2013). 

2.1.2. Audience 

This guideline is mainly directed at:  

• Physicans who work on prevention and treatment of CRC in the ambulatory 
and inpatient sector, 

• Cooperation partners of the medical profession (health care faculties), 

• Benefactors. 

2.1.3. Period of Validity and Update Processes  
The period of validity of topics I, II, III, V, and VIII and Chapters 3, 4, 5, 7, 10 updated 
2011/ 2012 is estimated to be 5 years. They will be subject to a new revision by 2017 
at the latest. Updating of the remaining topics IV, VI, and VII and Chapters 6, 8, 9 is 

planned for 2014. 

The updating processes will be coordinated by the responsible guideline coordinator. 
The members of the guideline groups will observe newly-emerging scientific 
knowledge. If necessary, the individual topics will be updated accordingly. All updates 
will be published separately (as an addendum to the internet version, scientific 

publications) and will finally be worked into the full-text version of the guideline.  

Comments and instructions for the updating process from clinical practice are 

encouraged and can be addressed to the guideline secretary.  

Guideline coordination: Dr. Christian P. Pox 

Medizinische Klinik der Ruhr-Universität Bochum 
Knappschaftskrankenhaus 
In der Schornau 23-25 
D-44892 Bochum 

Meduni-kkh@rub.de 

2.2. Basis for the Method  
The methodological procedure is based on the AWMF regulations (http://www.awmf-
leitlinien.de) and is shown in the guideline report of this guideline (see e.g. 

http://leitlinienprogramm-onkologie.de/Leitlinien.7.0.html). 

2.2.1. Scheme of Evidence Level According to Oxford 
To classify the distortion risk of the identified studies, the system of the Oxford Centre 
for Evidence-based Medicine version 2009 (available under www.cebm.net) shown in 
Table 3 was used for this guideline. This system provides a classification for studies on 
different clinical issues (benefit of therapy, prognostic relevance, diagnostic 

importance). 

http://www.awmf-leitlinien.de/
http://www.awmf-leitlinien.de/
http://leitlinienprogramm-onkologie.de/Leitlinien.7.0.html
http://www.cebm.net/
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Table 3: Scheme of Evidence Level According to Oxford (Version 2009) 

Level Therapy/ 
Prevention, 
Etiology / 
Harm 

Prognosis Diagnosis Differential 
diagnosis / 
symptom 
prevalence 
study 

Economic and decision 
analyses 

1a SR (with 
homogeneity) 
of RCTs 

SR (with 
homogeneity
) inception 
cohort 
studies; CDR 
validated in 
different 
populations 

SR (with 
homogeneity
) of Level 1 
diagnostic 
studies; CDR 
with 1b 
studies from 
different 
clinical 
centers  

SR (with 
homogeneity
) of 
prospective 
cohort 
studies 

SR (with homogeneity) 
of Level 1economic 
studies 

1b Individual 
RCT (with 
narrow 
confidence 
interval) 

Individual 
inception 
cohort study 
with > 80% 
follow-up; 
CDR 
validated in 
a single 
population 

Validating 
cohort study 
with good 
reference 
standards; or 
CDR tested 
within one 
clinical 
center 

Prospective 
cohort study 
with good 
follow-up 

Analysis based on 
clinically sensible costs 
or alternatives; 
systematic review(s) of 
the evidence; and 
including multi-way 
sensitivity analyses 

2a SR (with 
homogeneity) 
of cohort 
studies 

SR (with 
homogeneity
) of either 
retrospective 
cohort 
studies or 
untreated 
control 
groups in 
RCTs 

SR (with 
homogeneity
) of Level >2 
diagnostic 
studies 

SR (with 
homogeneity
) of Level 2b 
and better 
studies 

SR (with homogeneity) 
of Level >2 economic 
studies 

2b Individual 
cohort study 
(including 
low quality 
RCT; e.g., 
<80% follow-
up) 

Retrospectiv
e cohort 
study or 
follow-up of 
untreated 
control 
patients in 
an RCT; 
Derivation of 
CDR or 
validated on 
split-sample 
only 

Exploratory 
cohort study 
with good 
reference 
standards; 
CDR after 
derivation, 
or validated 
only on split-
sample or 
databases 

Retrospectiv
e cohort 
study, or 
poor follow-
up 

Analysis based on 
clinically sensible costs 
or alternatives; limited 
review(s) of the 
evidence, or single 
studies; and including 
multi-way sensitivity 
analyses 
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Level Therapy/ 
Prevention, 
Etiology / 
Harm 

Prognosis Diagnosis Differential 
diagnosis / 
symptom 
prevalence 
study 

Economic and decision 
analyses 

2c “Outcomes” 
research; 
ecological 
studies 

“Outcomes” 
research 

 Ecological 
studies 

Audit or outcomes 
research 

3a SR (with 
homogeneity) 
of case-
control 
studies 

 SR (with 
homogeneity
) of 3b and 
better 
studies 

SR (with 
homogeneity
) of 3b and 
better 
studies 

SR (with homogeneity) 
of 3b and better studies 

3b Individual 
case-control 
study 

 Non-
consecutive 
study; or 
without 
consistently 
applied 
reference 
standards 

Non-
consecutive 
cohort study; 
or very 
limited 
population 

Analysis based on 
limited alternatives or 
costs, poor quality 
estimates of data, but 
including sensitivity 
analyses incorporating 
clinically sensible 
variations 

4 Case-series 
(and poor 
quality cohort 
and case-
control 
studies) 

Case-series 
(and poor 
quality 
prognostic 
cohort 
studies) 

Case-control 
study, poor 
or non-
independent 
reference 
standard 

Case-series 
or 
superseded 
reference 
standards 

Analysis with no 
sensitivity analysis 

5 Expert 
opinion 
without 
explicit 
critical 
appraisal, or 
based on 
physiology, 
bench 
research or 
“first 
principles” 

Expert 
opinion 
without 
explicit 
critical 
appraisal, or 
based on 
physiology, 
bench 
research or 
“first 
principles” 

Expert 
opinion 
without 
explicit 
critical 
appraisal, or 
based on 
physiology, 
bench 
research or 
“first 
principles” 

Expert 
opinion 
without 
explicit 
critical 
appraisal, or 
based on 
physiology, 
bench 
research or 
“first 
principles” 

Expert opinion without 
explicit critical 
appraisal, or based on 
physiology, bench 
research or “first 
principles” 
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2.2.2. Scheme of the Grade of Recommendation 
The GGPO-method requires the allocation of recommendation levels by the guideline 
authors in a formal consensus process. Therefore, a chaired, multi-part, nominal group 
process was implemented by the AWMF. At the end of this process, the 
recommendations were formally voted on by the elected representatives who were 
entitled to vote (see Chapter 1.8). The results of each vote were allocated to the 

recommendations according to the categories in Table 5. 

For all evidence-based statements (see Chapter 2.2.5) and recommendations, the 
evidence level (see Chapter 2.2.1) of the underlying studies as well as for 
recommendations the degree of recommendation (recommendation level) are shown. 
Three degrees of recommendation are distinguished in this guideline (see Table 4) 

which also reflect the formulation of the recommendations.  

Table 4: Scheme of the Grades of Recommendation 

Grade of Recommendation Description Phrasing 

A Strong recommendation shall/has to 

B Recommendation should 

0 Recommendation open can 

2.2.3. Clinical Evaluation – Classification of the Grade of 
Recommendation 

(according to the recommendations of the European Council 2001) 

In general, the evidence classification determines the recommendation level. 
Deviations are possible for justified reasons (see further criteria in Figure 1). 

 

Figure 1: Overview of Recommendation Grading 
  

Grade of recommendation

Strong recommendation
A,

recommendation
B, 

No clear
recommendation

0, 

Level of evidence

weak
Class 3 - 5

moderate
Class 2

high
Class 1

Additional criteria for graduation

- Consistancy of study results
- Clinical relevance of endpoints and effectstrengths
- Ethnical obligatins and risk-benefit ratio
- Patient preferences, feasibility, practicabiltiy

Consensus methods in S3 guideline
from evidence to recommendation
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2.2.4. Classification of the Degree of Consensus 
Table 5: Classification of the Degree of Consensus 

Degree of consensus Percent agreement 

Strong consensus Agreement from >95% of participants 

Consensus Agreement from >75-95% of participants 

Majority Agreement Agreement from >50-75% of participants 

No Consensus Agreement from less than 50% of participants 

2.2.5. Statements 
Statements are interpretations or comments on specific issues and problems without 
direct call for action. They are passed in a formal consensus process according to the 
procedure for recommendations. They are based either on study results or expert 

opinion.  

2.2.6. Good Clinical Practice (GCP)  
Recommendations are declared as ‘Good Clinical Practice (GCP)’ if no literature search 
was done. In general these recommendations address procedures of good clinical 
practice to which no scientific studies are necessary or expected. No symbol was used 
for the level of GCPs. The degree of recommendation results from the wording that is 

used (must/should/can) according to the grading in Table 4. 

2.2.7. Independence and Declaration of Possible Conflict of Interest 
This guideline was financed by the German Cancer Aid as part of the German Guideline 
Program in Oncology. The financial means were used for personnel costs (medical 
documentation specialists), office materials, literature acquisition, and telephone and 
consensus conferences (room charges, equipment, expenses, moderator honoraria, 
travel costs for the participants). The travel costs were reimbursed according to the 
German Travel Cost Law and/or according to the guidelines normally followed in 
universities. The editorial updating of the guidelines was independent of financing 
organizations. All members of the guideline groups presented a written declaration of 
any potential conflicts of interest (see guideline report under 
http://leitlinienprogramm-onkologie.de/Leitlinien.7.0.html). We thank them for their 

strictly honorary work, without which this guideline could not have been prepared. 

  

http://leitlinienprogramm-onkologie.de/Leitlinien.7.0.html
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2.3. Abbreviations Used 

Abbreviation Explanation 

AFAP Attenuated FAP 

AHB Follow-up treatment 

ASS Acetylsalicylic acid 

AWMF Task Force of Scientific Medical Professional Societies 

BMI Body Mass Index 

CEA Carcino-embryonic Antigen 

CRC Colorectal cancer 

CT CT scan 

CTC CT-Colonography 

CU Colitis Ulcerosa 

DGE German Society for Nutrition 

EGD Esophagogastroduodenoscopy 

FAP Familial Adenomatose Polyposis 

FOBT Fecal occult blood test 

HNPCC Hereditary colorectal cancer without polyposis 

IEN Intra-epithelial neoplasia 

iFOBT/ FIT Immunologic FOBT 

IHC Immunhistochemical test 

LITT Laserinduced interstitial thermotherapy 

LL Guideline 

MAP MUTYH-associated polyposis 

MMR Mismatch-repair gene 

MSA Microsatellite analysis 
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Abbreviation Explanation 

MSCT Multi-slice-CT 

MSI Microsatellite instability 

MSI-H Microsatellite instability high 

MSI-L Microsatellite instability low 

MSS Microsatellite stability 

OR Odds Ratio 

PCI Peritoneal cancer index 

PET Positron emission tomography 

PJS Peutz-Jeghers-syndrome 

PSC Primary sclerosing cholangitis 

RCT Randomized controlled study 

RFA Radiofrequency ablation 

RR Relative risk 

SIRT Selective internal radiation therapy 

SR Systematic review 

WHO World Health Organization 

2.4. Editorial Note: 

The current update affects Chapters 3, 4, 5, 7, and 10 as well as individual sections from 
Chapters 6, 8, and 9. The date of the last respective update is shown in the recommendation 
box. For the updated chapters, the citations are given in the background text as well as in the 
recommendation box. In the chapters that were updated in 2007/2008 references are merely 
mentioned in the text.  

In a pilot project, an external expert (PD Dr. A. Riphaus) was commissioned to exemplarily do a 
literature search on gender-specific differences for the topic prevention and follow-up care. The 
systematic search revealed that no recommendation can be given on gender-specific treatments.  

Therefore, in this guideline the term "patient" is used for women and men. This merely makes 
reading the text easier.  

 

  



3. Prevention Asymptomatic Population  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

24 

3. Prevention Asymptomatic Population 

3.1. Lifestyle Habits 

3.1.  Recommendation 2013 

Grade of 
Recommendation 

B 

To reduce the risk of colorectal cancer regular physical activity is recommended.  

Level of Evidence 

2a 

Evidence from update literature search1: [1-12] 

 Strong consensus 

 

3.2. Recommendation 2013 

Grade of 
Recommendation 

B 

To reduce the risk of colorectal cancer weight reduction is recommended for 
overweight persons.  

Level of Evidence 

2a 

Evidence from update literature search: [1, 8, 13-18] 

 Strong consensus 

 

3.3. Recommendation 2013 

Grade of 
Recommendation 

A 

It is recommended to refrain from smoking. 

Level of Evidence 

2a 
Evidence from update literature search: [1, 10, 19-25] 

 Strong consensus 

 

Background 

Cross-studies and prospective cohort studies have shown that people with a high level 
of physical activity have fewer colon polyps (adenomas). In addition, they have an up to 

                                                   
1 Systematic research for a limited time interval (starting 2003, the end point for the de novo 
literature search for the last guideline update) 
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30 % lower risk of cancer. Already 30 to 60 minutes of moderate physical activity per 

day is associated with a lower cancer risk [1-12]. 

There is a positive association between occurrence of colon polyps (adenomas) and 
colorectal cancer and a higher BMI as well as an increase in waist circumference. This 

effect is seen with a BMI >25 kg/m2 , increases linearly with the BMI, and is more 
pronounced in men than women. The risk of colon cancer was up to twice as high in 
overweight persons especially with truncal obesity [18]. It is not clear whether the risk 
increase is due to obesity, altered hormone levels, increased calorie uptake, or absence 

of physical activity [1, 8, 13-18]. 

Smoking is associated with a risk for colon adenomas that is twice as high and an 

increased risk of cancer [1, 10, 19-25]. 

3.2. Diet Recommendations 

3.4. Statement 2013 

Level of Evidence 

2b 

A specific diet recommendation to reduce the CRC risk can currently not be given.  

 Evidence from update literature search: [26-32] 

 Consensus 

 

3.5. Consensus-based Recommendation 2013 

GCP The general diet recommendations of the DGEM should be followed. 

 Consensus 

 

Background 

In a detailed literature review from 2010, a connection between a "healthy" or an 
"unhealthy" diet and colorectal cancer was viewed as probable. A "healthy" diet was 
designated by the authors as including a high consumption of fruit and vegetables as 
well as reduced intake of red and processed meat. In contrast, an "unhealthy" was 
characterized by a large uptake of red and processed meat, potatoes, and refined 
starch [26]. Original publications in the last years have repeatedly observed an 
association between diet factors and the manifestation of CRC. They were rated with 
an evidence level between 2b and 4 [27-30]. However, there have also been studies 
that found no correlation between diet factors and CRC [31, 32]. These are 
associations and not intervention studies. Whether these observations warrant specific 
diet recommendations for the prevention of CRC has not been studied so far. 
Therefore, despite the outlined relationships, currently no specific diet 
recommendations can be made. Instead, to reduce the risk of cancer, it is 
recommended to follow the current diet recommendations of the DGE. The 
associations between the uptake of specific foods and the risk of CRC will be 
demonstrated in more detail below. It should also be stressed here that a diet that 

does not cause weight gain is recommended (see Chapter 3.1). 
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3.6. Recommendation 2013 

Grade of 
Recommendation 

B 

To reduce the risk of CRC fiber uptake should be at least 30 g per day. 

Level of Evidence 

2a 

Evidence from update literature search: [33-37] 

 Consensus 

 

Background 

Despite controversial data, the evidence is sufficient to recommend a fiber rich diet of 
30 g/day [33-37]. A current British study that summarizes data from seven cohort 
studies showed an inverse correlation between fiber uptake and cancer risk. The 
comparison of the daily fiber consumption of 10 and 24 g in this study demonstrated 
that a higher consumption was associated with a colon cancer risk reduction of 30 % 
[33]. In another study which summarized 13 prospective cohort studies showed similar 
results. Although the pooling project of prospective studies of diet and cancer 
demonstrated an even greater range between the lowest and highest quintile of fiber 
uptake, a significant inverse correlation was observed between fiber consumption and 
cancer risk after age-adjusted analysis, but not after adjustment according to other 
diet related risk factors [36]. These limited positive data may be due to the fact that 
the recording of the fiber consumption was merely done at the start of the study, 
which may reflect an incorrect long-term uptake. Despite the limited results, the 
remaining statements are very robust, because they are based on a large collective. 

Therefore, the recommendation level B was determined.  

3.7. Recommendation 2013 

Grade of 
Recommendation 

B 

To reduce the risk of CRC alcohol consumption should be restricted.  

Level of Evidence 

2a 

Evidence from update literature search: [38-41] 

 Consensus 

 

Background 

There is a positive correlation between high alcohol consumption and the development 
of CRC [38-41] especially in persons with low folic acid and/or methionine uptake [39]. 
Abstinent persons and persons who drink little alcohol have a significantly lower 
cancer risk [38-41]. A meta-analysis of 14 prospective cohort studies showed that 
already an alcohol intake of 100 g per week is associated with a 15 % increase in colon 
as well as rectal cancer risk [41]. The risk correlates with the amount of alcohol 

consumed not with the type of alcoholic beverage [39]. 
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3.8. Recommendation 2013 

Grade of 
Recommendation 

B 

Red or processed meat should only be consumed in small amounts (not daily).  

Level of Evidence 

2a 

Evidence from update literature search: [37, 42-46] 

 Consensus 

 

Background 

A high consumption of red meat (beef, veal, pork, and lamb) and processed meat is 
associated with a higher CRC risk [37, 42-46]. There is no positive correlation between 
poultry and/or poultry products [45]. The positive association is most likely due to the 
processing and preparation as demonstrated by data of the Prostate, lung, colorectal, 
and ovarian cancer trials. Especially the regular consumption of well-done red meat, 
bacon, and sausages correlates with a significantly increased CRC risk [46]. 

 

3.9. Statement 2013 

Level of Evidence 

2a 

No recommendation can be given about an increased fish consumption. 

 Evidence from update literature search : [42, 44, 45, 47-49] 

 Consensus 

 

Background 

A meta-analysis by Geelen et al. which summarized 19 cohort studies investigated the 
influence of fish consumption on the CRC risk. A comparison of the lowest and highest 
weekly fish uptake showed that higher consumption is associated with a 12 % lower 
cancer risk. The greater the difference between the lowest and highest fish uptake was, 
the more pronounced the correlation became [47]. However, the data are 
contradictory. This is probably due to the different amounts of fish that were 
consumed in the different studies [42, 44, 45, 47-49]. Even though it can be assumed 
that eating more fish can slightly lower the CRC risk, no recommendation is currently 

given, because the data are not conclusive.  

3.10. Consensus-based Statement 2013 

GCP A connection between consumption of coffee/tea and a reduced risk of CRC has not 
been confirmed. Therefore, no recommendation can be given for coffee and tea 
consumption. 

 Strong consensus 
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Background 

There are three meta-analyses on this issue that did not find a correlation between 

coffee and/or tea consumption and CRC risk [50-52]. 

3.11. Consensus-based Recommendation 2013 

GCP Even though the data on the prevention of CRC are not conclusive, increased 
amounts of fruits and vegetables should be eaten (5 portions per day). 

 Consensus 

 

Background 

In a case control study and a cohort study an inverse correlation was seen between 
increased ingestion of fruits and vegetables and a reduced CRC risk [53, 54]. However, 
a meta-analysis showed that increased fruit and vegetable consumption is merely 
associated with a 6-9% reduced CRC risk. A stronger inverse correlation was observed 
for distal colon cancer [55]. However, it is unknown which components (fiber, 
secondary plant products) have this protective effect. Even though the data on the 
reduction of CRC risk are not consistent, it is viewed as beneficial to eat more fruits 
and vegetables, because regular consumption probably decreases disease risk in 

general.  

3.12. Consensus-based Statement 2013 

GCP There is no connection between food preparation or food fat components and CRC 
risk. 

 Consensus 

 

Background 

It has been repeatedly discussed whether food preparation or the proportion of 
potentially toxic fatty acids e.g. trans fatty acids resulting from cooking increase the 
risk of CRC. The data from the literature on this issue are scarce and inconsistent. 
Thus, it must be concluded that there is no clear connection. This was studied in the 
US in a recent prospective population-based cohort study. This trial in 35,000 women 

confirmed that trans fatty acids do not increase the risk of CRC [56]. 

Furthermore, there are no specific recommendations on the consumption of fat with 
respect to CRC risk reduction. Several studies exist that did not find a connection 
between fat consumption and manifestation of CRC. An effect resulting from cofactors 
such as intake of red meat or type of preparation cannot be sufficiently differentiated 

[30, 31, 37, 47, 57-59]. 
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3.13. Statement 2013 

Level of Evidence 

2b 

There is no connection between acrylamide uptake and CRC risk.  

 de Novo: [60-63] 

 Strong consensus 

 

Background 

A Swedish prospective population-based cohort study in more than 45,000 men found 
no connection between acrylamide in food and CRC risk using a Food Frequency 
Questionnaire (FFQ) [60]. This study confirmed previous trials that showed no 

connection between acrylamide and CRC manifestation in men and women [61-63]. 

3.3. Micronutrients 

3.14. Recommendation 2013 

Grade of 
Recommendation 

B 

At this time there are no verified data on the effective prevention of colorectal 
cancer by micronutrients. Therefore, supplementation with these substances is not 
recommended for primary CRC prevention. 

Level of Evidence This recommendation is valid for... Evidence basis 

2b …vitamins… de Novo: [64] 

3b … including -carotene de Novo: [64] 

3b … vitamin A de Novo: [64] 

4 ... vitamin C, vitamin D, vitamin E de Novo: [64-66] 

1a ... and folic acid de Novo: [67-71] 

1b These recommendations are also valid for calcium Update literature research: 
[65, 66, 72-74] 

2b ... magnesium de Novo: [75] 

2b ... and selenium. de Novo: [76, 77] 

 Strong consensus each 
 

Background 

The following list pertains to micronutrient supplements, some in pharmacological 
doses which can usually not be reached by eating foods such as fruits, vegetables, and 

milk products.  
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A moderate clinically non-relevant inhibitory effect on the recurrence of colon 
adenomas was observed for calcium [72-74]. However, data on a CRC risk reducing 

effect of calcium or vitamin D, alone or in combination, were not convincing [65, 66].  

There is no evidence that the intake of beta-carotene, vitamin A, or vitamin E can 
reduce the CRC risk. A meta-analysis [64] demonstrated, on the contrary, that 
supplementation of the aforementioned vitamins, alone or in combination was 

associated with an increased general mortality.  

There is no clear evidence that taking high doses of vitamin C will reduce CRC risk.  

A CRC risk reducing effect of folic acid has so far not been conclusively proven [67]. 

Studies on the recurrence of colon adenomas led to divergent results [68-71]. 

An intervention study with a selenium supplement and the primary endpoint "CRC-
incidence" has not been done to date. The correlation of low selenium levels in serum 
and an increased adenoma risk is not sufficient to make a recommendation on 

selenium supplementation [76, 77]. 

3.4. Drugs 

3.15. Recommendation 2013 

Grade of 
Recommendation 

A 

COX-2 inhibitors shall not be taken prophylactically against CRC by the 
asymptomatic population. 

Level of Evidence 

3b 

de Novo: [78-81] 

 Consensus 

 

3.16. Recommendation 2013 

Grade of 
Recommendation 

B 

Statines should not be taken as a primary prophylaxis against CRC. 

Level of Evidence 

2b 

de Novo: [82] 

 Strong consensus 
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3.17. Recommendation 2013 

Grade of 
Recommendation 

A 

Acetylsalicylic acid shall not be taken prophylactically against CRC by the 
asymptomatic population. 

Level of Evidence 

2a 

Guideline adaptation: [83-86] 

 Consensus 

 

3.18. Recommendation 2013 

Grade of 
Recommendation 

A 

Hormone therapy2 should not be given for CRC risk reduction in women. 

Level of Evidence 

1a 

Guideline adaptation: [87, 88] 

 Strong consensus 

 

Background 

One positive case control study, but no randomized studies exist for the use of 
cyclooxygenase-2 (COX-2) inhibitors for primary CRC prevention [78]. Three 
randomized studies on the secondary prevention with Celecoxib or Rofecoxib 
following polypectomy show consistently that COX-2-inhibitors significantly decrease 
the relapse risk for colorectal adenomas [79-81]. However, all three studies showed a 

pronounced increase in cardiovascular morbidity. 

A current meta-analysis of case control, cohort, and randomized studies confirms a 
significant, but small effect of statines on primary prevention of CRC [82]. A phase III 
study on secondary prevention of colon adenomas demonstrated that 
ursodesoxycholic acid only reduced the risk of adenomas with high-grade dysplasia, 
but not for adenomas in general [89]. Prospective studies on the primary prevention of 

adenomas using ursodesoxycholic acid do not exist. 

A meta-analysis of 2 large randomized studies with a total of 7500 participants 
showed that the use of 300 mg or more of acetylsalicylic acid per day for 5 years 
reduces the risk of CRC with a latency of 10 and more years [84]. Another meta-
analysis of 8 randomized studies with a total of 25,570 participants indicates that the 
daily use of at least 75 mg ASS reduces the mortality of CRC with a latency of 10 years 
[85]. Cohort and case control studies on the use of non-steroidal antirheumatics 
(NSAR) describe a reduced incidence of CRC. However, this has not been confirmed in 

                                                   
2 The expression “hormone replacement therapy” is misleading. Therefore the expression 
“hormone therapy” is used in the guideline instead. 
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randomized studies [84]. Due to the frequent incidence of gastrointestinal bleeding 
under ASS [86] and the missing evaluation of the benefit/risk ratio, the guideline group 
follows the guideline of the US Preventive Services Task Force on the use of ASS or 
NSAR for the primary prevention of CRC from the year 2007. It does not recommend 

the use ASS and NSAR for the primary prevention of CRC [83]. 

Hormone therapy can reduce the risk of CRC [88]. Due to the increased incidence of 
adverse events especially venous thromboembolisms, hormone therapy can be 
recommended for postmenopausal women, but not for primary prevention of CRC. The 
guideline group is following the recommendations of the U.S. Preventive Services Task 
Force Guideline on the use of hormone therapy in postmenopausal women [87] and 
the guideline Hormone Therapy in Peri- and Postmenopause of the German Society for 

Gynecology and Obstetrics [90]. 
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4. Screening Asymptomatic Population 
Asymptomatic Population – Definition: 

Persons who do not belong to a colorectal cancer risk group. 

4.1. Screening -Age 

4.1. Consensus-based Recommendation 2013 

GCP Colorectal cancer screening should begin at the age of 50 for asymptomatic 
persons. Due to the increased life expectancy, no upper age limit for screening can 
be given for colon cancer screening. An individual decision should be made 
considering comorbidities.  

 Strong consensus 

 

Background 

The incidence of CRC increases significantly after age 50 [91, 92]. A prospective 
colonoscopy study showed that there was a lower rate of advanced adenomas among 
40 to 49 year old subjects (3.5%) [93]. Of great importance is the identification of 
persons with an increased risk of CRC, for whom special recommendations apply (see 

Chapter 5). 

There are no prospective studies concerning an age limit for colorectal cancer 
screening. FOBT-studies included only persons up to age 75. The US Preventive Task 
Force discourages screening persons over 85 years of age and generally recommends 
that screening should not be done in persons age 76 to 85 years [94]. However, it may 
be considered for individual cases. The incidence of advancing neoplasias increases 
with age [95]. Performing endoscopic procedures also seems to be safe in older 
patients [96]. However, in a cohort study the complication rate increased with age [97]. 
In another study the relative five-year survival rate after curative operations of 
colorectal cancer for patients over 74 years of age were comparable with patients aged 
50 to 74 [98]. Therefore, the use of CRC screening should be considered individually 
depending on "biological age" and existing comorbidities. There are insufficient data 

on the benefit/risk ratio for colorectal cancer screening in different age groups. 

4.2. Methods of Colorectal Screening/Prevention 
Two types of methods must be differentiated for the screening of CRC. One detects 
mainly cancer (FOBT, genetic stool tests, M2-PK) and the other can additionally detect 
adenomas (colonoscopy, sigmoidoscopy, CT-colonography, capsule endoscopy). The 

following procedures will be discussed: 

* Colonoscopy 

* Sigmoidoscopy 

* FOBT 

* Genetic and other stool tests 

* CT-colonography 

* Capsule endoscopy 
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4.2.1. Endoscopic Methods 
Colonoscopy has the highest sensitivity and specificity of all methods for the early 
detection of colorectal neoplasia (therefore it is considered as ‘gold standard’). Only 
endoscopic methods are diagnostic as well as therapeutic methods and have the 
advantage that they can detect non-bleeding cancer and adenomas with high 
sensitivity. By removing adenomas, the development of cancer can be effectively 
prevented (interruption of the adenoma-carcinoma sequence) [99, 100]. In addition, as 

was recently demonstrated, the CRC-associated mortality is reduced [101]. 

Although the participation rate was low compared to FOBT, individual randomized 
studies showed that in an intention to screen analysis both sigmoidoscopies [102] and 
colonoscopies [103] detect more advanced neoplasias. This was particularly due to the 

clearly higher sensitivity for advanced adenomas.  

4.2.1.1. Colonoscopy 

4.2. Recommendation 2013 

Grade of 
Recommendation 

B 

The complete quality assured colonoscopy has the highest sensitivity and specificity 
for the detection of cancer and adenomas and therefore should, be used as the 
standard CRC screening test. After a negative examination, colonoscopies should be 
repeated every 10 years. Colonoscopies should be performed according to the 
German Prevention Guidelines [104] including a digital rectal examination. For those 
taking part in colonoscopy screening according to the guideline additional FOBT 
screening is not necessary. 

Level of Evidence 

3b 

De Novo: [97, 105-120] 

 Strong consensus 

 

Background 

In contrast to FOBT and sigmoidoscopy no results from randomized studies exist for 
CRC screening and prevention. Such studies have been initiated in Europe and the US. 
However, results are expected at the earliest in 15 years. Nonetheless, the use of 
colonoscopy is supported by indirect evidence. An external literature search identified 
a study from Germany. In this study patients with a CRC diagnosed by screening 
colonoscopy had a better prognostis than patients who had a colonoscopy because of 
symptoms. [105]. Another US trial demonstrated that a cohort of 715 persons who had 
screening colonoscopies had a significantly reduced CRC-associated mortality and 

incidence compared to the control collective [106]. 

Large cohorts including from Germany showed colonoscopies can detect a large 
number of cancer at an early stage as well as adenomas in the whole colon [97]. In 
Germany, about 1/3 of the detected cancer in screening colonoscopies are located 
proximal to the colon descendens [97]. In further studies, 46 to 52% of patients with 
proximal neoplasias had no additional distal adenomas [107, 108]. A diagnosis of 

neoplasias using sigmoidoscopy would have been impossible in these patients.  

The results of the sigmoidoscopy case-control studies and the randomized UK study on 
sigmoidoscopy which both show reduction of cancer incidence and mortality should be 
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transferable to colonoscopy [109-112]. However, the effect in the proximal colon 
seems to be smaller than in the distal colon [113-115]. The protective effect shown in 
FOBT studies ultimately results from performing colonoscopies in patients with 

positive tests. 

The colonoscopy complication rate in a German study with volunteers was very low 
[116]. These results have recently been confirmed [97]. However, it is likely that not all 
complications were detected, because late complications were only incompletely 
recorded. Tandem examinations showed that larger adenomas were seldom missed (0-

6%) [117]. 

If a colonoscopy is negative, it should be repeated after 10 years. Colonoscopies 
performed 5.5 years after negative endoscopy results, showed no cancer and less than 
1% advanced neoplasias [118]. Case control studies indicate that after a negative 
colonoscopy the cancer risk remains very low even after more than 10 years [113, 

119]. 

It is very important that the colonoscopy is performed with the best possible quality. In 

Germany, there are clear guidelines for performing colonoscopies [104]. 

4.2.1.2. Sigmoidoscopy 

4.3. Recommendation 2013 

Grade of 
Recommendation 

B 

Quality assured sigmoidoscopies should be offered as a screening measure to those 
who refuse a colonoscopy. 

Level of Evidence 

2b 

De Novo:[121] 

 Strong consensus 

 

4.4. Recommendation 2013 

Grade of 
Recommendation 

B 

For the possible detection of proximal cancer, an annual FOBT test should be 
performed in addition to a sigmoidoscopy.  

Level of Evidence 

3b 

De Novo:[109, 112, 122-129] 

 Strong consensus 

 

Background 

The effectiveness of sigmoidoscopy as a screening method for CRC has been proven. 
An English randomized study comparing a single sigmoidoscopy to no screening after 
a follow-up of 11.2 years, showed that the CRC associated mortality was reduced by 43 
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% and the incidence of colorectal cancer by 33 % [121]. The incidence of distal cancer 

was 50 % lower.  

However, it should be taken into consideration that not all sections of the colon can be 
viewed using sigmoidoscopies. In accordance, a sigmoidoscopy study showed that the 
incidence of proximal cancer was not affected. In this case colonoscopies are superior 

to sigmoidoscopies. 

The protective effect of sigmoidoscopies for distal neoplasias appears to last for 6 to 
10 years [112, 122], and in one study even as long as 16 years [123]. However, a study 
with 9,417 subjects who underwent a sigmoidoscopy 3 years after a negative one 
showed advanced adenoma or cancer in the distal colon in 0.8% of the cases [124]. 
Another study in 2,146 participants with negative sigmoidoscopies compared 
screening/follow-up intervals of 3 and 5 years [125]. The rate of advanced neoplasias 
did not differ significantly (0.9% vs. 1.1%). Thus, a follow-up exam after a negative 

result is recommended after 5 years. 

Because proximal tumors cannot be detected with a sigmoidoscopy, an additional 
annual FOBT is recommended. It should be performed before sigmoidoscopy, because 
a positive test requires a colonoscopy and, thus, an additional sigmoidoscopy can be 
avoided. However, a reduction of CRC-related mortality using a combination of 
sigmoidoscopy and FOBT has not yet been proven. A prospective non-randomized 
study found a lower CRC-related mortality for the combination, but the results failed to 
meet the test for significance and the compliance was exceptionally low [126]. In 
several studies, however, a combination of sigmoidoscopy and one-time FOBT was not 
significantly better than sigmoidoscopy alone [127, 128]. In the most recent study 
from Japan, a combination of sigmoidoscopy and FIT detected 10% (absolute) more 

advanced neoplasias [129].  

However, it should be considered that currently in Germany sigmoidoscopies are not 
covered by the health insurance catalogue of benefits and, thus, they cannot be 
charged. Furthermore, in contrast to screening colonoscopies no quality assurance 
measures are established for sigmoidoscopies. In England, a requirement for the 
participation in a sigmoidoscopy study was at least 50 supervised and 100 
independent sigmoidoscopies [109]. Every examination was documented on video. The 
colon depth that was reached, the quality of colon preparation, and the results were 

recorded.  

4.2.1.3. Capsule-Colonoscopy 

4.5. Recommendation 2013 

Grade of 
Recommendation 

B 

Capsule colonoscopy should not be used for colon cancer screening in the 
asymptomatic population. 

Level of Evidence 

4 

De Novo: [130-136] 

 Strong consensus 
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Background 

A literature search on capsule colonoscopy for screening did not identify any studies. 
There are a number of case series on sensitivity and specificity of colorectal neoplasias 
using the first capsule generation [130-134]. For the second capsule generation (PCC2) 
with improved technical characteristics, a sensitivity of 84-89 % was reported for 
polyps larger than 6 mm [135, 136]. However, this was a small cohort with preselected 
patients so that currently its use for colorectal cancer screening cannot be 

recommended for the general population. 

4.2.2. Stool Tests3 

4.2.2.1. Fecal Occult Blood Test (FOBT) 

4.6. Recommendation/Statement 2013 

GCP For persons with an average CRC-risk who do not want a colonoscopy, a FOBT 
should be conducted annually.  

 Strong consensus 

 

4.7. Statement 2008 

Level of Evidence 

1a 

A positive test result requires endoscopic examination of the entire colon. 

 Strong consensus 

 

4.8. Statement 2013 

Level of Evidence 

1b 

Annual FOBTs are better to reduce CRC-associated mortality than testing once every 
two years. 

 De Novo: [137] 

 Strong consensus 

 

4.9. Statement 2008 

Level of Evidence 

1a 

For those who take part in colonoscopy screening, there is no need for any 
additional FOBT or other screening tests. 

 Strong consensus 

                                                   
3 Prof. Schmiegel did not take part in the votes on the recommendations concerning FOBT/iFOBT, 
genetic stool tests and M2-PK because of a potential conflict of interest. 
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4.10. Recommendation 2013 

Grade of 
Recommendation 

0 

Immunologic FOBTs (iFOBT) with a proven high specificity of >90% and sensitivity 
may be used alternatively to the Guaiac test.  

Level of Evidence 

3a 

De Novo: [102, 138-146] 

 Strong consensus 

 

Background 

The basic principle of stool testing for occult blood is that colorectal cancer bleed 
more often than normal colorectal mucosa. Traditional FOBTs use filter paper 
impregnated with Guaiac resin which after adding hydrogen peroxide turns blue in the 
presence of hemoglobin in the stool. In Germany, there are currently three Guaiac tests 
available: Hemoccult®, HemoCare®, and HemoFEC®. The most sensitive gFOBT 
(Hemoccult Sensa®) is not available in Germany. Because many cancer bleed 
intermittently [147], repeated testing is required in order to improve detection of CRC 
[148, 149]. Accordingly, in the studies three consecutive stools with 2 samples per 

stool were tested using test cards with two fields each (i.e. 6 fields total) [150]. 

The results of four large randomized studies exist on the effectiveness of FOBT as a 
screening method for colorectal cancer [137, 151, 152]. In the most recent meta-
analysis of these studies, a reduction of CRC-associated mortality by 25% was shown 
for those patients who had an FOBT at least once (relative risk 0.75, 95%CI 0,66 – 0.84) 
[153]. In three of the four studies a gFOBT was done every 2 years. When comparing 
tests every year with tests every two years, the annual testing was better with regard to 

reduction of mortality [137]. 

Test sensitivity and specificity are particularly dependent upon test handling and 
patient instruction. A rehydration of the test fields before their development increases 
screening sensitivity, but clearly reduces specificity (in one study from 97.6% to 90.2%, 
in another study from 97 to 85.4% [137, 154]) and is, therefore, not recommended. 
There is evidence that instructing patients before conducting the test on nutrition and 
interfering drugs can reduce the number of false positive tests and, therefore, the 
number of necessary colonoscopies [155-157]. Therefore, it seems helpful to explain 
to patients the factors which can influence test results. The influence of plant 
peroxidases can alternatively be prevented by waiting for 3 days before test 
development [158]. However, the necessity of dietary restrictions for FOBT was 

questioned in a meta-analysis [159].  

If one test field is positive for occult fecal blood, a complete colonoscopy after digital 
rectal examination is mandatory. Unfortunately, even under study conditions in some 
cases less than 90% of all persons with positive FOBT had a colonoscopy [160]. In one 

study it was even only 64% [161].  

The effect of FOBTs on CRC-mortality results from the diagnosis of colorectal cancer at 
an earlier stage with a more favorable prognosis. Advantages of FOBT include an easy 



4. Screening Asymptomatic Population  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

39 

test performance as well as low costs. A disadvantage is the moderate sensitivity for 
cancer and the low sensitivity for adenomas. In one randomized study a reduction in 
colorectal cancer incidence was shown; it must be considered, however, that in the 

context of this study over 30% of the participants underwent a colonoscopy [162]. 

Immunological tests specifically detect human hemoglobin. Thus, no change in diet is 
necessary during testing. In contrast to the gFOBT, some tests also have the option of 
automated analysis and changing the hemoglobin threshold values which would be 
considered positive. Tests are either called immunologic FOBT (iFOBT) or fecal 
immunochemical tests (FIT). Currently in Germany, they are not covered by health 
insurance. In contrast to the gFOBT, there are no studies with an endpoint of CRC-
associated mortality reduction. However, there are a number of randomized studies 
which compare individual iFOBTs directly with certain gFOBTs. In a meta-analysis of 
these studies identified in a literature search individual iFOBTs (OC-Sensor)) were 
significantly better at detecting advanced neoplasia than the Hemoccult® test (pooled 
odds ratio (OR) of 2.12 (95% CI 1.66–2.71) [138]. In two studies which compared the 
gFOBT HemoFEC® or Hemoccult Sensa® with an iFOBT (Inform® or FlexSure®), however, 
no significant difference was found [138]. In particular, in the two largest randomized 
studies from The Netherlands a significant difference was found suggesting a 

superiorbity of the iFOBT used (OC-Sensor) over the Hemoccult. 

Sensitivity and specificity of iFOBT available in Germany vary greatly so that the general 
use of iFOBTs is not recommended [140]. It seems necessary to prove a sufficient 
sensitivity and especially the specificity individually for each iFOBT that will be used for 
screening. The lowest acceptable specificity limit is considered to be 90%. The results 
of screening studies suggest that, if a corresponding cut-off is adjusted, a similarly 
high specificity of >90% as for the gFOBTs can be reached for the iFOBT with much 
higher sensitivity [141, 142]. Currently, the optimal hemoglobin content at which the 
iFOBT should be considered positive is under discussion. In both Dutch publications 
the limit was 100 ng/ml. In the included studies one stool sample each was examined 
using the iFOBT. Some data show that the testing of several stool samples increases its 
sensitivity [143-145]. However, a trial from The Netherlands shows that reducing the 

cut-off has a similar effect [146]. 

Overall the data show that iFOBT, for which there are appropriate data, are a useful 

substitute for gFOBT. 

4.2.2.2. Genetic Screening Tests 

4.11. Recommendation 2013 

Grade of 
Recommendation 

B 

Stool tests that measure DNA changes cannot be recommended for CRC screening in 
the asymptomatic population.  

Level of Evidence 

3b 

De Novo: [163-168] 

 Strong consensus 
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Background 

In many cases, the development of colorectal cancer through the intermediate step of 
the adenoma takes place with characteristic genetic changes. Isolation and testing of 
DNA from colon epithelial cells in the stool is possible [163-166]. This procedure has 
the advantage that theoretically non-bleeding lesions could also be identified. In a 
study by Imperiale which included almost 5,500 asymptomatic persons, stool samples 
of 2,500 participants were tested for a total of 23 genetic variants. They were then 
compared to the gFOBT [167]. The sensitivity of the genetic tests was higher than for 
the gFOBT. However, it was merely 50% for cancer and 15% for advanced adenomas 
with costs of several hundred US Dollars per test and a tedious procedure. A literature 
search identified only one other study [168]. In this prospective study 3,764 
asymptomatic persons aged 50 to 80 years had a gFOBT and a colonoscopy. Of these, 
2,497 participants had stool samples tested with a DNA-panel I with the same markers 
as in the Imperiale study and 217 with a DNA-panel II with only 3 mutations including 
the methylation marker vimentin. The sensitivity for relevant neoplasias was 20% for 
DNA-panel I and 40% for DNA-panel II. The sensitivity for the Hemoccult®-test was 11%, 
for the Hemoccult-Sensa® 21%. The specificity for the DNA-panel II was not 
determined. Overall panel I was better than one of the gFOBTs (Hemoccult®) and equal 
to the other gFOBT (HemoccultSensa®). Panel II seemed to be better than both gFOBT. 

However, it was only tested in a small proportion of the participants. 

In summary, the data and results are not sufficient when considering the effort and 

costs of each test. Therefore, they can currently not be recommended. 

4.2.2.3. M2-PK 

4.12. Recommendation 2013 

Grade of 
Recommendation 

B 

The M2-PK stool test should not be used for colon cancer screening in the 
asymptomatic population.  

Level of Evidence 

4 

De Novo: [169, 170] 

 Strong consensus 

 

Background 

The majority of studies were done on preselected patient collectives. Thus, no 
conclusion can be made on the relevance of the test for screening the asymptomatic 
population. In externally performed literature searches two studies were identified on 
analyzing screening populations [169, 170]. One study compared the M2-PK test with 
colonoscopies in 1082 asymptomatic persons. The sensitivity for advanced adenomas 
was 21.7% with a specificity of 82%. Another study including 1,079 participants 
compared the M2-PK test with different FOBT. The sensitivity for advanced neoplasia 
was 27.3% (compared to 7.3-20.0% for the FOBT) and a specificity of 86.2% (FOBT 92.9-
94.0%). The positive predictive value for advanced neoplasia was 11.5% and lower than 
all FOBTs tested. Overall, the data are not sufficient to recommend the test for the 

screening of the asymptomatic population. 
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4.2.3. Radiologic Tests 

4.13. Recommendation 2013 

Grade of 
Recommendation 

B 

Neither CT-colonography nor MR-colonography should be used for colon cancer 
screening in the asymptomatic population. 

In case of an incomplete colonoscopy (e.g. adhesions) und if the patient still insists 
on complete colon analysis a CT- or MR-colonography should be done.  

Level of Evidence 

3b 

De Novo:[171-173] 

 Strong consensus 

 

Background 

For the use of MR-colonography there are only individual small studies which do not 
provide enough data to recommend its use for screening. More data are available for 
CT-colonography (CTC). The two most current meta-analyses identified in the literature 
search comparing CTC with colonoscopy as screening procedures in the asymptomatic 
population showed a high sensitivity of 100 % detection for cancer and 87.9 % for 
adenomas ≥ 10 mm. The sensitivity for smaller adenomas was not as high [171, 172]. 
Furthermore, there is significant heterogeneity between the different studies. It 
remains unknown whether the study results that were attained at experienced centers 
are applicable to clinical practice. Also the relevance of extracolonic results is unclear. 
The method involves radiation exposure, which in Germany is prohibited according to 
the Radiation Protection Ordinance (StrlSchV §80). Thus, it is not allowed if alternative 
methods are available. The exact neoplasia risk due to CTC using modern equipment 
with reduced radiation dose is not known. It is also unclear which polyp size mandates 
a colonoscopy and in which interval patients with negative CTC or smaller polyps 

should be monitored [173]. 

Patients who had an incomplete colonoscopy for technical reasons should be offered 
to repeat the procedure e.g. in a hospital or to have a CTC as an alternative to analyze 

the rest of the colon (see Chapter 6.1.) 

4.3. Cost Effectiveness 

4.14. Statement 2013 

GCP FOBT as well as sigmoidoscopy, colonoscopy, and the combination of 
sigmoidoscopy and FOBT have been shown to be cost-effective (in comparison to 
screening procedures for other diseases). 

 Consensus 
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Background 

Prospective studies looking at cost-effectiveness of different CRC screening procedures 
do not exist. Mathematical model calculations suggest that colonoscopy, 

sigmoidoscopy, and FOBT are cost-effective [139, 174-184]. 

4.4. Recommendations of Other Included Guidelines 
According to the DELBI-criteria 2 guidelines were included for CRC screening, the 
recommendations of the US Preventive Task Force from 2008 [94] and the Asian Pacific 
consensus recommendation from 2007 [185]. The US-Preventive Task Force 
recommends the following methods: a sensitive FOBT (Hemoccult Sensa® and 
IFOBT/FIT) annually, a sigmoidoscopy every 5 years with an FOBT every 3 years, or a 
colonoscopy every 10 years. The use of CT-colonography and genetic stool tests is not 
recommended. Capsule endoscopy and the M2-PK-test are not listed. It should be 

mentioned that the Hemoccult Sensa® is not available in Germany. 

The Asian Pacific guideline recommends a FOBT (gFOBT und iFOBT) every 1-2 years, a 
sigmoidoscopy every 5 years, and a colonoscopy every 10 years. A CT-colonography is 
not recommended, and genetic stool tests, capsule endoscopies, and M2-PK-tests are 

not mentioned.  
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5. Risk Groups 
Persons who due to a special predisposition have a higher risk for the development of 
colorectal cancer in comparison to the normal population, usually belong to one of 

three defined risk groups: 

• People with a familial increased risk (genetic reasons not yet known) for a 
colorectal cancer 

• Proven or possible carriers for hereditary colorectal cancer 

• Persons at risk due to inflammatory bowel disease  

5.1. Sporadic Colorectal Cancer 

5.1.1. Risk Groups 

5.1.1.1. Relatives of Patients with Colorectal Cancer 

5.1. Statement 2013 

Level of Evidence 

2a 

First degree relatives of patients with CRC have an increased risk of developing 
colorectal cancer. 

 Evidence from update literature search: [186-200] 

 Consensus 

 

5.2. Statement 2013 

Level of Evidence 

2b 

Second degree relatives have a slightly increased risk of developing colorectal 
cancer. 

 Evidence from update literature search: [186, 187, 190, 191, 201, 202] 

 Consensus 

 

Background 

About 20-30% of CRC cases occur as "familial cumulation" i.e. a cumulation of cancer 
can be observed within a family, although no specific genetic cause can be identified. 
In these cases the term "familial colorectal cancer" is used [186]. For first degree 
relatives (parents, siblings, children), the average CRC risk is increased by a factor of 
two to three. A further, three to four-fold risk increase is present if the index patient 
developed colorectal cancer before age 60 and/or more than one first degree relative 
had CRC [187-199]. In this group, there are also cases of undiscovered hereditary 
colon cancer (e. g. HNPCC; see below). The risk is higher for colon cancer than for 
rectal cancer (relative risk 2.4 vs.1.9). For first-degree relatives of affected patients, the 
CRC risk can be divided further. The risk for siblings is about 2.5-times higher than for 
the children. If the index patient developed colorectal cancer after age 60, the CRC risk 

for first degree relatives is only slightly increased [188, 200]. 
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Second degree relatives (grandparents, siblings of the parents, grandchildren) of 
patients with colorectal cancer have a slightly increased cancer risk (RR 1.5); however, 
this has not been adequately studied and verified in clinical practice [187, 190, 191, 
201, 202]. Third degree relatives of patients with colorectal cancer do not seem to be 

at an increased cancer risk. 

5.1.1.2. Relatives of Patients with Colorectal Adenomas 

5.3. Statement 2013 

Level of Evidence 

2b 

First degree relatives of patients with a colorectal adenoma before age 50 have an 
increased colorectal cancer risk. 

 Evidence from update literature search: [188, 191, 203-206] 

 Consensus 

 

Background 

The risk for these relatives to develop colorectal cancer is on average about two-fold 
higher compared to the general population [188, 191, 203-206]; there is an 80% 
higher risk for parents and siblings of adenoma patients in comparison to their 
spouses [203]. Again the risk level depends on the age of the index patient: If this 
person is younger than 60, the average risk is only slightly increased. If the person is 
younger than 50, the risk is increased about 4.4 fold [204]. If the index patient is older 

than 60, the colorectal cancer risk is not significantly increased. 

Due to the data available, there is no evidence that the relatives of patients with 
hyperplastic polyps have an increased risk of developing a colorectal cancer. An 

exception is the extremely rare hyperplastic polyposis syndrome. 

5.1.1.3. Patients with Colorectal Adenomas 

5.4. Statement 2008 

Level of Evidence 

2b 

Every histologically verified adenoma poses an increased risk for a colorectal cancer. 
This is especially true for: 

• multiple ( ≥3 ) adenomas 

• large ( >1 cm ) adenomas 

 [99, 100, 207, 208] 

 Consensus 

 

Background 

In general, the removal of small singular adenomas results in a reduced risk of up to 
90% to develop metachronous colorectal cancer [99, 100, 207, 208]. This reflects the 
preventive value of colonoscopies in the context of the adenoma-carcinoma sequence. 
The purpose of control examinations is especially to discover missed or metachronous 

adenomas. 
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Adenomas larger than 1 cm are associated with a four-fold increase in cancer risk 
[191, 208-215]. In addition, multiple adenomas are also associated with an increased 
risk (4-6fold) of developing a metachronous cancer [191, 208, 210, 211, 213, 214]. On 
the one hand, this increased risk is likely due to a higher individual disposition and, on 
the other hand, to an increased rate of missed polyps during the initial colonoscopy. In 
case of detection of ≥3 polyps during colonoscopy there is a significantly higher 

chance of missed polyps [117, 216]. 

5.5. Consensus-based Recommendation 2013 

GCP An increased familial colon cancer risk is identified by medical history. However, 
there is no mandatory documentation of the family history or their repetition in 
intervals. The use of standardized questionnaires may be useful to improve the 
identification of persons with increased risk. 

 Strong consensus 

 

Background 

A risk assessment is usually performed by the physician using the medical history. One 
possibility to integrate the risk assessment in medical care would be the use of 
standardized questionnaires in the general practitioner's office at the age of 35 years 

as part of the check-up exam that is offered at this time.  

If the patient does not come to the practice at the abovementioned time, the 
questioning can be done later by integrating it as a memo into the practice software. A 

corresponding concept is currently being considered in the Joint Federal Committee.  

Other relevant sites are gynecologic practices, because regular visits are recommended 

for gynecologic cancer screening as well as gastroenterologic practices.  

Furthermore, a number of questionnaires are freely accessable via the internet: 

* http://www.onkozert.de/hinweise_zertifizierung_genetische_beratung.htm  

* http://www.netzwerk-gegen-darmkrebs.de/index.php?id=103  

* http://www.felix-burda-stiftung.de/darmkrebs/frageboegen/index.php?f=2  

* http://www.lebensblicke.de/darmkrebs/  

* http://www.ilco.de/darmkrebs/erblicher-darmkrebs.html  

* http://www.krebsrisikotest.de/  

 

The questionnaire used by the "Netzwerk gegen Darmkrebs“ has been evaluated [217]. 

There are currently no data on the other questionnaires. 

  

http://www.onkozert.de/hinweise_zertifizierung_genetische_beratung.htm
http://www.netzwerk-gegen-darmkrebs.de/index.php?id=103
http://www.felix-burda-stiftung.de/darmkrebs/frageboegen/index.php?f=2
http://www.lebensblicke.de/darmkrebs/
http://www.ilco.de/darmkrebs/erblicher-darmkrebs.html
http://www.krebsrisikotest.de/
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5.1.2. Primary Prevention 

5.6. Statement 2013 

Level of Evidence 

1b 

Special recommendations compared to those of the general population cannot be 
given for primary prevention (dietetic measures, chemoprevention) due to 
contradictory data available for the mentioned risk groups. 

 Evidence from update literature search: [218-221] 

 Strong consensus 

 

Background  

In general, the recommendations for the average risk population (see Chapter 3) also 
apply for members of risk groups; there is no confirmed data for special measures 

[218-221]. 

5.1.3. Screening Tests 

5.1.3.1.  First-degree Relatives of Patients with Colorectal Cancer  

5.7. Consensus-based Recommendation 2013 

GCP First-degree relatives of patients with colorectal cancer should undergo a complete 
colonoscopy starting at an age 10 years before the age at which the index patient 
was diagnosed with CRC. However, this should be done at the latest at the age of 
40-45 years. Colonoscopies should be repeated at least every 10 years if initially the 
colon was free of polyps.  

 Strong consensus 

 

Background 

The risk of a first-degree relative of a CRC patient to develop a colorectal cancer is 
increased especially if the index patient's age at diagnosis is less than 50 [191, 193, 

200, 202, 222-227]. 

The recommendation follows the American guideline recommendation [228]. It 
recommends a colonoscopy at the age of 40 years if a first-degree relative developed 
CRC before the age of 60 or if two or more first-degree relatives had CRC (independent 

of the age at diagnosis). 

There is no data on the maximum examination interval for this group; at this time it 
appears probable that an interval of 10 years is usually adequate. However, the 10-year 
interval should not be exceeded. The American guideline recommends a 5-year 

interval. 
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5.8. Consensus-based Recommendation 2013 

GCP First-degree relatives from patients' families who fulfill the Amsterdam Criteria and 
who also have microsatellite stability (MSS) in their cancer should be closely 
monitored: 

If at least two independent cancer from a family show MSS, colonoscopies should be 
performed in 3-5 year intervals from age 25.  

If only one cancer from the family was examined and showed MSS, additional 
screenings for endometrial cancer and gastric cancer in 3-5 year intervals should be 
done. 

 Strong consensus 

 

5.9. Consensus-based Recommendation 2013 

GCP First-degree relatives of patients with colorectal cancer from families who fulfill the 
Bethesda-Criteria, but not the Amsterdam-Criteria should have colonoscopies in 
shorter intervals: 

If no tumor tissue is available to test for HNPCC-typical characteristics, the interval 
should not exceed 3 years. 

 Consensus 

 

5.10. Recommendation 2013 

GCP If the tumor tissue demonstrates microsatellite stability (MSS) or a low-grade 
microsatellite instability (MSI-L), the interval should be 3-5 years. 

 Consensus 

 

Background 

A HNPCC-syndrome diagnosis (see section 5.2.1) should be considered in persons who 
are relatives of young index patients. A microsatellite analysis and/or 
immunohistochemical tests for mismatch repair proteins should be done. In clinical 
practice there are repeatedly families who have an accumulation of colorectal cancer, 
who do not fulfill the diagnosis criteria for HNPCC (Amsterdam II-criteria). If in these 
families there is no tumor tissue available or if they demonstrate a microsatellite 
stability (MSS), an as yet unknown hereditary gastrointestinal tumor disposition cannot 
be completely excluded. An examination interval of 10 years seems insufficient for this 
constellation, even if so far the issue has not been clarified. An interval of 3-5 years 

should be adequate for the familial risk. 

Previously, analogous to those patients with diagnosed MSI, an annual screening was 
recommended for patients from families who fulfill the Amsterdam-criteria, but where 
a microsatellite instability was excluded. The data indicate that this is not necessary. 
Intervals of 3-5 years are adequate [229, 230]. Surveillance of extracolonic tumors 

outside the standard cancer screening procedure is not necessary for these persons. 
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5.1.3.2. Relatives of Patients with Colorectal Adenomas 

5.11. Consensus-based Recommendation 2013 

GCP First-degree relatives of index patients with an adenoma detected before age 50, 
should undergo a colonoscopy at an age 10 years before the age at which the 
adenoma was discovered. If the initial colonoscopy did not reveal any polyps, it 
should be repeated at least once every 10 years. If polyps were detected, the 
recommendations of Chapter 6.5 apply.  

 Strong consensus 

 

Background 

The recommendation is based on the higher risk in this population as demonstrated in 

section 5.1.1 [92, 193, 202, 204]. 

5.2. Hereditary Colorectal Cancer 

5.12. Consensus-based Recommendation 2013 

GCP If it can be assumed that a patient has a hereditary colon cancer or if a healthy 
person has a high risk of hereditary colon cancer, the patient should be referred to 
an interdisciplinary center with an established expertise in the field of hereditary 
colon cancer.  

 Consensus 

 

Background 

Monogenic-inherited colorectal cancer are rare (less than 5% of all colorectal cancer). 
The diagnosis has significant consequences for patients and their relatives. In case of 
suspicion of hereditary colorectal cancer, an experienced center for familial colon 
cancer or an equivalent with corresponding expertise should be contacted. A molecular 
genetic diagnosis of affected patients serves to confirm the diagnosis and makes it 
possible to conduct predictive testing of family members. A relevant germ cell 
mutation test should be conducted following the guidelines for diagnosis of the 
genetic disposition for cancer diseases of the Federal Physician’s Association and the 
genetic diagnostics regulations (GenDG) [120]. As an example, the algorithm for the 
HNPCC-/Lynch-syndrome is shown in Figure 2. Analogously, it is valid for the other 
hereditary syndromes with increased colon cancer risk. All patients and persons with 
higher risk in these groups have, in addition to an increased risk for colorectal cancer, 
an increased risk for extracolonic neoplasias. Due to the usually autosomal-dominant 
inheritance process, first-degree relatives of index patients have a 50% risk of having 
inherited this genetic predisposition. A predictive genetic test according to the GenDG 
always has to be preceded by genetic counseling of the patient concerned and can only 
take place if a clear pathogenic germ cell mutation has been identified in an affected 

family member (see Fig. 2) [120]. 
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5.13. Consensus-based Recommendation 2013 

GCP The possibility and benefit of psychosocial counseling and care should be pointed 
out to already affected persons, index patients, and persons at risk for 
monogenous hereditary disease who have an increased risk for colorectal cancer.  

 Strong consensus 

 

Background 

In patients and their family the diagnosis of manifested hereditary tumor syndromes, 
the knowledge of a highly increased disease risk, or the definite detection of a 
mutation may be accompanied by numerous psychosocial stress factors. 
Corresponding studies were done in particular for FAP. These included not only adults 
and adolescents, but also children and their parents [231-233]. Relevant stressors 
included altered physical perception, fear of surgical interventions, screening tests, 
and future tumor progression, fear of occupational limitations, communication of the 
illness to the social environment, insecurity about having children, as well as coming 
to terms with family members who died early of cancer and corresponding conflict 

within the family.  

Predictive testing of under age persons is also associated with special challenges. 
These include an inability of these persons to decide for themselves and their limited 
understanding of the meaning and consequences of the testing. In addition to clinical 
and human genetic counseling, psychosocial patient counseling can help patients and 
persons at risk in making their decision for or against having genetic diagnostics and 

coming to terms with the test results.  

5.2.1. Risk Groups 

5.2.1.1. HNPCC (Hereditary Colorectal Cancer Without Polyposis)/ Lynch-

Syndrome 

5.14. Statement 2013 

GCP Risk persons for HNPCC are persons from families who fulfill the Amsterdam 
criteria or one of the Bethesda criteria with evidence of a microsatellite instability 
(MSI). This includes relatives who due to the form of inheritance could be mutation 
carriers. 

 Strong consensus 

 

Background 

HNPCC-syndrome is defined according to family history criteria (Amsterdam-I- and -II-
criteria, see Chapter 12.2). To identify additional persons at risk the revised Bethesda-
criteria are used (Bethesda-criteria, see Chapter 12.3). The literature prefers to refer to 
carriers of pathogenic germline mutations in one of the MMR genes as persons with 
Lynch-syndrome. In contrast, the term HNPCC is often used for patients in whom no 
pathogenic germline mutation was identified. For reasons of simplicity only the term 

HNPCC is used in the following. 
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Mutation carriers have a very high risk of developing colorectal cancer (50-70%) or 
endometrial cancer (20-60%). This is also true to a lesser extent for other neoplasias 
such as ovarian, gastric, and small intestine as well as urothelial cancer of the renal 

pelvis and the ureter.  

5.15. Consensus-based Recommendation 2013 

GCP Whether a patient fulfills the Bethesda- or Amsterdam-criteria for HNPCC should be 
decided upon based on the family history by the treating physicians. 

 Strong consensus 

 

Background 

In contrast to FAP, it is not easy to clinically identify HNPCC. This is because a 
conspicuous phenotype is lacking. For this reason, criteria have been defined which 
suggest to initially examine the tumor tissue and if appropriate followed by a mutation 
search. A diagnosis of HNPCC can be made clinically if, in the family of the patient, the 
so-called Amsterdam I criteria are fulfilled [234]. With HNPCC, in addition to CRC, there 
is an increased rate of endometrial and urothelial cancer, as well as cancer of the small 
intestine. The Amsterdam II criteria include these extra-colonic manifestations [179]. 
These criteria present a pragmatic implementation from a clinical point of view. Since 
nowadays many families are small, it is often not possible to fulfill these criteria. 
Therefore, a lack of positive family history—particularly in small families—is no 
argument against HNPCC. The less specific Bethesda criteria can be used to initiate a 
work up for possible HNPCC in smaller families and individual cases (Appendix 5.3) 

[235]. 

The general tumor risk for HNPCC carriers is given as 80 to 90%, whereby CRC is by far 
the most common manifestation. In the context of HNPCC the average age at CRC 
diagnosis is 44 years. Colorectal cancers are rarely seen before age 25. The cumulative 
lifetime risk of an HNPCC carrier to develop CRC is 60 to-70%. The risk for men is 

about 10 % higher than for women.  

Endometrial cancer is the second-most common tumor in HNPCC. The lifetime risk for 
female carriers to develop an endometrial cancer is 40 to 60% with a median age of 
diagnosis between 46 and 48 years. Cancer of the ovaries occur in about 10-15% of all 
carriers. Stomach cancer occur in 2 to 13% of HNPCC patients and are diagnosed on 
average between the ages of 51 and 56. Manifestations before age 40 are rare. Most of 
these cancer are of the intestinal type. For Germany a cumulative lifetime risk of 6.8% 

up to age 70 was found [236]. 

The cumulative lifetime risk for small bowel cancer in the context of an HNPCC is 4-8% 
[236, 237]. For 35-50% of the cases, HNPCC-associated small bowel cancer are 
localized in the duodenum [238]. Diseases before age 30 are rare. Cancer of the upper 
urinary tract (ureter/renal pelvis) often appear as second or third cancer. The average 
age of onset for these tumors is given as 50 to 63. The lifetime risk is reported as 1-
12%. In some families a higher rate of urothelial cancer was observed. A recent Dutch 
study [239] reports a relative risk of urothelial cancer of the complete urogenital tract 
(including bladder cancer) of 4.2 for male and 2.2 for female carriers of pathogenic 
germline mutations in one of the MMR-genes compared to the general Dutch 
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population. As yet unpublished results of the German HNPCC consortium confirms 

these results. 

The lifetime risk for biliary tumors is higher with HNPCC, but overall relatively low. 
Pancreatic cancer in HNPCC patients are rare, but significantly more common than in 

the general population (relative risk 8.6; lifetime risk 3.7%) [240, 241]. 

For brain tumors there is a slightly increased risk with HNPCC, histologically these are 
primarily astrocytomas and glioblastomas. The median age of presentation is 40 to 54 
[242-244]. Muir-Torre syndrome is a rare phenotypic variant of HNPCC which on top of 
the typical HNPCC-associated tumors is associated with sebaceous gland adenomas or 

cancer [245]. 

5.16. Consensus-based Recommendation 2013 

GCP Additional (molecular-) pathologic examinations for HNPCC should be performed if 
at least one revised Bethesda-criterion is fulfilled. In this case, either a quality 
assured immunohistochemical test of the expression of the DNA-mismatch-repair-
proteins MLH1, MSH2, MSH6, and PMS2 can be performed or a test for 
microsatellite instability. If immunohistochemical expression of the DNA-mismatch-
repair-proteins is normal, an additional microsatellite stability test should follow to 
definitely exclude HNPCC. This can only be omitted if the immunochemical testing 
definitely identified the loss of a DNA-mismatch-repair-protein.  

 Strong consensus 

 

Background 

An algorithm to test for mismatch-repair-defects in tumor tissue is shown in Figure 3. 
Microsatellite instability can be demonstrated in about 80 % of the tumor tissue of 
patients who meet the Amsterdam I/II-criteria. These phenomena can be traced back to 
underlying defects in a DNA-repair enzyme which can no longer repair missing base 
matches during cell mitosis. These mismatches occur relatively easy in short repetitive 
DNA-fragments (so-called microsatellites). Accordingly, in repair-deficient HNPCC 
tumors a different microsatellite pattern compared to normal cells is found. This has 
led to the term “microsatellite instability.” Patients from families who meet the 
Amsterdam-criteria and whose tumor tissue shows a microsatellite stability (MSS) 

should, if possible, have an independent second tumor from the family tested.  

In patients whose families fulfill the Bethesda criteria, microsatellite instability is found 
in about 30% of the patients and, thus, is a definite suggestion for the presence of 
HNPCC. The classical Bethesda criteria were revised in 2004 (Appendix 5.3) [246]. The 
sensitivity of the microsatellite analysis in HNPCC-associated tumors is 79-93 %, the 
immunohistochemical test (incl. MSH6 and PMS2) is comparable with a sensitivity of 
94 % [247]. In comparison to microsatellite analyses (MSA), immunohistochemistry 
(IHC) is more cost-effective and faster. In addition, due to the malfunction of a DNA-
repair protein, it gives an indication in which of the 4 known mismatch-repair-genes 
the disease causing germline mutation is located. If the IHC gives a definite result, the 

MSA can be omitted. If not, an MSA should be done. 
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5.17. Consensus-based Recommendation 2013 

GCP In patients with highly microsatellite instable tumors and absence of the MLH1-
protein in the immunohistochemical test, an analysis of the somatic BRAF-mutation 
p.Val600Glu should be performed to exclude HNPCC. 

 Consensus 

 

Background 

About 15% of sporadic CRC show HNPCC-typical alterations in the tumor tissue in 
terms of MSI-H and absence of the MLH1-protein in the immunohistochemical test 
(IHC). This is usually due to a somatic methylation of the MLH1-promotor. The 
methylation is associated with the somatic mutation p.Val600Glu in the BRAF-gene 
[248-251]. Therefore, for tumors with MSI-H and absence of the MLH1-protein in the 
IHC an additional BRAF-analysis should follow. Using this procedure it is possible to 
differentiate the HNPCC-associated from the sporadic CRCs, because HNPCC-
associated CRCs have no BRAF-mutation. For first degree relatives of patients with 
sporadic MSI-H CRC the risk of developing CRC is slightly increased (standardized 
incidence ratio 1.60) [252]. Therefore, the screening recommendations should be done 
analogous to the cases with positive family history. It is possible that the risk for other 

tumors (stomach, ovarian) is increased for patients with BRAF-positive CRC [252]. 

5.2.1.2. Adenomatous Polyposis-Syndrome 

5.2.1.2.1. Patients with Classic Familial Adenomatous Polyposis (FAP)  

5.18. Statement 2008 

Level of Evidence 

2a 

All patients with untreated FAP will - with rare exceptions - develop colorectal 
cancer. 

 [253] 

 

Background 

Classic (typical) FAP is characterized by the presence of more than 100 colorectal 
adenomas. The formation of polyps generally begins in the second decade of life. Due 

to the large number of adenomas, the cancer risk is nearly 100%.  

In addition, most patients also develop extra colonic intestinal manifestations. The 
most important ones are duodenal and/or papillary adenomas, which occur in about 
75% of patients and are to be regarded as pre-cancerous lesions (see below). Stomach 
adenomas are observed much less frequently, with an incidence of <10% of patients 
with FAP. Glandular polyps of the stomach, which occur in at least a third of FAP 

patients, are not thought to have pre-neoplastic potential. 

Further extra-intestinal manifestations are abdominal and extra-abdominal desmoid 
tumors, thyroid gland cancer, and malignant CNS tumors (mostly medulloblastomas), 
hepatoblastomas as well as harmless, but often diagnostically indicative osteomas, 

epidermoid cysts, or pigment anomalies of the retina [253]. 
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5.2.1.2.2. Patients with Attenuated Familial Adenomatous Polyposis (AFAP) 

5.19. Statement 2013 

Level of Evidence 

2a 

Attenuated FAP (AFAP) has to be distinguished from typical familial adenomatous 
polyposis. Patients with AAPC are also at a very high risk for colorectal cancer, 
however, polyps and cancer generally develop later, and more often in the proximal 
colon. 

 Evidence from update literature search: [253-261] 

 

Background 

In contrast to classic FAP, AFAP is typically characterized by less than 100 colorectal 
adenomas and/or a later occurrence of adenomas and CRC by about 10-15 years. The 
lifetime risk to develop CRC is also very high. Extra-colonic manifestations (e.g. 
desmoids) can occur [253-258]. The clinically defined AFAP is a heterogeneous group 
from a genetic point of view. Germline mutations in the APC-gene (5’ and 3’ end of the 
gene) can be detected in 15-30% of the families. The most important differential 
diagnosis is the MUTYH-associated polyposis (MAP) (see below) [259]. In individual 
cases the clinical differentiation from HNPCC can be difficult [260]. Therefore, a 
molecular genetic diagnosis can be very helpful (microsatellite analysis, APC, MUTYH) 
in the clinical differential diagnosis of some cases of attenuated FAP [261]. In the 
majority of patients with the clinical diagnosis AFAP, no identification of genetic 
mutations is possible, so it has to be assumed that additional mutations in 

unidentified genes exist [261]. 

5.2.1.2.3. Patients with MUTYH-Associated Polyposis (MAP) 

5.20. Statement 2013 

Level of Evidence 

2a 

MUTYH-associated polyposis (MAP) is the most important differential diagnosis of 
FAP. The phenotype is similar to that of AFAP; the lifetime risk for CRC is also very 
high for MAP. Due to the autosomal-recessive inheritance there is only a small 
disease risk for patients' children and heterozygous carriers. Establishing the 
diagnosis is usually only possible using molecular genetic tests. 

 Evidence from update literature search: [262-269] 

 

Background 

The autosomal-recessive hereditary MAP, which is caused by a biallele germline 
mutation in the MUTYH-gene, is the most important differential diagnosis of APC-
associated FAP [262]. It is diagnosed in 15-20 % of the APC-mutation negative 

colorectal adenomatoses [263, 264]. 

The colorectal MAP phenotype is similar to that of the AFAP: usually between 20 and 
several hundred adenomas occur, the mean age of diagnosis is 45 (range 12-68 years) 
[265]. If untreated, the CRC lifetime risk is about 70-80 % [266]. The phenotypic MAP 
spectrum is still not definitely known: several large population-based studies with CRC 
patients showed that up to one third of the biallele MUTYH-mutation carriers develop 
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CRC without colorectal polyps [267]. In addition, it has been reported that up to 50 % 

of the MAP patients have hyperplastic polyps [268].  

About 20% of patients have duodenal polyposis, the lifetime risk of duodenal cancer is 
about 4%. Overall, extraintestinal malignancy occurs significantly more often than in 
the standard population (odds ratio 1.9) and shows a certain overlap with HNPCC. 
However, there is no dominating tumor. Typical FAP-associated extraintestinal tumors 

such as osteoma, desmoides, and CHRPE do not occur [269]. 

5.2.2. Screening 

5.2.2.1. HNPCC / Lynch-Syndrome 

5.21. Recommendation 2013 

Grade of 
Recommendation 

B 

Persons at risk for HNPCC should have genetic counseling when they reach legal age 
(usually from 18 years of age), but before the age of 25. As soon as the disease 
causing mutation is known in the family, persons at risk should be made aware of 
the possibility of predictive testing.  

Level of Evidence 

1c 

Evidence from update literature search: [270, 271] 

 Strong consensus 

 

5.22. Statement 2008 

Level of Evidence 

1c 

If the disease causing mutation has been excluded in a person at risk, a special 
surveillance is no longer necessary.  

 Strong consensus 

 

Background 

Carriers of HNPCC have mutations in so-called mismatch repair genes. To date, germ 
cell mutations have been demonstrated in five different genes: MSH2, MLH1, MSH6, 
PMS2, and EPCAM. Almost 86% of the mutations identified up to now exist in the genes 
MSH2 and MLH1 [270], about 10% in the MSH6 gene and 2% in the PMS2-gene. 
Mutations in the EPCAM-gene are found in about 2% of the families [271]. According to 
the GenDG, human genetic counseling must be done before the predictive genetic 
tests are performed. In general, a predictive test is only possible if a definite 
pathogenic mutation has been identified in a family member. The identification of 
polymorphisms or mutations with unclear pathogenic significance is not suitable for 

predictive genetic testing. 

  



5. Risk Groups  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

55 

5.23. Consensus-based recommendation 2013 

GCP HNPCC-patients and persons at risk should generally undergo annual colonoscopies 
from the age 25. 

 Consensus 

 

Background 

HNPCC-patients have a strongly increased cancer risk. Table 6 gives an overview of the 
recommended cancer screening tests. Colorectal cancer occur in HNPCC patients at a 
median age of 44. The chance of developing this disease increases significantly from 
age 30. In case of very early manifestations of familial colorectal cancer, in contrast to 
the abovementioned recommendation, the first colonoscopy should be done 5 years 
before the earliest manifestation age. More than 50% of the HNPCC-associated cancer 
are found on the right side of the colon [243]. This is the reason a rectoscopy and/or 
rectosigmoidoscopy are not sufficient as a surveillance test. A prospective study 
showed a significant reduction in mortality as well as CRC incidence by more than 60% 
for both with three-year testing intervals [272]. Due to an accelerated tumor 
progression with interval cancer in about 4% of all patients with three-year testing 
intervals, an annual interval is recommended [272-274] (Table 6). A prospective study 
of the German HNPCC-consortium with 1 year intervals showed a significantly better 

stage distribution for detected asymptomatic CRC [229]. 

The stage distribution and, therefore, the prognosis of HNPCC-associated colorectal 
cancer that have been discovered in screening programs is significantly better than 
cancer which were diagnosed as a result of disease symptoms [275]. The colonoscopy 
may be done as a chromoendoscopy. Prospective studies demonstrated a significant 
increase in adenoma detection rate with the use of chromoendoscopy [276-278]. 
However, currently it is not clear whether this improves the interval cancer rate or the 

mortality.  

5.24. Recommendation 2013 

Grade of 
Recommendation 

B 

For female patients with HNPCC and persons at risk, in addition to the annual 
gynecological exam, a transvaginal ultrasound should be performed from age 25, 
because of the risk of endometrial and ovarian cancer.  

Level of Evidence 

4 

[242, 279-282] 

 Strong consensus 

 

5.25. Consensus-based Recommendation 2013 

GCP For female patients with HNPCC and persons at risk, in addition an endometrial 
biopsy should be performed from age 35. 

 Consensus 
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Background 

These recommendations arise from the natural progression of HNPCC (see above). For 
female carriers, the risk of developing an endometrial cancer up to the age of 70 is 40 
to 60% and for ovarian cancer about 10-15% [242, 279]. Studies published so far on 
the efficacy of endometrial cancer screening in female patients with HNPCC clearly 
indicate that the transvaginal ultrasound (TVU) is not suitable as a screening-test, 
especially for pre- and post-menopausal women [280-282]. Since an endometrium 
biopsy using the Pipelle method in addition to TVU has been reported in the literature 
as the most useful alternative and since these have already been propagated in 
international recommendations [283], the recommendation of an annual endometrial 
biopsy from age 35 is sensible (see Table 7). For patients who no longer plan to have 
children, the possibility of a prophylactic hysterectomy and, if appropriate, an 

adnectomy should be discussed. 

5.26. Consensus-based Recommendation 2013 

GCP In addition, HNPCC-patients and persons at risk with HNPCC should have an EGD 
regularly from age 35. 

 Consensus 

 

Background 

HNPCC-associated gastric cancer are diagnosed at a median age of 54. They are only 
seen in 2% of patients before the age of 35. For Germany, a cumulative lifetime risk of 
6.8 % up to age 70 was determined [236]. A familial cumulation (at least 2 affected 
members with gastric cancer) was only observed in 26% of the MLH1- and MSH2-
mutation carriers [284]. Therefore, the EGD seems to be sensible for all mutation 
carriers and persons at risk from 35 years of age (see Table 6). This is also suggested, 
because the risk for duodenal cancer is higher than for gastric cancer, and these occur 
from age 30. The cumulative lifetime risk for duodenal cancer in HNPCC patients is 4-
8% [236, 237]. 35-50% of the small intestine cancer are located in the duodenum [238]. 
Due to the data available, the recommendation of the S3-guideline on gastric cancer 
must in the future be defined more precisely. There are no data on the issue of test 
intervals. In analogy to the tumor progression of colorectal cancer based on a 

hereditary MMR-defect, an annual interval is recommended. 

Due to the increased risk of urothelial and hepatobiliary cancer, an annual upper 
abdominal ultrasound used to be recommended. However, its usefulness has not been 
confirmed and its curative potential is questionable. Therefore, it is no longer generally 
recommended. The benefit of the urine cytologic test has not been confirmed and has, 

therefore, not been generally recommended since 2004.  
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5.27. Recommendation 2013 

Grade of 
Recommendation 

B 

Chemoprevention in HNPCC patients should not be performed.  

Level of Evidence 

2b 

Evidence from update literature search:[285, 286] 

 Consensus 

 

Background 

So far, only data from one prospective randomized study exist on chemoprevention of 

HNPCC. The CAPP2-study tested the use of 600 mg acetylsalicylic acid and resistant 

starch in a 2x2 design. The primary analysis of the defined endpoints showed no 

significant effect of ASS [285]. After longer follow-up of 55.7 months, a significant 

reduction of colorectal cancer incidence (hazard ratio 0.41 (95%CI 0.19-0.86), p=0.02) 

as well as a non-significant reduction of other HNPCC-associated cancer (hazard ratio 

0.47 (95%CI 0.21-1.06), p=0.07) was found in the subgroup of HNPCC patients who 

had taken 600 mg ASS for at least 2 years [286]. The study dose of 600 mg with its 

expected side effects seems high. The efficacy of low ASS doses for HNPCC-patients is 

currently not known and will be studied in a subsequent study (CAPP-3). The aim is to 

include as many HNPCC-patients as possible. In general, HNPCC-patients should not 

undergo chemoprevention with ASS until the results of this study are available.  

5.28. Consensus-based Recommendation 2013 

GCP Prophylactic colectomy or proctocolectomy in HNPCC mutation carriers shall not be 
performed. 

A subtotal colectomy in patients with a cancer should not generally be done, but 
should be discussed individually with the patient. 

 Strong consensus 

 

5.29. Recommendation 2013 

Grade of 
Recommendation 

A 

After oncologic resection of a CRC in addition to the regular follow-up colonoscopy 
surveillance shall be performed in the same way as before surgery.  

Level of Evidence 

2a 

Evidence from update literature search:[272, 273, 287-290] 

 Strong consensus 
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Background 

Because regular surveillance can detect pre-malignant adenomas and nearly all 
surveillance detected cancer are UICC stage I or II [272, 273] and the penetrance of the 
disease is not complete, prophylactic colectomies and/or proctocolectomies are not 
recommended. Individual constellations such as adenomas that cannot be removed 
endoscopically, regularly difficult colonoscopies, insufficient colonoscopy preparation 
despite adequate laxative procedures, and missing compliance may justify the 

recommendation of a prophylactic colectomy.  

When cancer have been detected the patient should have an oncologic resection 
according to oncologic surgical standard criteria (see also Chapter 7). However, the 
risk of colorectal cancer in the remaining colon and the risk of extracolonic neoplasias 
remains increased, so that these patients require an intensive postoperative follow up. 
In these cases, the postoperative tumor surveillance for sporadic CRC should be 
combined with the HNPCC-specific screening program for CRC and extracolonic 
tumors. It is currently not known whether a prophylactic extended tumor resection for 
the prophylaxis of metachronous CRC is better than surveillance at short intervals. 
Previous data from retrospective case studies are insufficient. Furthermore, due to the 
national difference in screening intervals, they are not applicable to Germany [287-

290]. 

5.30. Consensus-based Recommendation 2013 

GCP For female patients with Lynch- and HNPCC-syndrome a prophylactic hysterectomy 
and, if necessary, an ovarectomy at age 40 or five years before the earliest age of 
disease contraction in the family should be discussed.  

 Consensus 

 

Background 

This approach is based on expert opinion of the task force gynecologic oncology (AGO) 
of the German Cancer Society. If possible, the intervention should not be performed 
until after family planning has been completed. A retrospective study showed a 
significant reduction of endometrial and ovarian cancer incidence in these patients 
[291]. Following prophylactic ovarectomy, patients should take hormone replacement 
therapy (HRT). After a hysterectomy, HRT can be performed using only estrogens, 

which reduces side effects of the therapy. 
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5.2.2.2. Adenomatous Polyposis Syndromes 

5.2.2.2.1. Patients with Classic Familial Adenomatous Polyposis (FAP) 

5.31. Recommendation 2013 

Grade of 
Recommendation 

B 

Relatives of FAP patients who are potential mutation carriers due to the autosomal 
dominant inheritance are defined as persons at risk. For these persons predictive 
genetic testing should be recommended from age 10 after genetic counseling of the 
family if an APC-germline mutation has been identified in the family.  

Level of Evidence 

4 

[120, 292] 

 Strong consensus 

 

5.32. Recommendation 2008 

Grade of 
Recommendation 

A 

If the mutation that was identified in the family was excluded in the person at risk 
(children, siblings, or parents of FAP-patients), a special surveillance is no longer 
necessary.  

Level of Evidence 

1c 

Not specified 

 Strong consensus 

 

5.33. Recommendation 2013 

Grade of 
Recommendation 

A 

Persons at risk for whom the mutation is confirmed or cannot be excluded should 
have a rectosigmoidoscopy from age 10. If there is evidence of adenomas, a 
complete colonoscopy must follow, and has to be repeated annually until a 
proctocolectomy has been performed (see below).  

Level of Evidence 

4 

[191, 292, 293] [120] 

 Strong consensus 

 

Background 

For children or persons unable to give consent genetic consultation is done together 
with their legal guardians. Initiating genetic diagnostics before the age of 10 is seldom 
necessary, because colorectal cancer are only rarely seen among children younger than 
age 15 [292]. Molecular genetic testing is usually done by direct mutation testing in 
the APC gene. In rare cases with decisive familial constellation genetic testing may be 
done indirectly using coupling analyses. Definite predictive testing can only be 
conducted in patients when the pathogenic germline mutation has been identified in 
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an affected family member [120]. It always has to be combined with human genetic 
counseling [GenDG]. A mutation is identified in about 70-80% of patients. Another 
method to identify gene carriers is a fundoscopic exam to identify the characteristic 
congenital hypertrophy of the retinal pigment epithelium (CHRPE). However,nowadays 

this method is used less often because of the possibility of DNA testing.  

With classic FAP, polyps are always found in the rectum and sigma If rectal polyps are 
identified, additional proximal adenomas or even cancer can be present. In this case, a 
complete colonoscopy should be performed at short interval which, depending on the 
findings, should be repeated at least once a year. In families where genetic testing has 
not been performed or has not provided definite results, all persons at risk should 
undergo endoscopic surveillance from age 10 [191, 292, 293]. With specific mutations, 
earlier cancer manifestation in the family, or presence of symptoms, initiating 

screening at an even earlier age should be considered. 

5.34. Recommendation 2013 

Grade of 
Recommendation 

B 

Patients with classical FAP should undergo prophylactic proctocolectomy (whenever 
possible maintaining continence) independent of the molecular genetic testing if 
possible no earlier than the end of puberty.  

 

Level of Evidence 

1c 

Evidence from update literature search: [261, 294-299] 

 Strong consensus 

 

5.35. Consensus-based Recommendation 2013 

GCP After proctocolectomy a pouchoscopy should be performed regularly. Patients with a 
remaining rectal stump should untergo rectoscopies regularly. The interval depends 
on the test results (number, size, and histology of detected neoplasias) and should 
not exceed 12 months.  

 Strong consensus 

 

Background 

The timely proctocolectomy is essential for preventing colorectal cancer [294-298]. The 
value of molecular genetic testing on therapeutic decisions is limited, because the 
identification of the mutation only rarely allows an individual assessment of the 
disease course. In a considerable proportion of patients who are clinically affected no 
causative mutation can be identified. The polyposis patient must be adequately treated 
regardless of the result of the mutation analysis. Therefore, necessary surgery should 
also be performed if a mutation has not been identified and, if necessary, performed 
before the mutation analysis has been completed [261]. The operation should 
generally be performed between the end of puberty and age 20. The exact time point 
should, however, be determined on an individual basis according to age, diagnosis, 
and endoscopic/histological findings (number of polyps and level of dysplasia) [297-
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299]. In the natural course of FAP, cancer appear at a median age of 36 [300]. The 
option of sparing the rectum should be discussed with the patient (ileorectal 
anastamosis, IRA). It has to be kept in mind that after a colectomy with sparing of the 
rectum the risk of developing a rectal stump cancer is 13% after 25 years [301]. The 
long-term prognosis for IPAA (ileo-pouch anal anastamosis) concerning the CRC-rate is 
better [302-305]. For this reason, a proctocolectomy is recommended for patients with 
classical FAP. The operation should be performed in an experienced center. Carrying 
out a proctocolectomy with a final, permanent ileostoma can in most cases nowadays 

be avoided.  

Because several patients develop polyps in the area of the pouch next to the ileoanal 
anastamosis that can progress to cancer, an annual postoperative pouchoscopy is 
recommended. If no proctocolectomy was performed, surveillance of the rectal stump 
with short intervals of no more than 12 months are necessary. If new polyps are found, 

these should be removed.  

5.36. Consensus-based Recommendation 2013 

GCP An EGD and duodenoscopy (with side-optical view) with inspection of the papilla 
region should be carried out starting at age 25-30. An interval of three years is 
recommended if the result is negative. The interval should be shortened up to one 
year depending on the degree of severity of the adenoma burden (Spigelman 
classification). 

If duodenal-/papillary adenomas are identified, an indication for endoscopic 
polypectomy should be considered.  

If the duodenal polyposis is severe (Spigelman IV) or an invasive cancer without 
distant metastases is present, there is an indication for surgical resection. 

 Consensus 

 

Background 

The lifetime risk of developing duodenal polyps is between 80 and 90% for FAP 
patients [231, 232]. Fewer than 10% of the patients develop gastric adenomas, more 
than 50% have fundic gland polyps of the stomach. Gastric cancer, however, do not 
seem to occur more often than in the general population [306]. With regard to the 
extent of duodenal polyposis, the Spigelman classification (see Table 7) should be 
used [307]. The average age of patients with serious adenomatosis of the duodenum is 
about 43 (range 24-65) [233]. Altogether, it appears that the growth behavior of 
duodenal adenomas is slower than that of colorectal adenomas [308, 309] and 
depends more on increasing age (increases at age >40) than on the initial stage [310]. 
The mutation location (Codon 279-1390) correlates with the severity of the polyposis 
in the duodenum, but not with the possibility that a high-grade dysplasia will develop 
[311, 312]. The lifetime risk for a duodenal cancer for patients with FAP is between 3 
and 4% [313, 314] and is, therefore, up to 300 times more common than in the general 
population [315]. The risk that an invasive cancer is present depends on the severity of 
the duodenal polyposis. Thus, the risk for an invasive cancer with Spigelman II and III 

is 2% versus 36% for Spigelman IV [316]. 

The aim of an endoscopic surveillance is not the removal of all polyps, but the 
detection of relevant neoplasias (high-grade intraepithelial neoplasia, villous or 
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tubolovillous adenomas). All polyps that are >1cm should be removed if technically 
possible. In case of smaller polyps, the larger ones should be removed and sent to 

pathology to determine the Spigelman score..  

For FAP-patients with low-grade duodenal polyposis (Spigelman I and II ) a three year 
test interval seems sufficient [308]. Due to the higher risk of cancer in Spigelman stage 
IV, a surgical procedure is recommended. The pancreas-maintaining duodenectomy is 
the preferred procedure partly due to a lower morbidity rate than with a pancreatic 
duodenectomy [317, 318]. An operative duodenotomy with polypectomy cannot be 
recommended due to a high rate of recurrence [319, 320]. In principal, even after 
extensive surgical treatment the appearance of new adenomas cannot be prevented 
[319]. Currently, it is not clear whether regular duodenal screening prolongs life [313]. 
There are different approaches to handling FAP-associated papillary adenomas. 
Overall, there are only very few publications on the issue of FAP. Whereas some groups 
favor a papillectomy for every patient with any type of papillary adenoma [321, 322], 
others prefer a monitoring strategy for small adenomas and papillectomy only in case 
of progression (size, histology) or development or threat of complications (e.g. 
cholestasis, pancreatitis) [308, 309]. In summary, the following monitoring program 
seems sensible: Spigelman I and II: examination every 3 years; if necessary a 
polypectomy should be performed; Spigelman III: annual examination and, if 

necessary, polypectomy, Spigelman IV: surgery.  

5.37. Consensus-based Recommendation 2013 

GCP If therapy is indicated (symptoms, progression), first-line therapy of desmoids in FAP 
patients consists of a combination therapy using sulindac and tamoxifen. In case of 
progressive desmoids under this drug therapy an interdisciplinarily approach should 
be undertaken. Therapy options include chemotherapy, surgery, and radiotherapy.  

 Consensus 

 

Background 

Desmoid tumors appear in 10 to 30% of all patients with FAP. The risk for women to 
develop desmoid tumors is greater than for men.  Apart from a clear 
genotype/phenotype correlation (APC mutation codon >1300) [323-325], surgical 
trauma can act as a trigger factor. About 50% of the desmoids appear intra-
abdominally especially mesenterially and due to their local infiltrative growth often 
cause significant problems. For this reason, it is especially important with patients who 
have a positive family history or a distal APC mutation to look for the presence of 
desmoids before proctocolectomy and to undergo proctocolectomy as late as possible. 
Regular desmoid screening is not recommended if the patient has no symptoms. 
Desmoid screening may be done pre-operatively with suitable imaging tests. Desmoid 
tumors that are asymptomatic and not progressing in size often do not have to be 
treated. A systematic review of published clinical trials on medicinal non-cytotoxic 
chemotherapies demonstrates the best confirmed efficacy for treatments with sulindac 
(300 mg), tamoxifen (40-120 mg), or a combination therapy [326]. For raloxifen there 
are also comparable data from a small case series [327]. Progressive tumors under 
sulindac or antihormonal therapy should be treated with chemotherapy (doxorubicin 
and dacarbazine or methotrexat and vinblastin) or radiotherapy [328-330]. Results on 
surgical resections are controversial [331]. Especially for intra-abdominal desmoids, 

incomplete resections and high relapse rates are often reported [332-335]. 
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For abdominal wall desmoids surgical procedures often lead to R0-resection and no 

recurrence [333]. 

5.38. Consensus-based Recommendation 2013 

GCP In female FAP-patients, an annual ultrasound of the thyroid may be performed from 
age 15. 

 Consensus 

 

Background 

The lifetime risk for patients with FAP to develop thyroid cancer is 1 to 12%. About 95% 
of all reported thyroid cancer affect women; therefore, the risk is mainly increased in 
female carriers. The mean age of diagnosis is between 24 and 33 years. Manifestations 
before age 15 are rare [336]. Cancer often appear multifocal and sometimes bilaterally. 

Histologically a cribiform variant of a papillary thyroid cancer is usually present.  

Two prospective [337, 338] and one retrospective study [339] examined the value of a 
one time ultrasound screening. Benign thyroid nodules were identified in 20 to 79% of 
the cases. Thyroid cancer were diagnosed with a prevalence of 2.6 to 7.6%. In the 
largest study cancer were only detected through ultrasound and not using patient 
history or palpation [337]. Therefore, for female FAP-patients an annual ultrasound of 
the thyroid may be done from age 15. So far, there are no studies on an appropriate 
screening interval. The prognosis of FAP-associated thyroid cancer is good, but deaths 
have been reported [336, 340, 341]. The extent to which screening reduces mortality 
is unknown. The frequency of necessary adjuvant radiotherapy can possibly be 

reduced if more microcarcinomas are detected.  

Hepatoblastomas are very rarely observed as a manifestation of FAP. Fewer than 0.5% 
of all children of FAP patients develop a hepatoblastoma almost exclusively before the 
age of 10 [342]. It seems, however, that the risk higher for boys is than for girls. In a 
some of the cases there was a positive family history [343]. Due to the rarity and the 
unclear data on whether the prognosis for hepatoblastoma patients can be improved, 

screening is not generally recommended. [344, 345]. 
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5.39. Recommendation 2013 

Grade of 
Recommendation 

B 

Drug treatment of adenomas in the lower and upper gastrointestinal tract should 
not be generally recommended.  

Level of Evidence 

2b 

Evidence from update literature search:[346-354] 

 Strong consensus 

 

Background 

Sulindac reduces the number of colorectal adenomas by more than 50% [346-350]. 
However, it does not prevent the formation of new polyps [351]. Furthermore, under 
sulindac therapy cancer were observed in the rectal stump. Sulindac is not approved in 
Germany. In individual cases, chemoprevention with sulindac for FAP can be used as an 
additive treatment after subtotal colectomy to reduce the rectal polyp burden. 

However, an endoscopic surveillance is mandatory.  

The selective COX2-inhibitor celecoxib which leads to a reduction of rectal adenomas 
[352], was approved for chemoprevention of FAP as an addition to surgical procedures 
and endoscopic controls. Celecoxib at high doses of 400-800mg reduces the colorectal 
polyp number by 28% [352] and also affects duodenal polyposis [353]. However, it is 
not known whether its use also reduces the risk of developing cancer in these patients. 
COX-2-inhibitors are associated with an increased rate of cardiovascular events [354]. 
The value of COX-2-inhibitors is currently unknown due to the cardiovascular side 
effects. Presently, they should only be used in selected cases with strict indications 
(risk-benefit-assessment). The drug with the ingredient celecoxib that is approved for 
FAP was removed from the market by the manufacturer in April 2011, because of 
insufficient recruitment for a post-approval study that was demanded by the European 
Drug Agency (EMA). In individual cases, the use of COX-2-inhibitors may be justified for 
selected patients to delay colectomy, after subtotal colectomy to reduce the rectum 
polyp burden, in patients with several duodenal polyposis and an increased surgical 

risk as well as an increased perforation risk or risk of bleeding with polypectomy.  

5.2.2.2.2. Patients with Attenuated Familial Adenomatous Polyposis  

5.40. Recommendation 2008 

Grade of 
Recommendation 

B 

A patient with attenuated FAP should be treated depending on age, the number of 
polyps, and histological findings. With endoscopically uncontrollable polyposis a 
colectomy is indicated. Patients who do not undergo a colectomy should have a 
colonoscopy once a year for the rest of their lives.  

 

Level of Evidence 

4 

[254, 255, 257, 258, 355-358] 

 Strong consensus 
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5.41. Recommendation 2008 

Grade of 
Recommendation 

C 

Persons at risk from families with attenuated FAP should undergo a screening 
colonoscopy at age 15. If no polyps are found at this point, these persons should 
have an annual colonoscopy starting at age 20.  

Level of Evidence 

4 

[356-358] 

 Strong consensus 

 

Background 

In patients who have an attenuated FAP, polyps occur much later and in fewer numbers 
than with classic FAP. The diagnosis of a CRC in adolescence has been casuistically 
described [355]. The polyps are often found on the right side of the colon. Hence, a 
complete colonoscopy must be performed for surveillance [254, 255, 257, 258]. 
Because of significant variations of clinical characteristics, the decision concerning 
therapy must be made on an individual basis. For patients with an indication for an 
operation, but fewer than five rectal polyps, an ileorectal anastamosis with a remaining 
rectal stump is reasonable. Because extra colonic manifestations can appear as in 
classic FAP [356-358], the recommendations for classic FAP apply. It is unclear with the 
current amount of data available to determine up to which age surveillance of persons 

at risk with negative findings should be performed. 

5.2.2.2.3. Patients with MUTYH-Associated Polyposis (MAP)  

5.42. Consensus-based Recommendation 2013 

GCP Testing of the MUTYH-gene shall be performed in patients who clinically have an 
attenuated adenomatous polyposis with no evidence of disease causing mutations 
in the APC-gene.  

 Consensus 

 

Background 

MUTYH-associated polyposis (MAP) is the most important differential diagnosis of FAP. 
The phenotype usually corresponds to the phenotype of AFAP. The lifetime risk of CRC 
is also very high for MAP. However, due to the autosomal-recessive germline there is 
only a small disease risk for a patient's children and heterozygous carriers. The 
diagnosis is usually only possible using molecular genetic methods. About 50% of 
patients already have a CRC when they are diagnosed with MAP. In one third of these 
patients a synchronic or metachronic CRC was observed. Polyps occur in the whole 
colon, CRCs are found on the right side of the colon in more than 50% of patients. The 

occurrence of MAP-associated CRC before age 29 is very rare.  
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5.43. Consensus-based Recommendation 2013 

GCP Siblings of MAP-patients have a 25% disease risk and are considered person at risk, 
because of the autosomal-recessive inheritance. Predictive genetic diagnostics after 
human genetic counseling should be recommended to these persons from age 18-
20.  

 Strong consensus 

 

5.44. Consensus-based Recommendation 2013 

GCP If both MUTYH-mutations of the index patients have been excluded, their siblings 
do not need to have special surveillance examinations. 

 Strong consensus 

 

5.45. Consensus-based Recommendation 2013 

GCP For relatives of MAP-patients who have only one of the index patient's MUTYH-
mutations (heterozygous carrier), the same screening tests are recommended as for 
first degree relatives of patients with sporadic CRC (see 5.1.3.1). 

 Strong consensus 

 

Background 

To date, MAP is the only autosomal-recessively inherited disease with an increased CRC 
risk. It is controversial whether heterozygous carriers have an increased risk of CRC. 
Some recent population- and family-based studies with large collectives indicated that 
there is a moderately increased risk at older age (RR 1.5-2.1) [267, 359, 360]. First 
degree relatives of heterozygous carriers of MAP-patients have the highest risk for CRC 
(RR 2.1). The mean age of diagnosis was 70 years (range 58-82). Disease risk and time 

point are, thus, comparable to first degree relatives of patients with sporadic CRC. 

Due to the heterozygous frequency of about 1-1.5% in the Caucasian standard 
population, the obligate heterozygous children of MAP patients with non-consanguine 
partnerships only have a slight MAP disease risk (<0.5%) [262]. If predictive testing of 
the child is requested to assess the disease risk, a complete mutation search must be 
done in the MUTYH-gene of the child or the healthy parent to identify the possible 2nd 
germline mutation of the healthy parent. However, the benefit of conclusive genetic 
results is opposed to the (rare) identification of functionally unclear genetic variants. 
Conclusions in individual cases on their pathogenic relevance and, thus, clinical 
consequences (currently) are not possible. Since the presence of a second MUTYH-
mutation in children of MAP-patients cannot be completely excluded because of the 
expected incomplete mutation detection rates, heterozygous tested children of MAP-
patients (probably) have a (likely very low) remaining risk to develop MAP. A complete 

colonoscopy should, thus, be considered at the age of about 30 to 40 years.  
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5.46. Consensus-based Recommendation 2013 

GCP Asymptomatic biallele MUTYH-mutation carriers should have their first colonoscopy 
at age 18-20 years. If no polyps are found, patient monitoring should be continued.  

A patient with MAP should be treated based on age, polyp number, and histologic 
findings. If polyposis is not endoscopically manageable, a colectomy is indicated. 
Patients who have not been colectomized should have lifelong annual 
colonoscopies.  

An EGD and duodenoscopy (with side-optical view) with special inspection of the 
papillary region should be performed at least every three years starting from age 
25-30. 

Specific surveillance examinations for extra-intestinal manifestations are not 
justified in MAP-patients.  

A recommendation for drug treatment of adenomas in the upper and lower 
gastrointestinal tract cannot be given, because of missing data.  

 Consensus 

 

Background 

The colorectal phenotype of MAP is similar to the APC-associated AFAP. Polyps and 
CRCs usually do not become symptomatic in patients with MAP until the fourth to 
seventh decade of life. About 50% of patients are not diagnosed with MAP until CRC is 
already present, in one third of all cases a synchronical or metachronical CRC was 
observed [361]. The polyps occur throughout the colon, CRCs are found in over 50% of 
the cases in the right-hand colon, and more than 20 % in the rectosigmoid [263]. 
Therefore, as a screening method a complete colonoscopy must be performed [254, 
255, 257, 258]. The occurrence of MAP-associated CRCs before age 29 is rare. Since 
the clinical manifestation varies greatly, therapy decisions should be made individually. 
For patients who have an indication for surgery and who have few rectal polyps, an 

ileorectal anastomosis leaving a rectal stump may be justifiable [362]. 

Although duodenal polyposis in MAP-patients is observed less often (17%) than in FAP-
patients, the risk of about 4% for developing duodenal cancer seems to be comparably 
high [269]. In MAP duodenal cancer sometimes also occur without pre-existing 
duodenal adenomas [363]. It can, therefore, not be concluded at this time, whether 
MAP-patients should perhaps have other screening strategies than (A)FAP-patients. 
Overall, extra-intestinal malignomas occur significantly more often in MAP-patients 
than in the standard population (RR 1.9%). They show a certain overlap to HNPCC. The 
only systematic study in 276 patients that investigated this issue demonstrated a small 
to moderate, but significant increase in ovarian, bladder, and skin cancer incidence as 
well as a trend toward increased risk of breast cancer [269]. However, there was no 
dominating extra-intestinal tumor and no shift towards an earlier manifestation 
(median age at diagnosis of the 4 malignomas was between 51 and 61 years of age). 

Desmoides were not observed. 
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5.2.2.3. Non-Adenomatous Polyposis-Syndromes 

5.47. Statement 2013 

Level of Evidence 

2a 

These include especially hamartomatous polyposis-syndromes (Peutz-Jeghers-
syndrome, familial juvenile polyposis, Cowden-syndrome), hyperplastic polyposis-
syndrome, and hereditary mixed polyposis. Some of these diseases are very rare 
(their proportion of all CRCs is less than 0.1 %). Carriers have an increased risk of 
CRC as well as of other syndrome specific intestinal and extra-intestinal tumors 
(stomach, breast, etc.). 

 Evidence from update literature search: [261, 364-394] 

 

Background 

In individual cases the differential diagnosis of non-adenomatous polyposis-syndromes 
can be very difficult and demands interdisciplinary collaboration of 
gastroenterologists, surgeons, pathologists, human geneticists, radiologists, and other 
clinical experts (especially gynecologists, urologists). The patient's diagnosis and 
clinical care should, therefore, be done in coordination and cooperation with centers 
that have experience with these syndromes [261, 364]. Hamartomatous polyposis-
syndromes follow autosomal-dominant inheritance. Thus, children (and if present 
siblings) of an affected person have a 50% risk of inheriting the underlying genetic 

mutation and to develop the disease in the course of their lifetime.  

Peutz-Jeghers-syndrome (PJS) is an autosomal-dominant inheritable disease. It is 
characterized by the occurrence of hamartomatous gastrointestinal polyps and 
mucocutaneous melanin pigmentation which is especially visible peri-oral. The latter 
often fade during the course of life and are not specific. Peutz-Jeghers-polyps occur 
especially in the small intestines and demonstrate characteristic histology. The disease 
cause are germline mutations in the STK11/LKB1-gene. A mutation can be identified in 
more than 90% of patients who fulfill the clinical-diagnostic criteria [365]. The age of 
manifestation is very different. Some patients already develop symptoms in the first 
years of life. Complications in children include an acute abdomen caused by 
invaginations or an obstructive ileus as well as chronic bleeding with secondary 
anemia. Up to 30% of patients have had a laparotomy at the age of 10 years [366]. PJS 
is associated with a significantly higher risk for several intestinal and extra-intestinal 
tumors [367-373]. Aside from CRC, especially the risk for cancer of the breast, small 
intestine, pancreas, testicles, ovaries, and uterus is increased [375, 376]. The 
cumulative lifetime risk for malignant tumors is reported to be about 85-90%. Overall, 
for tumors in the gastrointestinal tract there is a cumulative lifetime risk of 57%. The 
CRC-risk alone is 35-39% and is, thus, the second most frequent cancer in PJS. The 
lower limit of the 95% confidence interval is 30 years. The tumor risk increases quickly 
after age 50 [374-376]. The lifetime risk for gynecologic tumors is reported at 13-18% 
[375, 376]. Ovarian tumors in PJS are usually SCTAT and of non-epithelial origin. Some 
are already diagnosed in small girls (mean age 28 years, range 4-57 years). Cervical 
cancer occur with a lifetime risk of 9% and are histologically similar to adenoma 
malignum in more than 75 % of the cases [375].The mean age of onset is 34 years 

(range 23-54 years). The risk of endometrial cancer is about 10%.  

Familial juvenile polyposis (FJP) is suspected in case of a diagnosis of five or more 
juvenile polyps in the colon, if extracolic juvenile polyps are detected, or if juvenile 
polyps with corresponding positive family history are identified. The correct diagnosis 
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of juvenile polyps can be difficult due to morphologic similarities with hyperplastic 
polyps as well as lymphocytic infiltrates and displastic portions: a considerable 
percentage of genetically confirmed cases of juvenile polyposis are initially 
misdiagnosed as ulcerative colitis or hyperplastic polyposis [377, 378]. Therefore, in 
case of doubt, a second review of the histologic sample by a gastroenterologically 

experienced pathologist should be sought.  

The disease can already become noticable in early childhood due to chronic 
gastrointestinal bleeding or exsudative enteropathy with concomitant delayed 
development. The cause is germline mutations in the SMAD4- or BMPR1A-gene. The 
lifetime risk for developing CRC is up to 68%. There is a clear genotype-phenotype-
relationship: patients with a SMAD4-germline mutation have a higher risk of 
developing gastric polyps and stomach cancer as well as hereditary hemorrhagic 
telangiectasia (Morbus Osler-Rendu-Weber) [378, 379]. In addition, the risk of pancreas 
cancer may be increased [380-384]. In case of very severe early manifesting courses 

juvenile polyposis of toddlers should be considered [385]. 

The endoscopic-histologic distinction of juvenile polyposis from the PTEN-mutation-

based Cowden-syndrome or the presumably non-hereditary Cronkhite-Canada-
syndrome can cause problems. It is usually done using primarily the extra-intestinal 
tumor spectrum and molecular genetics. Cowden-syndrome [386] is especially 
associated with a higher risk of breast and thyroid cancer. According to recent data, 
the lifetime risk for CRC also seems to be increased by 28% [387]. Furthermore, 
increased risks for endometrial and renal cancer as well as melanomas were reported. 
The Bannayan-Riley-Ruvalcaba-syndrome is viewed as a variant of the Cowden-
syndrome. Both are germline mutations associated with the PTEN-gene. They are 

summarized under the term PTEN-hamartom-tumor-syndrome (PHTS) [388, 389]. 

Hereditary mixed polyposis syndrome (HMPS) and hyperplastic polyposis syndrome 
(HPS) are difficult to define entities and there is still little known about their genetics. 
Both syndromes are associated with an increased - in some cases pronounced - CRC 
risk [390-394]. However, they are rare and, so far, both clinically and genetically poorly 
characterized. Thus, the knowledge on tumor risk is only partly conclusive. In some 
patients with HMPS, mutations were identified in the PTEN- or BMPR1A-genes. These 
cases should be viewed as (atypical) variants of the Cowden-syndrome or FJP and 

treated accordingly. 

5.48. Consensus-based Recommendation 2013 

GCP Due to the scarce data, general screening recommendations cannot be given. The 
monitoring of the patients and persons at risk should be done in cooperation with a 
qualified center.  

 Consensus 

 

Background 

Valid screening recommendations cannot be given, because of the scarce data 
available. Specific screening programs were suggested by individual experts for the 
more frequent syndromes. The published guideline for Peutz-Jeghers-syndrome has 
methological deficits and gives only little evidence for most of the recommendations 
[395]. Patients and persons at risk should, therefore, be monitored in close 
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cooperation with an experienced center. For some of the syndromes, experts 
suggested specific age-dependent screening programs (review in [261]). However, the 
recommendations are contradictory and, due to the few case numbers, the efficacy of 

the very rare syndromes is difficult to validate. 

5.3. Chronic Inflammatory Bowel Diseases 

5.3.1. Colitis Ulcerosa 

5.49. Consensus-based Statement 2013 

GCP For patients with ulcerative colitis, the risk of CRC is increased in comparison to the 
standard population. Specific recommendations are given in the S3-Guideline on 
Diagnostics and Therapy of Ulcerative Colitis. 

 Strong consensus 

Monitoring Colonoscopy, Time Strategy (excerpt from the S3-LL CU [396]) 

5.50. Recommendation 2013 

Grade of 
Recommendation 

A 

Since the colitis-associated colon cancer mortality can be decreased by using 
endoscopic screening, regular monitoring colonoscopies should be performed.  

Level of Evidence4 

3a 

[397, 398] 

 Consensus 

 

5.51. Recommendation 2013 

Grade of 
Recommendation 

A 

To determine a monitoring strategy, a control colonoscopy should be performed in 
all UC-patients no longer than 8 years after symptoms have started. This should be 
done regardless of the disease activity to assess the disease extent. 

Level of Evidence 

4 

[399] 

 Consensus 

 

  

                                                   
4 In the guideline ulcerative colitis a different level of evidence is used Evidenzgrad (396.
 Dignass, A., et al., [Updated German guideline on diagnosis and treatment of ulcerative 
colitis, 2011]. Z Gastroenterol, 2011. 49(9): p. 1276-341. S. 7ff) 
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5.52. Recommendation 2013 

Grade of 
Recommendation 

B 

Monitoring colonoscopies should be performed every 1-2 years for extensive UC 
from the 8th year or for distal UC from the 15th year after initial manifestation.  

Level of Evidence 

4 

[400, 401] 

 Consensus 

 

5.53. Recommendation 2013 

Grade of 
Recommendation 

A 

If PSC is simultaneously present, the monitoring colonoscopies should be 
performed annually regardless of the disease activity and extent of UC starting 
from the time PSC was diagnosed.  

Level of Evidence 

3a 

[402, 403] 

 Consensus 

 

5.54. Recommendation 2013 

Grade of 
Recommendation 

A 

After subtotal colectomy, in analogy the same endoscopic monitoring strategy as for 
UC without resection should be followed.  

Level of Evidence 

4 

[404] 

 Strong consensus 

 

Comment 

A meta-analysis by Collins from the year 2006 summarizes the direct and indirect 
evidence on monitoring colonoscopies for ulcerative colitis. The three identified case 
control studies did not show a statistically significant colon cancer risk reduction. It 
should be noted that, from a present day perspective, these were small studies with 
partially inadequate colonoscopy standards. In contrast, the meta-analysis gave clear 
from indirect evidence that monitoring colonoscopies very likely reduce the risk of 
dying of a colitis-associated colon cancer [397]. At the same time they are cost 
effective. This is based on the fact that colitis-associated colon cancer are detected 
earlier even if they can arise between monitoring intervals [398]. The cancer risk 
increases with the duration of disease and its extent. This is the reason that patients 
with pancolitis should begin regular monitoring earlier than patients with distal colitis. 
An initially distal colitis inflammation can develop into a pancolotis without clinical 
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evidence. Therefore, a screening colonoscopy should be done within 8 years after the 
first disease symptoms appeared to check the extent and then to decide on a 
monitoring strategy. A Dutch study indicates that already up to 22% of patients have 
developed colitis-associated colon cancer before starting the monitoring colonoscopies 
recommended so far [399]. If patients with PSC were excluded (who should be 
monitored from the time of diagnosis), the rate of "missed" cancer was reduced to 

about 15%. 

The screening interval should not exceed 2 years, because interval cancer can already 
arise in this period [400, 401]. Since for proctitis the risk is only minimally increased at 
most - if other risk factors are not present - regular surveillance is not necessary. 
Monitoring of patients with CU and PSC from the time of diagnosis should be done 
annually independent of its extent, because the cancer risk is increased 5-fold [403] 

and because cancer arise more frequently on the right side [402]. 

After subtotal colectomy, cancer can occur in the remaining colon, as well as after 
restorative proctocolectomy in the pouch or depending on the operation technique in 
the area of the remaining colon mucosa distal to the anastomosis [404]. Therefore, a 

regular surveillance of the remaining colon or pouch is recommended.  

5.3.2. Crohn's Disease 
CRC risk in patients with Crohn's disease seems to be higher than in the general 
population especially if the colon is affected. The benefit of screening programs with 
ileocolonscopies to screen for cancer in Crohn colitis is unknown. The data are 

discussed in the S3-Guideline on Diagnostics and Therapy of Crohn's Disease [405]. 
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5.4. Appendix: Figures and Tables of TK III 

5.4.1. Algorithmus: Genetic diagnostics and screening 

 
 

* A diagnostic germline exam requires informed consent and documentation of contents of the consultation by 
the initiating physician according to the GenDG . Alternatively, a genetic consultation may be performed. The 
results must be communicated in a genetic consultation according to the GenDG. 

** Predictive genetic germline diagnostics for asymptomatic individuals can only be performed after a genetic 
consultation according to the GenDG. The results must also be communicated in a genetic consultation 
according to GenDG. 

# For high grade suspicion of HNPCC/Lynch-syndrome (e.g. positive Amsterdam-criteria) and absence of tumor 
tissue, a direct mutation analysis may be performed.  

## If the patient does not wish to have germline diagnostics, a HNPCC-screening should nonetheless be 
recommended.  

Figure 2: Algorithm on Genetic Diagnostic Procedures in Patients with Hereditary Tumor 
Disposition Syndrome Using HNPCC-/Lynch-Syndrome as an Example. To identify MSI if 
HNPCC-/Lynch-syndrome is suspected, please see Figure 3. 

 

 detection of a  
pathogenic MMR-gene-mutation 

Diagnosis: Lynch-Syndrome 

 
HNPCC – screening 

 

Predictive testing of 
further family members 

after genetic counseling** 
##

 

 no detection of a  
pathogenic MMR-gene-mutation 
Diagnosis: HNPCC-Syndrome 

Predictive testing of 
further family members 

not possible 

detection of 
pathogenic  
mutation 

Exclusion of 
pathogenic  
mutation 

Screening 
as asympt. 
population 

Informed consent according to GenDG or genetic counseling* 

germline mutation analysis
##

 

Result communication in the context of a genetic consultation* 

Algorithm: Genetic diagnostics and screening 

Positive Amsterdam-/Bethesda-criteria + proven MSI #  
HNPCC/LYNCH-SYNDROM suspected 
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5.4.2. Diagnostic algorithm immunohistochemistry / MSI for work 
up of mismatch-repair-defect 

 

 
* >10% of tumor cells are nucleus positive in each; ** in <10% of tumor cells are nucleus positive 

Figure 3: Algorithm on the Molecular Pathologic Differential Diagnosis Procedures of 
Mismatch-Repair-Defects if HNPCC-/Lynch-syndrome is Suspected. Please see Figure 2 for 
possible subsequent genetic diagnostics. 
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MSI CRC

mutated
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absent**

Diagnostic algorithm
immunohistochemistry / MSI for work up of mismatch-repair-defect

MSI - testing

stable unstable

MSH2 PMS2

HNPCC/LYNCH-SYNDROME 
suspected

Positive Amsterdam-/ revised Bethesda Criteria

absent**

BRAF-testing
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5.4.3. Recommended Screening Programs for HNPCC  
Table 6: Recommended Screening Programs for HNPCC 

Age Examination Interval 

From age 25  Physical exam  annually 

Colonoscopy annually 

Gynecologic exam incl. transvaginal 
sonography (in women) 

annually 

From age 35  EGD regularly 

Endometrial biopsy (in women) annually 

 

5.4.4. Spigelman-Classification 
Table 7: Classification Duodenal Polyposis Characteristics According to the Spigelman-
Classification (modified according to [307]) 

 Number of points 

1 2 3 

Number of polyps 1-4 5-20 >20 

Polyp size (mm) 1-4 5-10 >10 

Histology tubular tubular villous villous 

Intra-epithelial 
neoplasia 

low grade - high grade 

Stage 0: 0 points 

Stage I: 1-4 points 

Stage II: 5-6 points 

Stage III: 7-8 points 

Stage IV: 9-12 points 
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6. Endoscopy: Implementation and 
Management of Polyps  

6.1. Role of Endoscopy in the Diagnostics of Polyps and 
CRC 

6.1. Statement 2008 

Level of Evidence 

1b 

The complete colonoscopy is the standard procedure for the detection of colorectal 
polyps and cancer. It has the highest sensitivity and specificity for the detection of 
CRC and colorectal polyps. The examination quality is crucial for the effectiveness 
of colonoscopies. The examination quality is influenced by technical factors and the 
endoscopist. 

 Strong consensus  

 

6.2. Recommendation 2008 

Grade of 
Recommendation 

A 

If a colonoscopy was incomplete due to a stenosing tumor, an additional 
preoperative CT or MR colonography can be performed. A complete colonoscopy 
should be conducted postoperatively.  

Level of Evidence 

4 

Strong consensus  

 

6.3. Recommendation 2008 

Grade of 
Recommendation 

B 

If a colonoscopy was incomplete due to other causes (e. g. adhesions), a CT or MR 
colonography should be performed.  

Level of Evidence 

4 

Strong consensus  

 

Background 

Colonoscopy is the most-reliable procedure for the detection of colorectal cancer and 
polyps if performed with high quality. Important quality features include a complete 
examination up to the coecum, optimal preparation with little or no remaining stool 
remains, as well as the careful inspection of the colorectal mucosa during withdrawal. 
It was shown that the polyp detection rate correlates with withdrawal time after 
reaching the coecum. The withdrawal time should be at least six minutes [406-408]. 
Further quality features include the primary detection of polyps in 20-50% of 
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examinations (polyp detection rate) [409], as well as missing polyps in less than 10% of 

patients (polyp miss rate) [410, 411]. 

However, colonoscopy also has limitations: 4-6% of cancer are missed during the initial 
exam [412-414]. Also within a time period of three years after a colonoscopy with 
polypectomy of adenomas, interval cancer appear in up to 1% [415]. These can partly 
be attributed to missed lesions (see also the section on polyp management, Chapter 

6.5). 

Sensitivity and specificity of CT colonography has improved in the past few years since 
the presentation of the last guidelines. In one study, colonoscopy and CT-
colonography performed equally in the detection of polyps >5 mm. [410]. However in 
other studies, this particularly good result was not achieved [416, 417]. Here CT-
colonography was clearly inferior to colonoscopy, [418, 419], but was better than 
double contrast enema [417, 420]. Nowadays, double contrast barium enema of the 
colon no longer plays a role in screening. For the evaluation of MR colonography for 

screening, there are too few study results available [421-423]. 

Diagnostic problems with CT colonography can include remaining stool and poor 
unfolding of the colorectal lumen. The detection of flat, sunken, and small polyps is 
more difficult than prominent polyps. Due to missing standardization, the results at 
this time are strongly dependent on the center performing them. In addition, the high 
price and the radiation exposure associated with CT colonography have to be 

considered.  

For this reason, for the work-up of a positive fecal occult blood test (FOBT) or in case 
of a suspected tumor, a complete colonoscopy is regarded as the gold standard. 
Colonoscopy also allows the possibility of taking biopsies for histological diagnosis as 
well as performing polypectomy. In case of pathological findings during colonoscopy, a 
location classification according to endoscopic-anatomical structures or diphanoscopy 
are insufficient; a statement of distance from the anus in cm should only be used for 
lesions in the rectum and lower sigma. With findings that are unclear or have a clear 
surgical indication labeling using a clip (only at a time close to surgery) or India ink 

should be performed in order to make reidentifying the lesion later on possible.  

For patients with stenotic tumors or incomplete colonoscopies for other reasons, in 
case series proximal tumors or polyps were detected using CT or MR colonography 

[424-427]. 

6.1.1. Sigmoidoscopy Versus Colonoscopy  

6.4. Recommendation 2008 

Grade of 
Recommendation 

A 

In case of a positive FOBT, suspicion of a tumor, or sigmoidoscopic evidence of 
neoplastic polyps a full colonoscopy has to be performed. 

Level of Evidence 

2b 

Strong consensus  
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Background 

Work-up of a positive FOBT test and/or suspicion of tumor requires a complete 
colonoscopy, because this method is able to detect adenomas and cancer in the right 
hemicolon. Relevant neoplastic lesions proximal to the sigma are found in 25-55% of 
cases. Screening studies showed that in 30 to 46% of cases with proximal advanced 

neoplasias in the right hemicolon the rectosigmoid is free of adenomas [107, 127]. 

A sigmoidoscopy should only be performed as an exception when a complete bowel 
preparation is not possible. A complete colonoscopy is possible in a high percentage 
of cases and can also be conducted among older patients with a low rate of side 
effects [428, 429]. Sigmoidoscopy plays no significant role in Germany as a screening 

test. 

6.1.2. Chromoendoscopy 

6.5. Recommendation 2008 

Grade of 
Recommendation 

0 

Chromoendoscopy can be performed in patients with inflammatory bowel disease 
and HNPCC for improved detection of neoplastic lesions. It can in addition be used 
for a better demarcation of flat and sunken lesions before endoscopic therapy. 

Level of Evidence 

1b 

Strong consensus  

 

Background 

Among patients with CED or HNPCC an increased detection rate of neoplastic lesions 
using chromoendoscopy has been shown [430-432]. In studies on patients without 
hereditary tumor diseases or IBD, a higher detection rate of mostly small adenomas 

was found [433-435]. However, this was not confirmed in another study [436]. 

It is currently unclear whether the recognition of an increased rate of primarily smaller 
lesions is useful for the patient and justifies the greater amount of time required for 

the examination.  

Employing chromoendoscopy with indigo carmine or methylene blue enables a better 
delimitation of flat and sunken lesions from the surrounding healthy mucosal tissue 
[437-442]. Chromoendoscopy can, therefore, be used before the endoscopic removal 

of flat adenomas. 
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6.1.3. Magnifying Endoscopy  

6.6. Recommendation 2008 

Grade of 
Recommendation 

0 

The use of magnifying endoscopy with evaluation of lesions according to the “pit 
pattern” classification is not a standard procedure at this time. 

Level of Evidence 

2b 

Strong consensus  

 

Background 

The goal of magnifying endoscopy is to differentiate between hyperplastic and 
neoplastic lesions without histology using the “pit-pattern” classification, and to decide 
which lesions have to be removed. In some studies this was possible with high 
sensitivity [434, 443, 444]. In other studies, however, the specificity was not sufficient 
with 75% [439, 441, 445, 446]. Magnifying endoscopy does not replace histology at 
this time. It is helpful in the evaluation of polypoidal and flat lesions before 

polypectomy, but cannot at this time be recommended as a standard procedure.  

Procedures such as narrow-band imaging (NBI) or Fuji intelligent chromoendoscopy 
(FICE) represent further methods for the evaluation of neoplastic lesions. In 
uncontrolled studies NBI was helpful in the detection of flat adenomas, the detection of 
intraepithelial neoplasias in patients with ulcerative colitis, as well as differentiating 
benign and malignant lesions [447-449]. For FICE there are currently no comparable 
data available. Confocal laser microscopy is a diagnostic procedure that should be 

further evaluated in clinical trials [450]. 

6.2. Polypectomy 

6.2.1. Removal of Polyps by Snare Versus Forceps 

6.7. Recommendation 2008 

Grade of 
Recommendation 

A 

Polyps should be removed and retrieved with exact recording of the localization of 
the polyp. In case of multiple polyps the removal of polyps can be performed in 
more than one session. 

Level of Evidence 

1c 

Strong consensus  

 

Background 

In order to allow an exact classification, polyps should be individually retrieved for 
histological processing and their localization recorded. With several polyps in one 
segment, combined retrieval of these polyps is justified. With this, however, the 
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oncological resection borders must be respected; labeling the colon segment where 

the polypectomy has been performed can be useful. 

 

The following endoscopic procedures are available: 

* Polypectomy with a snare  
* Endoscopic mucosa resection (EMR) 

 

Alternative procedures to remove polyps (open or laparoscopic resection, rendezvous 
procedures, TEM, trans-anal removal) may be considered in individual cases. New 
therapeutic procedures, such as endoscopic submucosal dissection (ESD) to reach an 
en-bloc resection are currently being tested. Removed flat and sessile polyps should be 
marked with the use of a pin or dye. Fixing on a cork plate has also proved to be 

useful.  

A requirement and limitation for an endoscopic removal of larger polyps are the 
realistic chance of a complete removal of the polyp with low bleeding and perforation 
risks. The experience of the endoscopist and the localization of the polyp can also be 
limiting factors. Other factors that should be considered include the increasing rate of 
cancer with increasing size of neoplastic polyps (up to 15%), the polyp characteristics 
(sessile or flat vs pedunculated), the general status of the patient, as well as the 
increased risk of perforation in the proximal colon [451-455]. Flat lesions can be 
removed using an endoscopic mucosectomy (EMR) [455-457]. Exclusively depressed, 
flat lesions (IIc) should as a rule be treated surgically and not endoscopically, because 
most of these lesions do not present so-called ‘early invasive T1 cancer’ and complete 
endoscopic removal (R0) is seldom possible. Evidence of this is a non-lifting sign. 
Independent factors in relation to the risk of perforation are polyp size over 1 cm as 
well as localization in the right colon, for the risk of bleeding only a polyp size of > 1 
cm [458]. The risk of severe bleeding (requiring transfusion, surgical intervention, 
recurrent bleeding) is 0.9%; risk of perforation in the right colon 1.2%, in the left colon 
0.4%. A prophylactic injection of NaCl or adrenalin into the base or the shaft of the 
polyp or the use of an endoloop reduces early-onset bleeding with the removal of 
larger polyps >1 cm [459-462]. However, the rate of late-onset bleeding is not reduced 

[368].  

A polypectomy can also be carried out in patients who are taking a platelet-
aggregation inhibitor [464-466], the combination of aspirin and clopidogrel, however, 
increases the risk of bleeding and should be avoided [467]. The complete removal of a 
polyp is always required, because the remaining rest of an incompletely removed polyp 
can still contain a high-grade intra-epithelial neoplasia or a cancer. The size of the 
removed polyp, the histological type of adenoma, and the degree of severity of the 
intraepithelial neoplasias specifies the degree of risk for local recurrence and 
metachronous polyps. With polyps >2 cm the local recurrence rate is 8-20% [468]. The 

recurring polyp can as a rule also be removed endoscopically.  

If surgical treatment is expected to be necessary or possible, pre-operative labeling of 
the polyp area with clips or ink must be performed to help localize the lesion 
(exception: coecum and distal rectum). An alternative to find the polyp or removal site 
is an intra-operative colonoscopy. In cases of difficult localization (with a decreased 
chance of finding the area again during repeated or surveillance examinations) a 

polypectomy area should also be marked after endoscopic interventions. 
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6.8. Recommendation 2008 

Grade of 
Recommendation 

A 

To obtain a representative histological specimen and achieve a definitive therapy, 
polyps >5 mm should be completely removed using a snare. Polyps ≤5 mm should 
be completely removed, in general with biopsy forceps.  

In general, diagnostic colonoscopies should only be performed if the possibility of 
performing a polypectomy using a snare is given. 

Level of Evidence 

3b 

Strong consensus  

 

Background 

To prevent double examinations, a colonoscopy should only be performed if the 
possibility of performing interventions is given. If the removal of a lesion is not 
possible or does not make sense (risk situation in an out-patient setting, inadequate 
expertise with larger polyps), the lesion should be marked and the patient should be 
referred to an expert center. A biopsy of polyps does not make sense if removal is 
technically possible. In addition, the result of such a biopsy is unreliable [469]. 
Furthermore, extensive biopsies can cause scarring which can make it more difficult to 
perform subsequent endoscopic removal. Biopsies are obligatory when clear 
malignancy criteria are met with a primary indication for surgery. For polyps ≤5 mm 
adenomas with invasive cancer are rarely seen, with polyps ≤1 cm the rate is <1%. The 
goal of a colonoscopy must be to achieve a polyp-free colon (clean colon). For polyps 
≤5 mm a complete removal using biopsy forceps is required in order to histologically 
classify the lesion. Small (≤5 mm) polyps in the rectum with typical macroscopic 
appearance of hyperplastic polyps do not have to be removed. In recent years evidence 
has accumulated that, in addition to the adenoma-carcinoma sequence, a further 

pathway to colorectal cancer the so-called “serrated pathway” exists (see below). 

In case of a diagnosis of a so-called hyperplastic polyposis, the suspected higher 
colorectal cancer risk should be considered when determining the surveillance 

intervals.  

Hyperplastic polyposis is defined (according to the WHO) by:  

• at least 5 hyperplastic polyps proximal to the sigmoid colon, whereby two  
should be larger than 1 cm;  

• the appearance of hyperplastic polyps proximal to the sigmoid colon, 
independent of the polyp number and size, if a first-degree relative (parents, 
children, siblings) has been diagnosed with a hyperplastic polyposis;  

• if more than 30 hyperplastic polyps of any size appear proximal to the 

sigmoid colon [470-476]. 
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6.3. Histologic Examination 

6.9. Recommendation 2008 

Grade of 
Recommendation 

A 

The histological examination of each polyp is obligatory. The histological reporting 
of polyps should follow WHO criteria [477] with a statement about the completeness 
of the removal. Conventional adenomas are classified according to histological type 
of growth (tubular, tubulovillous, and villous) and the level of intra-epithelial 
neoplasia (low- and high-grade intra-epithelial neoplasias); serrated lesions are 
subclassified as hyperplastic polyps, sessile serrated adenomas, mixed polyps (with 
IEN grade) and traditional, serrated adenomas (with IEN grade) [478, 479]. 

Level of Evidence 

3b 

Strong consensus  

 

Background 

About 8% of the polyps classified as hyperplastic are sessile serrated adenomas (SSA) 
according to new findings. These adenomas possess a potential to progress to cancer, 
especially if their size is greater than 1 cm and they are located on the right side of the 
colon. Also mixed mucosal polyps (mixed polyps) may occur. In addition, 2% of all 
colorectal polyps are traditional serrated adenomas (TSA). All of these variants 

demonstrate a similar molecular pathway on their progression to cancer.  

 

6.10. Recommendation 2008 

Grade of 
Recommendation 

A 

In case of a cancer, the histology report has to contain the following 
characterizations [480]: 

• a measure of the depth of infiltration (pT category), with sessile polyps the 
invasion measurement in µm,  

• the histological differentiation grade (grading),  

• presence or absence of lymph vessel invasion (L classification), and 

• the judgment of the resection borders (R classification with regard to the 
local removal in healthy tissue (for depth and on the sides).  

Level of Evidence 

2b 

Strong consensus  
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6.11. Recommendation 2008 

Grade of 
Recommendation 

A 

Because of the therapeutic consequences for completely removed pT1 cancer, a 
classification into “low-risk” (G1, G2, and no lymph vessel invasion (L0)) or “high-
risk” (G3, G4, and/or lymph vessel invasion (L1)) should be performed. 

Level of Evidence 

2b 

Strong consensus  

 

Background 

The necessity of a statement on the distance of the tumor from the lateral resection 

margin in patients with pT1 cancer is unclear. 

6.4. Approach for pT1 Cancer  

6.12. Recommendation 2008 

Grade of 
Recommendation 

A 

In the context of an endoscopically R0-removed polyp with a pT1 cancer, no 
additional oncological resection should be performed if there is a low-risk situation 
with a cancer-free polyp base (R0) [481-484]. In the high-risk situation, radical 
surgical therapy is required, even if the lesion has been completely removed. 

Level of Evidence 

3a 

Consensus  

 

6.13. Recommendation 2008 

Grade of 
Recommendation 

A 

With incompletely removed low-risk pT1 cancer, a complete endoscopic or local 
surgical removal has to follow [485]. If an R0 situation cannot be achieved or it is 
doubtful that a pT1 situation exists, an oncological-surgical resection is necessary. 

Level of Evidence 

3a 

Strong consensus  

 

Background 

The prognosis of pT1 cancer can vary widely. The major determinant of a risk 
stratification is the probability of lymph node metastases. Overall the group of T1 
cancer shows a lymph node metastasis rate (N+) of 0-20% [482, 486-488]. For the 
estimation of the rate of lymph node metastases, there are qualitative and quantitative 

prognostic criteria [488, 489]. 

Qualitative criteria are: Grading (G1—well differentiated, G2—moderately 
differentiated, G3—poorly differentiated, G4—undifferentiated) and the invasion of 
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lymph vessels (L classification) of the polyps. Quantitatively, the submucosal invasion 
of the surgical and endoscopically removed specimen can be measured. A proven 
method involves differentiating the submucosa into three layers. In case of endoscopic 
removal of a sessile polyp the measurement of the submucosal invasion depth in µm 
makes more sense, because the submucosa is not available as a total layer and/or no 
muscularis propria is present. The so-called early invasion forms (sm1, sm2, and/or 
submucosa invasion ≤ 1000 µm) have a low N+ risk of 0-6% [489, 490]. In contrast, the 
risk of lymph node metastasis for sm3 cancer is about 20% [490, 491]. Cave: The 
measurement of submucosal thickness for stalked polyps in µm is not helpful and/or 
can lead to false conclusions, because the submucosal thickness depends upon the 
length of the stalk; this means that the stalk is always level sm1. The presence of vein 
invasion (V classification) should be mentioned, but the value for local therapy is 

currently unknown. 

Additional comments:  

As a rule endoscopic cancer therapy in the context of a polypectomy is performed 
without prior knowledge of the cancer diagnosis. Care should be taken with sessile 
lesions if a diagnosis of cancer was made by biopsy. Frequently in this case a situation 

is present in which the lesion cannot be treated adequately using endoscopic means. 

Warning signs are: presence of ulcerations, depressed lesions, contact bleeding, and 
the lack of a lifting sign when injecting under the lesion. Proof of having achieved a R0 
situation is mandatory; the necessity of a safety margin of 1mm from the base is 
controversial [489]. An endoscopic removal as an en-bloc resection is optimal. Removal 
using a piecemeal technique appears adequate. With this, evaluation of lateral R0-
margins is done macroscopically during endoscopy, evaluation of vertical infiltration 
and complete removal is performed histologically (basal R0). In any case, an early (2-6 
months) endoscopic re-examination of the resection site is necessary. According to 
available data in a low-risk situation [482, 484, 488-490, 492], the post-interventional 
rate of metastases and/or local recurrence is 0-5%, whereby the concept of early 
invading submucosal cancer is only addressed in the newer studies. Local endoscopic 
therapy of early colorectal malignant neoplasias is a safe and effective therapy in 
specialized centers, and is considered to be the standard procedure if all low-risk 
criteria are present. In this situation a radical surgical resection according to 

oncological criteria is not necessary. 

6.14. Recommendation 2008 

Grade of 
Recommendation 

A 

After complete removal (R0) of low-risk (pT1, low-grade (G1, G2, L0)) cancer, 
endoscopic surveillance examinations of the local resection site should be 
performed after six months and after two years. 

Level of Evidence 

4 

Strong consensus  

 

Background 

The recommendations are made to enable the recognition of local recurrences, and 
consist of inspection of the former lesion site. A colonoscopy of the whole colon for 
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the early detection and treatment of recurrences should be performed according to the 

recommendations for adenoma surveillance. 

6.5. Polyp Management (Follow-Up) 

6.15. Recommendation 2008 

Grade of 
Recommendation 

B 

After removal of small single, non-neoplastic polyps, there is no necessity for 
endoscopic surveillance. 

Level of Evidence 

3b 

Strong consensus  

 

Background 

Patients with small (<1 cm) hyperplastic polyps and negative family history, do not 
seem to have an increased colorectal cancer risk. Here the general recommendations 
for CRC screening apply, i.e. a screening colonoscopy every 10 years. Exceptions are 
non-neoplastic polyposis syndromes (hyperplastic, juvenile, Peutz-Jeghers) with an 

increased CRC-risk [496]. 

6.16. Recommendation 2008 

Grade of 
Recommendation 

B 

After complete removal of neoplastic polyps (adenomas), a surveillance endoscopy 
is necessary. The time point of the surveillance endoscopy should depend on the 
number, size, and histology of the removed adenomas. For patients with 1 or 2 
adenomas <1 cm without high-grade intra-epithelial neoplasia a surveillance 
colonoscopy after five years is sufficient.  

Level of Evidence 

2b 

Strong consensus 

 

6.17. Recommendation 2008 

Grade of 
Recommendation 

B 

For patients who have 3-10 adenomas, or at least one adenoma that is 1cm or 
larger, or an adenoma with villous histology, the first control colonoscopy should 
follow after 3 years. 

Level of Evidence 

1b 

Strong consensus 
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6.18. Recommendation 2008 

Grade of 
Recommendation 

B 

For patients with adenomas with high-grade intra-epithelial neoplasia and 
histologically-confirmed complete removal, a surveillance colonoscopy after three 
years is sufficient. 

Level of Evidence 

1b 

Strong consensus 

 

6.19. Recommendation 2008 

Grade of 
Recommendation 

B 

With histologically non-confirmed complete removal, even if macroscopically the 
removal was complete, an early (2-6 months later) control should be performed. 

Level of Evidence 

3b 

Strong consensus 

 

6.20. Recommendation 2008 

Grade of 
Recommendation 

B 

In case of more than 10 adenomas, the control interval should be shorter than 3 
years and should be defined under consideration of individual criteria (family 
history). 

Level of Evidence 

3b 

Strong consensus 

 

6.21. Recommendation 2008 

Grade of 
Recommendation 

B 

After removal of large, flat, or sessile adenomas in piecemeal technique, a short-
term control of the removal area should follow after 2-6 months. 

Level of Evidence 

3b 

Strong consensus 
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6.22. Recommendation 2008 

Grade of 
Recommendation 

B 

After an unremarkable surveillance endoscopy, further controls are indicated every 
five years. After complete removal of a traditional serrated adenoma, mixed mucosal 
membrane polyps, or a sessile serrated adenoma, due to the potentially increased 
risk of cancer and independent of an IEN grade, a control surveillance should follow 
after three years. 

Level of Evidence 

4 

Strong consensus 

 

Background 

The recommendations for post-polypectomy management should be influenced by the 
individual risk of the respective patients (family history, comorbidities, diverticulosis 
[497]) and the cleanliness of the colon during the last colonoscopy. The 
recommendations made above rely on a high-quality baseline colonoscopy (see above). 
After diagnosis and removal of adenomas, interval cancer are diagnosed in 0.7 to 0.9% 
of patients within 3 years [415]. This is caused by missed lesions (miss rate), 
incomplete polypectomies, as well as the occurrence of tumors with a faster 
progression rate [410, 411, 413, 498]. An underlying principle for the establishment of 
surveillance recommendations after polypectomy is a patient risk stratification 
according to the low-/high-risk adenoma concept. The patients are classified into these 
risk groups according to the number, size, and histology of the removed adenomas 

during the baseline colonoscopy.  

According to this classification, a low-risk adenoma situation is defined as follows: 1-2 
tubular adenomas, each <1cm, only LGIEN, exclusion of HGIEN, and villous 

components.  

A high-risk adenoma situation (so-called advanced adenomas) is defined as follows: ≥3 
tubular adenomas, ≥ 1 adenoma with ≥1 cm, adenoma with tubulovillous or villous 
structure, ≥ 1 adenoma with HGIEN, ≥10 adenomas independent of size or histology 

[499]. 

Flat or sessile adenomas which were removed using the piecemeal technique also 

belong to this high-risk group.  

A surveillance interval of five years for the so-called low-risk adenoma group seems 
reasonable. If no adenomas are detected during the surveillance colonoscopy the 

colonoscopy should be repeated after 5 years.  

For the so-called high-risk adenoma groups, the control interval should be three years 
provided that there is histological proof of complete removal of the lesion. If the 
surveillance colonoscopy is without adenoma detection, the next colonoscopy can 

follow after 5 years. 

After removal of flat or sessile adenomas in piecemeal technique, the recurrence rate is 
significantly increased, especially with larger adenomas (9-28%) [468, 500-503]. The 
use of argon plasma coagulation to remove remaining tissue to ensure complete 
removal can be helpful [501, 503]. In this case, however, a complete histological 
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examination cannot be done. The special group of patients with removal of flat or 
sessile adenomas using the piecemeal technique should undergo surveillance 
colonoscopies after a short period of time (2-6 months), due to the higher rate of 
metachronous lesions. Later the monitoring should be after three years and then after 
five years; in some cases, if necessary, even sooner. In cases of larger ≥1 cm and 
especially right-sided sessile serrated adenomas (earlier classified as hyperplastic 
polyps), a potentially accelerated progression risk for cancer appears to be established 
(via the serrated pathway), so that in these cases a complete removal and a short 
control interval are recommended (according to the current level of understanding, 

after three years).  

Also after the removal of TSA, which predominantly occurs in the left colon and has an 

increased risk of progression, surveillance in the same way as SSA is indicated. 

For recommendations for surveillance of patients with HNPCC, FAP, and CED see 

Section 10.6.  

6.6. Medical Secondary Prevention of Adenomas 

6.23. Recommendation 2008 

Grade of 
Recommendation 

B 

Medical secondary prophylaxis should not be given after polypectomy, except in the 
context of clinical studies. 

Level of Evidence 

1b 

Strong consensus  

 

Background 

Even though a small preventative effect has been demonstrated for aspirin in several 
prospective randomized studies with high levels of evidence (1b) [504, 505], it cannot 
be recommended due to the small effect (reduction of the recurrence rate by a 
maximum of 35%) and its known side effects [506]. The same is true for COX-2 
inhibitors, for which a reduction in the adenoma recurrence rate of 24 to 45% has been 
shown [79-81]. They are associated, however, with a significantly increased rate of 
cardiovascular side effects [507, 508] which outweigh their potential benefit [509]. The 
reduction of the adenoma recurrence rate of 12% with calcium appears to be too low to 

recommend long-term administration for this indication [510]. 
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7. Pre-operative Diagnostics and Surgery 

7.1. Introduction 
In the following the general principles of diagnosis and therapy will be shown in a 
summary fashion for both entities, as long as they apply to both colon and rectal 

cancer. Unique diagnostic and therapeutic aspects will be listed separately.  

The therapy of colorectal cancers should always be planned on the basis of a 
histopathological examination.  A colorectal cancer is defined by atypical epithelial 
formations infiltrating the submucosa (pT1 or more). Not included are the so-called 
mucosal cancer or intraepithelial cancer (pTis) that have no metastatic potential and 

can be treated by local excision alone.  

7.2. Definition of Colon and Rectal Cancer 
The border between the colon and rectum has been defined differently. The intra-
operative assessment using the end of the taeniae or the peritoneal fold is different for 
each individual and depends upon age, sex, and other factors. The pre-operative 
determination of the distal tumor margin with a flexible endoscope is unreliable. This 
is done more reliably by rigid rectoscopy. The anocutaneous line serves as the distal 
reference point. According to the international documentation system [511, 512] rectal 
cancer have aboral borders of 16cm or less from the anocutaneous line as measured 

by rigid rectoscopy.  

According to UICC 2003, rectal cancer are subdivided according to the distance from 
the anocutaneous line into cancer of the upper rectal third (12-16cm), the middle 

rectal third (6-<12 cm), and the lower rectal third (<6cm) [513]. 

In contrast, in the US [514, 515], colon cancer have by definition a distal margin of 
more than 12 cm and rectal cancer a distal margin of less than 12 cm from the 
anocutaneous line. This is based on the significantly higher local recurrence rate of 

tumors with less than 12cm distance from the anocutanoeus line [516]. 

7.3. Definition Interdisciplinary Tumor Conference 

7.1. Consensus-based Recommendation 2013 

GCP All CRC patients should be presented in an interdisciplinary tumor conference after 
they have completed their primary therapy (e.g. operation, chemotherapy). 

Patients with the following constellations should already be presented before 
therapy: 

- every rectal cancer 
- every stage IV colon cancer 
- metachronic distant metastases 
- local recurrence 
- before every local ablative procedure, e.g. RFA/LITT/SIRT 

 Consensus 
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Background 

Because of the complexity of the colorectal cancer therapy, patients should be 
discussed in an interdisciplinary tumor conference. Members of the conference should 
include the following experts: a gastroenterologist, a hematologist/oncologist, a 
visceral surgeon, a radiotherapist, a radiologist, and a pathologist. To evaluate the 
primary or secondary resectability of liver metastases, an experienced liver surgeon 
should be consulted. If one is not available on site, an external second opinion by an 

expert should be sought.  

In certain cases, a presentation at the tumor conference is necessary before therapy 
has been initiated. For example, for patients with rectal cancer it must be decided 
upon whether a neoadjuvant therapy should be performed. A study showed that the 
presentation at a tumor conference and the interdisciplinary determination of a 
therapy concept significantly reduced the rate of involved circumferential resection 
margins in the surgical specimen [517]. If distant metastases are present, it must be 
determined whether a purely palliative concept should be followed or whether the 
patient can be cured by primary or secondary resection of metastases (especially liver 
metastases). The frequent presentation of patients with stage UICC IV at the tumor 

conference has led to an increase in metastasis surgery [518]. 

Also patients with distant metastases or local recurrences during the disease course 
should be presented first to the conference to decide on further concepts. Patients 
with a planned local ablative procedure should also be presented to discuss alternative 

treatment options.  

For colon cancer without distant metastases, an oncologic resection of the cancer is 
usually done as primary treatment. In this case a pre-operative presentation is not 

necessary.  

A presentation is necessary for all patients after therapy has been completed e.g. 
following a colorectal cancer operation to discuss the indication for adjuvant therapy. 
In a British study this procedure led to a higher rate of adjuvant chemotherapy and a 

significant increase in patient survival [519]. 

Also patients with distant metastases who have begun primary chemotherapy should 
be presented again to a tumor conference (with consultation of an experienced liver or 
lung surgeon) during the course of therapy. A possible secondary resectability should 

be discussed.  
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7.4. Pre-Operative Evaluation 
Table 8: Staging of Colorectal Cancer 

Examination ColonCa Rectal Ca 

Complete colonoscopy X X 

CEA X X 

Abdominal ultrasound X X 

Chest x-ray X X 

Rigid rectoscopy  X 

Pelvis MRT (CT) with statement on distance between tumor and 
mesorectal fascia 

 X 

Rectal endosonography for localized tumors  X 

7.4.1. Endoscopic Diagnostics 

7.2. Recommendation 2008 

Grade of 
Recommendation The following examinations should be obligatory 

components of a pre-operative evaluation of patients 
with colorectal cancer: 

Level of 
Evidence 

Evidence basis 

B • Digital-rectal examination 5 
[520-522] 

A • Complete colonoscopy with biopsy 4 
[520-522] 

A • In the case of an endoscopically non-
transversible stenosis, complete colonoscopy 3-6 
months postoperatively 

3b 
[520-522] 

Strong consensus each 
 

Background 

The digital-rectal examination allows an initial judgment of the sphincter function as 
well as the depth of infiltration with deep-localed rectal cancer and allows an 

assessment of the possibility of sphincter retention. 

Before therapy of a patient with a colorectal cancer, a colonoscopy with a biopsy has to 
be performed. In up to 5% of colorectal cancer synchronous tumors are present. Since 
these can be missed during intra-operative evaluation, a colonoscopy of the entire 
colon should be performed [520-522]. If for technical reasons a complete colonoscopy 

is not possible, an alternative radiological procedure should be used (see Chapter 6.1). 
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Relevance of Virtual Colonoscopy (for stenosing tumors and incomplete 

colonoscopies) 

7.3. Recommendation 2008 

Grade of 
Recommendation 

0 

If a colonoscopy is not complete due to stenosing tumors additionally, a CT- or 
MRcolonography can be performed pre-operatively. A complete colonoscopy should 
be performed postoperatively.  

Level of Evidence 

4 

[426] 

 Strong consensus 

 

7.4. Recommendation 2008 

Grade of 
Recommendation 

B 

If the colonoscopy is incomplete for other reasons (e.g. adhesions), a CT- or MR-
colonography should be performed. 

Level of Evidence 

4 

[426] 

 Strong consensus 

 

Background 

In this case a virtual colonography is a promising alternative [426]. If a complete 
colonoscopy is not possible due to a stenotic process, a colonoscopy should be done 3 
to 6 months after resection. A pre-operative colon contrast enema is of little value and 
in the case of stenoses has the danger of causing an ileus. Therefore, it is not 

recommended. 
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7.4.2. Imaging Procedures 

7.4.2.1. The Relevance of Individual Imaging Procedures (except PET) for the 

Evaluation of Distant Metastases in the Primary Treatment of CRC 

 

7.5. Consensus-based Recommendation 2013 

GCP An abdominal ultrasound and a conventional chest x-ray in 2 levels should be the 
basic examination for pre-operative staging of CRC. 

If the result is not clear or if distant metastases or infiltration of adjacent organs or 
structures is suspected, a multi-slice CT of the abdomen and pelvis should be 
performed. If lung metastases are suspected, a CT of the chest should be 
performed.  

 Consensus 

 

Background 

The goal of pretherapeutic imaging is to clarify whether distant metastases are 
present. At the time of initial diagnosis of colon cancer, 25% of patients have distant 
metastases: in 13% limited to one organ (M1a), in 12% more than one organ or in the 
peritoneum are involved (M1b). Liver metastases are found in 19%, lung metastases in 
3%, and peritoneal metastases in 9%. Other distant metastases located in non-regional 
lymph nodes (2%), the skin (2%), the ovaries (1%), the bones (<1%), or other locations 

(2%) are rare.  

The incidence of distant metastases for rectal cancer at first diagnosis is 18%: in 12% 
limited to one organ (M1a), in 6% more than one organ or in the peritoneum are 
involved (M1b). Distant metastases in the liver are found in 15% and lung metastases 
in 4%. Other distant metastases are in the peritoneum 3 %, in non-regional lymph 
nodes 2 %. Distant metastases in skin, bone, brain, ovaries, or other locations are 
found in less than 1% of patients [Data from the Clinical Cancer Registry of the Surgical 

University Clinic Erlangen-Nürnberg]. 

A primary abdominal ultrasound should be used to evaluate the presence of liver 
metastases (sensitivity 63-86%, specificity 98%) [523-525]. If the results are suspicious, 
if the liver can only be poorly evaluated, or if there is clinical suspicion of liver 
metastases, a multi-slice CT of the abdomen should be performed (sensitivity 75-83%, 
specificity 95-98%) [523, 526]. A multi-slice CT is also best to attribute metastases to 
the liver veins, the hilus structures, as well as the vena cava. This is necessary to 
evaluate the resectability of liver metastases (see Chapter 7.7.5). The extent of liver 
metastases can be best assessed using MRI (sensitivity and specificity: MRI 80-88% and 

93-97%, CT 74-84%, and 95-96%) [523, 526]. 

Contrast-enhanced sonography of the liver and MRI have nearly equal performance 
characteristics (sensitivity 83-86%, specificity 94-98%). However, it requires adequate 
quality standards (technical equipment and experience of the examiner) [524, 525, 

527]. 
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Since the multi-slice CT also gives information on the local tumor extension (see 
below), there is a tendency to implement a primary abdominal CT instead of or in 
addition to an abdominal ultrasound. However, studies show that only few patients 
with colon carcinoma who routinely had pre-operative abdominal CTs had a change in 

further procedures [528, 529]. 

7.4.2.2. Relevance of Pre-Operative Local Staging Using CT (MRI) for Colon Cancer 

with Regard to Local Spread 

7.6. Consensus-based Statement 2013 

GCP A pre-operative staging CT can differentiate between tumors that are limited to the 
bowel wall and those that have penetrated the wall. However, the evaluation of the 
nodal status is significantly less reliable. The best results are achieved with multi-
slice CTs (MSCT). 

 Consensus 

 

Background 

Neoadjuvant therapy for colon cancer without extensive distant metastases is currently 
only considered in exceptional cases (e.g. distal sigmoid cancer with very extensive 
regional lymphogenic metastazation or deep tumorinfiltration reaching the probable 
conceivable resection margins). However to optimize the therapy algorithm for 
patients, the use of corresponding pre-operative imaging procedures is increasingly 
being discussed, e.g. selection for laparoscopic resections or transferal of patients 

with predictable multi-visceral resections to experienced centers. 

The validity of pre-operative abdominal ultrasound examinations is insufficient in this 
respect. Data on the sensitivity of CTs for local colon cancer staging do not exist. The 
modern multi-slice CT (MSCT) reaches a high sensitivity (86%) and specificity (78%) with 
regard to local tumor expansion. However, the detection of local lymph node 

metastases is much less sensitive (70%) with the same specificity (78%) [530]. 

7.4.2.3. Relevance of PET-CT 

7.4.2.3.1. For Primary Diagnosis of Colorectal Cancer 

7.7. Statement 2013 

Level of Evidence 

2b 

PET/PET-CT has no relevance in the diagnostic work up of newly diagnosed CRC. 

 De Novo: [531-546] 

 Strong consensus 

 

Background 

15 prospective and 5 retrospective cohort studies and case series were identified in the 
literature search. 13 Studies included patients with colon and rectal carcinomas and 7 
trials only rectal carcinoma patients. 14 studies included all patients, 2 retrospective 
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studies only patients with locally advanced rectal cancer, and 1 study included only 
patients with increased CEA or inconclusive CT imaging. In the studies that were 
included 10 cases used PET, 6 PET-CT, and 4 PET-CT with CT-colonography. PET was 
compared to CT +/- other modalities in 14 studies, and with MRI in 3 studies. In 4 
studies there was no comparison. 18 cases used histology and clinical course as 
references and in 2 cases clinical staging was done using the examinations that had 

been performed. 

The sensitivity of PET for distant metastases was high (75-100%) and in a number of 
cases superior to the method that it was compared [531, 536]. In some cases it was 
not better [532-534, 539]. The quality of the method used for comparison is not 
known. In recent studies with multidector spiral CT there was no significant detectable 

difference [532, 533]. 

The sensitivity for lymph node metastases was mainly low (29-85%), in 2 retrospective 
rectal cancer studies 44 and 85% and not better than comparison studies (CT or MRI) 

[531-539]. 

In the studies the use of PET or PET-CT led to changes in therapeutic procedures in 2-

27% of the cases [532, 533, 536, 539-546]. 

Overall, the data show no conclusive additional benefit of PET for the primary 

diagnosis of CRC. 

7.4.2.3.2. Before Resection of Colorectal Liver Metastases 

7.8. Recommendation 2013 

Grade of 
Recommendation 

0 

A PET-CT can be performed in patients with resectable liver metastases of CRC to 
avoid an unnecessary laparotomy. 

Level of Evidence 

2b 

De Novo: [547, 548] 

 Consensus 

 

7.9. Recommendation 2013 

Grade of 
Recommendation 

A 

A PET-CT shall not be performed within 4 weeks after systemic chemotherapy or 
antibody therapy, because it this significantly reduces its sensitivity.  

Level of Evidence 

2b 

De Novo: [549-551] 

 Strong consensus 
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Background 

A preliminary report on the benefit of PET/PET-CT for relapse diagnostics and relapse 
staging in CRC patients was presented by the IQWIG (Institute for Quality and 
Economics in Health Care) in August 2011 [552]. Aside from the evaluation of the 
patient relevant benefit, a systematic evaluation of the prognostic and diagnostic 
quality of the PET/PET-CT was done. The literature search included a period up to 
August 2009. More recent publications were mentioned in the text. The guideline 
recommendations given here are based on the evidence evaluation of the IQWIG report. 
The Grade of Recommendation was developed under additional inclusion of the clinical 
evaluation of the procedure. Furthermore, in a more recent literature search from 
August 2009 – December 2011, a RCT in abstract form [548], 2 systematic reviews 
[553], [526], a prospective case control study [549], and a retrospective case series 
[551] were identified. They were also included in the evaluation (for details see 
evidence report). The previous recommendation of Grade B from the last guideline 
update in 2008 (9.1.2.1) for PET/PET-CT examinations before resection of colorectal 
liver metastases with a FONG score > 2 was changed, because the study that led to this 

recommendation has still not been published as a full article [554]. 

So far, a RCT as a full publication and 1 RCT in abstract form have been published on 
the issue of patient-relevant benefit of PET/PET-CT. For patients before resection of 
CRC liver metastases, a supporting PET/PET-CT has no effect on disease-free or total 
survival of the patient. Whether supplemental PET-CT examinations help to avoid futile 
laparotomies as clinical endpoints is not completely resolved. The consensus 
recommendation here is especially supported by the full published study by Ruers 
[547] which has, however, methodological weaknesses. In this study 150 patients with 
colorectal liver metastases who were planned to undergo resections were randomized 
to 2 study arms (CT or CT plus 18F-FDG PET). The primary study objective was 
reported in the publication as rate of futile laparotomies that were avoided as a result 
of the PET examination. This endpoint is relevant for the patient. The study reported 
no significant difference in survival in the PET-arm. However, a significantly reduced 
number of "futile laparotomies“ was seen in this study arm. The rate of futile 
laparotomies was 45% in the control arm and 28% in the PET-arm. This corresponded 
to a risk reduction of 38% with a very large confidence interval (95% CI, 4-60%, 
p=0.042). The authors concluded that in one in six patients a laparotomy can be 
avoided with an additional PET before liver metastasis resection. The secondary 
endpoint DFS and OS were as follows: DFS: 35.5% versus 29.8 % (p-value = 0.194); OS: 
61.3% versus 65.8 % (p-value = 0.378). The study's evidence level was downgraded by 
the consensus conference (see also IQWIG-report, degrading from Ib to II), because the 
primary study endpoints mentioned in the study plan were different from the ones in 
the publication (original endpoint: rate of patients who were disease-free after 9 

months). 

Another multicenter randomized study that has so far been published as an abstract at 
the ASCO annual meeting 2011 also investigated this issue [548]. Endpoint of this 
study was the change in patient management after PET-diagnostics (no operation 
because of additional results or expansion of surgery compared to the intention 
without/before PET-diagnostics) in a 2:1 randomization design in CRC patients who 
seemed suitable for liver resection for liver metastases. 404 patients were randomized 
(270 patients in the PET/CT-arm, 134 patients without PET). There was no difference in 
management change between both study arms. Thus, the endpoint was not reached. 
However, as far as could be deduced from the presentation, about 70% of patients had 
chemotherapy before PET diagnostics. This significantly reduces the sensitivity of the 



7. Pre-operative Diagnostics and Surgery  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

97 

examination method (see below). It should also be critically noted that the endpoint 
"change in patient management" in contrast to "reduction of futile operations" was not 

considered patient relevant.  

Several studies point out that the sensitivity of PETs is significantly reduced if they are 
done within 4 weeks after chemotherapy (evidence level IIa-III). Therefore, a PET is not 
recommended during this time, because too many false negative cases occur. The 
issue was not evaluated by the IQWIG report. A larger case control study without 
randomization was published in 2010 which investigated the sensitivity of PET after 
chemotherapy [549]. The study found a negative predictive value of only 13.3% and a 
positive predictive value of 94% with a specificity of 22.2% at an accuracy of 85% if the 
PET was done within 4 weeks after the end of chemotherapy. The authors concluded 
that diagnostic PET examinations shortly after chemotherapy administration are not 
useful. A retrospective study from Australia evaluated PET-results of patients with liver 
metastases before liver resection [555]. This study was small and heterogeneous. 21 
patients were systematically treated before surgery, 53 were not. Correct results were 
determined using PET for 29% of patients after chemotherapy and 53% without 
chemotherapy. Underestimated results were observed in 52% in the chemotherapy 
group and only 34% in the group without chemotherapy. This study underscores that 
PET examinations shortly after chemotherapy are not useful. Another prospective trial 

[550] and a retrospective study [551] reached similar results. 

7.4.3. Tumor Markers 

7.10. Consensus-based Recommendation 2013 

GCP The CEA-value should be assessed pre-operatively. 

 Strong consensus 

 

7.11. Consensus-based Statement 2013 

GCP CA 19-9 does not increase the conclusiveness of a relapse compared to determining 
only the CEA-value.  

 Strong consensus 

 

7.12. Consensus-based Statement 2013 

GCP The relevance of CA 125 to diagnose ovarian metastases and as a course parameter 
for further treatments of confirmed peritoneal carcinosis is unknown.  

 Strong consensus 

 

Background 

In about 30% of all CRCs the tumor marker CEA is increased at the time of first 
diagnosis [data from the Clinical Cancer Registry of the Surgical University Clinic 

Erlangen-Nürnberg] 
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This tumor marker is especially reliable as an indicator for tumor relapse. It is also an 

independent prognostic factor for liver metastases.  

Other tumor markers under discussion are CA 19-9 and CA 125, the latter being a 

marker for peritoneal cancer [556-558]. 

The detection of circulating DNA and so-called circulating tumor cells in peripheral 

blood as well as bone marrow has no consequences. 

7.4.4. Specific Diagnostics for Rectal Cancer 

7.13. Consensus-based Recommendation 2013 

GCP The prediagnostic work up of a patient with rectal cancer should include a rigid 
rectoscopy with a statement on the distal tumor or margin. 

 Strong consensus 

 

Background 

Rigid rectoscopy allows an exact determination of the distance of the distal tumor 
margin from the dentate line and is of major importance for determining further 

therapy. 

7.14. Recommendation/Statement 2013 

Grade of 
Recommendation 

B 

Local staging of rectal cancer should preferably be performed using MRI. If a T1-
cancer is suspected, an endoscopie ultrasound should be performed. 

Level of Evidence 

2b 

De Novo:[559-567] 

 Strong consensus 

 

7.15. Statement 2013 

Level of Evidence 

3 

CT is not suitable for staging ofT1-cancer. 

 De Novo:[559-567] 

 Strong consensus 
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7.16. Statement 2013 

Level of Evidence 

2b 

The accuracy of all imaging procedures for the evaluation of the lymph node status 
is very questionable. 

 De Novo:[561, 562] 

 Strong consensus 

 

7.17. Recommendation 2013 

GCP The report should include information on the distance of the tumor to the 
mesorectal fascia.  

 Strong consensus 

 

Background  

In rectal cancer local staging is essential for further therapy planning. While local 
removal is sufficient for low-risk T1-carcinomas, for high-risk T1 and T2-cancers a 
resection according to oncologic criteria is necessary. In Germany, neoadjuvant therapy 
is recommended if tumor infiltration in the mesorectum (T3) has been identified. If 
neighboring organs have been infiltrated (T4), neoadjuvant radiochemotherapy is 
recommended. For T3-cancers there are data which indicate that the extent of the 
mesorectual infiltration especially the distance from the mesorectal fascia are of 
important prognostic relevance [559]. This level is the circumferential resection margin 
(CRM) in the TME. If the mesorectal fascia is infiltrated by the tumor or the distance 
between the tumor and the fascia is less than 1 mm (CRM+), the local recurrence risk is 

significantly increased [560]. Another prognostic factor is affected lymph nodes [559]. 

A number of studies on the value of different methods for local staging of rectal cancer 
had to be excluded in the literature search, because study collectives also included 
patients who had had radio-or radiochemotherapy. For further details see the evidence 

report. 

The accuracy of individual diagnostic methods depends on the technical characteristics 
of the equipment (e.g. multidetector spiral-CT vs. single-slice CT) and the local 
expertise. An endosonography is often technically not possible if high-grade stenoses 

are present or the tumors are localized in the proximal rectum.  

A meta-analysis which analyzed data on endosonography, MRI, and CT up to 2002 
showed that endosonography demonstrated the highest accuracy for T1-cancers [561]. 
Its high sensitivity and specificity was confirmed in a more recent meta-analysis [562]. 
MRIs with endorectal spools are a possible alternative for EUS. However, they are more 
costly, are considered unpleasant by patients, and are established at very few sites. 

CTs are not suited for diagnosing T1-cancers.  

However, to differentiate T2 and T3-cancers, the endosonography was more sensitive 
than MRI and CT with comparable specificity [561]. For T4-cancers the meta-analysis 
showed no significant differences between the procedures. Recent individual cohorts 
demonstrated a higher sensitivity for MRI and occasionally spiral-CT for tumors with 
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mesorectal infiltration (> T2) [563-567]. However, the accuracy of the CT was 
significantly lower in the lower third than in the upper two thirds [568]. If it is 
necessary to show the mesorectal fascia and its association with the tumor, the MRI is 
currently the most sensitive method [563]. The fascia cannot be demonstrated by 

endosonography. 

When evaluating lymph nodes the sensitivity (55-73%) and specificity (74-78%) of all 
methods are currently insufficient [561, 562]. The reasons include, on the one hand, 
reactive lymph node enlargement and, on the other hand, lymph nodes 5mm and 
smaller that may contain metastases. Therefore, the indication for neoadjuvant therapy 
should be made very carefully if it is solely based on suspected lymph nodes seen in 

pretherapeutic imaging.  

Furthermore, it must be considered that the accuracy of the individual methods 

depends greatly on the local expertise. This is especially true for CTs.  

Considering especially the possibility of depicting the mesorectal fascia, many experts 
currently prefer MRIs for local staging of rectal cancers (with the exception of early 

cancers). 

Excluding short term radiation, neoadjuvant therapy impairs the accuracy of individual 

diagnostic procedures (see evidence report). 

7.18. Recommendation/GCP 2008 

Grade of 
Recommendation In individual cases the following examinations may be useful: Level of Evidence 

0 • Sphincter manometry 4 

GCP • Gynecologic examination  

GCP • Cystoscopy  

Strong consensus each 
 

Background 

In general, sphincter manometry has no relevance for therapy decisions beyond the 
result of the rectal-digital examination and the differential medical history. In unclear 

cases , it can make the decision on sphincter retention easier. 

If bladder infiltration is suspected, a cytoscopy can be helpful. If the infiltration of the 
vagina, uterus, or adnexa is suspected, a gynecologic exam should be done. In 
contrast to the previous guideline, a urine sediment is no longer recommended for 

rectum or sigma cancers, because the test is too unspecific.  
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7.5. Surgical Therapy with Curative Intention 

7.5.1. Intraoperative Staging 

7.19. Consensus-based Recommendation 2013 

GCP An intraoperative inspection and, in case of open surgery, palpation of the liver 
should be performed in every case, i.e. also in case of an inconspicious preoperative 
evaluation.  

If the pre-operative diagnostics are sufficient, the diagnostic benefit of intra-
operative ultrasound to look for further metastases does not justify its effort. 

 Consensus 

 

Background 

Due, nowadays, to the quality of magnetic resonance imaging and computer 
tomography, during a laparotomy usually only subserosal liver metastases (< 2mm) are 

additionally detected by intra-operative inspection and palpation.  

However, the sensitivity and the positive predictive value of the intra-operative 
ultrasound examination with contrast medium is very high (in a single series with 24 

patients at 100 % each) [570]. 

7.5.1.1. Intra-Operative Pathological Examination 

In general, rapid sections should be used only if this has direct consequences. The 
most frequent indication is the evaluation of metastatic spread, e.g. in the peritoneum, 

in the liver, or in non-regional (e.g. peri-aortal) lymph nodes. 

With local surgical excision (full wall excision), the important question is whether a 

cancer proven by previous biopsy was excised with tumor-free margins.  

However, this cannot be adequately determined intra-operatively using rapid sections. 

In the case of a deep-seated rectal cancer, rapid section examination of the aboral 
resection margin can help to decide whether total rectal extirpation should be 

performed.  

With segmental resections of large colon polyps, especially of villous histology, in 
which pre-operative evaluation failed to confirm an invasive neoplasm, an assessment 
of malignancy using rapid section is frequently not possible due to technical reasons 
(examination of multiple tissue blocks!). Therefore in these cases, the use of standard 

oncological resection is recommended. 

In case of adherence of a tumor to neighboring organs it is not possible to determine 
macroscopically whether an infiltration of the neighboring organs or only a 
peritumorous inflammatory reaction is present. In such cases, biopsies with rapid 
sections should be strictly avoided, because of possible local tumor cell dissemination, 
which can be associated with reduced survival [571]. This is the reason for the en-bloc 
resection in all cases of tumor adherence to neighboring organs or other structures 

(see section 7.7.2 on therapy and multivisceral resection).  
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7.20. Consensus-based Recommendation 2013 

GCP If the etiology of a focal liver lesion remains unclear, histological examination 
should be performed.  

 Consensus 

 

Background 

In case of unclear liver lesions (see below) with therapeutic consequences , a histologic 
work up preferably with a needle biopsy passing through the healthy liver parenchyma 
should be performed.  Incision biopsies should be strictly avoided. Smaller lesions can 

be completely excised in form of an excision biopsy. 

7.21. Consensus-based Statement 2013 

GCP The sentinel-node-biopsy has no relevance for CRC. 

 Consensus 

 

Background 

In malignant melanomas and breast cancers sentinel-node-biopsies are performed. 
This is done to avoid more extensive dissection that would result in increased 

morbidity rates in patients with histologically negative sentinel lymph nodes. 

With the introduction of laparoscopic surgery methods, it was discussed whether 
limited resection methods can also be used for CRC if the sentinel-node-biopsy was 

negative.  

In addition, it was questioned whether ultra-staging (immunohistochemical 
preparation) of the sentinel lymph node would change the tumor stage with the 

corresponding need for adjuvant therapy [572, 573]. 

7.5.2. Radical Surgical Therapy of Colon Cancer 

7.5.2.1. Extent of Lymph Node Dissection: 

If there is lymphogenic metastazation of the colon cancer, it occurs according to a 
regular metastazation pattern. At first, it metastasizes longitudinally to both sides of 
the tumor into the paracolic lymph nodes, then to the intermediary lymph nodes along 
the radial arteries to the central lymph nodes at the origin of the supplying arteries. 

The paracolic metastazation never exceeds a distances of more than 10 cm [574-576]. 

The extent of the colon resection is defined by the transsection of the central arteries. 
Cancer lymph node metastases at the terminal ileum on the right side, however, 
seldom occur and if so, only in very advanced cancer [577]. Therefore, a resection of 

the terminal ileum of maximally 10 cm is sufficient for right hemicolectomies.  
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Oncologic Principles 

In colon cancer surgery, the lymph node yield also correlates with the prognosis in 

nodal negative cancer (UICC II) [578, 579]. 

Resection of cancers of the Coecum and the Ascending Colon  

Cancers in this area metastasize centrally via the ileocolic artery and the right colic 
artery. Accordingly, both vessels must be centrally ligated. However, a real colic artery 
originating from the superior mesenteric artery is present in less than 15 % of all cases 
[580]. Accordingly if the vessel ist not present, branches leading to the right from the 
origin of the middle colic artery are centrally ligated. Parts of the major omentum only 

have to be resected if there is direct tumor contact.  

Resection of cancers of the Right Colonic Flexure and Proximal Transverse Colon  

For the extended hemicolectomy, the ileocolic artery , the right colic artery (if present), 
and the middle colic artery are centrally ligated. Accordingly, the distal resection 
margin is in the area of the left transverse colon. In this tumor localization a 
lymphogenic metastazation also takes place via the major omentum in the direction of 
the gastric antrum and on to the pancreatic head [575]. Thus, aside from skeletonizing 
the greater gastric curvature and resecting the gastroepiploica-dextra-arcade and, 
thus, parts of the right-sided omentum, the lymph nodes cranial of the pancreatic head 

should also be dissected.  

Resection of cancers of the Middle Transverse Colon  

These tumors metastasize via the middle colic artery centrally toward the superior 
mesenteric artery , and via the left colic artery toward the inferior mesenteric artery. A 
transverse colon resection includes both colon flexures. If metastazation towards the 
greater gastric curvature via the major omentum has occurred, a omentum resection 
corresponding to the tumor site as well as skeletonizing of the greater gastric 
curvature with removal of these lymph nodes must also be performed. The arcade 
principle must be observed for the omentum resection (inclusion of the omentum 

artery within an arcade of 10 cm to both sides of the cancer). 

Resection of cancers of the Distal Transverse Colon and Left Colonic Flexure  

Here the tumor metastasizes to the right via the middle colic artery and to the left via 
the left colic artery. Thus, the middle colic artery is centrally ligated and the left colic 
artery is cut descending from the inferior mesenteric artery . An advantage of the 
greater radicality of removing the inferior mesenteric artery has not been confirmed. 
An ascendo-sigmoideo-stomy can be done to restore the continuity. Due to 
metastazation via the major omentum towards the greater gastric curvature, the left 
sided parts of the omentum with dissection of the arcade at the greater gastric 
curvature must also be removed. If the tumor is advanced in this region, the lymph 
nodes at the left pancreas lower margin may also be affected. These must also be 

dissected from the isthmus to the pancreas tail.  

Resection of cancers of the Colon Descendens 

In this case a left hemicolectomy with central ligature of the inferior mesenteric artery 
is necessary. The distal resection margin lies in the upper third of the rectum, the 
proximal one in the left flexure region. Accordingly, it may be necessary to resect 

possible adherent parts of the omentum.  
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Resection of cancers of the Sigmoid Colon 

These tumors metastasize via the sigmoid branches to the origin of the inferior 
mesenteric artery . The proximal transsection of the bowel is performed in the 
descending colon with central ligation of the inferior mesenteric artery. For the distal 
bowel dissection the guidelines for rectal cancers in the upper third of the rectum also 
apply. However, a distal safety distance of at least 5 cm distal safety distance from the 

tumor margin must be observed . 

Background: For 2 - 4 % of patients lymph node metastases are found close to the 

origin of the inferior mesenteric artery [581, 582]. 

7.5.2.2. Complete Mesocolic Excision (CME) 

7.22. Consensus-based Recommendation 2013 

GCP Surgical therapy for colon cancers should include the complete mesocolic excision.  

 Consensus 

 

Background 

Analogous to the mesorectum, a mesocolon exists which covers the lymph nodes of 

the supplying arteries like envelopes. 

Analogous to TME for rectal cancer, CME is used for colon cancer surgery. This is done 
to achieve maximal local radicality with the greatest possible lymph node yield by 
preparation in predefined anatomical layers with central ligation of the supplying 

vessels without breaching of the visceral fascia layer. . 

For colon cancer a complete mesocolic excision is suitable to achieve maximal local 

radicality with high lymph node yield.  

It leads to high quality preparations [583, 584]. The higher radiality does not seem to 
be associated with an increased complication rate [585]. Previous data indicate an 

improvement of survival rate if CME is consistently performed [583]. 

The morphometric examination of the colon specimen can be used in the future to 

objectively evaluate colon cancer specimen.  
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7.5.2.3. Local Ablative Therapies for Liver Metastases 

7.5.2.3.1. Radio-Frequency Ablation (RFA) 

7.23. Recommendation 2013 

Grade of 
Recommendation 

0 

An RFA can be performed if non-resectable liver metastases are present or if the 
general health of the patient does not allow resection, especially following previous 
liver resection.  

Level of Evidence 

3a 

De Novo: [586-588] 

 Strong consensus 

 

Background 

The present evidence on the safety and efficacy of radio frequency ablation for 
colorectal liver metastases is sufficient to recommend this method for patients who 
either have non-resectable liver metastases, whose health status does not allow 

resection, or who have previously had a liver resection [586]. 

The RFA can also primarily be performed in combination with surgical resection. 

Recent studies suggest that solitary liver metastases <3cm can be treated using RFA 
with similarly good results as with resections [587, 588]. However, present data on this 
subject are contradictory and comparative controlled randomized studies still do not 

exist. 

7.5.2.3.2.  Selective Internal Radiation Therapy (SIRT) 

7.24. Recommendation 2013 

Grade of 
Recommendation 

B 

SIRT to treat disseminated liver metastases of CRC should only be performed in 
patients who have no other therapy option and only as part of a clinical study.  

Level of Evidence 

2a 

De Novo: [589, 590] 

 Consensus 

 

Background 

Patients with absent or limited extrahepatic metastazation, and without options of 
further systemic chemotherapies show a prolonged median survival and longer interval 
to progression of liver metastases in individual studies using SIRT (also called 
radioembolization). There are too few data for a conclusive evaluation especially on 
survival and quality of life. Therefore, patients who are eligible for SIRT should only be 

treated as part of clinical studies [589, 590].  
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7.5.2.3.3. Laser Induced Interstitial Thermotherapy (LITT) 

7.25. Recommendation 2013 

Grade of 
Recommendation 

B 

A LITT for the treatment of CRC liver metastases should only be performed as part 
of a clinical trial.  

Level of Evidence 

4 

De Novo: [591, 592] 

 Strong consensus 

 

Background 

The interstitial laser thermo-ablation was a safe and effective method in individual 
case-series for patients with inoperable CRC liver metastases [591, 592]. Data 
comparing it to percutaneous radiofrequency ablation do not exist. The data are not 
sufficient for conclusive evaluation especially of survival and quality of life. Therefore, 

patients who are eligible for LITT should only be treated as part of clinical studies.  

7.5.3. Radical Surgical Therapy of Rectal Cancer  
As a general rule the curative therapy of rectal cancers requires, in addition to the 
complete resection of the primary tumor, the partial or total removal of the 
mesorectum including the regional lymph drainage area (so-called radical resection 
according to the international documentation system for colorectal cancer) [511, 512]. 
Only in strictly selected cases a curative resection is possible using local measures. 
The following operative procedures are considered equivalent the criteria of 
oncological surgery are taken into account. The individual indication is dependent on 
tumor localization, especially the relation to the dentate line and the levator muscle, 

the depth of infiltration and the anal sphincter function: 

• (deep) anterior rectal resection  

• abdominoperineal rectal extirpation  

• intersphincteric rectal resection (also described as an abdominal-perianal 

rectal resection). This operation requires special experience.  

It must be noted that for the deep anterior rectal resection an intersphincteral 
preparation is also frequently necessary to achieve a sufficient safety distance to 
aboral. This operation method should, however, not be confused with an abdominal 

peranal preparation. 

If at all possible, a continence-preserving procedure should be chosen with regard to 
the future quality of life. With poor sphincter function, instead of a deep resection a 
permanent colostomy should be preferred which depending on the safety margin to 
the pelvic floor should be performed in form of a rectal exstirpation or preserving the 

pelvic floor.  

7.5.3.1. General Oncologic Principles 

Surgical therapy should adhere to the following principles:  
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Removal of the regional lymph drainage areas with resection of the inferior mesenteric 
artery at least distal to the origin of the left colic artery.  The central dissection of the 
inferior mesenteric artery close to its origin has no prognostic significance; however, it 
is often necessary due to technical reasons for the mobilization of the left hemicolon 
used for reconstruction [593]. However, anatomical studies show that in many cases a 
deep anastomosis is also possible without central ligation [594]. A benefit of lymph 
node dissection at the origin of the inferior mesenteric artery proximal to the exit of 

the left colic artery has not been shown (level of evidence: 2b) [595-598]. 

• The complete removal of the mesorectum for cancers in the middle and lower 
part of the rectum and the partial mesorectal excision for cancers in the upper 
third of the rectum through sharp dissection along the anatomical structures 
between the fascia pelvis visceralis and parietalis (total mesorectal excision 
TME) [599, 600]. 

• The observance of an appropriate safety distance (see below).  

• As a rule, the en-bloc resection of tumor-adhering organs (multivisceral 
resection) to prevent local tumor cell dissemination [601]. 

• Protection of the autonomic pelvic nerves (hypogastric nerves, inferior and 

superior plexus [602, 603]. 

7.26. Recommendation 2013 

Grade of 
Recommendation 

A 

The systematic dissection of lateral lymph nodes along the internal iliac artery and 
its branches should not be done without justified suspicion of metastases. It 
increases the perioperative morbidity without confirmed oncologic benefit. 

Level of Evidence 

1b 

De Novo: [604-607] 

 Strong consensus 

7.5.3.2. Approach to Tumors of the Upper Third of the Rectum 

7.27. Recommendation 2013 

Grade of 
Recommendation 

B 

With tumors of the upper third of the rectum, resection of the rectum with partial 
mesorectal excision 5 cm distal to the macroscopic tumor border, measured in-vivo 
should be performed. The mesorectum should be dissected horizontally without 
proximal thinning (no coning). 

Level of Evidence 

3b 

De Novo: [599, 608-612] 

 Strong consensus 

 

Background 

The reason for this procedure [611, 612] is that with T3 and T4 tumors rarely satellite 
nodes or lymph node metastases occur up to 4 cm distal to the macroscopic tumor 
margin as measured using the histological slice after fixation of the non-stretched 

surgical specimen preparation. 
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7.5.3.3. Approach to Tumors of the Middle and Lower Third of the Rectum 

7.28. Recommendation 2008 

Grade of 
Recommendation 

A 

With tumors of the middle and lower third of the rectum, a total mesorectal excision 
(TME) should be performed up to the pelvic floor, preserving the superior and 
inferior hypogastric plexus and the hypogastric nerves.  

Level of Evidence 

1b 

[602, 613, 614] 

 Strong consensus 

 

7.29. Recommendation 2008 

Grade of 
Recommendation 

B 

For low-grade tumors with high or moderate differentiation in the lower third of the 
rectum, a safety margin of 1-2cm in-situ is sufficient. With high-grade tumors 
(G3/4), a larger safety margin must be attempted. 

Level of Evidence 

2b 

[600, 615-618] 

 Strong consensus 

 

7.30. Recommendation 2013 

Grade of 
Recommendation 

B 

After neoadjuvant radiochemotherapy, an aboral distance of 0.5cm may also be 
acceptable to avert an otherwise necessary extirpation. Intraoperative frozen 
sections should confirm that the aboral resection margin is tumor-free. 

Level of Evidence 

2b 

de Novo: [619, 620] 

 Consensus 
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Background 

For cancers of the lower third (as an alternative to the otherwise recommended rectal 
extirpation) an intersphincteric rectal resection can be performed (also called the 
abdominal-perianal rectal resection), if - under observance of the above-mentioned 
safety margins - the puborectal loop is not infiltrated. This operation requires special 

experience. 

7.5.3.4. Reconstruction After Total Mesorectal Excision 
After total mesorectal resection with an anastamosis near the anal sphincter, 
significant functional disorders can occur. These are dependent on the choice of the 

reconstruction method. Some possibilities available include: 

• a straight colo-anal anastomosis 

• a colon-J-pouch 

• a transverse coloplasty 

• a side-to-end anastomosis 

7.31. Recommendation 2013 

Grade of 
Recommendation 

A 

For reconstruction after deep anterior resection, a straight colo-anal anastomosis 
should usually not be used (if anatomically possible) because of the better 
functional results.  

Level of Evidence 

1a 

de Novo: [621] 

 Strong consensus 

 

7.32. Statement 2013 

Level of Evidence 

1a 

Of the different reconstruction forms, the advantages of the functional results of a 
colon-J-pouch are best confirmed. 

 de Novo: [621, 622] 

 Majority consensus 

 

7.33. Statement 2013 

Level of Evidence 

1b 

Under functional aspects, the transverse coloplasty is inferior to the colon-J-pouch.  

 de Novo: [622, 623] 

 Majority consensus 
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7.34. Statement 2013 

Level of Evidence 

2a 

The side-to-end anastomosis may be as good as the colon-J-pouch. 

 de Novo: [624] 

 Strong consensus 

 

Background 

The disadvantages of a straight colo-anal anastomosis have been clearly shown. 
Especially in the first two postoperative years, they result in an increased stool 
frequency as well as poor continence and quality of life [621]. When constructing a J-
pouch the loop length should not exceed 6 cm to prevent emptying problems [625]. 
The only larger prospective randomized study on the differential use of different 
reconstructions shows that a J-pouch construction was technically possible in 74% of 
patients. Compared to a transverse coloplastic, the J-pouch in this study was better 
with respect to stool frequency and incontinence score. Although a meta-analysis 
including the Fazio-study put the conclusion on stool frequency into perspective, it 
considered neither the long-term results of the Fazio-study nor the data on 
incontinence [623]. Since studies with sufficient case numbers are still missing, 

definite conclusions on the role of side-to-end anastomosis cannot be made [624]. 

7.5.3.5. Decision to Preserve the Sphincter 

7.35. Consensus-based Recommendation 2013 

GCP Even in cases in which sphincter preservation was initially regarded as impossible, a 
sphincter preserving rectal resection may become possible using neoadjuvant 
radiochemotherapy. Therefore, a re-evaluation should be performed no earlier than 
6 weeks after completion of radiochemotherapy.  

 Strong consensus 

 

Background 

A reduction of tumor mass especially for low tumors is one important aspect for 
sphincter preservation. There seems to be an advantage for neoadjuvant 
radiochemotherapy. However, its effects do not become identifiable until several weeks 
after completion. This means that the surgery method cannot be chosen until the time 
of surgery after neoadjuvant radiochemotherapy has been completed [626]. Imaging 

procedures are not helpful in evaluating the response [627]. 
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7.5.3.6. Approach in Case of Complete Response after Neoadjuvant Therapy 

7.36. Consensus-based Recommendation 2013 

GCP In rare cases in which after neoadjuvant radiochemotherapy a tumor is no longer 
detectable clinically, endoscopically, or with imaging procedures (endosonography 
and MRI, alternatively also CT), it can be considered not to perform a resection. 
Detailed information on the poor validation of this approach and the willingness of 
the patient undergo regular follow up at short intervals to have very close knit 
follow-ups for at least 5 years is required. 

 Consensus 

 

Background 

A Brazilian study in 265 patients with rectal cancer showed that after neoadjuvant 
therapy a tumor was no longer detectable in 26.8% of the patients. These patients had 
no surgery and underwent follow-ups [628]. After a median follow-up of 57.3 months, 
two patients (2.8%) had an endoluminal relapse and in three patients (4.8%) systemic 
metastases were found. The authors postulated that for patients with complete 
response after neoadjuvant radiochemotherapy a follow-up without surgery may be 
sufficient. However, it must be considered that this was not a randomized study. 

Furthermore, it is not known if these results can also be achieved outside of Brazil.  

7.5.3.7. Rectal-Exstirpation 

7.37. Recommendation 2013 

Grade of 
Recommendation 

B 

For low tumors with infiltration of the anal canal/sphincter which cannot be 
operated with sphincter preservation, an abdomino-perineal extirpation in the form 
of "cylindrical" resection including the levator ani should be performed. 

Level of Evidence 

3b 

de Novo: [584, 629, 630] 

 Consensus 

 

Background 

In rectal-exstirpation the preparation rate with insufficient lateral safety margins is 
classically increased [629]. The oncologic results are poorer compared to sphincter 
preserving interventions with comparable tumor stages [630]. The extralevatoric 
"cylindrical“ resection leads to better safety margins and should be viewed as the 

superior method even without randomized studies [584]. 
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7.38. Recommendation 2013 

Grade of 
Recommendation 

O 

After neoadjuvant radio-(chemo-)-therapy and/or with larger perineal defects, 
perineal wound healing disorders can be reduced using primary plastic 
reconstruction with a myocutaneous flap. 

Level of Evidence 

3b 

de Novo: [631] 

 Consensus 

 

Background 

The rate of perineal wound healing disorders is high especially after neoadjuvant 
radiation and with larger defects. However, the use of different plastic reconstruction 
methods remains an individual decision, which must take the special anatomical 
availability, the chance of secondary morbidity of the donor site defect, the surgical 

complexity, and the available surgical expertise into consideration [631]. 

7.5.4. Stoma-Construction 

7.39. Consensus-based Recommendation/ Consensus-based 
Statement 

2013 

GCP A temporary deviation stoma should be performed for radical surgery of rectal 
cancer with TME and deep anastomosis. 

 Strong consensus 

 

7.40. Consensus-based Statement 2013 

GCP Colostomies and ileostomies are equally good as deviation stomas. 

 Strong consensus 

 

Background 

A protective stoma can reduce the morbidity especially of clinically relevant 
anastamosis insufficiencies and urgent relaparotomies [632]. If primary deviation 
stomas are avoided, the long-term rate of permanent stomata is by no means lower 
[633]. There are arguments for both types of protective stomas, even if recent meta-

analyses favor ileostomies [634, 635]. 
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7.41. Consensus-based recommendation 2013 

GCP Stoma construction should be discussed and planned with the patient as early as 
possible before the operation. 

 Strong consensus 

 

7.42. Recommendation 2013 

GCP The stoma position should be marked pre-operatively. 

 Consensus 

 

7.43. Recommendation 2013 

GCP An ileostomy should be constructed prominently (> 1 cm). A colostomy should be 
constructed with slight elevation. 

 Strong consensus 

 

Background 

The pre-operative information on the stoma construction should be given by the 
treating physician and a correspondingly trained nurse (stoma therapist). A meeting 
with an affected person from a self-help group - if available - should be offered. The 
stoma marking can be done by a trained nurse/stoma therapist. However, the doctor is 
responsible for the correct marking of the stoma and, thus, the correct construction. 
To determine the best position, it is necessary to mark the stoma position while lying 

down, sitting, and standing. 

A postoperative stoma therapy should ensure that patients or if they are not able, their 
family or caregivers can independently perform the stoma care (base plate change, 
stoma bag emptying and change), that the supply with stoma material is ensured, and 
that if necessary, a stoma therapist is available. An irrigation should be offered to the 
colostomy carrier. In individual studies pre-operative stoma marking and the 
implementation of stoma therapists reduced the postoperative stoma complication rate 
[636, 637]. Furthermore, a prospective study reported that pre-operative stoma 

counseling makes postoperative care easier [638]. 
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7.5.5. Local Excision of Rectal Cancers 

7.44. Statement 2008 

Level of Evidence 

1b 

Local surgical excision of rectal cancers (full wall excision) as the only treatment is 
only recommended for pT1 cancers with a diameter up to 3cm, good or moderate 
differentiation, without lymph vessel invasion (low-risk histology). However, 
complete resection (R0) is required. 

 [639-642] 

 Strong consensus 

 

Background 

Also in low-risk cases, the risk of local recurrence is higher compared to radical 
surgery, but local therapy is associated with reduced morbidity, mortality, and better 
functional results is higher compared to radical surgery. Therefore, the risk-benefit 
must be considered individually for each patient [643, 644]. There is much to suggest 
that for local excision the transanal endoscopic microsurgical methods are superior to 

open transanal excision using a spreader [645, 646]. 

There was no agreement on the relevance of sm-classifications to assess "low-risk“ or 
"high-risk“. T1-cancers with deep submucosal infiltration (sm3, according to some 
series even sm2) are considered by other authors and guidelines as high-risk 

constellations that should be treated with radical surgery [647-650].  

7.45. Recommendation 2008 

Grade of 
Recommendation 

B 

With T1 high-risk cancers (G3/4 and/or lymph vessel invasion) and with T2 cancers, 
the probability of lymphatic spread is around 10-20%, so that in general local 
excision alone cannot be recommended. (see also section 6.4) 

Level of Evidence 

3b 

[647, 651] 

 Strong consensus 

 

Background 

If a "high-risk“ constellation is known before treatment, the primary operation should 
be radical. If a high-risk constellation does not become apparent until transanal full 
wall resection, the secondary radical revision surgery within one month is not 
associated with a poorer prognosis than with a primary radical procedure [647, 651]. If 
the patient refuses radical revision surgery in this situation, an adjuvant radiotherapy 

may be considered.  
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7.6. Laparoscopic Surgery  

7.46. Recommendation 2013 

Grade of 
Recommendation 

A 

Laparoscopic colon and rectal cancer resections can be performed with comparable 
results to open surgical techniques if the surgeon has appropriate expertise and the 
selection is appropriate.5  

Level of Evidence 

1a 

de Novo: [652-656] 

 Strong consensus 

 

7.47. Consensus-based Recommendation 2013 

GCP The quality of the surgical specimen should be documented by the pathologist.  

 Strong consensus 

 

Background 

Even if laparoscopic colorectal resections take more time to perform, numerous 
randomized studies indicate that in the short-term peri-operative surgical morbidity is 
lower than after conventional operations with unchanged overall morbidity and 
mortality [652]. In the incisional hernias, adhesion-related revision operations, or 
regional and systemic tumor relapses [653, 654]. Systematic reviews and meta-
analyses show equivalent oncologic long-term results especially for colon cancer. The 
data on rectal cancer were still insufficient. However, in the meantime, robust long-
term results of the British CLASICC-study have been published despite initial problems 
with surrogate-parameters in the rectal cancer subgroup [655]. This study 
demonstrates oncologic safety of laparoscopic surgery for both colon and rectal cancer 
[656]. No strict criteria have been validated for defining special laparoscopic expertise 

that is without doubt necessary. 

7.48. Consensus-based Recommendation 2013 

GCP Recent operation procedures (e.g. robotics, NOTES) cannot be recommended, 
because of insufficient data outside of studies.  

 Strong consensus 

 

 

 

                                                   
5 The word “may” is not contradictory to the recommendation grade A, as the recommendation 
grade refers to the equivalency of both methods.  
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Background 

The DaVinci-telemanipulation-system - the only "robot" established in clinical routine - 
has been used in several series for laparoscopic total mesorectal excisions [657, 658]. 
Since neither short-term benefits nor long-term oncologic equivalency have been 
proven, this method must still be viewed as experimental. The same is true to an even 
greater extent for transgastral, transvaginal, or transanal access and specimen 

extraction. 

7.7. Special Situations 

7.7.1. Surgical Therapy of Peritoneal Carcinomatosis 

7.49. Recommendation 2013 

Grade of 
Recommendation 

0 

For patients with isolated and limited peritoneal carcinosis a cytoreductive operation 
with subsequent hyperthermal intraperitoneal chemotherapy (HIPEC) can be 
performed done if the following criteria are fulfilled: 

- PCI (peritoneal cancer index) < 20  

- No extraabdominal metastases 

- Possibility of macroscopic complete removal or destruction of all tumor 
manifestations 

- Therapy at a specialized center 

These procedures should preferably be performed as part of a trial 

Level of Evidence 

2a 

de Novo: [659-662] 

 Strong consensus 

 

Background 

So far, there is only one completed randomized study comparing systematic 
chemotherapy and cytoreductive surgery with HIPEC [660]. This study demonstrated 
also long-term that surgical therapy of peritoneal carcinosis leads to significantly 
better disease-specific survival [661]. If macroscopic tumor eradication was achieved, 
the 5-year-survival was 45%. It must be noted that the control arm only received a 5-FU-
based systemic therapy. Thus, despite numerous non-randomized studies [662] with 
promising results, it has not been conclusively defined which patients benefit from 

surgical therapy with HIPEC compared to modern systemic polychemotherapy.  

7.7.2. Multivisceral Resection 
In the case of adherence of a tumor to neighboring organs it is not possible to 
determine macroscopically whether an infiltration of the neighboring organs or only a 
peritumorous inflammatory reaction is present. In such cases, biopsies and frozen 
sections should be strictly avoided, because of the possibility of local tumor cell 
dissemination, which can be associated with reduced survival [571]. This is the basis 
for performing an en-bloc resection in all cases of tumor adherence to neighboring 
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organs or other structures (multivisceral resection). In the case of rectal cancer total 

pelvic exenteration can be necessary. 

7.7.3. Multiple Cancers of the Colon and Rectum 
In these cases a colectomy should not always be performed, instead the procedure 
should take into account the requirements of each individual tumor. This might require 

the construction of several anastomoses. 

7.7.4. Emergency Surgery 
In the setting of ileus, tumor perforation, or colorectal perforation with a stenotic 
tumor the procedure performed depends on the individual situation. If possible, the 
preferred surgical option is a radical resection according to the standard oncological 
procedures. In appropriately selected cases of ileus due to colorectal cancer, the 
placement of an endoluminal stent can be discussed [663]. An ileus usually 
accompanies a rectal cancer only in very advanced cases, so that nearly always a 
neoadjuvant radio/chemotherapy should be undertaken. Therefore, in this situation a 
colostoma of the right transverse colon is often constructed. Tumor-associated 

bleeding is only rarely relevant for further decisions regarding therapy. 

7.7.5. Resection of Liver Metastases  

7.50. Consensus-based Statement 2013 

GCP Compared to a two-stage procedure, the simultaneous resection of liver metastases 
most likely does not have an influence on the long-term survival if suitable patients 
are selected. 

 Strong consensus 

 

7.51. Consensus-based Statement 2013 

GCP In case of certain comorbidities and older age (>70 years), the simultaneous 
resection of the primary tumor and liver metastases may lead to higher 
postoperative mortality. 

 Consensus 

 

7.52. Recommendation 2013 

GCP A multimodal two-stage procedure should be chosen in case of multiple synchronic 
liver metastases. 

 Consensus 

 

Background 

The decision to perform simultaneous resection of liver metastases on top of resection 

of the primary tumor must be considered under several aspects:  
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• If it is a right-sided colon resection, the liver is usually easily accessible due to 
the positioning of the patient and the incision path (except for very obese 
patients, a very large fatty liver). In case of a left-sided colon and rectal 
operation with the according patient positioning the liver access is much more 
difficult.  

• Resection of individual peripheral metastases may also be performed without 
substantial difficulty if the patient is positioned as done for left-sided 
resections. Especially formal right-sided resections (e.g. right 
hemihepatectomy) are only acceptable with right-sided resections, because of 
the corresponding access.  

• Especially small individual metastases are often followed by an advanced 
metachronic metastazation. Therefore, it is also justified, despite technical 
resectability, to wait and see if liver metastazation progresses and if necessary 

to perform systemic chemotherapy in the meantime. 

Furthermore for rectal cancer, individual surgeons advocate the concept of primary 
liver resection without resection of the primary tumor or other preceding procedures 

such as neoadjuvant chemotherapy or neoadjuvant radiochemotherapy. 

7.7.6. Extensive Distant Metastazation and Asymptomatic Primary 

Tumor 

7.53. Recommendation 2013 

Grade of 
Recommendation 

0 

Stage IV patients with extensive liver metastazation ("metastasis liver") and 
asymptomatic primary tumor (no stenosis symptoms, no bleeding that needs 
transfusions) may undergo primary chemotherapy without resection of the primary 
tumor.  

Level of Evidence 

4 

de Novo: [664, 665] 

 Strong consensus 

 

Background 

Extensive non-resectable distant metastases usually determine the prognosis of 
patients with this type of metastazation. If ileus symptoms are present due to the 
primary tumor or if transfusions are necessary due to bleeding, prompt resection of 
the primary tumor (with few exceptions) is essential. If the primary tumor is 
asymptomatic it is, however, still not clear whether resection has a benefit for the 
patient. The start of chemotherapy has to be postponed because of the operation. A 
meta-analysis of 8 retrospective descriptive studies (from 1985-2005) showed 
prolonged survival for patients with resection of their primary tumor in 7 studies [664]. 
However, these studies were not randomized i.e. the reason for the allocation of 
patients to primary surgery or primary chemotherapy groups remains unknown. 
Furthermore, the median survival of 6 months found in some chemotherapy groups 
seems lower than would be expected with the chemotherapy protocols available today. 
The risk that during the course of primary chemotherapy surgery due to ileus or 
perforation becomes necessary is small according to current data (about 7%) [665]. The 
initiation of chemotherapy with retention of the asymptomatic primary tumor with 
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extensive distant metastazation, thus, seems justified. The role of resection of primary 
tumors with extensive distant metastazation is currently being studied in a 

randomized study (Synchronous-study, study number ISRCTN30964555). 

7.7.7. Patients with HNPCC (Hereditary Non-Polyposis Colorectal 

Cancer) 

7.54. Consensus-based Recommendation 2013 

GCP Prophylactic colectomy or proctocolectomy in HNPCC mutation carriers shall not be 
performed. 

A subtotal colectomy in patients with a cancer should not generally be done, but 
should be discussed individually with the patient.  

 Strong consensus 

 

7.55. Recommendation 2008 

Grade of 
Recommendation 

A 

After cancer resection in addition to the usual follow-up-colonoscopic must be 
performed in the same interval as preoperatively. (see also Chapter 5.2.2.1) 

Level of Evidence 

2a 

Evidence from update literature search:[272, 273, 287-290] 

 Strong consensus 

 

Background 

Since regular screening nearly always detects cancers in stage UICC I/II or even as 
premalignant adenomas [272, 273] and there is incomplete penetrance of the disease, 

a prophylactic colectomy or proctocolectomy is not recommended. 

If a cancer is detected, patients will have oncologic resections. The risk of CRC in the 
remaining colon and the risk of extracolic neoplasia is, however, increased. Thus, 
these patients must undergo an intensive postoperative follow-up. The usual follow-up 
for sporadic CRC should be combined with a HNPCC-specific prevention program for 
CRC and extracolic tumors. It is currently not known whether an extended prophylactic 
resection for the prevention of metachronic CRC is better than continuous surveillance. 
Previous data from retrospective case series are insufficient and due to national 
differences in screening intervals not applicable to Germany (for further information 

see Chapter 5.2.2.1). 
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7.7.8. Cancers in Familial Adenomatous Polyposis (FAP) 

7.56. Recommendation 2008 

Grade of 
Recommendation 

B 

The procedure of choice for FAP patients is a proctocolectomy with ileo-anal pouch 
including a lymph node dissection depending on the localization of the carcinoma 
and the resulting consequences (e.g. radial vessel cutting, total mesorectal 
excision). Depending on anal sphincter function or an incurable tumor stage, a 
proctocolectomy or a limited resection can be carried out.  

In attenuated FAP with only minimal involvement of the rectum, an ileorectostomy is 
recommended (see also 5.2.2.2) 

Level of Evidence 

3b 

[305] 

 Strong consensus 

 

7.7.9. Cancers in Ulcerative Colitis 

7.57. Statement 2008 

Level of Evidence 

3b 

The preferred procedure is a proctocolectomy with an ileo-anal pouch (IAAP), if 
sensible according to oncological or functional considerations. 

 Strong consensus 

 

For further recommendations and information e.g. on the procedures for surveillance 

colonoscopies, see the S3 Guideline Diagnostics and Therapy of Ulcerative colitis [396]. 
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7.8. Postoperative Histopathological Examination 

7.58. Recommendation 2008 

Grade of 
Recommendation The following data are obligatory components of the pathology 

report: 

Level of Evidence 

A Tumor type according to WHO classification 1c 

• Tumor invasion depth (pT-classification) 1c 

• Regional lymph node status (pN classification) 1c 

• Number of lymph nodes examined 2a 

• Minimum number of lymph nodes to be examined:12 2a 

• Grading 2a 

• Distance from the resection margins (with rectal 
cancer, circumferential) 

2a 

• R-Classification 1c 

Sources for all specifications: [477, 579, 666-678] 
 

Background 

Increasingly and especially after neoadjuvant radiochemotherapy, the degree of 

remission achieved is histologically classified according to Dworak [678]. 

7.59. Consensus-based recommendation 2008 

GCP Testing for microsatellite instability may be performed in case of suspected HNPCC. 

7.8.1. Cancer-Grading Based on MSI-H 

7.60. Consensus-based recommendation 2013 

GCP Poorly differentiated adenocarcinomas including mucinous adenocarcinomas and 
undifferentiated cancers should be tested immunohistochemically for the 
expression of hMLH1 and hMSH2. If there is no hMLH1 or hMSH2 expression, they 
should be classified as low-grade. 

 Consensus 
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Background 

CRCs with high-grade microsatellite instability (MSI-H) have a significantly better 
prognosis and lower distant metastazation rate than CRC with microsatellite stability 
(MSS) or low-grade microsatellite instability (MSI-L) [679-682]. Furthermore, it was 
shown that poorly differentiated (G3) adenocarcinomas and also mucinous 
adenocarcinomas which have been graded as G3 have a significantly better prognosis 
if MSI-H is present than if MSS or MSI-L are found [683, 684]. Therefore, if there are 
indications for MSI-H, poorly differentiated adenocarcinomas including mucinous 
adenocarcinoma and undifferentiated colon cancer should not be graded as high-grade 

but as low-grade.  

The immunohistochemical evidence of lack of hMLH1 or hMSH2 expression is as 
important for the prognosis as MSI-H [685]. Due to its sensitivity and specificity, it can 
be used as a simple and inexpensive substitute for molecular MSI testing for MSI-
associated prognosis evaluations [686-689]. The immunohistochemistry for hMLH1 
and hMSH2 detects sporadic MSI-H-carcinomas and some of the MSI-H-carcinomas in 
Lynch-syndrome. The connection of CRC with Lynch-syndrome cannot be reliably 

assessed with this test and requires additional testing.  

7.8.2. Number of LN to be Removed 

7.61. Consensus-based Statement 2013 

GCP 12 or more lymph nodes shall be removed and examined.  

 Strong consensus 

 

7.62. Recommendation 2013 

GCP The ratio of tested and affected lymph nodes should be documented.  

 Strong consensus 

 

7.63. Consensus-based Statement 2013 

GCP The greater the number of affected and examined lymph nodes, the better the 
prognosis of patients with CRC UICC-stage II and III. 

The number of affected and examined lymph nodes can be used as a surrogate 
marker for the quality of treatment. 

The size of a lymph node does not correlate with the probability of metastazation.  

 Strong consensus 
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Background  

The number of affected and examined lymph nodes depends not only on the tumor 
biology, but also on the surgeon and pathologist. The 7th edition of the UICC-TNM-
classification 2010 specifies that for category „pN0“ a regional lymphadenectomy and 

histological examination of usually twelve or more lymph nodes should be done. 

Although the quality of studies on the number of lymph nodes is poor, it is still true 
that patients with a larger number of removed and examined lymph nodes have a 
better prognosis in UICC-stage II and III. The correlation has been repeatedly 
demonstrated in cohort studies such as in 3411 stage II and III patients of the so-called 
intergroup-trials [579]. The so-called INTACC-study with 3491 patients also showed 
that the prognosis correlates with removed/examined lymph nodes [690]. However, 
not only the number of lymph node metastases is important, but also the number of 
lymph nodes in general. Both studies showed a prognostic effect even for nodal 
negative tumors which correlated with the number of removed/examined lymph nodes 

[691]. 

This effect was demonstrated in numerous cohorts [692-695]. 

The number of lymph nodes can be used as a surrogate marker for the treatment and 

diagnosis quality of the surgeon as well as the pathologist.  

The "optimal number" of lymph nodes to be removed/examined for correct staging is 
controversial in the literature. However, it is definite that twelve lymph nodes are not 
sufficient. The sole histopathological examination of the largest lymph nodes in the 
preparation is not sufficient, because the lymph node size does not correlate with the 

probability of metastazation.  

In the literature it is suggested to report the ratio of examined to affected lymph nodes 

[696-698]. 

For patients who have had pre-operative radiochemotherapy for locally advanced rectal 
cancer the number of lymph nodes is smaller. An analysis of 615 patients who were 
operated for primary rectal adenocarcinoma showed that 33% fewer lymph nodes were 

found if a neoadjuvant therapy had been performed pre-operatively [699]. 

7.8.3. Relevance of Distance Between the Tumor Margin and 

Resection Area of the Mesocolon in Colon Cancer 

7.64. Consensus-based Recommendation 2013 

GCP Analogous to the quality evaluation of the resection in rectal cancer, the quality of 
the colon cancer resection should also be categorized as follows: 

Grade 1 (good): intact mesorectum 
Grade 2 (moderate): mesorectal surface irregularities 
Grade 3 (poor): defects down to the muscularis propria or the tumor 

These assessments should be made by a pathologist. 

 Consensus 
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Background 

There are no data comparable to rectal cancer on the circumferential safety margins of 
primary tumors in colon cancer. In addition, in colon cancer the chance of reaching a 
sufficient circumferential safety margin to adjacent structures or organs is much more 
frequent despite extensive deep-infiltration of the primary tumor. In rare cases this is 

not possible (e.g. for sigma-carcinoma, which is located on the iliacal vessels).  

Therefore, when appropiate, analogous to rectal cancer, the circumferential safety 

margin should be documented.  

However in the meantime, publications analogous to those for rectal cancer on the 
quality of the evaluation of colon cancer resections have become available. Similar to 
rectal cancer, it has been confirmed that tears down to the muscularis propria or 
reaching the tumor lead to a poorer survival rate (a 15% lower 5-year-survival rate with 
tears muscularis propria vs. mesorectum). In the case of lymph node metastases (UICC 
stage III) the difference is more pronounced (27% higher survival rate after 5 year 

follow-up) than if lymph node metastases are absent [700, 701]. 
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7.8.4. Relevance of Distance From the Circumferential Resection 
Margin (CRM-Classification) with Colon and Rectal Cancer 

7.65. Consensus-based Recommendation 2013 

GCP The circumferential safety margin is negative if it measures 1mm or more (R0 
"wide“). A circumferential safety margin is positive if the circumferential safety 
margin is less than 1mm (R0 "close“) or if tumor tissue reaches it directly (R1). The 
distance should be documented quantitively.  

 Strong consensus 

 

Background 

According to the official definition of the AJCC, the residual tumor is defined as R1 if 
the cancer actually histologically reaches the resection margin (RR). 

 

However, especially publications from The Netherlands and Great Britain have shown 
that a circumferential safety margin of less than 1mm also significantly increases the 
local recurrence risk for rectal cancer (3-year local recurrence rate: 6% for CRM- and 
17% for CRM+ ; 3-year tumor-free survival rate 79% for CRM- and 50% for CRM+ [560, 

702]. 

Whether a safety margin of less than 2mm leads to a poorer prognosis is controversial 

[703, 704]. 

  

R0 (curative resection)

R0 wide R0 narrow

distance of tumour from resection margin

Taking into account continuousprimary tumour spread, satellites, 
involvement of lymphvessels, venous infiltration, perineureum infiltration, 
lymphnode metastases

distance > 0,1 cm 
CRM negative

distance ≤ 0,1 cm
CRM positive
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7.8.5. Relevance of Documenting the Quality of the TME-Preparation 

7.66. Consensus-based Recommendation 2013 

GCP Since the quality of the surgical resection specimens according to the 
abovementioned categories allows conclusions on the prognosis of local 
recurrence, it must be described in the pathohistological report as follows:  

The quality of the resection specimens is graded by the integrity of the mesorectal 
fascia in 3 categories: 

* Grade1 (good): mesorectal fascia is intact 

* Grade 2 (moderate): intramesorectal surface tearing 

* Grade 3 (poor): tearing down to the muscularis propria or the tumor 

In case of rectal extirpation, preparation irregularities and tumor positive 
circumferential safety margins are not as frequent with a complete resection of the 
levator musculature. [705] 

Therefore, the pathohistological report must describe the radicality in the levator 
musculature region. The following categories should be used:  

* Grade 1 (good): levator musculature included in resection, no opening of the 

intestine or tumor 

* Grade 2 (moderate): muscularis propria intact, no opening of the intestine or 

tumor 

* Grade 3 (poor): parts of the muscularis propria are missing or opening of the 

intestine or tumor 

The analysis has to be performed by a pathologist. 

 Consensus 

 

Background 

The quality of the rectal resection specimen significantly influences the local 
recurrence rate. If the mesorectum remained intact, the 5-year tumor-free survival was 
65% compared to 47% with a defective mesorectum (P<0.05) [706]. After a 3 year 
follow-up, the local recurrence rate with intact mesorectal fascia was 4% (3–6%), 7% (5–
11%) with intramesorectal tearing, and 13% (8–21%) if tearing had reached the 

muscularis propria-layer [702]. 

For the evaluation of preparations after rectal extirpation a distinction is made 
between cylindrical and standard excisions. Following a cylindrical excision, the 
circumferential resection margin is not as frequently affected and perforations are also 
significantly less frequent [700, 705]. To date, data on the effect on the local 

recurrence and survival rate do not exist.  

The quality evaluation of the surgical specimen should be performed according to the 

abovementioned criteria by a pathologist and not the surgeon.  
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7.9. Psychooncological Aspects 

7.67. Recommendation/ GCP6 2013 

Grade of 
Recommendation 

B 

Psychooncological care should be included in the overall therapy concept.  

Level of Evidence 

1b 

[708-735] 

 

7.68. Recommendation/ GCP7 2013 

GCP All patients should be informed early by a physician about the possibilities of 
psychooncological support.  

 

Background 

Throughout the course of cancer, psychological burden and disorders requiring 
treatment occur with a frequency of 20 – 35% (cancer patients with any tumor location 
and stage). Most common are adaptive (F 43.12), next acute stress (F 43.0), followed 
by depressive disorders (major depression 8-20%, dysthymia 5-15%) [710-713]. For the 
CRC patient group the numbers are similar [714, 715]. Advanced disease stage, 
marked functional impairment, and high somatic discomfort are associated with a high 
risk of psychological disorders [716]. The additional creation of colostomies is usually 
an invasive change for affected patients. Its acceptance is harder the more impairing 
the functional limitations are and the more massive the physical disfigurement is 
perceived. The patient's self-esteem can be greatly reduced as a result of a stoma, so 
that physical, sports, and social activities as well as going back to work are 
experienced as difficult and burdening. This can lead to psychological impairments. 
Especially the external physical change that can be seen as a result of the stoma makes 
adjustment difficult and leads to self-esteem and adaptive disorders up to depression 
[715, 717]. For many affected patients the feelings of shame and disgust as well as the 
fear of filth and smell become a great psychological burden so that the need for 
intimacy is of secondary importance. Thus, stoma carriers often feel that their sex life 

is negatively affected [718].  

A large proportion of psychological disorders in tumor patients is not correctly 
diagnosed and is insufficiently treated [712, 719, 720]. This results in negative affects 
on patients' physical wellbeing, functional status, symptoms (pain, nausea, fatigue), 
and quality of life. Therefore, the patient's psychological health should be assessed 
                                                   
6 Taken from the interdisciplinary S3-guideline for the diagnostics, therapy and follow-up of 
breast cancer. 707. Kreienberg, R., et al. Interdisziplinäre S3-Leitlinie für die Diagnostik, Therapie 
und Nachsorge des Mammakarzinoms. Informationszentrum für Standards in der Onkologie 
(ISTO), Deutsche Krebsgesellschaft e.V., 2008. 1. Aktualisierung  

7 Taken from the interdisciplinary S3-guideline for the diagnostics, therapy and follow-up of 
breast cancer. 707. Ibid. 
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regularly during the course of the illness i.e. in all crisis phases and at times of 
expected high burden. Recent studies argue for the efficacy of prevention/follow-up-
based psychosocial interventions for tumor patients [711, 721, 722]. 
Prevention/follow-up measures include the answering of some simple targeted 
questions by the patient either in personal contact or with the help of questionnaires. 
Different screening procedures are available for the identification of patients with high 
psychological burden or comorbidities that require treatment. An overview of different 
screening methods can be found in [723], which can be obtained online under 

www.pso-ag.de . 

Professional psychological support/co-therapy should be available to all patients and 
their families. It can be performed by psychosomatic or psychiatric counseling/liaison 
services, by psycho-oncologic staff in organ and onocologic expert centers, or by 
including practicing physicians or psychological psychotherapists with psycho-
oncologic qualification [724-726]. It should be done in close cooperation and with 

feedback to the treating physicians and nurses.  

All CRC patients should be informed by their medical therapist (doctors and nurses) 

about the professional psychological support that is available.  

The efficacy of different psycho-educative and psychotherapeutic interventions in 
tumor patients for symptom reduction (depression, anxiety, pain, fatigue), disease 
processing, and improvement of the quality of life has been confirmed [709, 720, 727-

735].  

In addition, look at the S3-Guideline Psychooncology, completion expected in 2013. 

 

  

http://www.pso-ag.de/
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8. Adjuvant and Neoadjuvant Therapy 

8.1. Adjuvant Therapy of Colon Cancer 

8.1.1. Indications for Adjuvant Therapy of Colon Cancer 
A requirement for adjuvant therapy in colon cancer is a R0-resection of the primary 
tumor. Basis for the indication for adjuvant therapy after tumor resection is a 
histopathological stage determination, especially the determination of the pN status. 
To determine a pN0 status, at least 12 regional lymph nodes should be examined 
(UICC 2002). Immunocytological detection of isolated tumor cells in bone marrow 
biopsies or lymph nodes as well as cytological tumor cell findings in peritoneal lavages 

do not serve as indications for adjuvant therapy outside of clinical trials. 

Adjuvant therapy is not indicated for patients with curatively resected stage I colon 
cancer. Patients with UICC stage II and III should, if possible, be enrolled in controlled 
clinical trials in order to obtain data concerning indications and optimal adjuvant 
therapy. By means of quality control, the clinical course of patients being treated 
outside of clinical trials should be documented with regard to disease recurrence, 
survival rate, and side effects. Applying adjuvant chemotherapy requires considerable 
experience, and especially knowledge of relevant dose reduction schemes which must 

be followed when toxicity occurs. 

 Contra-Indications for Adjuvant Chemotherapy of Colon Cancer 

•  Performance status worse than 2 (WHO) 

•  Uncontrolled infection 

•  Liver cirrhosis Child B and C 

•  Severe coronary heart disease, cardiac insufficiency (NYHA III and IV) 

•  Preterminal and terminal kidney insufficiency 

•  Limited bone marrow function 

•  Other comorbidities affecting life expectancy 

•  Inability to attend regular control examinations 

8.1.2. Age Limitations for Conducting Adjuvant Chemotherapy 

8.1. Evidence -based Recommendation 2008 

Grade of 
Recommendation 

A 

There is no age limitation for performing adjuvant chemotherapy; general 
contraindications (see above) should be considered. 

Level of Evidence 

1 
Strong consensus 

 

Background 

Randomized studies concerning the effect of adjuvant chemotherapy on colon cancer 
outcome had an under representation of older patients. Among other reasons, this was 
due to an age limitation as part of the inclusion criteria in most of these studies. A 
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prospective cohort study including patients with colon cancer who were at least 67 
years old showed that also at older age patients have a significant survival benefit from 
adjuvant chemotherapy in comparison to surgery alone [736]. Additionally, a 
retrospective study consisting of a smaller number of patients revealed that no 
significant differences in survival time were found depending upon age [737]*. This 
result was confirmed by a pooled analysis of seven studies with a total of 500 patients 
age 70 years or older [738]. In this study occurrence of gastrointestinal side effects did 
not depend upon age. However, leucopoenia was found more often among older 
patients. In another study, stomatitis was the only side effect seen more often in the 
group with age over 70 years [739]. Hence, in most cases adjuvant chemotherapy 
seems to be tolerated well by older patients. Furthermore, a subgroup analysis of the 
MOSAIC study revealed that the benefit of additional adjuvant therapy with oxaliplatin 
was not dependent on age [740]. The age of a patient, therefore, has no sole predictive 

relevance [741]. 

8.1.3. UICC Stage III 

8.2. Evidence -based Recommendation 2008 

Grade of 
Recommendation 

A 

For patients with R0 resected stage III colon cancer, adjuvant therapy is indicated. 

Level of Evidence 

1a 

Strong consensus 

 

Background 

Various randomized studies have demonstrated a significant survival benefit for 
patients with stage III colon cancer due to adjuvant chemotherapy [742, 743]. Meta-
analyses and pooled analyses (e.g.Gill et al) including 3,303 patients with stage II and 
III colon cancer unequivocally showed that, compared to surgery alone, adjuvant 
chemotherapy is associated with a significant improvement of prognosis for patients 

with lymph node positive disease (stage III) [738, 744-746].  

8.1.4. UICC Stage II 

8.3. Recommendation 2008 

Grade of 
Recommendation 

0 

For patients with curatively resected stage II colon cancer, adjuvant therapy can be 
performed. 

Level of Evidence 

1b 

Strong consensus 
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Background 

The absolute benefit of adjuvant therapy in UICC stage II without risk factors is 
between 2 and 5%. Studies and pooled analyses of trials of patients with stage II colon 
cancer did not show a significant survival benefit from postoperative adjuvant 
chemotherapy. A pooled analysis of 7 randomized studies which compared adjuvant 
chemotherapy to sole operation with regard to stage II colon cancer, merely 
demonstrated a significant improvement of disease-free five-year-survival (DFS) (72 vs. 
76%, p=0.049) in the univariate analysis. This benefit could not be shown for five-year 
overall survival (80 vs. 81%; p=0.1127). Furthermore, the individual studies differed 
concerning therapy modalities and included low patient numbers [745]. The British 
QUASAR study is the largest individual randomized trial published concerning this 
issue [751]. In this study after a median observation period of 5.5 years, the relative 
risk for death from whatever cause was significantly lower in the adjuvant therapy 
group than in the observation group (HR 0.82; 95% CI: 0.70-0.95, p=0.008), resulting 
in an absolute survival benefit of about 3.0% (95% CI: 1.0-6.0). However, this study also 
showed methodological weaknesses due to its heterogeneous study group (71% colon 
cancer, 91% Dukes’ stage B) and the heterogeneous therapy protocols containing 5-FU 
(with or without Levamisol, different dosing of folinic acid). Considering the isolated 
subgroup of stage II colon cancer, the relative risk was not significantly reduced; the 
effect, however, was the same throughout all subgroups leading to the assumption of 
a survival benefit for all prognosis groups. Considering the significance of this study 
with regards to the so-defined “high-risk-situation” (see below), no recommendations 
can be derived, since data on T-category and/or vascular invasion are merely available 
for about 20% of all patients. Out of the collective of these 20%, only very few patients 
actually showed T4- or V1-status. At this time, there is no convincing data available 
concerning usage of Oxaliplatin in stage II: At the ASCO 2007 [752]* the effect of 
adjuvant postoperative chemotherapy (FOLFOX4 versus LV5FU2) in stage II was 
reported in a subgroup analysis. Regarding stage II colon cancers, there was neither a 
significant improvement of disease-free survival (HR 0.84; 95% CI: 0.62-1.14; p=0.258) 
nor an overall survival benefit (HR 1.0; 95% CI: 0.71-1.42) for those patients being 
treated with Oxaliplatin combination therapy and having a stage II tumor. Taking all 
currently available randomized and controlled studies into account, a recommendation 
for an obligatory use of adjuvant chemotherapy in stage II cannot be given [753-755]. 
However, due to the positive results of the currently largest trial, the QUASAR study, a 
benefit of adjuvant therapy in stage II without risk factors cannot completely be 
excluded – regardless of methodological problems of this study. For this reason, 
therapy should at least be taken into consideration at this stage [751], potential 

benefits and risks of such a therapy should always be discussed with the patient. 

8.1.5. UICC Stage II with Risk Factors 

8.4. Recommendation 2008 

Grade of 
Recommendation 

B 

In stage II, adjuvant chemotherapy should be taken into consideration in selected 
risk situations (T4, tumor perforation/tears, surgery under emergency conditions, 
number of examined lymph nodes too small). 

Level of Evidence 

3 

Strong consensus 
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Background 

The factors listed above have been identified as prognostically unfavorable. Thus, it 
appears to be possible that patients with these risk factors may benefit from adjuvant 
chemotherapy in stage II cancers. Nonetheless, there are no prospective data available 
concerning the association of these risk characteristics and the benefit of adjuvant 
chemotherapy. Therefore, a thorough discussion with the patient about advantages 
and disadvantages of adjuvant chemotherapy in this indication should be carried out in 

this subgroup.  

Several studies found that poor prognosis was associated with certain risk situations 
such as T4 tumor, tumor perforation, operation under emergency conditions, and/or 
too few examined lymph nodes [756, 757]. A recent retrospective trial including 1,306 
patients with a stage II tumor revealed in multivariate analysis that T4-category was 
associated with poor disease-free survival (HR 1.75) [758]. In the study by Moertel 
(n=318), T4-category in stage II had no additional prognostic relevance [753]. However, 
in a study by Burdy (n=108) [759], in the Erlanger analysis (n=305) [547], and in the 

published meta-analysis by Gill [756] such a prognostic relevance was demonstrated.  

After emergency surgery a significantly lower five-year survival rate was observed, 
absolute numbers being 29.8% versus 52.4% (p<0.001). This difference was seen in 
stage I/II as well as in stage III [760]. Cancer-specific survival after five years was 
reduced from 74.6% to 60.9% with evidence of anemia, to 51.6% with evidence of 
stenosis, and to 46.5% with evidence of perforation (p<0.001) [761]. In several studies, 
the number of examined lymph nodes was also found to be an independent prognostic 
factor [579, 762]. In 222 patients with CRC stage II a five-year survival rate of 49% was 
found for patients who had 6 or fewer lymph nodes examined compared to 68% for 
patients with 7 or more examined lymph nodes [762]. Le Voyer (INT-0089, n=3,411) 
examined patients in Dukes’ stage B2 or C receiving adjuvant therapy with 5-FU, folinic 
acid (FA), and/or Levamisol. A prognostic relevance depending on the number of 
lymph nodes removed was found not only for N0-, but also for N1- and N2-status. 
Patients with tumors of N0-status showed the best overall survival if more than 20 
lymph nodes were analyzed [579]. In a study of 3,592 cases of colorectal cancer an 
English group [763] found a significant survival benefit for each subgroup of patients 
depending on the number of lymph nodes identified (0-4 lymph nodes, 5-10 lymph 
nodes, > 10 lymph nodes). This effect was demonstrated for every tumor stage. In the 
multivariate analysis, the number of examined lymph nodes was shown to be an 
independent prognostic factor. An analysis of the SEER database [764] correlated the 

number of examined and/or removed lymph nodes with long-term survival. 

In the multivariate analysis a reduction of cancer mortality by 20.6% was found if more 
than 15 lymph nodes were examined compared to patients for whom only 1-7 lymph 
nodes were examined. This result was independent of tumor stage and other patient 
or tumor characteristics. Even if study results are heterogeneous regarding the exact 
number of lymph nodes to be examined, it is the opinion of experts that at least 12 
lymph nodes should be analyzed, regardless of the fact that this number cannot be 
achieved at all times. In this context, please also take note of the scheduled revision of 

the topic “Surgical treatment of colorectal cancer”. 

A study in which patients with stage II tumors and high-risk characteristics were 
represented in a small subgroup showed no benefit of adjuvant chemotherapy 
compared to sole operation [743]. In contrast, the MOSAIC study included a high-risk 
population consisting of patients with stage II tumors with T4-status, tumor 
perforation, ileus, blood vessel invasion, and/or less than 10 lymph nodes examined; 
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for this high-risk population postoperative adjuvant FOLFOX4 chemotherapy tended to 
result in an improvement of disease-free survival by 7.2% (HR 0.74; 95% CI: 0.52-1.06) 
in comparison to 5-FU/FA chemotherapy. However, possibly due to the small number 

of patients, a significant improvement of overall survival could not be shown [752]*. 

8.5. Recommendation 2008 

Grade of 
Recommendation 

A 

At this time, additional parameters (e.g. level of CEA-protein, level of differentiation 
of the tumor, 18q loss, isolated tumor cells in lymph nodes or in bone marrow, 
microsatellite status, DNA ploidy and TS/p53 expression, lymph and blood vessel 
invasion) should not be used as an indication for adjuvant chemotherapy. 

Level of Evidence 

4 

Strong consensus 

 

Background 

It has been demonstrated in some, but not in all studies that certain parameters have a 
prognostic relevance for colorectal cancer. Yet, there are no prospective studies 
available on the benefit of adjuvant chemotherapy with the presence of one or more of 
these factors. In some studies level of differentiation was shown to be an independent 
prognostic factor in stage III [670, 765] as well as in stage II and III [745]. In contrast, 
an analysis by Hermanek demonstrated that the level of differentiation only has 

prognostic significance in a certain subgroup of stage III (any T N2 M0) [766]. 

In several studies, loss of 18q-allele was shown to have an independent prognostic role 

in stage II cancers [767-771]. 

Regardless of this, a study of patients with stage II colorectal cancer (n=70) came to 
the conclusion that 18q loss did not have any prognostic significance [772]. Moreover, 

it is unclear whether tumors showing 18q loss might respond poorer to chemotherapy. 

In 10-15% of all sporadic colorectal cancer microsatellite instability (MSI) can be 
detected. Microsatellite instability is caused by defects of the DNA-mismatch-repair-
(MMR)-system (MMR-system) caused by an inactivation of the MLH 1, MSH 2, MSH 6, 
and PMS 2 genes. The results of a study of 718 patients in Italy indicate that patients 
with MMR protein-negative tumors have a better long-term prognosis than patients 
with MMR protein-positive cancer. This positive prognostic effect was seen in stage II 
as well as stage III. Adjuvant chemotherapy led to an improvement of prognosis for 
patients who had MMR protein-positive tumors [773]. A study by Sinicrope 
demonstrated that microsatellite instability and DNA diploidy were also associated with 

a better prognosis [774]. 

A recently published meta-analysis clearly proved a negative prognostic significance of 
DNA aneuploidy. Patients with aneuploidic colorectal cancer had a significantly higher 
mortality rate five years after their operation than patients with diploid tumors. This 

applied to all subgroups analyzed and in particular for stage II [775]. 

Among 570 patients in stage II (55%) and stage III (45%) analyzed together in the 
IMPACT study, adjuvant chemotherapy led to an improvement in survival; with 
existence of higher-grade microsatellite instability, however, it resulted in a decreased 
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survival [776]. A study of 876 patients with stage III tumors revealed that microsatellite 
status had no prognostic relevance for the group that had not received adjuvant 
chemotherapy (5-year survival rate: 43 vs. 36%). However, for the group treated with 
chemotherapy a significantly better survival rate was demonstrated for patients with 
MSI-positive tumors [777]. None of these studies were designed in a prospective 

manner to investigate prognostic and predictive parameters. 

8.1.6. Chemotherapy Protocols 

8.1.6.1. Stage III 

Oxaliplatin in Combination with 5-FU/Folinic Acid (FA) 

8.6. Recommendation 2008 

Grade of 
Recommendation 

A 

For adjuvant chemotherapy of colon cancer in stage III, a therapy containing 
Oxaliplatin should be given. 

Level of Evidence 

1 

Strong consensus 

 

FOLFOX (LV5FU2 + Oxaliplatin): 

e.g. FOLFOX4: Folinic acid (FA) (200 mg/m2 as a 2-hour infusion, day 1 and 2) plus 5-
FU (400 mg/m2 as a bolus, then 600 mg/m2 as a 22-hour infusion; day 1 and 2) in 
combination with Oxaliplatin (85 mg/m2 as a 2-hour infusion; day 1), repeated on day 

15. 1 cycle lasts 2 weeks, 12 cycles total. 

Background 

Several randomized studies demonstrated a significant reduction of disease recurrence 
rate as well as total survival rate when a combination of 5-FU and folinic acid was 

administered [742, 743, 746]. 

The MOSAIC study (2,246 patients) compared adjuvant chemotherapy consisting of 5-
FU/FA (LV5FU2) with a FOLFOX4 scheme (LV5FU2 + Oxaliplatin 85 mg/m2) every 2 
weeks for 12 cycles. With regard to the total study population, the FOLFOX4 
chemotherapy demonstrated a significant improvement in disease-free survival 
compared to LV5FU2 chemotherapy (73.3 vs. 67.4%, p=0.003) [752, 778]*. When 
focusing on stage III only, FOLFOX4 chemotherapy demonstrated a difference in 
disease-free survival of 7.5% (HR 0.78; 95% CI: 0.65-0.93; p=0.005). Overall survival 
was also significantly improved by FOLFOX4 chemotherapy in stage III reflected by an 
increase of 4.4% (p=0.029). Four years after therapy, occurrence of peripheral-sensory 
neuropathy was found at a rate of 12% (grade I), 2.8% (grade II), and 0.7% (grade III) 

[752, 778]. 

The NSABP study C-07 included 2,407 patients with stage II (28.6%) or stage III tumors 
who received either the Roswell-Park-scheme with a weekly administration of 5-FU/FA 
as a bolus (3 cycles, 8 weeks each) or the same 5-FU/FA scheme with Oxaliplatin 85 



8. Adjuvant and Neoadjuvant Therapy  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

135 

mg/m2 in weeks 1, 3, and 5 in an eight-week schedule (FLOX scheme). Patients in the 

FLOX group showed 20% fewer recurrences (p<0.04). 

Disease-free survival after four years was 73.2% for the FLOX group and 67.0% for the 
group of patients treated with 5-FU/FA [779]. When choosing between 5-FU and an 
Oxaliplatin-containing regimen, the side effects of the individual protocols should be 
considered. Due to the higher cumulative dose of Oxaliplatin in the MOSAIC study, a 
slightly lower rate of level 3-4 neuropathies was observed in the NSABP study (12.4 vs. 
8.4%). However, level 3 and 4 diarrhea was observed more often in the bolus FLOX than 
in the infusional FOLFOX4 protocol (38 vs. 10.8%). In the NSABP study, five patients 
(0.4%) died within the first 60 days after beginning chemotherapy due to a 
chemotherapeutically-induced enteropathy [779]. While showing comparable 
effectiveness, the toxicity of the FLOX protocol is not acceptable in comparison to that 
of the FOLFOX4 protocol. Hence, the FLOX protocol should not be used in adjuvant 
situations. Internationally, at this time the modified FOLFOX6 scheme, which consists 
of a 46-hour continuous infusion of 5-FU after an initial 5-FU bolus on day 1, is 
preferred; this scheme represents the control arm of international studies. This way, 
the patient avoids the 5-FU bolus and changing of the pump on day 2 of therapy (dose: 
Oxaliplatin 85 mg/m2 IV, folinic acid 400mg/m2 + 5-FU 400 mg/m2 bolus, then 2400 
mg/m2 continuously IV for 46 hours every 2 weeks). So far, for the combination of 
Capecitabin and Oxaliplatin in comparison to different bolus regimes of 5-FU/FA only 

toxicity data exist [780]. 

Adjuvant therapy with protocols including Irinotecan cannot be recommended on the 

basis of the available phase III study data [781-783]. 

Monotherapy with Fluoropyrimidines 

8.7. Recommendation 2008 

Grade of 
Recommendation 

A 

In case of contraindications against Oxaliplatin-containing regimes, a monotherapy 
with fluoropyrimidines should be given. Here oral fluoropyrimidines should be 
preferred over infusional schemes. Bolus regimes should no longer be used due to 
higher toxicity. 

Level of Evidence 

1 

Strong consensus 

 

Oral 5-FU Prodrugs: 

e.g. Capecitabine 2x 1250 mg/m2 body surface p.o. day 1-14, every 3 weeks for 8 

cycles. 

Background 

1,987 patients with stage III colon cancer were randomized to either the Mayo Clinic 
scheme (983 patients) or were given Capecitabine as monotherapy (1004 patients) 
over a period of 24 weeks each (X-ACT study). The primary aim of the study was 
achieved by proving that Capecitabine was at least equivalent to the Mayo scheme with 
regard to disease-free survival. The analysis showed a trend towards an improved 
disease-free survival with Capecitabine (HR 0.87; 95% CI: 0,75-1,00; p=0.05). 
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Furthermore, overall survival also did not show a significant difference. However, again 

a trend towards superiority of Capecitabine was found (81.3 vs. 75.6%; p=0.05) [784]. 

Even though a randomized study with UFT + folinic acid versus 5-FU/FA [576] did not 
detect a difference in overall and disease-free survival and a Japanese meta-analysis of 
3 studies even found a significant improvement of overall and disease-free survival 
[786], UFT is currently not recommended, because it has not been approved for 

adjuvant chemotherapy of colon cancer in Germany. 

Infusional 5-FU/Folinic Acid: 

• LV5FU2 
e.g. folinic acid (FA) (200 mg/m2 as 2-hour infusion, day 1 and 2) plus 5-FU 
(400 mg/m2 as bolus, then 600 mg/m2 as 22-hour infusion; day 1 and 2)    1 
cycle lasts 2 weeks, 12 cycles total 

• 5-FU/folinic acid scheme 
e.g. folinic acid (FA) (500 mg/m2 as 1-2-hour infusion) plus 5-FU (2600 
mg/m2 as 24-hour infusion) 1x per week over a period of 6 weeks (day 1, 8, 
15, 22, 29, 36). Repetition of therapy in week 9 (day 50). 2 cycles total. 

• Protracted venous 5-FU infusion (PVI) 
e.g. 5-FU as long-term infusion over 12 weeks total (300 mg/m2/day) 

Background 

Compared to bolus schemes, several therapeutic studies with different types of 
infusional application show no difference to giving 5-FU/FA as a bolus in relation to 
disease-free and overall survival. However, the noticeably better toxicity profile 
obviously speaks in favor of infusional application [787, 788]* [789, 790]. A 
comparison of a 12 week therapy with the "protracted venous infusion" (PVI) of 5-FU 
(300 mg/m2/day) versus a 6-months Mayo scheme showed no significant difference in 
recurrence-free survival (RFS) and in overall survival while demonstrating lower toxicity 
for PVI 5-FU [791]. Beginning of adjuvant chemotherapy within a period of 8 weeks 
after surgery showed a significant survival benefit [792]. Optimal duration of 

chemotherapy was 6 months [789, 793, 794]. 

8.1.6.2. Stage II 

8.8. Recommendation 2008 

Grade of 
Recommendation 

0 

If patients with stage II tumors have adjuvant chemotherapy, fluoropyrimidines can 
be administered as monotherapy. 

Level of Evidence 

1 

Strong consensus 

 

Background 

see Chapter 8.1.4 UICC-Stage II. 
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8.2. Perioperative Therapy of Rectal Cancer 

8.2.1. Indications for Perioperative Radiotherapy or 
Radiochemotherapy 

8.2.1.1. Stage I 

8.9. Recommendation 2008 

Grade of 
Recommendation 

A 

Perioperative therapy is not indicated for stage I tumors. 

Level of Evidence 

5 

Strong consensus 

 

Background 

Cancer of the rectum in UICC stage I (T1/2 N0) show a low rate of local recurrence and 
distant metastasis when the treatment consists of a sole radical operation with en-bloc 
dissection of lymph nodes and total mesorectal excision (TME) for tumors in the lower 
(up to 6 cm from the anocutaneous line) and middle third of the rectum (> 6-12 cm 
from the anocutaneous line) or a partial mesorectal excision (PME) for tumors in the 
upper third of the rectum (> 12-16 cm from the anocutaneous line) [795]. For this 
reason, this tumor stage has been excluded from early American studies as well as 

from modern trials looking at the role of neoadjuvant radiochemotherapy [796]. 

Nevertheless, Swedish and Dutch studies on pre-operative short-term pre-radiation 
with 5x5 Gy versus an operation alone included tumor stage I. A subgroup analysis 
performed in a more recent Dutch study showed no significant difference in local 
recurrence rate between sole TME and additional radiotherapy for tumors in UICC stage 
I [795, 797]. The older Swedish study demonstrated a significant benefit of additional 

radiation for stage I, but here the concept of TME had not yet been implemented [798]. 

The relevance of radio(chemo)therapy before or after local excision of a T1 high-risk 
cancer (G3/4, L1, V1, diameter larger than 3 cm, R1 resection) is not verified [799]. A 
radical tumor excision including lymph node removal should be performed within 4 
weeks for patients showing incomplete resection (R1) or risk-constellations (see 
above). For patients with T1 high-risk cancers localized in the lower part of the rectum 
or T2-N0-tumours in UICC stage I who refuse an extirpation, pre-operative 
radio(chemo)therapy followed by local excision can be an option [800]. This, however, 

is a procedure that has not been validated. 
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8.2.1.2. Stage II/III 

8.10. Recommendation 2008 

Grade of 
Recommendation 

A 

For UICC stages II and III neoadjuvant radiotherapy or radiochemotherapy is 
indicated. cT1/2 cancers with questionable lymph node involvement are an 
exception; here, primary surgery (if necessary followed by adjuvant 
radiochemotherapy in the presence of pN+) is a possible therapeutic option. 

Level of Evidence 

1b 

Strong consensus 

 

Background 

Meta-analyses show an improved effectiveness of pre-operative radiation in 
comparison to postoperative radiation [801, 802]. An early randomized study on pre- 
versus postoperative sole radiation showed a significantly lower rate of local 
recurrences in the pre-operative arm [803]. A German study on adjuvant and 
neoadjuvant radiochemotherapy (RCT) of rectal cancer in UICC stages II and III 
(CAO/ARO/AIO-94) also demonstrated a significant reduction of the rate of local 
recurrences in the neoadjuvant arm [804]. The rate of postoperative complications was 
not increased for preoperative RCT in comparison to immediate operation; acute and 
chronic toxicity overall were significantly lower in the preoperative RCT-arm. For deep-
seated tumors for which the surgeon had assessed an obligatory indication for 
extirpation prior to randomization, the rate of sphincter-retaining operation 
procedures was doubled by pretreatment in comparison to immediate surgery. A 
problem of every neoadjuvant therapy is the potential “overstaging” and, thus, the 
resulting “overtreatment” of patients for whom, falsely, a wall-penetrating (T3) or 
lymph node positive tumor (N+) has been diagnosed. Since sensitivity and specificity 
are limited especially for the evaluation of lymph node involvement, for T1/2 tumors 
showing questionable N+ status in imaging techniques the primary operation is 

considered an advisable option. 

Several centers and study groups have stated – taking into account the chronic side 
effects associated with radiotherapy [805, 806] – further selection criteria for primary 
operations. These are T3 tumors infiltrating the mesorectal fatty tissue by not more 
than 5 mm as well as tumors showing a distance of more than 1 mm to the mesorectal 
line of resection (MRI diagnosis is obligatory) [807, 808]. These selection criteria have 

to be evaluated further in clinical trials. 

8.11. Recommendation 2008 

Grade of 
Recommendation 

0 

The relevance of radiation therapy for cancers in the upper third of the rectum is 
considered controversial. Adjuvant therapy as for colon cancer or perioperative 
radio(chemo)therapy as for rectal cancer can be performed. 

Level of Evidence 

3a 

Strong consensus 
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Background 

The following arguments speak in favor of treating the upper third of the rectum (> 12-
16 cm from the anocutaneous line, measured with a rigid rectoscope) in the same way 

as colon cancer: 

• Data from American studies on adjuvant therapy which established 
radiochemotherapy for treatment of rectal cancer, were based exclusively on 
rectal tumors showing a margin of up to 12 cm in between the distal edge of 
the tumor and the anocutaneous line. 

• The Dutch TME study showed no significant improvement of the local disease-
recurrence rate by additional radiotherapy for tumors of the upper third of the 

rectum (here defined as: 10-15 cm from the anocutaneous line) [797]. 

The following arguments speak in favor of treating the upper third of the rectum in the 

same way as rectal cancer: 

• The analysis of the Dutch TME study represents the results of an explorative 
subgroup analysis. Thus, the authors of the trial did not conclude that patients 
with tumors in the upper third of the rectum do not require radiotherapy. 

• The British MRC-CR07 study, which so far has only been published in abstract 
form, has shown a significant advantage of general pre-operative short-term 
radiotherapy versus selective postoperative radiochemotherapy for all rectal 
thirds only if the circumferential resection margin was affected [809]*. 

• A current subgroup analysis of the German CAO/ARO/AIO study 94 found no 
significant difference in the local disease-recurrence rate for tumors in the 
middle and upper third of the rectum. 

• In contrast to the Dutch TME study, in Germany tumors in the upper third of 
the rectum are treated with a partial mesorectal excision (PME). This procedure 
is possibly associated with an increased rate of local disease-recurrence. The 
GAST-05 study led by Prof. Becker and Dr. Liersch will examine the question of 

whether tumors in the upper third of the rectum require a TME. 

8.12. Recommendation 2008 

Grade of 
Recommendation 

A 

In situations in which a downsizing of the tumor is attempted (T4 tumors, 
insufficient safety margin to the mesorectal fascia in thin-layer MRI – margin of 1 
mm or less – or desired sphincter retention for tumors in the lower third), pre-
operative radiochemotherapy should be preferred over short-term radiotherapy. For 
cT3 tumors or cN+ tumors for which downsizing is not attempted, pre-operative 
therapy can be conducted in form of either radiochemotherapy or short-term 
radiation. 

Level of Evidence 

3b 

Strong consensus 

 

Background 

For pre-operative radiotherapy, two radiation schemes are principally available: Short-
term radiation with 25 Gy in single doses of 5 Gy over five consecutive days directly 
followed by the operation and conventionally fractionated radiation up to a total 
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reference dose of 45 to 50.4 Gy in 25-28 fractions followed by the operation after 4-6 
weeks. A randomized Polish study found that in comparison to short-term radiation 
conventionally fractioned neoadjuvant radiochemotherapy was associated with a 
significantly superior result in relation to downsizing and downstaging as well as with 
a significantly lower rate of R1 resections [810]. Nevertheless, the rate of sphincter-
preserving surgical procedures (primary endpoint) as well as local control (secondary 
endpoint) showed no significant difference in both arms [811]. To maximize tumor 
shrinkage prior to operation, conventionally fractionated radiochemotherapy should be 
preferred over short-term radiation for those indications listed above. With the latter 
no relevant tumor shrinkage is achieved due to the short duration of therapy and the 

directly following surgery [812]. 

8.13. Recommendation 2008 

Grade of 
Recommendation 

A 

Neoadjuvant radiochemotherapy should include 5-Fluorouracil monochemotherapy 
with or without folinic acid. 

Level of Evidence 

1b 

Strong consensus 

 

Background 

The value of combining conventionally fractionated pre-operative RT with a 5-FU/folinic 
acid chemotherapy conducted simultaneously was analyzed in the EORTC-22921- as 
well as in the FFCD-9203-study (the EORTC-study additionally analyzed the relevance of 
adjuvant chemotherapy [813, 814]). The essential result of both studies was the 
significant reduction of local disease-recurrence rate by pre-operative 
radiochemotherapy in comparison to solitary radiotherapy. In the German 
CAO/ARO/AIO-94 study, 5-FU was administered in the first and fifth week of radiation 
with a dose of 1000 mg/m²/day as a 120-hour infusion. In the EORTC-22921 and the 
FFCD-9203 study, patients received 5-FU at a dose of 350 mg/m²/day and folinic acid 
at a dose of 20 mg/m²/day in the first and fifth week of radiation over a period of 5 

days each. 

Neoadjuvant radiochemotherapy including new substances and combinations 
(Capecitabine, Oxaliplatin, and Irinotecan) showed complete remission rates of up to 
30% in several phase II studies [815]. The value of these combination therapies is 

currently being tested in phase III studies. 
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8.2.2. Adjuvant Therapy 

8.2.2.1. Adjuvant Therapy After Primary Surgery (without neoadjuvant therapy) 

8.14. Recommendation 2008 

Grade of 
Recommendation 

A 

In stage I, adjuvant therapy is not indicated after a R0-resection. 

Level of Evidence 

1b 

Strong consensus 

 

Background 

In all randomized studies of adjuvant therapy, patients with UICC stage I were 
excluded due to an altogether low rate of local disease-recurrence and distant 

metastases. 

8.15. Recommendation 2008 

Grade of 
Recommendation 

A 

Patients with UICC stage II and III, who have not undergone neoadjuvant 
radiochemotherapy or short-term radiotherapy, should receive adjuvant 
radiochemotherapy. 

Level of Evidence 

1b 

Strong consensus 

 

Background 

The addition of chemotherapy to postoperative radiation reduced not only the rate of 
local disease-recurrence, but also improved overall survival in comparison to 
(conventional) operations only [816, 817]. Data on the use of adjuvant 
radiochemotherapy after pathologically confirmed adequate excision of the 
mesorectum and a distance of more than 1 mm between the tumor and the 
circumferential resection margin are not yet available. The rates of local disease-
recurrence, even without an additional adjuvant therapy, are specified here with a total 
less than 10%. However, for subgroups such as tumors in the lower third of the 
rectum, they might be higher. Patients with tumors in UICC stage II and III should be 
included in randomized studies. This would clarify whether after quality-assured 
surgery certain subgroups of patients exist (e. g. pT3N0-tumours with little infiltration 
of the perirectal fatty tissue or pT1/2-N+-tumours), whose disease-recurrence risk is 
comparable to that of patients in UICC stage I and who, therefore, do not benefit from 
adjuvant radio- and chemotherapy [818, 819]. Concerning the question of tumor 

therapy in the upper third of the rectum see Chapter 8.2.1.2. 

The British MRC-CR07 study, which until now has only been published as an abstract, 
has shown that a risk-adapted algorithm (postoperative radiochemotherapy only for 
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patients with positive circumferential resection margins after TME) is significantly 
inferior to a general pre-operative radiotherapy with 5x5 Gy for all cancers of the 

rectum with regard to local control and disease-free survival [809]. 

8.16. Recommendation 2008 

Grade of 
Recommendation 

B 

After a R1-resection or intraoperative tumor tears, a postoperative 
radiochemotherapy should be conducted unless neoadjuvant radio(chemo)therapy 
has been performed previously. 

Level of Evidence 

4 

Strong consensus 

 

Background 

R1-resections and intraoperative tumor tears are associated with a high risk of local 
disease-recurrence and justify a postoperative RCT. An unplanned subgroup analysis of 
the Dutch TME study showed no significant improvement in the rates of local disease-
recurrence if a solitary postoperative radiotherapy with up to 50.4 Gy was conducted 

[820]. 

8.17. Recommendation 2008 

Grade of 
Recommendation 

B 

Adjuvant therapy should begin 4-6 weeks after the operation. 

Level of Evidence 

3a 

Strong consensus 

 

8.18. Recommendation 2008 

Grade of 
Recommendation 

0 

Radiation therapy can take place at the same time as the first and second 
chemotherapy cycle or as the third and fourth cycle. 

Level of Evidence 

2a 

Strong consensus 
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8.19. Recommendation 2008 

Grade of 
Recommendation 

A 

Radiation therapy should be combined with 5-FU 
monochemotherapy. 

 

Level of Evidence 

1b 

Strong consensus 

 

Background for the last 3 recommendations: 

According to the “NCI scheme”, adjuvant therapy begins 4-8 weeks after surgery by 
administration of two chemotherapy courses of 5-FU at a dose of 500 mg/m² body 
surface per day as a bolus application for five consecutive days (day 1 to 5 and 36 to 
40). Radiotherapy begins on day 63. The pelvic area of lymphatic drainage should 
receive a total dose of 45 Gy by applying a single dose of 1.8 Gy five days a week over 
five weeks followed by a low-volume dose saturation of up to 50.4 Gy in the area 
showing the biggest risk of local disease-recurrence. During the first and fifth week of 
radiation, patients receive simultaneous 5-FU chemotherapy in the same dose and 
application form as for the two initial courses, however, only over a period of three 
days. After completion of the radiotherapy, two additional courses of chemotherapy 
should follow (day 134-138 and 169-173), however, only in a reduced dose of 450 mg 

5-FU/m² body surface per day over a period of five days [514]. 

According to study results published by O’Connell et al., during the entire period of 
radiation a low-dose 5-FU long-term infusion can be given with a dose of 225 mg/m² 
body surface per day instead of applying 5-FU in bolus form [821]. The Intergroup-
0144 study, however, has not confirmed superiority of 5-FU long-term infusional 
programs in comparison to biochemically (folinic acid/levamisole) modulated 5-FU 
bolus applications [822]. In a four-arm American intergroup-study (0114), modulation 
of 5-FU bolus applications with leukovorin and/or levamisole was not superior to the 
sole administration of a 5-FU bolus [823]. 

A further possible modification of the NCI scheme involves the time period between 
the operation and radiotherapy. Tumor and radiation biological reasons speak for a 
short time interval until the operation is performed. First analyses of a Korean study 
gave evidence that an early beginning of radiotherapy simultaneously to conducting 
the first 2 postoperative chemotherapy courses results in a significantly better disease-
free survival rate [824]. This, however, was not confirmed by a long-term follow-up 
[825]*. The postoperative arm of the German CAO/ARO/AIO-94 study can be 
recommended as an alternative to the NCI scheme (start of RCT 4 weeks after surgery, 
1000 mg/m²/day of 5-FU as a 120-hour long-term infusion in the first and fifth week 
of radiation, 4 courses of adjuvant chemotherapy, 5-FU bolus at a dose of 500 

mg/m²/day over 5 days, 3 week break). 
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8.20. Recommendation 2008 

Grade of 
Recommendation 

A 

The standard for adjuvant therapy of rectal cancer is a combined 
radiochemotherapy. 

There is no indication for sole (adjuvant) chemotherapy or radiotherapy for rectal 
cancer. An exception is only in case of contraindication against one or the other 
forms of therapy. 

Level of Evidence 

1a 

Strong consensus 

 

Background 

Sole postoperative radiotherapy reduces the rate of local disease recurrence, but has – 
in contrast to the combination of radio- and chemotherapy – no influence on overall 
survival [826]. Contraindications for radiotherapy are prior radiations in the pelvis as, 
for instance, in prostate or cervical cancer treatment. Sole chemotherapy reduces the 
rate of disease recurrence. However, a combination with radiotherapy was shown to be 
superior to chemotherapy alone [514]. A recently published Japanese phase III study 
showed a survival benefit for patients in UICC stage III by applying a sole postoperative 
chemotherapy with Uracil-Tegafur after TME and selective lateral lymph node 

dissection [827]. 

8.2.2.2. Adjuvant Therapy After Neoadjuvant Radiotherapy or Radiochemotherapy 

8.21. Recommendation 2008 

Grade of 
Recommendation 

A 

In patients with rectal cancer who have undergone neoadjuvant radiochemotherapy 
adjuvant chemotherapy is indicated after surgery regardless of the postoperative 
tumor stage (thus, being indicated also with complete remission or for UICC stages I 
and II). 

Level of Evidence 

1b 

Strong consensus 

 

Background 

The reason for this recommendation is that adjuvant chemotherapy was an obligatory 
component of the CAO/ARO/AIO-94 study as well as of the FFCD-9203 study after 
preoperative radiochemotherapy. The EORTC study (22921) randomized patients in a 
four-arm study and a “two-by-two factorial design” between the groups of 
postoperative chemotherapy and no postoperative chemotherapy after preoperative 
radiotherapy or radiochemotherapy. Postoperative chemotherapy did not lead to a 
statistically significant improvement of survival. Nonetheless, the survival benefit was 
6% in absolute terms for progression-free survival and 4% for overall survival. This was 

attained by conducting a therapy with comparatively low toxicity [804]. 
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Subgroup analyses revealed that adjuvant chemotherapy showed a significant survival 
benefit especially for those patient groups whose histopathological status was 
ypT0/1/2 after preoperative therapy [804]. In studies on preoperative short-term 
radiotherapy with 5x5 Gy, generally no adjuvant chemotherapy was applied. In a 
current Dutch phase III study patients with rectal cancers treated by 5x5 Gy radiation 
and surgery are being randomized to adjuvant chemotherapy with Capecitabine and 

observation [813, 828]. 

8.22. Recommendation 2008 

Grade of 
Recommendation 

B 

Adjuvant chemotherapy should either be conducted as a 5-FU monotherapy or as a 
combination with 5-FU/folinic acid. 

Level of Evidence 

1b 

Strong consensus 

 

Background 

In the CAO/ARO/AIO-94 study, 4 cycles of adjuvant chemotherapy with 5-FU at a dose 
of 500 mg/m² were administered as an IV bolus over 5 days every 4 weeks. In the 
EORTC-22921 and FFCD-9203 studies, patients received 4 cycles of adjuvant 
chemotherapy with 5-FU at a dose of 350 mg/m²/day and folinic acid at a dose of 20 

mg/m²/day over 5 days each every 4 weeks. 
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9. Management of Patients with Metastases 
and in the Palliative Situation 

The following part of the S3-guideline contains updated recommendations from 
2007/2008 on tumor therapy of metastatic CRC, which particularly reflect study 
findings from 2003-2007. Primary resectable metastases will be discussed as well as 
the special situation of a secondary resectability in a therapy concept that is primarily 
palliative. Taking into account the availability of new biological substances, a detailed 
listing will be presented with comments on possible combinations depending on the 
goal of therapy and the individual situation of the patient. Dividing patients into 

subgroups should simplify decision-making. 

Definition of Subgroups According to Clinical Situations/Therapy Goals: 

1. Patients with primarily resectable liver- and/or pulmonary metastases 

2. Patients with indication for intensified systemic therapy 

 2.1. Patients with liver- and/or pulmonary metastases, potentially resectable    
after response to neoadjuvant therapy and clinically operable patients 

 2.2. Patients with tumor-related symptoms, organ complications, or rapid 
progression 

3. Patients with possibility for a less-intensive therapy 

 3.1. Patients with multiple metastases without an option of surgical resection 
after downsizing of metastases, patients without tumor-related symptoms or 
organ complications and/or severe comorbidities 

 

For synchronous as well as metachronous metastases of liver and/or lungs, complete 
surgical resection offers a chance of permanent cure for some patients. The evaluation 
of resectability is the first step in the decision-making process for the therapeutic 
management in patients with pulmonary and/or hepatic metastases (citation: NCCN 
2007). In patients with R0-resectable metastases surgical resection should be the 
primary choice (see 9.1). Patients without a possibility for a primary surgical 
intervention should receive systemic chemotherapy. The choice of the chemotherapy 
regimen (crucially) depends upon the therapeutic goal. The therapeutic strategy for 
metastases in palliative situations should e.g. be determined in the context of 
interdisciplinary tumor boards. Patients have to be thoroughly informed about 
therapeutic options according to their individual needs and involved in decision-
making. Aside from tumor therap which will be illustrated in the following, securing 
adequate analgesic therapy and nutrition, need-based psycho-social and psycho-
oncological care, as well as supportive therapy schemes are integral parts of a 
palliative therapy concept (see topic-specific guideline at www.awmf-leitlinien.de 
(available sources, as of 8/07: Guidelines of the German Society for Nutritional 
Medicine/ESPEN Guidelines on Enteral Nutrition (www.awmf-leitlinien.de, register no. 
073/006e and 073/005e); guideline “tumour pain” registered by DIVS and DKG, 
currently under development, planned to be published in 2008)). Concerning therapy 
goals in palliative situations, the disease- and therapy-related quality of life as an easily 
measurable parameter is now more frequently used as a secondary endpoint in 
studies. The wish of patients to be informed about all relevant and available measures 
(tumor-specific, supportive, psycho-social, psycho-oncological therapy options) and 



9. Management of Patients with Metastases and in the Palliative Situation  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

147 

support offers (e. g. cancer counseling offices, self-help groups) has to be met. In 
addition, complementary/unconventional treatment methods should be discussed with 

the patient, also to avoid unfavorable interactions with other therapeutics. 

9.1. Primarily Resectable Liver and/or Pulmonary 
Metastases 

9.1.1. Primarily Resectable Pulmonary Metastases 

9.1. Recommendation 2008 

Grade of 
Recommendation 

A 

Resectable pulmonary metastases should be resected. 

Level of Evidence 

3a 

Strong consensus 

 

Background 

The indication for primary resection of pulmonary metastases depends on their 
number and localization, the level of potential pulmonary pre-damage, and the 
expected residual volume after resection. The premise for this is that a R0 resection 
seems generally possible. Resections should be performed parenchyma-preserving, 
whereby a sufficient degree of radicality should be guaranteed. Patients should be 
treated in specialized centers by surgeons who have considerable experience in this 
matter [829]. In a currently published systematic review by Pfannschmidt et al., a 
majority of the studies consulted agreed only on preoperative CEA tests as an 
independent prognostic factor, while data on the prognostic relevance of the 
preoperative number of metastases are inconsistent. However, they show a trend 
towards a survival benefit for patients with single metastasis (Table 9). Further 
possible influencing factors, such as the disease-free interval or the initial tumor stage 

have not been confirmed with regard to their prognostic significance [830-833]. 

Table 9: Five-Year Overall Survival After R0 Resection of Pulmonary Metastases (according to 
Pfannschmidt et al. [833]). 

Reference N 5-year survival rate Mean follow-up (mo) Level of 
evidence 

Lee 2007 59 50.3% 34.7  III 

Pfannschmidt 2003 167 32.4% 58.6  III 

Saito 2002 165 39.6% 56.5  III 
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9.1.2. Primarily Resectable Liver Metastases 
Definition [834]: Resectable liver metastases are present if 

• a non-resectable extra-hepatic tumor manifestation has been ruled out 

• less than 70% of the parenchyma are affected 

• less than 3 liver veins and less than 7 segments are involved 

• no liver insufficiency or Child B or C cirrhosis is present 

• no serious comorbidities are present 

9.2. Recommendation 2008 

Grade of 
Recommendation 

A 

R0-resectable metastases limited to the liver should be resected. 

Level of Evidence 

3b  

Strong consensus 

 

Background 

The five-year survival rate after resection of colorectal liver metastases ranges from 25 

to 40% [835-838]. 

Table 10: Survival Rate After Resection of Colorectal Metastases 

Reference N Surgical 
mortality 

5-year-
survival rate 

surgery 

5-year-
survival rate 

no surgery 

p= Level of 
evidence 

Nordlinger 
1996† 

1568 2.3% 28% --- --- III 

Fong 
1997†† 

456 2.8% 38% --- --- III 

Scheele 
2001††† 

516 83% 38% --- --- III 

Kato 
2003††††  

763 (585 
OP vs 178 
w/o 
surgery) 

n.a. 39.2% 3.4% <0.001 III 

†    adjuvant therapy in 35 % of cases 
††   adjuvant therapy in 128 patients  
†††  43 patients with different regimens of chemotherapy prior to resection of metastases, 26 patients received adjuvant  
     treatment 
†††† adjuvant therapies among 54.5% of all cases without significant difference in the survival rate 
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9.3. Consensus-based Recommendation 2008 

GCP The resectability of metastases should be evaluated by a surgeon with considerable 
experience in the surgery of liver metastases. 

 Strong consensus 

 

Background 

The prognosis can be estimated preoperatively based on easily obtainable clinical 
criteria according to the so-called FONG score (Table 11). This preoperative prognosis 
score from the Memorial Sloan Kettering Cancer Center in New York was calculated 

based on a large number of patients and is internationally recognized. 

Prognostically unfavorable criteria [839]: 

• • nodal positive primary tumor 

• • disease-free interval <12 months 

• • size of metastases > 5 cm 

• • number of metastases > 1 

• • preoperative CEA > 200 ng/dl 

Patients with a score not greater than a maximum of 2 points have a good chance of 

long-term survival after primary liver resection: 

Table 11: Survival After Resection of Colorectal Liver Metastases (according to Fong et al. 
Annals of Surgery, 1999) [839] 

Score 5-year survival 

0 57% 

1 57% 

2 47% 

3 16% 

4 8% 

5 0% 
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9.1.2.1. Preoperative Imaging 

9.4. Recommendation 2013 

Grade of 
Recommendation 

0 

A PET-CT can be performed in patients with resectable CRC liver metastases.  

Level of Evidence 

2b 

Consensus 

 

9.5. Recommendation 2013 

Grade of 
Recommendation 

B 

A PET-CT shall not be performed within 4 weeks after systemic chemotherapy or 
antibody therapy, because this significantly reduces its sensitivity.  

Level of Evidence 

2b 

Strong consensus 

 

Background 

A preliminary report on the benefit of PET/PET-CT for relapse diagnostics and relapse 
staging in CRC patients was presented by the IQWIG (Institute for Quality and 
Economics in Health Care) in August 2011 [552]. Aside from the evaluation of the 
patient relevant benefit, a systematic evaluation of the prognostic and diagnostic 
quality of the PET/PET-CT was done. The literature search included a period up to 
August 2009. More recent publications were mentioned in the text. The guideline 
recommendations given here are based on the evidence evaluation of the IQWIG report. 
The Grade of Recommendation was developed under additional inclusion of the clinical 
evaluation of the procedure. Furthermore, in a more recent literature search from 
August 2009 – December 2011, a RCT in abstract form [548], 2 systematic reviews 
[553];[526], a prospective case control study [549], and a retrospective case series 
[551] were identified. They were also included in the evaluation (for details see 
evidence report). The previous recommendation of Grade B from the last guideline 
update in 2008 (9.1.2.1) for PET/PET-CT examinations before resection of colorectal 
liver metastases with a FONG score > 2 was changed, because the study that led to this 

recommendation has still not been published as a full article [554]. 

So far, a RCT as a full publication and 1 RCT in abstract form have been published on 
the issue of patient-relevant benefit of PET/PET-CT. For patients before resection of 
CRC liver metastases, a supporting PET/PET-CT has no effect on disease-free or total 
survival of the patient. Whether supplemental PET-CT examinations help to avoid futile 
laparotomies as clinical endpoints is not completely resolved. The consensus 
recommendation here is especially supported by the full published study by Ruers 
[547] which has, however, methodological weaknesses. In this study 150 patients with 
colorectal liver metastases who were planned to undergo resections were randomized 
to 2 study arms (CT or CT plus 18F-FDG PET). The primary study objective was 
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reported in the publication as rate of futile laparotomies that were avoided as a result 
of the PET examination. This endpoint is relevant for the patient. The study reported 
no significant difference in survival in the PET-arm. However, a significantly reduced 
number of "futile laparotomies“ was seen in this study arm. The rate of futile 
laparotomies was 45% in the control arm and 28% in the PET-arm. This corresponded 
to a risk reduction of 38% with a very large confidence interval (95% CI, 4-60%, 
p=0.042). The authors concluded that in one in six patients a laparotomy can be 
avoided with an additional PET before liver metastasis resection. The secondary 
endpoint DFS and OS were as follows: DFS: 35.5% versus 29.8 % (p-value = 0.194); OS: 
61.3% versus 65.8 % (p-value = 0.378). The study's evidence level was downgraded by 
the consensus conference (see also IQWIG-report, degrading from Ib to II), because the 
primary study endpoints mentioned in the study plan were different from the ones in 
the publication (original endpoint: rate of patients who were disease-free after 9 

months). 

Another multicenter randomized study that has so far been published as an abstract at 
the ASCO annual meeting 2011 also investigated this issue [548]. Endpoint of this 
study was the change in patient management after PET-diagnostics (no operation 
because of additional results or expansion of surgery compared to the intention 
without/before PET-diagnostics) in a 2:1 randomization design in CRC patients who 
seemed suitable for liver resection for liver metastases. 404 patients were randomized 
(270 patients in the PET/CT-arm, 134 patients without PET). There was no difference in 
management change between both study arms. Thus, the endpoint was not reached. 
However, as far as could be deduced from the presentation, about 70% of patients had 
chemotherapy before PET diagnostics. This significantly reduces the sensitivity of the 
examination method (see below). It should also be critically noted that the endpoint 
"change in patient management" in contrast to "reduction of futile operations" was not 

considered patient relevant.  

Several studies point out that the sensitivity of PETs is significantly reduced if they are 
done within 4 weeks after chemotherapy (evidence level IIa-III). Therefore, a PET is not 
recommended during this time, because too many false negative cases occur. The 
issue was not evaluated by the IQWIG report. A larger case control study without 
randomization was published in 2010 which investigated the sensitivity of PET after 
chemotherapy [549]. The study found a negative predictive value of only 13.3% and a 
positive predictive value of 94% with a specificity of 22.2% at an accuracy of 85% if the 
PET was done within 4 weeks after the end of chemotherapy. The authors concluded 
that diagnostic PET examinations shortly after chemotherapy administration are not 
useful. A retrospective study from Australia evaluated PET-results of patients with liver 
metastases before liver resection [555]. This study was small and heterogeneous. 21 
patients were systematically treated before surgery, 53 were not. Correct results were 
determined using PET for 29% of patients after chemotherapy and 53% without 
chemotherapy. Underestimated results were observed in 52% in the chemotherapy 
group and only 34% in the group without chemotherapy. This study underscores that 
PET examinations shortly after chemotherapy are not useful. Another prospective trial 

[550] and a retrospective study [551] reached similar results. 
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9.1.2.2. Perioperative Therapy of Primarily Resectable Liver Metastases 

9.1.2.2.1. Neoadjuvant Therapy of Resectable Liver Metastases 

9.6. Recommendation 2008 

Grade of 
Recommendation 

0 

Neoadjuvant systemic therapy of resectable liver metastases can be considered in 
founded exceptional cases. 

Level of Evidence 

3 

Strong consensus 

 

Background 

Neoadjuvant therapy is intended to improve the results of a curatively intended 
surgical intervention and is, therefore, linked to the realistic option of subsequent R0 
resection. To compare neoadjuvant (preoperative) or combined (perioperative) versus 
adjuvant (postoperative) strategy with regard to the target dimension of R0 
resectability and long-term survival with primarily resectable liver metastases, there are 
no prospective, randomized studies available. In a currently published prospective 
randomized phase III study of the EORTC, the role of perioperative therapy with liver 
metastases primarily classified as R0 resectable was investigated. In relation to 
progression-free survival, the intention-to-treat analysis revealed no significant benefit 
for perioperative therapy with FOLFOX4 in comparison to a sole operation. The 
difference in progression-free 3-year-survival was 7.3% (28.1 to 35.4%) and just missed 
the level of significance (HR: 0.79; [0.62-1.02]; p=0.058) (see Table 12). Per protocol 
analysis, which only considered patients who were actually resected, showed that a 
significant prolongation of progression-free survival can be achieved with perioperative 
therapy (33.2 vs. 42.4%; HR: 0.73; 0.55-0.97; p=0.025). The possible benefit of 
perioperative therapy is in contrast to the significantly increased perioperative 
morbidity in the chemotherapy arm (25% vs. 16% with sole operation, p=0.04), whereas 
overall mortality showed no difference [841]. The decision for neoadjuvant therapy of 
liver metastasis should take into account that - aside from increased perioperative 
morbidity - perioperative chemotherapy might reduce therapeutic options for recurrent 
disease. In addition, there is a certain risk that the optimal time window for a resection 
might be missed, and that all combination protocols cause a significant amount of 
damage to healthy liver tissue (see section 9.2.1.2.2). A potential advantage is the 
possibility of an early treatment of micrometastases and the evaluation of response to 
chemotherapy, which can be helpful in postoperative planning and estimating 
prognosis [842]. The guideline of the US-American National Comprehensive Cancer 
Network (NCCN), therefore, recommends that for patients with synchronous, 
resectable metastases, aside from the sole adjuvant strategy, neoadjuvant therapy 
(plus adjuvant therapy postoperatively) should be considered as an option. For 
metachronous metastases, surgery is the primary recommendation if the patient has 
received chemotherapy within the past 12 months (National Comprehensive Cancer 
Network. Clinical Guidelines in Oncology: Colon Cancer V2.2007. Available at: 

"http://www.nccn.org" access on June 4, 2007). 

Taking into consideration the potential risks of neoadjuvant therapy, the restrictive 

recommendation and the striving for a timely resection appears to be justified. 
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The concept of perioperative chemotherapy for primarily resectable liver metastases is 
currently being evaluated in on-going studies with chemotherapy regimens of different 

intensities. 

Table 12: Prospective Studies on Neoadjuvant Therapy of Patients with Resectable Liver 
Metastases. 

Reference N Therapy 
regimen 

Overall 
response 
rate (ORR) 

Resection 
rate (R0) 

Long-term 
survival 

Level of 
evidence 

Lorenz 2003 
[843] † 

42 FOLFOX 

 

47.7% 80.9% 

 

--- IIb – III 

 

Wein 2003 

[844] †† 
20 5FU /FS /OX 100% 80% 2-y. tumor-

related 
survival 

80% 

IV 

Gruenberger 
2008 [845] 

56 XELOX 

+ 
Bevacizumab 

73% 93% --- IIb 

Nordlinger 
2008 [841] 

††† 

364 FOLFOX 4 

pre- und 
postop. 

vs OP alone 

43% 83.0% vs 
84% 

3-y. PFS 

35.4% vs 
28.1% 

 

HR:0.79(0.62-
1.02) p=0.058 

Ib 

†Phase I/II-study, target by definition not proof of effectiveness. Nearly exclusively patients with synchronous metastases. Comparison with standard 
questionable, retrospective case number legitimation. Pilot phase not randomized (n=6 vs. 6), afterwards randomized (n=16 vs. 14). 

††Date of analysis 12 months after closing of recruitment, 2 primary endpoints; 2-year tumor-related survival and response rate. The first endpoint was 
only reached by 10 patients, of whom 6 are alive; phase II study, generalizability is questionable (monocentric, very high response rate), median follow-
up to date of evaluation 23 months (12-38). 

†††No data on R-status after resection, 151 vs. 152 patients potentially curatively resected. 

9.1.2.2.2. Adjuvant Therapy of Resectable Liver Metastases 

9.7. Recommendation 2008 

Grade of 
Recommendation 

0 

After R0 resection of synchronous or metachronous liver metastases, adjuvant 
chemotherapy can be considered. 

Level of Evidence 

2 

Strong consensus 

 

Background 

Despite R0 resection of liver metastases in the long term only approximately 30% of 
patients remain free of disease-recurrence. The rationale for systemic adjuvant therapy 
after resection of metastases is based on indirect evidence derived from studies which 
have demonstrated the effectiveness of adjuvant chemotherapy in stage III CRC. The 
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available data for systemic adjuvant therapy after resection of metastases are, 
however, limited; there are no placebo-controlled/blinded studies available (also not 

for neoadjuvant settings). 

In two randomized studies and the following pooled analysis of the collected data the 
effectiveness of a 5-FU monotherapy was examined [846, 847]* [848] (see Table 13). 
Neither study accomplished sufficient recruitment to demonstrate a significant effect 
of chemotherapy on survival, and both studies were terminated early. An interim 
analysis of the study results showed a trend towards improvement of progression-free 
interval in one study and a borderline significant improvement of progression-free 
survival in the second study. The overall survival was not influenced by adjuvant 
therapy. It should be noted that both studies contained a chemotherapy regimen of 
low effectiveness (5-FU bolus application). A current study which compared a more 
effective protocol with sole operation was terminated early due to inadequate 
recruitment (ADHOC study). In the meantime, the widespread use of adjuvant therapy 
after metastasis resection, particularly in the US, means that the question whether a 
systemic chemotherapy offers a benefit for patients compared to surgery only can 
likely no longer be definitely answered. Evidence that supports the decision for 
systemic adjuvant therapy is given in the EORTC study which was cited in the previous 
chapter and from a retrospective analysis of the registry data of two reference centers 
(Memorial Sloan-Kettering Cancer Centre and the Royal Infirmary of Edinburgh). Over a 
period of 8 years (1991-1998) all patients who received a liver resection due to 
colorectal cancer metastases were registered there (n=792). A benefit for 5-FU-based 
adjuvant chemotherapy was found in comparison to surgery only with regard to overall 
survival (n=274 vs. 518; median survival 47 versus 36 months, 5-year survival rate 37% 
vs. 31%; p=0.007, respectively) [849]. The guidelines of the US-American National 
Comprehensive Cancer Network and the national guidelines of Australia recommend 
adjuvant chemotherapy after resection of metastases while pointing out the limited 
evidence resulting from the limited data available [National Comprehensive Cancer 
Network. Clinical Guidelines in Oncology: Colon Cancer V2.2007. Available at: 
www.nccn.org Accessed on June 4, 2007; Australian Cancer Network Colorectal Cancer 
Guidelines Revision Committee. Guidelines for the Prevention, Early Detection and 
Management of Colorectal Cancer. The Cancer Council Australia and Australian Cancer 

Network, Sydney 2005. Available at www.cancer.org.au Accessed on June 4, 2007]. 
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Table 13: Prospective Studies on Adjuvant Therapy After R0 Resection of Colorectal Liver 
Metastases. 

Reference N Therapy 
regimen 

Survival Median follow-
up 

Level of 
evidence  

Portier 
2006 

173 5-FU/FS vs 
observation 

DFS: 33.5 vs 26.7%(p=0.028) 
OS: 51 vs 41%(p=0.13) 

87 mo IIa 

Langer 
2002 * 

129 5-FU/FS vs 
observation 

DFS: 39 vs 20 mo(p=0.35)OS: 
53 vs 43 mo(p=0.39) 

n.a. --- 

Mitry 
2006 *† 

302 5-FU/FS vs 
observation 

PFS 2.2 vs 1.55 
years(p=0.059)OS 5.09 vs 
3.91 years(p=0.125) 

n.a. --- 

Figueras 
2001 
[850] 

235 especially 5-
FU/FS 

DFS: 34 mo 5 y. OS 36% 20 mo III 

Parks 

2007†† 
792 5-FU based 

vs 
observation 

Improved survival with 
adjuvant CTX(p=0.007, log 
rank) 

1991 - 1998 IIIb 

* Only available in abstract form; hence limited ability to judge the evidence. 
†  The summary in Mitry et al. is a pooled analysis of the studies by Langer and Portier. 
†† Limited validity of registry data. 

 

Clinical Groups II and III – Indications for Systemic Chemotherapy – General 

Recommendations 

9.8. Recommendation 2008 

Grade of 
Recommendation 

A 

Active systemic tumor therapy is generally indicated, because a survival benefit has 
been proven. 

Level of Evidence 

1a 

Strong consensus  

 

Background 

At the beginning of the 1990’s, two prospective randomized studies with a total of 223 
patients demonstrated a survival benefit of systemic chemotherapy compared to best 
supportive care (BSC). A prospective randomized comparison between best supportive 
care and chemotherapy with Cisplatin and bolus application of 5-FU/FA including 40 
patients found a median overall survival of 5 months versus 11 months with the 
administration of chemotherapy (p=0.006) [851]. In the studies of the NGTACG the 
median survival rate was 14 versus 9 months in the control group (log rank p=0.13) 

[852]. 
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9.9. Recommendation 2008 

Grade of 
Recommendation 

A 

If an indication for tumor therapy with drugs is given, treatment should be initiated 
at the time of diagnosis of metastases independent of metastases-related 
symptoms. When determining indications, potential contraindications should be 
considered. Age per se is not a contraindication. 

Level of Evidence 

1a 

Strong consensus 

 

Background 

Even in situations not having a primarily curative intent it should be generally checked 
whether after medicinal pre-treatment a curative resection may be achieved. Therefore, 
chemotherapy is indicated independent of the presence of metastases-related 
symptoms. The choice of chemotherapy depends on the therapeutic aim, i.e. whether a 
secondary resectability seems achievable or a merely palliative/symptom-oriented 
therapy is intended. For patients with marginally resectable metastases, therapy should 
induce a high rate of remissions (the most effective available combination therapy). For 
patients with tumor-related symptoms, organ complications, or rapid progression 
should also be offered a highly effective therapy (see group 2). Patients without tumor-
related symptoms or organ complications and/or with severe comorbidities (see group 
3) can also be treated with a less intensive therapy. Monotherapy, e.g. with 
fluoropyrimidines, represents a possible option in this treatment situation. The 
primary aim of therapy is the prolongation of progression-free and overall survival with 

the best-possible quality of life. 

Most patients are older than 65 years when initially diagnosed. In spite of this fact, 
until a few years ago only few patients over the age of 70 years were recruited into 
randomized studies. Several studies of the past few years have dealt with the question 

of tumor therapy for older patients with CRC. 

It was shown for the FOLFOX regimen that older study patients benefited from an 
intensified therapy in the same way as younger patients with regard to remission rate 
and progression-free as well as overall survival. However, especially hemotoxicity was 
slightly increased (grade 3 neutropenia 43 vs. 49% p=0.04, thrombopenia 2 vs. 5%, 
p=0.04) [740]. Mattioli et al. showed a high efficacy for a bifractionated FOLFOX 
protocol with a patient group average age 75 years [853]. A phase II study by Feliu et 
al. analyzed the feasibility of CAPOX or Capecitabine mono as first-line therapy for 
patients who were older than 70 years [854]. A Spanish group treated a selection of 
patients older than 72 years with FOLFIRI [855]. An exploratory subgroup analysis of 
the BICC-C study on patients who were older than 65 years showed no difference in 
effectiveness and toxicity of an Irinotecan-containing protocol in comparison with 
younger patients [856]*. An analysis of randomized studies published in 2008 showed 
an improvement of response-rates with an Irinotecan-based chemotherapy for younger 
as well as for older patients (>70 years) (46.6 vs. 29.0%, p<.0001; and 50.5 vs. 30.3%, 
p<.0001). The same applied for PFS (HR, 0.77; 95% CI, 0.70-0.85; p<0.0001 for 
younger patients respectively HR 0.75; 95% CI, 0.61-0.90; p=.0026 for patients >70 
years) and, with limitations, for overall survival, where a trend towards an improvement 
was observed for the older patients (HR, 0.83; 95% CI, 0.75-0.92; p=0.0003 und HR 
0.87; 95% CI, 0.72-1.05; p=0.15 for patients > 70 years) [857]. For patients older than 
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80 years, the amount of data available is still scarce. Thus, older patients as well 
should receive chemotherapy when presenting with relevant indications. When 
choosing the appropriate therapy the change of organ functions with age, any possible 
comorbidities, as well as age-related limitations of functional status should be 

considered.  

For tumor-specific palliative treatment with inoperable metastases surgical, 
interventional (endoscopic, radiologic), and radiotherapeutic methods are available in 
addition to chemotherapy. Their fields of application are discussed in greater detail in 

the corresponding chapters. 

9.10. Recommendation 2008 

Grade of 
Recommendation 

0 

If systemic therapy (e. g. inoperable liver/pulmonary filiae) is indicated, the primary 
tumor does not have to be resected. Exceptions can be symptomatic tumor stenoses 
and/or Hb-relevant bleeding. 

Level of Evidence 

4 

Strong consensus 

 

9.11. Recommendation 2008 

Grade of 
Recommendation 

A 

In general, patients should have access to all available drugs during the course of 
their therapy. 

Level of Evidence 

5 
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9.2. Patients with an Indication for Intensified Systemic 
Therapy 

9.2.1. Patients with Potentially Resectable Metastases 
Definition: Defined by clinical criteria, patients in this group have liver and/or 
pulmonary metastases which are initially classified as irresectable or marginally 

resectable, and become resectable after response to neoadjuvant therapy. 

9.2.1.1. Management of Isolated Primarily Irresectable Pulmonary Metastases  

9.12. Recommendation 2008 

Grade of 
Recommendation 

A 

For primarily irresectable pulmonary metastases, systemic chemotherapy should be 
conducted. 

Level of Evidence 

4 

Strong consensus 

9.2.1.2. Management of Isolated Primarily Irresectable Liver Metastases 

9.2.1.2.1. Systemic Neoadjuvant Therapy  

9.13. Recommendation 2008 

Grade of 
Recommendation 

A 

For primarily irresectable liver metastases, systemic therapy should be initiated. It is 
important to perform regular evaluations of a possible secondary resectability after 
the induction of remission. If the goal of therapy is the induction of remission with 
secondary resection of metastases, then the most effective available systemic 
combination therapy should primarily be used (intensified therapy). 

Level of Evidence 

4 

Strong consensus 

 

Background 

About 35% of all patients with colorectal cancer present with metastases at diagnosis. 
15-20% of the synchronous and metachronous metastases can be resected with 
curative intent. In most cases, however, the metastases are classified as primarily 
irresectable for various reasons. The possibility to achieve a downsizing of primarily 
irresectable liver metastases and, thus, a secondary resectability and potential cure 
with systemic chemotherapy was evaluated in several studies as primary/secondary 
endpoint and in the context of exploratory subgroup analyses of studies with primariy 

palliative intention (Table 14). 

A retrospective analysis by Giacchetti and Bismuth showed a five-year overall-survival 
of about 50% after neoadjuvant chemotherapy and subsequent resection. This is 
comparable to the long-term results after primary resection of liver metastases of 
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patients with a FONG score of less than 3 [858].  For some chemotherapy regimens 
particularly good response and resection rates have been described. Falcone achieved 
a significant improvement of response rates (34 vs. 60%, p<0.001) and a R0 resection 
rate (6 vs. 15%, p=0.033) with FOLFOXIRI compared to FOLFIRI. This benefit was even 
more pronounced in patients with isolated liver metastases (12 vs. 36%, p=0.017) 

[859]. 

The combination of FOLFIRI and the EGFR antibody Cetuximab achieved an ORR of 
46.9% (vs. 38.7% for FOLFIRI alone) in a phase III design. The proportion of R0 
resections as a secondary endpoint was increased in the experimental arm (4.3% vs. 
1.5%) [860]*. The greatest benefit was achieved for patients who had a wild type k-ras 
expressing tumor. In this retrospective analysis, a statistically significant difference 
was seen for PFS in patients with k-ras wild type-expressing tumors who were treated 
with Cetuximab (p=0.0167; HR: 0.68 [95% CI: 0.051-0.934]), but response rates also 
were clearly improved (59.3% [Cetuximab + FOLFIRI] vs. 43.2% [FOLFIRI], p=0.0025) 

[861]*. 

A significant correlation between the remission rate and resection rate was found for 
patients with isolated liver metastases (r=0.96, p=0.002). Furthermore, in large studies 
with primarily palliative intent and an unselected collective of patients, the response 
rate also correlated with the resection rate (r=0.74, p<0.001). When interpreting study 
data one should take into consideration the patient selection and that between 

individual studies the definition of resectability was often not uniform [862]. 

Table 14: Response Rates and Survival of Patients After Achieving Secondary Resectability 
(modified according to [862]) 

Reference N Therapy 

regimen 
Response-
rate (%) 

R0-
Resection- 
rate (%) 

Long-term 
survival of  
pat. w/ resec. 

Level of 
evidence 

Falcone 2007 
† 

244 FOLFIRI vs. 
FOLFOXIRI 

34 vs 60 

(p<0.0001) 

6 vs 15 

(p=0.033) 

---- Ib 

Van Cutsem 
2007 

(CRYSTAL) †† 

1198 FOLFIRI vs. 
FOLFIRI + 
Cetuxuimab 

38.7 vs 
46.9 

(p=0.0038) 

1.5 vs 4.3 

(p=0.0034) 

---- Ib 

Adam 2001  
††† 

701 Oxa +FU/FS 
(chron) 

pCR: 6.3 13.5  5 –J surv: 35% IIb 

Giacchetti 
2006 

†††† 

564 

 

 

FOLFOX2 vs. 
LOHP 5FU FS 
chron. 

44 vs 42 

 

 

R0: 12.4 vs 
13.1 

pCR : 1.1 vs 
2.8 

---- IV 

Tournigand 

2006 †††† 

620 FOLFOX 4 vs. 
FOLFOX 7 + 

maintenance 

58.5 vs 
59.2 

n.s. 

11.3 vs 9.4  38.9 vs 43 mo 

(p=0.93) 

IV 

Souglakos 283 FOLFOXIRI vs 43 vs 33.6 8.8 vs 3.4  ---- IV 
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Reference N Therapy 

regimen 
Response-
rate (%) 

R0-
Resection- 
rate (%) 

Long-term 
survival of  
pat. w/ resec. 

Level of 
evidence 

2006 †††† [863] FOLFIRI (p=0.168) 

Saltz 2008 
†††† [864] 

1401 XELOX/FOLF
OX 4+ Beva 
vs. 

XELOX/FOLF
OX 4 + 
Placebo 

38 vs 38  

(p=0.99) 

n.a. 21.3 vs 19.9 
mo 

(p=0.077) 

IV 

† Resection rate secondary endpoint, FOLFOXIRI as continuous infusion, higher dose chemotherapy in FOLFOXIRI - arm as in  
Souglakos et al. 

†† Resection rate secondary endpoint, benefit only treatment of patients with k-ras wild type tumors 

††† Prospective observational study, resection rate primary endpoint, potentially curative operated patients, R0 status not reported 

†††† Resection rate as a result of explorative subgroup analyses 

9.2.1.2.2. Chemotherapy Consequences on the Healthy Liver Tissue and Metastasis 

Localization 

9.14. Recommendation 2008 

Grade of 
Recommendation 

B 

The hepatotoxicity of the protocols listed above such as “blue liver”/chemotherapy-
associated steatohepatitis (CASH) should be considered in differential therapeutic 
decision-making and planning of surgery. 

Level of Evidence 

3 

Strong consensus 

 

Background 

In the past few years, several groups have dealt with the question to what extent 
preoperative chemotherapy influences the risk of complications in partial liver 
resection. Aloia et al. examined a cohort of 303 patients for whom a partial liver 
resection was carried out due to colorectal liver metastases. 92 patients were randomly 
chosen, 75 had received preoperative chemotherapy, 17 patients had not. Those who 
had received preoperative chemotherapy required intraoperative transfusions 
significantly more often. The predominant histopathological changes in healthy liver 
tissue were vascular lesions in terms of sinusoidal obstruction syndrome (SOS) and – 
when appearing in a severe form – correlated positively with the need of intraoperative 
transfusions. Postoperative morbidity depended on the duration of the preoperative 
chemotherapy [865]. In another retrospective study, 61% of the examined patients 
received preoperative chemotherapy. Therapy with Oxaliplatin was more frequently 
associated with sinusoidal obstruction in healthy liver tissue without noteworthy 
mortality (1.6%). In contrast, Irinotecan-containing therapy was associated with 
steatohepatitis. Patients with steatohepatitis had a higher 90-day mortality than those 

without steatohepatitis (14.7% vs. 1.6%) [866]. 
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9.15. Recommendation 2008 

Grade of 
Recommendation 

B 

An intraoperative exploration of the liver should be performed based on the 
localization of metastases in initial imaging. If possible, a surgical resection of all 
previously known lesions should be performed. 

Level of Evidence 

3b 

Strong consensus 

 

Background 

Benoist et al. showed despite complete remission verified radiologically by CT 
according to RECIST criteria that in 83% of the cases residual tumor tissue was still 
found either macroscopically or microscopically or a disease-recurrence was seen in-
situ within one year. 38 patients with a total of 66 liver metastases were included. 
Hence, the resection of metastases should be performed as early as possible if there is 
a possible option of a R0 resection, and should be guided by the primary borders of 

the lesions prior to therapy [867]. 

9.2.1.2.3. Local ablative therapies for liver metastases 

Radio-Frequency-Ablation (RFA) 

9.16. Recommendation 2013 

Grade of 
Recommendation 

0 

A RFA can be performed if non-resectable liver metastases are present or if the 
patient's health status does not allow a resection, especially following previous liver 
resection.  

Level of Evidence 

3a 

De Novo: [586-588] 

 Strong consensus 

 

Background 

The current level of evidence on the safety and efficacy of radio-frequency-ablation for 
colorectal liver metastases is sufficient to recommend this method for patients who 
either have non-resectable liver metastases, whose health status does not allow a 

resection, or who have previously had a liver resection [586]. 

A RFA can also be performed primarily in combination with surgical resection. 

Recent studies indicate that results with RFA for solitary liver metastases <3cm are as 
good as with resections [587, 588]. However, present data on this subject are 

contradictory and comparative controlled randomized studies still do not exist.  
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Selective Internal Radiation Therapy (SIRT) 

9.17. Recommendation 2013 

Grade of 
Recommendation 

B 

SIRT for the treatment of disseminated CRC liver metastases should only be 
performed in patients who have no other treatment option, and then only as part of 
a clinical study.  

Level of Evidence 

2a 

De Novo: [589, 590] 

 Consensus 

 

Background 

Patients with absent or limited extrahepatic metastazation, and without options of 
further systemic chemotherapies show a prolonged median survival and longer interval 
to progression of liver metastases in individual studies using SIRT (also called 
radioembolization). There are too few data for a conclusive evaluation especially on 
survival and quality of life. Therefore, patients who are eligible for SIRT should only be 

treated as part of clinical studies [589, 590].  

Laser-Induced Interstitial Thermotherapy (LITT) 

9.18. Recommendation 2013 

Grade of 
Recommendation 

B 

A LITT for the treatment of CRC liver metastases should only be performed as part 
of a clinical trial.  

Level of Evidence 

4 

De Novo: [591, 592] 

 Strong consensus 

 

Background 

The interstitial laser thermo-ablation was a safe and effective method in individual 
case-series for patients with inoperable CRC liver metastases [591, 592]. Data 
comparing it to percutaneous radiofrequency ablation do not exist. The data are not 
sufficient for conclusive evaluation especially of survival and quality of life. Therefore, 

patients who are eligible for LITT should only be treated as part of clinical trials.  
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9.2.2. Patients with an Indication for Intensified Palliative Therapy 
The management of this patient group matches for the most part the management 

described in section 9.2.1. 

9.19. Recommendation 2008 

Grade of 
Recommendation 

B 

Patients with tumor-related symptoms, organ complications, or rapid progression 
should receive the most effective combination therapy while taking the general 
condition of the patient into account (intensified therapy). 

Level of Evidence 

5 

Strong consensus 

9.3. Patients with the Option for Less Intensive Therapy 
Patients with multiple metastases without option for resection after regression of 
metastases, without tumor-related symptoms or organ complications and/or severe 

comorbidities. 

The primary goal of therapy in this group of patients is not the induction of remission 
but rather lengthening progression-free and overall survival with low toxicity and good 

quality of life. 

9.20. Recommendation 2008 

Grade of 
Recommendation 

0 

Patients with multiple metastases without option for resection after regression of 
metastases, without tumor-related symptoms or organ complications, and/or severe 
comorbidities can receive a monotherapy as first-line therapy. 

Level of Evidence 

1 

Strong consensus 

 

Background 

Several studies have dealt with the question of optimal sequence of the different 
chemotherapy protocols in the treatment of colorectal cancer. The CAIRO study 
investigated whether a sequential monotherapy is equivalent to an initial combination 

therapy in relation to overall survival.  

820 patients were randomized to one of the two therapy arms and were either treated 
with sequential monotherapy (consisting of Capecitabine Irinotecan CAPOX) or with 
combination therapy (CAPIRI CAPOX). No significant difference in overall survival was 
found with comparable toxicities (16.3 vs. 17.4 months, p=0.3281) [868]. However, 
the results of this study should be critically examined with respect to study design and 

patient selection and are not transferable without limitation [869]. 

The FOCUS trial, which was the largest single study on colorectal cancer with a total of 
2,135 patients, demonstrated that a combination therapy as first- and/or second-line 
therapy is superior to a sequence of monotherapies (arm A). Starting with a 5-FU 
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monotherapy followed by 5-FU in combination with either Oxaliplatin or Irinotecan 
(arm B) resulted in an overall survival of 15.2 and 15.0, respectively, vs. 13.9 months 
in arm A (p=0.24); with combination therapy as first- and second-line therapy (arm C) 
the benefit in overall survival reached statistical significance (FOLFOX 15.4 months, 
FOLFIRI 16.7 months vs. 13.9 months, p=0.02) [870]. Another reason contradicting the 
general use of monotherapy as first-line therapy has been shown by a currently 
published retrospective subgroup analysis of the N9741 study. In this study complete 
remission was found to be associated with an improved overall survival. The rate of 
complete remissions after 5-FU monotherapy was only about 1%, whereas after 
FOLFOX4 complete remission rates of 6.2% have been described [871]. In summary, it 
can be concluded that, as first-line therapy, a therapy as active as possible should be 
conducted. However, 5-FU monotherapy followed by combination therapy is an 
acceptable alternative in specific cases (e.g. group 3) and should, therefore, be 
discussed with the patient. Sequential monotherapy (e.g. 5-FU monotherapy followed 
by Irinotecan monotherapy) cannot be recommended based on these data. Therapy 
sequences of 5-FU bolus followed by 5-FU infusional protocols, without extension to a 
second or even third substance is obsolete. It appears important that patients have 
access to all active substances during the course of their therapy [872]. The relevance 
of biological substances within the respective oncological overall-concept will be 

discussed in the relevant sections. 

9.4. Chemotherapy Protocols 

9.4.1. First-Line Therapy 
The options for treating metastatic colorectal cancer have been drastically improved 
through the introduction of new chemotherapeutic drugs such as Irinotecan and 

Oxaliplatin, oral 5-FU pro-drugs, and later biological substances. 

Therapy options in first-line therapy are monotherapies and fluoropyrimidine-based 
combination therapies with Oxaliplatin and/or Irinotecan. For those patients with a 
necessity for intensified therapy and who qualify, monotherapy is not indicated at the 
beginning. The choice of a therapy regimen is driven by the goal of therapy, i.e. 
achieving good remission and possibly a secondary resectability or lengthening of 
progression-free survival and overall survival along with good quality of life. When 
making a decision, it is important to consider the specific side effect profile of the 
individual chemotherapeutic drugs as well as possible comorbidities (e.g. CHD, chronic 
diarrhea), but also the personal and occupational life situation of the patient. If toxicity 
occurs, the administration of the toxic agent should be interrupted in concordance 
with the usual proceedings in oncology. If an initial drug therapy has been de-
escalated, for instance after achieving a “best response” or due to intolerable side 
effects, the initial therapy should be resumed with the appearance of progression, as 
long as toxicity is tolerable (e.g. analogous to the Optimox scheme). If this is not the 
case, an alternative therapy scheme should be employed. This applies for mono- as 
well as combination therapies. However, with progression under or relatively shortly 

after primary therapy, one should change to an alternative therapy protocol. 
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9.4.1.1. Monotherapy (5-FU) 

9.21. Recommendation 2008 

Grade of 
Recommendation 

B 

If a fluoropyrimidine-monotherapy is conducted, oral administration of 5-FU should 
be preferred over intravenous administration. With the infusional protocols 
available, the de-Gramont scheme should be preferred over the AIO scheme, 
because the de-Gramont scheme puts less strain on the patient due to a 14-day 
application with probably similar efficacy. 

Level of Evidence 

4 

Consensus 

 

Background 

5-FU was the standard chemotherapeutic agent from the 1950’s onwards in treating 
colorectal cancer and led to remission rates of 10-15% and a median overall survival of 
about 6-9 months. At the end of the 1980’s, the combination of bolus 5-FU with 
biomodulators such as folinic acid resulted in remission rates of about 20% and a 
median survival time of about 12 months [873, 874]. Randomized studies which 
compared 5-FU bolus application with continuous administration until progression, 
showed higher response rates (7 vs. 30%, p<0.001) without effect on overall survival 
(10.3 vs. 11.3 months, p=0.379). The continuous administration showed higher 
incidence of hand-foot syndromes (23 vs. 0%, p<0.001) but less grade 3-4 neutropenia 
(1 vs. 22%, p<0.001). Four deaths due to neutropenic sepsis were documented in the 
bolus arm [875]. In 1997, de Gramont demonstrated a statistically significant 
improvement in response rates (32.6 vs. 14.5%, p=0.0004) and average progression-
free survival (27.6 vs. 22 weeks, p=0.001) with a two-week infusional protocol while 
showing lower toxicity [876]. A meta-analysis from the same year confirmed this 
benefit in overall survival. Although the numbers were not statistically significant in 
the individual studies, the analysis of six studies with a total of 1,219 patients showed 
a significant difference in overall survival of 12.1 months with continuous 5-FU 
administration versus 11.3 months with bolus protocols (p=0.04) [877]. Oral 
fluoropyrimidines can increase the quality of life even more, since they allow out-
patient therapy without port systems and pumps. These are associated with a 
complication rate of about 10% (thromboses, infection, dislocation) [878-880]. 
Furthermore, the costs are lower. The side effects of Capecitabine are mainly hand-foot 
syndrome, hemotoxicity, and diarrhea. Studies have shown that patients prefer oral 
administration, as long as effectiveness is not compromised [881, 882]. Twelves 
examined 97 patients with mCRC. In direct comparison with Capecitabine only the 
modified out-patient de Gramont scheme resulted in similar patient satisfaction. In 
fact, the gain in quality of life for the study patients was actually higher for the out-
patient infusional scheme (p<0.05) [883]. The effectiveness of Capecitabine in 
comparison with a 5-FU protocol was studied in two randomized multicenter phase III 
studies. In both studies, the control arm consisted of a bolus 5-FU protocol (Mayo 
protocol) which at the time corresponded to the standard of therapy. Van Cutsem 
demonstrated response rates of 18.9% for Capecitabine and 15% for 5-FU/FA, median 
overall survival was 13.2 versus 12.1 months (p=0.33). The administration of 
Capecitabine led to a lower incidence of grade 3 and 4 stomatitis and neutropenia 
(p<0.00001), but more-frequent appearance of hand-foot syndromes (p<0.00001) 
[884]. Hoff demonstrated similar results in his study of 605 patients [885]. A pooled 
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analysis of these two studies, published in 2004, included a total of 1,207 patients and 
demonstrated highly significant different response rates of 26% for those patients 
treated with Capecitabine versus 17% in the 5-FU arm (p<0.0002). Overall survival was 
not prolonged (12.9 versus 12.8 months) [886]. A direct randomized comparison of 
Capecitabine with an infusional 5-FU protocol is at this time only available in 
combination with Irinotecan/Oxaliplatin with or without Bevacizumab. Here, 
Capecitabine represents an effective and well-tolerated alternative to infusional 5-FU 

protocols (see Table 15). 

For patients who received a 5-FU/folinic acid-based therapy, favorable prognostic 
factors that have been identified are ECOG performance status (0-1), leukocyte count 
(<10 x 109/L), alkaline phosphatase (<300 U/l), and evidence of only one metastatic 

site [887]. 

Table 15: Capecitabine (Cape) in Comparison to Bolus 5-FU/FA in First-Line Therapy 

Reference  N  Therapy 

regimen  
Response- 
rate  

TTP (mo) OS (mo) Level of 
evidence  

Van 
Cutsem 
2004 

1207 Cape/Mayo 26 vs 17 
(p<0.0002) 

4.6 vs 4.7 
(p=0.95) 

12.9 vs 12.8 
(p=0.48) 

Ia 

Van 
Cutsem 
2001 

602 Cape/Mayo 18.9 vs 15 5.2 vs 4.7 
(p=0.65) 

13.2 vs 12.1 

(p=0.33) 

Ib 

Hoff 2001 605 Cape/Mayo 24.8 vs 15.5 
(p=0.005) 

4.3 vs 4.7 
(p=0.72) 

12.5 vs 13.3 
(p=0.974) 

Ib 

9.4.1.2. Combination Therapy 
In recent years, a series of large phase III studies on first-line therapy of mCRC were 
published. In these studies patients were randomized to a group with a 
fluoropyrimidine-monotherapy or to a group with combination chemotherapy 
consisting of fluoropyrimidine and Irinotecan or Oxaliplatin. Combination therapy 
improved response rates and progression-free survival in all of these studies; in two of 
the three Irinotecan-based therapy studies a significant survival benefit was shown for 
combination therapy. However, the influence of second- and third-line therapies on 
overall survival should be considered when evaluating the importance of first-line 

therapy. 

Oxaliplatin + 5-FU/Folinic Acid 

Background 

The combination of infusional 5-FU/FA with Oxaliplatin resulted in a significant 
increase of progression-free survival as compared to the sole administration of an 
infusional 5-FU therapy (median PFS of 9 months versus 6.2 months for 5-FU/FA alone; 
p=0.0003) (see Table 16). Additionally, response rates were significantly better with 
the intensified therapy (50.7 vs. 22.3%, p=0.0001), although more grade 3-4 toxicities 
were observed. Especially neutropenias and neurological complications occurred 
significantly more often in the Oxaliplatin arm (p<0.001). Overall survival was not 

significantly longer (16.2 vs. 14.7 months, p=0.12) [888]. 
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Table 16: Oxaliplatin-Containing Protocols in First-Line Therapy – Phase III Studies 

Reference N Therapy 

regimen 
Response- 
rate (%) 

PFS (mo) OS (mo) Level of 
evidence 

de Gramont 
2000 

420 FOLFOX4 vs 
5FU/FS 

50.7 vs 
22.3 

(p=0.0001) 

9.0 vs 6.2 

(p=0.0003) 

 

16.2 vs 14.7 

n.s. 

Ib 

Giacchetti 
2006 [889] 

564 FOLFOX2 vs 
Oxaliplatin/5FU 

(chronomod.) 

44.3 vs. 
42.0 

8.4 vs 8.4 

n.s 

18.7 vs 19.6    
n.s 

Ib 

Giacchetti 
2000 [890] 

200 Oxaliplatin/5FU 

vs 5FU (both 
chronomod.) 

53 vs 16 

(p<0.001) 

 

8.7 vs 6.1 

(p=0.048) 

19.4 vs 19.9 Ib 

 

Irinotecan + 5-FU/Folinic Acid (FA) 

Background 

The combination of Irinotecan and bolus 5-FU/FA (IFL) shows an unfavorable 

effect/side effect ratio and is, therefore, obsolete. 

The comparison of a 5-FU/FA monotherapy to a combination therapy consisting of 
infusional 5-FU/FA and Irinotecan revealed a significant benefit for the combination 
therapy; the decision whether the patients were treated according to the AIO scheme 
(weekly) or the de Gramont scheme (every two weeks) was made by the individual 
centers. A total of 387 patients were treated (see Table 17). The response rates were 
35% for the Irinotecan-containing protocol and 22% for the 5-FU/FA monotherapy 
(p<0.005). Progression-free survival and overall survival were significantly prolonged 
(6.7 vs. 4.4 months, p<0.001 and 17.4 vs. 14.1 months, p=0.031, respectively). 
The spectrum of side effects included CTC-grade 3 and 4 diarrheas in 44.4% (versus 
25.6% in the 5-FU monotherapy arm, p=0.055) and grade 3 and 4 neutropenias in 
28.8% of the patients in the Irinotecan group (versus 2.4% in the 5-FU monotherapy 
arm, p=0.001) [891]. In another study in which 430 patients were treated with 
Irinotecan and a weekly 5-FU scheme (AIO scheme) at two different dose levels, the 
comparison with the AIO scheme alone also showed a benefit for combination therapy. 
The differences in response rates and progression-free survival were highly significant. 
However, overall survival, was not shown to be significantly longer [892]. Grade 3 and 
4 toxicities in this study were especially diarrheas (29% for Irinotecan-containing 
protocols vs. 21% for 5-FU monotherapy). Saltz showed in his three-armed study that 
combination therapy consisting of bolus 5-FU and Irinotecan (IFL) also resulted in 
considerably improved response rates and significant prolongation of progression-free 
survival and overall survival in comparison to monotherapy consisting of either bolus 
5-FU/FA or Irinotecan; the results for Irinotecan monotherapy and bolus 5-FU 
monotherapy were comparable. However, the bolus 5-FU arm had the highest rate of 
grade 3-4 neutropenias (66.2 vs. 53.8% with combination therapy, respectively, and 
31.4% after Irinotecan monotherapy) and neutropenic complications in 14.6% (vs. 7.1 
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and 5.8%, respectively). Gastrointestinal toxicity with diarrhea and vomiting was higher 
in the combination arm [893]. Considering the different combinations of 5-FU/FA and 
Irinotecan, FUFIRI and FOLFIRI (infusional 5-FU) are of approximately equal 
effectiveness, although the rate of alopecia is probably lower in the weekly protocol. 
Irinotecan plus bolus 5-FU (Saltz protocol) shows the most unfavorable ratio of effect 

and side effects and should, therefore, no longer be used. 

Table 17: Irinotecan-Containing Protocols in First-Line Therapy – Phase III Studies 

Reference N Therapy 
regimen  

Response- rate 
(%) 

PFS (Mo) OS (Mo) Level of 
evidence  

Kohne 2005 430 AIO+CPT 11 
vs AIO 

62.2 vs 
34.4(p<0.0001) 

8.5 vs 
6.4(p<0.0001) 

20.1 vs 
16.9n.s. 

Ib 

Douillard 
2000 

387 FOLFIRI vs  

5-FU/FS 

35 vs 
22(p<0.005) 

6.7 vs 
4.4(p<0.001) 

17.4 vs 
14.1 
(p=0.031) 

Ib 

Saltz 2000 683 IFL vs Mayo 
(vs CPT 11 
mono) 

39 vs 
21(p<0.001) 

7.0 vs 
4.3(p=0.004) 

14.8 vs 
12.6 
(p=0.04) 

Ib 

 

Comparison of Irinotecan- Versus Oxaliplatin-Containing Combination Therapies 

Background 

If an indication for combination chemotherapy is given, FOLFOX or FOLFIRI can be 

employed in first-line therapy. 

In contrast to the Oxaliplatin-based protocols (see above), a survival benefit was 
demonstrated for two of the three Irinotecan-containing combination chemotherapies. 
However, in direct comparison, FOLFOX and FOLFIRI have been observed to be similarly 
effective [894]. Hence, the spectrum of toxicities should be especially taken into 
consideration when choosing between a fluoropyrimidine-based Irinotecan- or 
Oxaliplatin-containing combination. Colucci and colleagues documented the same 
efficacy of FOLFIRI and FOLFOX in direct comparison (see below) while observing 
different toxicities. The most frequently observed side effects were alopecia and those 
affecting the gastrointestinal tract in arm A (Irinotecan) and thrombocytopenia and 
neuropathies in arm B (Oxaliplatin). Grade 3 and 4 toxicities were observed in both 
arms (neutropenia (27 and 28%, respectively) and diarrheas (28%) especially for the 
Irinotecan-containing protocols and neuropathy (12%) for the Oxaliplatin-containing 

protocols) [895] (see Table 18). 
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Table 18: Oxaliplatin- Versus Irinotecan-Containing Protocols in First-Line Therapy 

Reference N Therapy 

regimen  

Response- 
rate (%) 

PFS (mo) OS (mo) Level of 
evidence  

Tournigand 
2004 

220 FOLOFOX6 – 
FOLFIRI vs rev 
sequence 

54 vs 56 
n.s. 

8.0 vs 8.5 
n.s. 

20.6 vs 21.5 
n.s. 

Ib 

Goldberg 
2004 [896] 

795 FOLFOX vs IFL (vs 
IROX) 

45 vs 31 
(p=0.002) 
(vs 35) 

8.7 vs 6.9 
(p=0.0014) 
(vs 6.5) 

19.5 vs 15 
(p=0.0001) 
(vs 17.4) 

Ib 

Goldberg 
2006 [897] 

305 rIFL vs FOLFOX 32 vs 
48(p=0.00
6) 

5.5 vs 
9.7(p<0.00
01) 

16.3 vs 19 
(p=0.026) 

Ib 

Colucci 2005 360 FOLFIRI vs FOLFOX 31 vs 
34(p=0.6) 

TTP : 7 vs 
7 

14 vs 15 Ib 

Comella 
2005 [898] 

274 OXAFAFU vs 
IRIFAFU 

44 vs 
31(p=0.02
9) 

7 vs 
5.8(p=0.04
6) 

18.9 vs 15.6 
(p=0.032) 

Ib 

 

Capecitabine in Combination with Oxaliplatin or Irinotecan 

Oxaliplatin and Capecitabine 

Background 

Two large phase III studies with a total of 822 patients are available in which infusional 
5-FU/FA was compared with the oral prodrug Capecitabine each in combination with 
Oxaliplatin. The Spanish group chose the FUOX regimen as the standard arm, the AIO 
study group employed a weekly infusional protocol of 5-FU/FA/Oxaliplatin (FUFOX) 
[899, 900]. The German study documented a progression-free survival of 7.1 months 
(versus 8 months in the FUFOX arm; HR: 1.17; 95% CI: 0.96-1.43; p=0.117) and an 
overall survival of 16.8 months (versus 18.8 months in the FUFOX arm; HR: 1.12; 95% 
CI: 0.92-1.38; p=0. 26) for the CAPOX arm. Response rates were 48% for CAPOX (95% 
CI: 41-54%) and 54% for the FUFOX regimen (95% CI: 47- 60%). The most frequent non-
hematological side effect was polyneuropathy in 27% versus 25% of the cases, 
respectively; only the hand-foot syndrome in grades 2 and 3 was significantly more 

frequent in the CAPOX arm (p=0.028) [900].  

Study design and results were comparable in both studies and, therefore, both therapy 

regimens represent an active first-line therapy. 

Another large phase III study clearly showed the non-inferiority of Capecitabine and 
Oxaliplatin (in the XELOX protocol) in relation to progression-free and overall survival 
in comparison with FOLFOX4 (HR: 1.04; 97.5% CI: 0.93-1.16 for PFS and HR: 0.99; 

97,5% CI: 0.88-1.12 for OS, respectively) [901] (see Table 19). 
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Table 19: Capecitabine and Oxaliplatin Combinations in First-Line Therapy – Phase III Studies 

Reference N Therapy 

regimen  
Response-rate 
(%) 

PFS (mo) OS (mo) Level of 
evidenc
e  

Cassidy 
2008 

NO 16966 

2034 XELOX 
vs 
FOLFOX
4 

37 vs 37 8 vs 8.5(HR: 
1.04; 97.5% CI: 
0.93-1.16) 

19.8 vs 
19.6(HR: 0.99; 
97.5% CI: 0.88-
1.12); p=n.s. 

Ib 

Porschen 
2007 

474 CAPOX 
vs 
FUFOX 

48 vs 54 7.1 vs 8.0(HR: 
1.17; 95% CI: 
0.96-1.43; 
p=0.117) 

16.8 vs 18.8 
(FUFOX HR: 
1.12; 95% CI: 
0.92-1.38; 
p=0.26) 

Ib 

Diaz-
Rubio 
2007 

348 CAPOX 
vs FUOX 

37 vs 46 

 n.s. 

8.9 vs 9.5 
(p=0.153) 

18.1 vs 20.8 
(p=0.145) 

Ib 

 

Irinotecan and Capecitabine 

Background 

The data currently available on efficacy and toxicity of Capecitabine and Irinotecan are 
less uniform than for the combination of Capecitabine/Oxaliplatin. Two studies 
analyzed the effectiveness of CAPIRI in comparison to an infusional 5-FU protocol. In 
the BICC-C study, CAPIRI was clearly inferior to FOLFIRI with regard to progression-free 
survival. The very high toxicity with nearly 50% of grade 3-4 diarrheas probably plays a 
crucial role here (2 x 1 g/m² Capecitabine/day 1-14, 250 mg Irinotecan/m² on day 1). 
Response rates and overall survival were not significantly different [902]. A study 
published in 2007 reported intolerable side effects of the CAPIRI regimen, which also 
led to early termination of the study (2 x 1 g/m² Capecitabine/day 1-15 and 22-36, 
250 mg Irinotecan/m² day 1 + 22). In the CAPIRI group especially hemotoxic side 
effects in 61% of the cases made a dose reduction necessary, in the FOLFIRI arm only 
7% dose reductions were necessary. Six of eight deaths occurred in the group treated 
with CAPIRI, three patients died of a thromboembolic event and three due to high-
grade diarrheas [903]. With a total of 820 patients, the CAIRO study is so far the 
largest study on the combination of Capecitabine and Irinotecan. In this study, 
Capecitabine was administered at a dose of 2 x 1g/m²/day 1-14 along with Irinotecan 
250 mg/m²/day 1 in a 3-week cycle. The frequency of grade 3-4 toxicities was not 
significantly different between the two groups, with the exception of the more 
frequent appearance of grade 3 hand-foot syndromes in the sequential treatment arm 

[868].  

In this study the rate of severe diarrhea was significantly lower than in the BICC and 
EORTC studies, which may be explained by the fact that the Dutch centers in the 
CAIRO study were specifically trained to execute the study and to manage possible 
side effects. Due to its toxicity, the CAPIRI regimen can currently not be considered as 
a standard therapy. Preliminary data from the AIO, however, indicate that with a dose-
reduction (200 mg/m² Irinotecan day 1 + 2 x 800 mg/m² Capecitabine/day 1-14) 
CAPIRI can be administered with tolerable side effects. The most frequent CTC grade 3-
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4 toxicities were diarrhea in 17/15.5%, hand-foot syndrome in 5.9/2.7%, and 

neurotoxicity in 15.3/0% of all patients, respectively [904]* (Table 20). 

Table 20: Capecitabine in Combination with Irinotecan in First-Line Therapy – Phase III 
Studies 

Reference N Therapy 
regimen 

Response-rate 

(%) 
PFS (mo) OS (mo) Level of 

evidence 

Koopman 
2007 
(CAIRO) 

820 CAPIRI vs 
Cape 
mono  

41 vs 20 
(p<0.0001) 

7.8 vs 5.8 
(p=0.0002) 

17.4 vs 
16.3  
n.s. 

Ib 

Fuchs 
2007 
(BICC-C) 

430 FOLFIRI vs 
mIFL vs 
CAPIRI 

47 vs 43 vs 39 
n.s. 

7.6 vs 5.9 vs 
5.8 (p=0.004 
and 0.015 
resp.) 

23.1 vs 
17.6 vs 
18.9 n.s. 

Ib 

Kohne 
2007(EORT
C 40015) 

85 CAPIRI vs 
FOLFIRI 
(+/- 
Celecoxib) 

48 vs 46 5.9 vs 9.6 14.8 vs 
19.9 

IIb 

 

Irinotecan, Oxaliplatin + 5-FU as Combination Therapy – FOLFOXIRI 

Background 

In a phase III study published in 2006, no statistical superiority of the FOLFOXIRI 
regimen was demonstrated in comparison with the FOLFIRI regimen. Median overall 
survival was 21.5 vs. 19.5 months (p=0.337), response rates were 43 vs. 33.6% 
(p=0.168), respectively. The rate of side effects (alopecia, diarrhea, neurotoxicity) was 
significantly higher than in the FOLFIRI arm (p=0.0001 for alopecia and diarrhea and 
p=0.001 for neurotoxicity) [863]. Falcone et al., however, demonstrated a significant 
improvement of progression-free as well as overall survival with FOLFOXIRI. This 
survival benefit was accompanied by significantly more frequent grade 2-3 peripheral 
neurotoxicity and grade 3-4 neutropenias (0 vs. 19% and 28 vs. 50%, p<0.001 and 
p=0.0006, respectively) [859]. In both studies response rates were better in 
comparison to FOLFIRI alone; in Falcone’s study this benefit reached statistical 
significance. However, the results of the two studies are only partially comparable due 
to different protocols and study populations. Response rates and resection rates, 
which were the primary and secondary endpoints of the Italian study, were convincing, 
so that the FOLFOXIRI protocol should especially be considered for induction of 
remission and possible secondary resection of liver metastases (see also 9.2.1.2) (see 

Table 21). 
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Table 21: FOLFOXIRI in First-Line Therapy 

Reference N Therapy 
regimen 

Response 
rate (%) 

PFS (Mm) OS (Mm) Level of 
evidence 

Falcone 
2007 † 

244 FOLFOXIRI vs 
FOLFIRI 

60 vs 
34(p=0.0001) 

9.8 vs 
6.9(p=0.000
6) 

22.6 vs 
16.7(p=0.03
2) 

Ib 

Souglakos 
2006 †† 

283 FOLFOXIRI vs 
FOLFIRI 

43 vs 
33.6(p=0.168) 

8.4 vs 
6.5(p=0.17) 

21.5 vs 
19.5(p=0.33
7) 

Ib 

† 5-FU as continuous infusion 

†† 5-FU as bolus, protocol with reduced doses of Irinotecan and Oxaliplatin 

 

5-FU/Folinic Acid + Bevacizumab 

Background 

This combination is particularly suitable for patients who do not qualify for an 
Oxaliplatin-containing/Irinotecan-containing protocol or for patients for whom a 
prolongation of progression-free and overall survival along with good quality of life is 
the primary goal of therapy (matching group 3). In a prospective randomized placebo-
controlled phase II study Kabinavaar et al. analyzed the effectiveness of a combination 
of Bevacizumab with a 5-FU/FA monotherapy according to the Roswell Park scheme in 
comparison with a sole 5-FU/FA monotherapy [905]. The results show a highly 
significant prolongation of progression-free survival in combination with Bevacizumab 
(9.2 vs. 5.5 months, respectively, p=0.0002) without achieving a significant 
improvement in response rates (26 vs. 15.2%, p=0.055). The difference in overall 
survival was also not significant (16.6 vs. 12.9 months, respectively, p=0.16). The 
therapy was well tolerated although this study involved a high-risk population (the 

median age was 72, the performance status was >0 for 72% of the patients). 

Oxaliplatin +5-FU/Folinic Acid + Bevacizumab 

Background 

The recently published randomized multi-center study NO16966 was initially designed 
as a two-armed study which examined the non-inferiority of Capecitabine and 
Oxaliplatin (as XELOX protocol) in comparison to FOLFOX4 [901]. After publication of 
data of the phase III study by Hurwitz (see below), which revealed a significant benefit 
by adding Bevacizumab, the original study protocol was expanded to a 2x2 factorial 
design and extended by Bevacizumab. The study showed a significant improvement of 
progression-free survival for the combination of chemotherapy and Bevacizumab 
(XELOX / FOLFOX +/- Bevacizumab). PFS as the primary endpoint was increased in 
median from 8.0 to 9.4 months (HR: 0.83; 97.5% CI: 0.72-0.95; p=0.0023) [864]. A 
possible explanation for this relatively small difference of only 1.4 months in PFS 
under a triple combination therapy could be that the average therapy duration in both 
arms was only about six months (190 days). The administration of the combination 
chemotherapy and Bevacizumab was then stopped, probably due to toxicity. In line 
with this, only 29% of the patients who were treated with Bevacizumab were treated 
until progression. A planned subgroup analysis of these patients indicates that 
continuing therapy up to progression could result in prolongation of the “time of 
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tumor control.” Overall survival as a secondary endpoint was not significantly improved 
(21.3 vs. 19.9 months, HR: 0.89; 97,5% CI: 0,76-1,03; p=0.077), response rates were 
the same (38 vs. 38%, OR 1.00; 97.5% CI: 0.78-1.28, p=0.99). 59 patients (8.4%) in the 
Bevacizumab arm and 43 patients (6.1%) in the placebo arm were operated with 
curative intention; the effect on R0 resectability cannot yet be conclusively determined. 
Resectability was not defined as a secondary endpoint in this trial [864] (see also 

9.2.1.2). 

Irinotecan + 5-FU/Folinic Acid + Bevacizumab 

Background 

The direct comparison of IFL plus placebo with IFL plus Bevacizumab showed a 
significant prolongation of overall survival from 15.6 months to 20.3 months 
(p<0.001), respectively. The median time until progression could also be extended 
from 6.2 months to 10.6 months by combination with the antibody (p<0.001). In the 
non-placebo group response rates were significantly higher with 44.8% compared to 
the placebo group (34.8%; p=0.004). The spectrum of toxicity included a grade 3 
hypertension for 11% of the patients treated in the experimental arm in contrast to 
2.3% in the standard arm. Further grade 3 and 4 toxicities were leucopenia in 37% and 
diarrhea in 32.4%. Since then, Bevacizumab has been approved for use in combination 
with 5-FU/FA with or without Irinotecan for first-line therapy of colorectal cancer [906]. 
A direct comparison of FOLFIRI plus Bevacizumab with mIFL plus Bevacizumab in the 
BICC-C study revealed a clear superiority for the 5-FU protocol in progression-free 
survival, overall survival (not yet reached vs. 19.2 months with mIFL + Bevacizumab, 
p=0.007). Response rates were not significantly different (57.9 vs. 53.3%, respectively) 
[902]. Also due to the more favorable toxicity profile, the infusional 5-FU protocol 

should be preferred over the IFL protocol. 

Oxaliplatin + Capecitabine + Bevacizumab 

Background 

The results of the N016966 study are presented in detail above. Both XELOX in 
combination with Bevacizumab and XELOX without the antibody are not inferior to the 
infusional protocol. The response rates which were acquired by an independent review 
committee were equal being 38% for both the FOLFOX and the XELOX arm. A 
predefined subgroup analysis indicates a benefit of 1.9 months in median progression-
free survival for the combination of Bevacizumab with XELOX compared to XELOX alone 
(7.4 vs. 9.3 months, respectively, HR: 0.77; 97.5% CI: 0.63-0.94; p=0.0026). The 
availability of Bevacizumab in the FOLFOX arm did not result in prolongation of 
progression-free survival in this subgroup analysis (8.6 vs. 9.4, respectively, HR: 0.89; 

97.5% CI: 0.73-1.08; p=0.1871) [864]. 

5-FU-Folinic Acid + Oxaliplatin + Cetuximab 

Background 

A randomized multicenter phase II study from Europe analyzed the effectiveness of a 
combination of FOLFOX +/- Cetuximab (OPUS study). 337 patients were randomized. 
Response rates were 45.6% in the experimental arm and 35.7% in the standard arm, 
while showing comparable grade 3-4 toxicity. Survival data were not yet available at 
the time of the presentation in 2007. The most frequent side effects were neutropenia, 
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diarrhea in both groups and acne-like skin rash in the group treated with Cetuximab 

[907]*. 

There are no phase III data that support a treatment of mCRC with a combination of 

FOLFOX and Cetuximab in first-line therapy. 

Hence, a general recommendation concerning the use of this combination cannot be 

given at this time. 

However, Cetuximab is permitted for first-line therapy of CRC in combination with 

Oxaliplatin for those patients who have wild type k-ras tumors. 

5-FU-Folinic Acid + Irinotecan + Cetuximab 

Background 

Until now, there are no phase III data available as fully published manuscripts 
concerning the use of Cetuximab in first-line therapy. The data of the phase III study 
(CRYSTAL) presented at ASCO in 2007 are promising and demonstrate a statistically 
significant increase in response rates and progression-free survival in comparison with 
FOLFIRI alone. The combination of FOLFIRI and Cetuximab resulted in a response rate 
of 46.9% (in comparison with 38.7% for FOLFIRI; p=0.005). The rate of R0 resections as 
a secondary endpoint was increased in the experimental arm as well [860]*. The high 
response rates from phase I/II studies (ORR 67%) which discussed an outstanding role 
for Cetuximab as a possible therapy for downsizing marginally resectable liver 

metastases [908], were not achieved. 

A retrospective analysis of the CRYSTAL study which was presented at ASCO showed 
that only patients with wild type k-ras tumors benefit from a therapy with Cetuximab 

[861]*. 

Cetuximab can be used according to its approval for this group of patients in 

combination with an Irinotecan-containing therapy as a first-line therapy of CRC. 

9.4.2. Duration of Therapy / Interruption of Therapy in First-line 

Therapy / Reinduction 

9.22. Recommendation 2008 

Grade of 
Recommendation 

B 

There is not sufficient evidence to justify stopping an initiated systemic 
chemotherapy before disease progression has occurred. 

Level of Evidence 

1b 

Consensus 

 

Background 

Overall survival and duration of tumor control can be considerably extended in each 
line of therapy with new chemotherapeutic agents and combination chemotherapies. 
Thus, the question of chemotherapeutic-associated side effects and the resulting 
quality of life are also becoming more and more important. As a result, studies have 
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been performed that analyze the importance of a maintenance therapy with less-
intensive therapy schemes (OPTIMOX 1) or a complete stopping of therapy after an 
induction phase in contrast to therapy until progression (OPTIMOX 2). The OPTIMOX 1 
study analyzed the administration of FOLFOX4 up to progression in comparison to 
FOLFOX7 followed by a maintenance therapy with 5-FU/FA and reinduction of FOLFOX7 
with the appearance of progression. The differences in progression-free and median 
survival were not significant, the rate of grade 3 neurotoxicities was more favorable 
(13 vs. 18%, p=0.12, respectively) [909]. Such a de-escalation strategy with reinduction 
of Oxaliplatin with documented progression should also be used in clinical routine and 
be discussed with patients as a possible option. The OPTIMOX 2 study examined the 
possibility of a complete halt of therapy in comparison to maintenance therapy as in 
OPTIMOX 1. With this study concept, median progression-free survival was significantly 
longer in the control arm (OPTIMOX 1) than in the experimental arm (8.3 vs. 6.7 
months, respectively; p=0.04); median overall survival was considerably better as well 
(24.6 vs. 18.9 months, respectively; p=0.05). So far, the data are only available in 
abstract form and were not fully conclusive in the presentation [910]*. A 
recommendation for a planned complete interruption of therapy without maintenance 
therapy cannot be given on the basis of these data. The group around Maughan 
observed a considerably lower toxicity with an intermittent administration of a 5-FU-
containing protocol with no clear survival benefit for the continuous administration (HR 

0.87 for intermittent administration, 95% CI: 0.69-1.09; p=0.23) [911].  

Labianca found no difference in overall survival as the primary endpoint between an 
intermittent FOLFIRI protocol in comparison with a continuous administration up to 

progression while observing comparable toxicity (HR=1.11; 95% CI; 0.83-1.48) [912]*.  

In contrast to a conceptual interruption of therapy, there are short-term interruptions 
in chemotherapy due to the patient's personal living situation (e.g. vacation). In this 

case, short-term interruptions of therapy are tolerable. 

Table 22: Studies Concerning the Question of Treatment Interruption/ Maintenance Therapy 

Reference N Therapy 
regimen 

Response-
rate 

(%) 

PFS (mo) OS (mo) Level of 
evidence 

Labianca 2006 336 FOLFIRI 
intermitt vs 
cont. 

29 vs 35 8.8 vs 
7.3(HR: 1.00. 
95% CI: 0.74-
1.36) 

16.9 vs 
17.6(HR: 1.11 
95% CI: 0.83-
1.48) 

Ib  

Tournigand(OPT
IMOX 1) 2006 

620 Ctx bis PD vs 
maintenance 
with 5FU/FS 

58.8 vs 
59.2 n.s. 

9 vs. 8.7n.s. 19.3 vs 
21.2n.s. 

Ib 

Maindrault 
2007(OPTIMOX 
2)  

202 Maintanence 
vs pause 

63 vs 61 8.3 vs 
6.7(p=0.04) 

24.6 vs 18.9 
(p=0.05) 

Ib 

Maughan 2003 354 5-FU/FS12 w 
Ctx vs cont. 

21 vs 8 3.7 vs 
4.9(HR:1.2 
95% CI: 0.96-
1.49) 

10.8 vs 
11.3(HR: 0.87; 
95% CI: 0.69-
1.09) 

IIb 
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9.4.3. Chemotherapy Protocols in Second- and Third-Line Therapy 
Overall, studies on first-line therapy of mCRC show a high variability concerning overall 
survival ranging from 14.1 to more than 22 months. Assuming that there were no 
great differences in patient selection, the type of chosen second- and third-line therapy 
and certainly their different availability are possibly responsible for these 
discrepancies. The choice of second- and third-line therapy depends on previous 
therapies and the time interval without therapy as well as on the individual situation of 
the patient and the particular goal of therapy. Although in first-line therapy options are 
currently being taken into consideration concerning the reduction of the duration of 
therapy or “stop-and-go” strategies (see above), second- and third-line therapies should 
still follow the principle that therapy should be administered up to disease-

progression. 

9.23. Recommendation 2008 

Grade of 
Recommendation 

A 

Due to the lack of sufficient evidence, none of the therapeutic agents described 
above should be continued after documented progression under therapy with the 
exception of fluoropyrimidines or the administration of Irinotecan in combination 
with Cetuximab after failure of an Irinotecan-containing therapy. This also applies to 
Cetuximab and Bevacizumab. 

Level of Evidence 

2 

Strong consensus 

 

Background 

The importance of an effective second-line therapy for overall survival has been 
analyzed in several phase III studies. Thus, a second-line therapy with Irinotecan after 
failure of Fluorouracil monotherapy resulted in a significant benefit in overall survival 

in comparison with BSC [913] or infusional 5-FU/FA [914].  

Combination therapy with Oxaliplatin and Fluorouracil after failure of an Irinotecan-
containing protocol in first-line therapy was superior to 5-FU/FA and/or Oxaliplatin 
monotherapy with respect to the resulting response rates as well as in relation to the 
time until progression [915]. The combination therapy of 5-FU/FA with Oxaliplatin 
and/or Irinotecan, which shows response rates (CR + PR) of 40-55% in first-line therapy, 
achieves response rates of 4% (FOLFIRI) up to 15% (FOLFOX) and a progression-free 
survival of about 2.5-4.2 months in second-line therapy. The median survival of the 
patients was about 20 months each for both therapy sequences (FOLFOX  FOLFIRI 
and/or FOLFIRI  FOLFOX) [894]. The introduction of monoclonal antibodies such as 
Cetuximab, Bevacizumab, and Panitumumab has also extended the possibilities for 
second- and third-line therapy. The so-called BOND-1 study for the first time verified 
the effectiveness of Cetuximab in combination with Irinotecan as second-line therapy 
for advanced CRC’s after Irinotecan failure (RR 22.9%, overall survival 8.6 months) 
[916]. The so-called EPIC study showed that a combination of Cetuximab plus 
Irinotecan was also effective after a previously administered therapy containing 
Oxaliplatin, and in direct comparison was more effective than an Irinotecan-

monotherapy [917]. 
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9.4.3.1. Combination Therapy in Second- and Third-line Therapy 
Background 

In his work published in 2004, Tournigand compared FOLFOX and FOLFIRI as first- and 
second-line therapy, respectively, and vice versa. Median survival of the respective 
sequences was not significantly different between the two arms (20.6 months for 
FOLFOX vs. 21.5 months for FOLFIRI in first line treatment) [894]. For response rate or 
progression-free survival also no significant benefit was shown for one sequence or the 
other (see Table 23). 

Oxaliplatin + Fluoropyrimidine 

Table 23: Oxaliplatin-Containing Protocols in Second-Line Therapy 

Reference N Therapy regimen Response-rate 
(%) 

PFS (mo) Level of 
evidence 

Giantonio 
2007 [918] 

829 FOLFOX 4 vs 
FOLFOX + 
Bevacizumab vs 
Bevacizumab mono 

8.6 vs. 22.7 
(p<0.0001) vs 3.3 

4.7 vs 7.3 
(p<0.0001) vs 
2.7 

Ib 

Rothenberg 
2007 [919] 

627 XELOX vs FOLFOX n.a.  TTP:4.8 vs 
4.7 

Ib 

Tournigand 
2004 

220 FOLFIRI FOLFOX 6 
vs. rev. sequence 

4 vs. 15  

2.5 vs 4.2 

Ib 

Rothenberg 
2003 

463 FOLFOX 4 vs FS-5 
FU(vs Oxaliplatin 
mono) 

9.9 vs 0 vs 0 TTP: 4.6 vs 
2.7 
(p<0.0001) 

Ib 

 

Capecitabin und Oxaliplatin 

Background 

627 patients with progression under irinotecan-containing therapy were treated in 
second line either with XELOX or FOLFOX. The median time to progression was 4.8 

months in the XELOX arm compared to 4.7 months in the FOLFOX arm. 

Grade 3/4 toxicity occurred in 60.1% of cases in the XELOX arm and in 72.4% of 
FOLFOX treated patients. These were mainly diarrhea (20 vs 5%), neutropenia in 5 and 

35%, respectively, and nausea and vomiting in 5-6 % of patients [919]. 

Irinotecan + Cetuximab 

Background 

In the BOND study, 329 patients who showed progression within three months after 
receiving Irinotecan-containing therapy were treated. The patients were either 
randomized to chemotherapy with Irinotecan and Cetuximab or to Cetuximab 
monotherapy. Compared to monotherapy, the combination treatment resulted in 
significantly higher response rates (22.9 vs. 10.8%, p=0.007, respectively). 
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Progression-free survival was also significantly prolonged (4.1 vs. 1.5 months, 
p<0.001, respectively). Overall survival was 8.6 and 6.9 months, respectively (p=0.48) 

[916]. 

The EPIC study analyzed the effectiveness of this combination with patients who had 
shown progression under treatment with an Oxaliplatin-based therapy. In this phase III 
study, patients were either treated with Cetuximab + Irinotecan (n=648) or with 
Irinotecan mono (n=650). Response rates were significantly improved with the 
administration of combination therapy (16.4 vs. 4.2%, p<0.0001). Median PFS was 
extended from 2.6 months to 4.0 months with the availability of Cetuximab (HR: 
0.692, p<0.0001). Median overall survival as a primary endpoint was comparable in 
both arms, since after progression a “crossover” in the other study arm was permitted 
(10.7 vs. 10 months, respectively, hazard ratio for overall survival=0.975, 95% CI: 
0.854 -1.114, p=0.71). An accompanying analysis of the quality of life showed an 
improvement of the general health status (p=0.047) and for functional and individual 
symptoms (fatigue, nausea/vomiting [p<0.0001], pain [p<0.0001]) in the combination 

arm, so that this combination can be considered for symptomatic patients [917, 920]*. 

Bevacizumab + 5-FU-Folinic Acid + Oxaliplatin 

Background 

The value of Bevacizumab in combination with Oxaliplatin and 5-FU/FA in second-line 
therapy after failure of an Irinotecan-containing therapy with patients who had not 
previously been treated with Bevacizumab was analyzed in a phase III study. 829 
patients were randomized to one of the three therapy arms (FOLFOX-Bevacizumab or 
FOLFOX or Bevacizumab as monotherapy). The additional consideration of 
Bevacizumab resulted in a significant survival benefit of 2.1 months in comparison to 
FOLFOX alone (12.9 vs. 10.8 months, respectively, HR: 0,75; p=0.0011). Progression-
free survival as well was significantly longer than in the solitary chemotherapy arm (7.3 
vs. 4.7 months, respectively, HR: 0.61, p<0.0001). Bevacizumab alone had no clinical 
relevance. The combination with the VEGF antibody increased the rate of grade 3 and 4 
toxicities by 14%. Bleeding, vomiting, and hypertension occurred significantly more 
often in the experimental arm. The fact that the risk of neuropathy was increased as 
well is most likely due to longer therapy duration in the combination arm (10 vs. 7 

cycles in the FOLFOX arm). The follow-up period was 28 months [918].  

 

Mitomycin C + Fluoropyrimidine 

Background 

In a trial by Chong with 36 patients an objective response rate of 15.2% was achieved 
in third-line therapy. Median overall survival was 9.3 months. Data from phase I/II 
studies are encouraging; results from phase III studies are not available. 

Fluoropyrimidine and Mitomycin C can be used as a salvage therapy [921-924]. 
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9.4.3.2. Monotherapy with Biological Substances in Third-Line Therapy 

Cetuximab 

Background 

In 2006, Lenz published a large one-armed phase II study with 346 patients which also 
demonstrated a benefit of Cetuximab monotherapy for Irinotecan-refractory patients 
(response rate of 11.6%). More than half of the patients showed progression at the 
time of the first imaging (median progression-free survival: 1.5 months); overall 
survival was 6.6 months. The BOND study, which was already mentioned above, 
showed comparable response rates of about 10% in monotherapy. In the latter studies, 
again, the grade of skin rash correlated with effectiveness [916, 925]. A very recently 
published study which compared Cetuximab monotherapy with BSC achieved an overall 
survival of 6.1 months versus 4.6 months in the group with sole BSC [926]. 
Considering these data and the results of the BOND-1 study, Cetuximab monotherapy 
is especially recommended for patients who do not qualify for Irinotecan-containing 
therapy (Cetuximab can only be administered in monotherapy in this way, because 

approval is still missing). 

 Translational data on a heterogeneous patient collective indicate that for Cetuximab 
the k-ras mutational status is also an independent predictive factor. Thus, a k-ras 
mutation was found in 27% of the Irinotecan-refractory patients and was associated 
with a resistance against Cetuximab (0 vs. 40% responders among the 24 patients with 
k-ras mutation compared to 65 patients with k-ras wild type expressing tumors, 
p<0.001) as well as with a poorer survival (median PFS: 10.1 vs. 31.4 weeks for 
patients without mutation, p=0.0001; median OS: 10.1 vs. 14.3 months for patients 

without mutation; p=0.026) [927]. 

As of August 2008, the k-ras mutation status is relevant for approval. Only patients 

with a wild type k-ras expressing tumor should receive Cetuximab. 

Panitumumab 

Background 

Panitumumab is the first fully human monoclonal antibody which binds to the 
epidermal growth factor receptor (EGFR). A phase II efficacy study including 148 
patients with pre-treated metastasized colorectal cancer (dose of Panitumumab 2.5 
mg/kg/week) showed a partial response to therapy in 9% of the cases; in 29% of the 
cases the disease remained stable. The average overall survival time was 9 months; the 
average time to progression was 14 weeks [928]. A subsequently performed 
randomized controlled multicenter phase III study included 463 patients with 
metastasized colorectal cancer after failure of cytostatic standard therapy with 5-
FU/FA, Irinotecan, and Oxaliplatin. Patients were randomized to Panitumumab along 
with best supportive care (n=231) or to best supportive care only (n=232). With 
Panitumumab a significant improvement in progression-free survival was achieved (HR: 
0.54; 95% CI, 0.44-0.66, p<0.0001). Median progression-free survival was 8 weeks for 
patients who were treated with Panitumumab, in contrast to 7.3 weeks for those who 
had only received best supportive care. 176 of the patients, who had primarily been 
assigned to best supportive care received Panitumumab by crossover after progression 
of their tumor [929]. For 168 patients k-ras mutation status was available, 20 patients 
(12%) showed response; with 32% the disease remained stable. The effectiveness of 
Panitumumab was limited to tumors that showed no k-ras mutations. These 
translational studies were published [930]. In the US, Panitumumab was approved in 
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September 2006, in Europe in December 2007. The approval is limited to patients who 
have wild type k-ras gene expressing tumors and for whom chemotherapy regimens 

containing Fluoropyrimidine, Oxaliplatin, and Irinotecan have failed (third-line therapy). 

9.5. Procedure for Local Recurrence or for Non-hepatic 
and Non-pulmonary Distant Metastazation 

9.5.1. Local Recurrence 
For local recurrence of rectal cancer, which have not been pretreated 
(radio(chemo)therapy) in the context of the primary operation, this form of therapy 
should now be mainly preferred. For pretreated patients with the possibility for a R0 
resection, surgery can primarily be performed [931]. For those pretreated patients with 
questionable R0 resectability of a relapse, multimodal surgical procedures must be 
considered individually and based on the intensity of pretherapy. For locoregional 
lymph node relapse in colorectal cancer, if possible, complete curative resection should 

be attempted [932]. 

9.5.2. Non-Hepatic or Non-Pulmonal Distant Metastases 

9.24. Recommendation 2013 

Grade of 
Recommendation 

0 

For patients with isolated or limited peritoneal carcinosis cytoreductive surgery 
followed by hyperthermal intraperitoneal chemotherapy (HIPEC) can be performed if 
the following criteria are fulfilled: 

- PCI (peritoneal cancer index) < 20  

- no extraabdominal metastases 

- Possibility of macroscopic complete removal or destruction of all tumor 
manifestations 

- therapy in a specialized center 

These procedures should preferably be performed as part of a trial.  

Level of Evidence 

2a 

Strong consensus 

 

Background 

So far, there is only one completed randomized study comparing systematic 
chemotherapy and cytoreductive surgery with HIPEC [660]. This study demonstrated 
also long-term that surgical therapy of peritoneal carcinosis leads to significantly 
better disease-specific survival [661]. If macroscopic tumor eradication was achieved, 
the 5-year-survival was 45%. It must be noted that the control arm only received a 5-FU-
based systemic therapy. Thus, despite numerous non-randomized studies [662] with 
promising results, it has not been conclusively defined which patients benefit from 

surgical therapy with HIPEC compared to modern systemic polychemotherapy.  

For isolated bone metastases with pain symptoms local radiation therapy should be 
conducted. In this context, a meta-analysis showed that single, high-dose therapy is 
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equally potent as fractionated therapy [933]. Single, high-dose therapy should, 
therefore, be preferred considering the overall oncologic concept. Biphosphonate 
administration can additionally follow. Surgery is indicated in case of an increased 
fracture risk and imminent paraplegia. With isolated brain metastases, if possible, a 
surgical resection should be performed [934]. If inoperable, radiation therapy, possibly 

as stereotactic radiation, are potential options [935]. 
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10. Follow-up Care 
After diagnosis and therapy of a colorectal cancer, adequate medical care is 
appropriate regardless of the tumor stage. After curative therapy of colorectal cancer, 
there is an increased risk for a local or locoregional recurrence (3-24%), distant 
metastases (25%), or a metachronous second tumors [936-945]. The risk is increased 
in case of a genetic predisposition [940] and with advancing tumor stages [946, 947]. 
This is the basic justification for providing regular follow-up for these patients.: a 
recurrence should be discovered so early that a second operation is possible with a 
curative intent. Follow-up should also enable the diagnosis and treatment of tumor and 
therapy related sequelae. Subjective goals of follow-up care are to improve a patient’s 

quality of life [948]. 

An additional goal is quality control of the diagnostic and therapeutic measures which 
were carried out before. However, the effect of follow-up care seems marginal with a 
mean 1% improved survival for the whole group of treated patients [949]. Data from 
267 articles relating to this topic were evaluated in a meta-analysis [950]. For long-
term survival of one patient with colorectal cancer, 360 positive follow-up tests and 11 
secondary operations were necessary. The remaining 359 follow-up tests and 10 
operations resulted in either no therapeutic advantage or had negative consequences 

[950]. 

A Cochrane review from 2008 which included 8 studies showed that with intensive 
follow-up the mortality was lower (OR 0.73 (95% CI 0.59 to 0.91) than if no or minimal 

follow-up was performed.  

10.1. Follow-Up for Patients with UICC stage I  

10.1. Consensus-based Recommendation 2013 

GCP A regular follow-up for patients with colorectal cancer and early tumor stage (UICC I) 
is not recommended after R0 resection considering the low rate of recurrence and 
the favorable prognosis. Colonoscopy follow-up should be performed according to 
Chapter 10.3.9.1 . 

 

Background 

Patients with UICC stage I have a good prognosis after a curative resection. In patients 
with pT2 tumors recurrence occurs more frequently (UICC Ib)(13%) than in those with 
pT1 tumors (UICC Ia)(4%) [951]. Altogether, the long-term survival of stage UICC I 
patients according to a prospective cohort study is very good with 86%, and a 
programmed follow-up is usually not necessary. Similar results were reported in a 
retrospective study with 541 patients with CRC stage 1. The pT1N0M0 (UICC Ia) tumors 
demonstrated 2.9% recurrences and pT2 cancer (UICC Ib) 5.6% recurrences [952]. In 
stage Dukes A, recurrences were only seen in patients with rectal cancer (11%, 

n=6/55), not in colon cancer [953]. 

In individual cases, if a higher local recurrence risk is expected based on endoscopic, 
intraoperative (e.g. after intraoperative tumor opening), or pathological findings, a 
follow-up with shorter intervals may be necessary (e. g. higher risk for distant 
metastases with invasion of the periocolonic veins [954, 955], angiolymphatic invasion 



10. Follow-up Care  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

183 

[956, 957], G3/G4 tumors or pT2 tumors) (see Chapter 8). Here the sole assessment of 

CEA was sufficient [952]. 

Since patients in stage I also have a higher risk of developing metachronic secondary 

tumors, a colonoscopy follow-up according to Chapter 10.3 is reasonable. 

10.2. Follow-Up for Patients with UICC stage II and III 

10.2. Recommendation/ Consensus-based Recommendation 2008 

Grade of 
Recommendation 

A 

Following R0 resection of UICC stage II and III colorectal cancers, regular follow-up 
examinations are indicated (see recommendation 10.1.). 

Level of Evidence 

1a 

[949, 950, 958-967] 

 Strong consensus 

 

10.3. Recommendation 2008 

GCP However, follow-up should only be performed if a recurrence would have 
therapeutic consequences. 

 Strong consensus 

 

Background 

With advanced colorectal cancer (UICC stage II and III) the risk of recurrence is 
significantly higher [936-947]. There are 6 randomized controlled studies [962-967] on 
the relevance of follow-up of CRC-patients of which only 2 showed a positive effect on 
the five-year survival rate of an intensive follow-up in comparison to a "standard follow-

up” [965, 967]. Nearly all studies also included patients with UICC stage I. 

Different meta-analyses of five of the randomized and controlled studies (1 positive, 4 
negative) [949, 950, 958-961] demonstrated a small survival benefit when more tests 
were performed compared to fewer tests. Liver imaging was significantly better as part 
of follow-up. The significance was lost, however, if both results were calculated as risk 
differences and not as odds ratios [960]. An active follow-up led only to a slight 

survival benefit of 0.5 to 2% after five years [949].  

A recent Cochrane publication [968] included 3 other studies in this meta-analysis 
[967, 969, 970]. A survival advantage after 5 years was found for patients who had 
intensive follow-up care (OR 0.73; 95% CI 0.59-0.91). However, the absolute number of 

detected relapses was the same in both groups [30].  

A retrospective study compared the effect of regular follow-ups according to the ASCO-
guidelines (>70% of follow-up appointments were visited) with few (<70%) and no 
follow-ups [971]. Compared to the other groups, regular follow-up led to a significantly 
better 5 and 10 year survival. This is also true for the prognosis of recurrences in these 
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patients. In addition, a psychological benefit from the follow-up procedures can be 

derived for the affected patients [972].  

Unfortunately, the guidelines are not always followed. It has been observed that only 
73.6 % of patients older than 65 years had the recommended colonoscopy and only 
46.7 % CEA testing, whereas procedures such as CT and PET-CT were done in 48 % and 

7 %, respectively [973]. 

Definite recommendations on type and frequency of follow-up tests cannot be given, 
because good studies are missing [974-976]. Follow-ups adapted to the UICC stage or 
the effect of a complete waiver of follow-up exams have so far not been tested in 

prospective studies.  

Because of the overall poor data available, the expert conference decided, despite the 
grade 1a of several existing meta-analyses, merely on a Grade of Recommendation B 

for programmed follow-ups of CRC UICC stage II and III. 

10.3. Role of Diagnostic Methods for Follow-up 
The following recommendations are given concerning diagnostic tests for follow-up: 

10.3.1. Medical History 

10.4. Consensus-based Recommendation 2008 

GCP A symptom-oriented medical history and physical examination are the principle 
components of follow-up. 

 Strong consensus 

 

Background 

Medical history and physical examinations play a small role in the early detection of 

colorectal cancer. However, these basic medical measures should precede any further 

examinations [975, 977]. All participants of the consensus conference agreed on this. 

10.3.2. CEA Testing 

10.5. Recommendation 2008 

Grade of 
Recommendation 

B 

The testing of carcinoembryonic antigen (CEA) is recommended every six months 
for at least two years. An increased CEA value requires further workup, but does not 
justify the beginning of a systemic chemotherapy in case of suspicion of a 
metastasized tumor stage. 

Level of Evidence 

4 

[965, 978, 979] 

 Strong consensus 
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Background 

CEA was shown to be superior to colonoscopy, computer tomography, and ultrasound 
for the early detection of liver metastases [965, 978, 979]. A meta-analysis of 7 non-
randomized studies showed a survival benefit of 9% for patients for whom the follow-
up program included CEA [958]. Other studies showed no or only minimal benefit 
[963, 980]. CEA was not recommended for follow-up in a literature review [976]. 
However, American (ASCO) and European (EGTM, European Group on Tumor Markers) 
follow-up guidelines include the use of CEA [975, 977, 979]. Here the testing is 

recommended every 2-3 months in the first 2 years. 

Adjuvant therapy with 5-fluoruracil can lead to a false higher value. Thus, a sufficient 
interval to treatment should be observed [981]. 30% of all colorectal tumors do not 
release CEA [981, 982], while 44% of the patients with normal preoperative values 
show an increase postoperatively [983]. The further clarification of increased CEA 
values requires diagnostic imaging and if necessary, 18-fluorodeoxyglucose positron 

emission tomography [984, 985]  

Due to the general controversial data for the use of CEA for the follow-up of colorectal 
cancer, the expert conference deviated from the recommendations of ASCO and EGTM 
and decided upon a biannual rather than three-month testing interval in the first two 

years and then annually over 3 years.  

10.3.3. Other Laboratory Parameters 

10.6. Recommendation 2008 

Grade of 
Recommendation 

B 

The routine testing of laboratory values in the context of follow-up is not advisable. 

Level of Evidence 

3b 

[974, 977] 

 Strong consensus 

 

Background 

In several studies the testing of liver enzymes was part of the follow-up program. 
However, a study showed that CEA and other imaging procedures became positive 
earlier than liver function tests [974]. For these reasons, a routine testing of these 

serum parameters is not advised. The same applies for complete blood count [977].
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10.3.4. FOBT 

10.7. Recommendation 2008 

Grade of 
Recommendation 

A 

The testing for occult blood in the stool is not appropriate for follow-up. 

Level of Evidence 

3b 

[982, 986] 

 Strong consensus 

 

Background 

The testing of occult blood in the stool is not appropriate for follow-up. Only 12% of 
the local tumor recurrences led to a surface injury of the mucosal membrane [982]. 
Serial testing of 1,217 patients with curative resection of colorectal cancer showed a 

very low sensitivity and specificity of the test for recurrent tumors or polyps [986]. 

10.3.5. Ultrasound 

10.8. Recommendation 2008 

Grade of 
Recommendation 

A 

Abdominal ultrasound is technically appropriate for the detection of liver 
metastases. Its routine use for follow-up of CRC is not assured by data. However, 
the expert committee assessed ultrasound as the simplest and least-expensive 
procedure and, therefore, recommends its use for the diagnosis of liver metastases. 

Level of Evidence 

5 

[960, 962, 976] 

 Strong consensus 

 

Background 

The sensitivity of abdominal ultrasound for the detection of liver metastases varies 
widely between 53% and 82% [976]. In most studies it was not as accurate as computer 
tomography. In a controlled, randomized study [962] the inclusion of abdominal 
ultrasound and computer tomography had no influence on survival and resection rates 
of follow-up patients. In a meta-analysis of several randomized studies the use of an 
imaging test for the evaluation of the liver resulted in a statistically significant survival 
benefit [960]. If the calculation of these results was done as a risk difference and not 
as an odds ratio, this advantage was no longer detectable [960]. Because abdominal 
ultrasound is faster and less expensive than other imaging tests, the participants of 
the consensus conference recommended abdominal ultrasound for the detection of 

liver metastases as part of follow-up. 
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10.3.6. Endoscopic Ultrasound 

10.9. Recommendation 2008 

Grade of 
Recommendation 

B 

Endoscopic ultrasound (EUS) is appropriate for the detection of local recurrences in 
rectal cancer, especially in combination with an EUS-guided biopsy. Currently, no 
recommendation can be given for routine primary use in follow-up.  

Level of Evidence 

3b 

[987] 

 Strong consensus 

 

Background 

In one study endoscopic ultrasound examinations were shown to be helpful for the 
detection of locoregional recurrences after sphincter-retaining rectal resection if this 
procedure was combined with a EUS-guided biopsy [987]. 68 perirectal lesions 
detected by EUS consisted of 36 actual local recurrences in a group of 312 patients. 12 
recurrences were detected with a proctoscope. For 22 of the endosonographically 
detected lesions, the histology was positive. In 41 lesions histology was negative and 
in 5 inconclusive. In 18 of the 68 patients the endoscopic ultrasound influenced the 
further course [987]. EUS is not recommended as a primary diagnostic technique for 
follow-up due to its invasiveness when combined with a biopsy. It is, however, useful 
for the workup of suspected locoregional recurrences of rectal cancer that have been 

detected by other tests. 

10.3.7. Chest X-Ray  

10.10. Recommendation 2013 

Grade of 
Recommendation 

0 

A chest x-ray can be performed annually for patients with stage II and III rectal 
cancer for five years.  

Level of Evidence 

3b 

de Novo: [988] 

 Consensus 

 

Background 

In a French cohort study 5.8 % of patients developed lung metastases within 5 years 
after curative resection of CRC [988]. The rate of lung metastases after 1 year was 0.9% 
and after 3 years 4.2%. The risk of lung metastases was significantly higher in patients 
with rectal cancer than colon cancer (OR 2.6 95CI 1.65-4.75). The 3-year survival after 
detection of metachronic lung metastases was 13.8%. After curative resection of these 

metastases, the relative 3-year survival was 59%.  
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A systematic literature search on the role of chest x-rays as follow-up examinations 
identified 18 studies on this topic. These showed that follow-up using chest x-ray 
detected 0.8 to 7.0% of lung metastases in all patients and between 3.4 and 29.4% of 
all recurrences. The rate of curative resection of the detected metastases in these 
studies was 0-100%. More detail on the effect of tumor localization and stage as well 
as the ideal interval of the x-ray testing is not possible based on the information given 

in these studies, their low case number, and their heterogeneity.  

Overall, according to data by Mitry, the benefit of lung imaging seems to be higher in 
patients with rectal cancer. Thus, the follow-up of colon cancer patients is still not 

recommended due to the unknown benefit.  

10.3.8. Computer Tomography 

10.11. Recommendation  2013 

Grade of 
Recommendation 

B 

Computer tomography is technically appropriate for the detection of liver 
metastases, local recurrences, as well as lung metastases. The current data indicates 
that computer tomography should not be used routinely as part of follow-up. 

Level of Evidence 

1b 

Evidence from update literature search: [965, 966, 968, 989-991] 

 Strong consensus 

 

Background 

In a randomized, controlled study, the use of computer tomography (CT) as part of 
follow-up had no influence on patient survival [966]. Liver lesions were found 
somewhat earlier (12 of 20 were asymptomatic), but CT did not increase the number of 
curative liver resections. In some studies CEA elevation detected a tumor recurrence 

earlier than regular CT examinations [965, 966, 991]. 

An update of the ASCO guideline from 2005 led to the recommendation of annual 
abdominal CT examinations over 3 years [989]. The committee justified their decision 
to recommend the use of abdominal CTs in follow-up exams with the work of Chau et 
al. [990]. 154 tumor recurrences were retrospectively evaluated in 530 patients. The 
study was originally designed as a therapy study and not to investigate the role of CT 
in follow-ups. 65 recurrences were detected based on symptoms, 45 by repeated CEA-
testing, and 49 using CTs 12 and 24 months after starting adjuvant chemotherapy. 14 
of these patients also had an increased CEA and were present in both groups. 
Resections were performed more frequently in the CT-group (n=13, 26.5%) and the 
CEA-group (n=8, 17.8%). Two patients were operated in the symptomatic group (3.1%). 
These differences were significant. However, the importance of ultrasound in 
comparison to CT was not studied. More recent meta-analyses also do not allow 
conclusions on the type of method that should be used [968]. Therefore, currently no 
recommendation can be given on regular CT-examinations in asymptomatic patients as 

part of follow-up care.  
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10.3.9. Endoscopic Procedures  

10.3.9.1. Colonoscopy 

10.12. Recommendation 2013 

Grade of 
Recommendation 

B 

Colonoscopy is appropriate to detect local recurrences or secondary tumors. All 
patients should have a complete colonoscopy preoperatively or within 6 months 
postoperatively. A colonoscopy should be performed after 1 year and subsequently, 
if negative, every 5 years to detect metachronic cancer or polyps. If a complete 
colonoscopy was done postoperatively within 6 months, the next one should be 
done after 5 years.  

If neoplasia is detected during colonoscopy after 6 or 12 months, further follow-up 
should be performed according to Chapter 6.5.  

Level of Evidence 

2b 

de Novo: [961, 992-995] 

 Strong consensus 

 

10.3.9.2. Sigmoidoscopy 

10.13. Recommendation 2008 

Grade of 
Recommendation 

B 

Sigmoidoscopy is appropriate to detect local recurrences and secondary tumors in 
the areas within reach. Additional sigmoidoscopies should only be performed in 
patients with UICC stages II and III rectal cancer who have not received neoadjuvant 
or adjuvant radiochemotherapy. 

Level of Evidence 

4 

Strong consensus 

10.3.9.3. Rectoscopy 

10.14. Recommendation 2008 

Grade of 
Recommendation 

B 

A rigid rectoscopy is appropriate to detect local recurrences and anastomotic 
changes in patients with rectal cancer. It can be used as an alternative procedure to 
sigmoidoscopy. 

Level of Evidence 

4 

Strong consensus 

 

Background 

The aim of endoscopic follow-up care is to detect metachronic neoplasia and 
anastomotic recurrences in a curative stage. It should be considered that a meta-
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analysis of various randomized controlled studies showed that colonoscopic follow-up 
is less effective than the search for extramural recurrences [961]. Furthermore, 

colonoscopies are costly and there is a risk of complications (although small).  

In the publications identified in the literature search (for details see evidence report) 
the rate of metachronic cancer varied between 0 and 6.4% and the anastomotic 
recurrence was between 0 and 12% during follow-up (24 to 94 months). In the studies 
that provided this information the calculated annual incidence of metachronic cancer 
was 0-2.3%. If the endoluminal anastomotic recurrences are also considered, the 
annual cancer incidence was 0 to 2.6%. The rate of advanced adenomas that were 
detected during follow-up was only reported in few studies and varied between 3.7 and 

13%. 

The rate of curative resections of metachronic cancer and/or anastomotic recurrences 

was 27 to 100%. 

The necessary frequency of colonoscopies during follow-up was investigated in a study 
that compared intensive colonoscopic follow-up (in the first year every 3 months, in the 
second and third year every 6 months, and then annually) to a less intensive protocol 
(after 6, 30, and 60 months) [992]. Recurrences were found in 8.1% of the intensively 
followed patients and in 11.4% of the patients who had colonoscopies less often. 
Although the overall survival was comparable, asymptomatic recurrences were 
significantly increased and the prognosis was better for patients who had to be 
reoperated. The frequency of metachronic tumors was not mentioned in this study. 
The high frequency of colonoscopies did not have an effect on overall survival, and 
especially since most recurrences develop extraluminally a less burdensome protocol 

for the patients is sufficient.  

A study reported 20 of 1002 patients (3.1 %) with secondary cancer of which 9 were 
detected within 18 months [993]. Advanced neoplasia (defined as adenoma >1 cm, 
villous histology, HGD, or cancer) was seen more often (15.5%) in colonoscopies after 
36-60 months compared to an earlier examination within 18 months (6.9%). Although 
an early colonoscopy was not associated with a better survival during follow-up, the 
authors conclude that a first colonoscopy should be performed 12 months after 
surgery. This is useful to identify metachronic cancer in time that were possibly 
overlooked during the index examination. Based on these data, it is now 

recommended to have the first follow-up colonoscopy 12 months after the operation. 

Rex et al. also emphasize that the primary goal of colonoscopies during follow-up is 
not so much the identification of rare anastomotic recurrences, but the detection of 
metachronic neoplasia [994]. 2-7% of patients had at least one metachronic tumor. It 
cannot be concluded whether these were real metachronic lesions or whether they 
were synchronic cancers that were missed during the first colonoscopy. Nonetheless, 
the authors of this guideline also recommend that the first colonoscopy be performed 
12 months after tumor resection. They justify this recommendation with a publication 
from 1993 from a tumor registry in Nebraska which reported an annual incidence of 
metachronic tumors of 0.35% [937]. Since the risk of metachronic tumors persists, a 

colonoscopic follow-up analogous to the screening of colon cancer is indicated [995]. 
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10.3.10. Colon Contrast Enema, Virtual Colonography, and PET 

10.15. Recommendation 2013 

Grade of 
Recommendation 

B 

Colon contrast enema, virtual colonography, PET, PET-CT, and PET-MRI should not 
be part of a follow-up program.  

Level of Evidence 

4 

de Novo: [191, 996, 997] 

 Strong consensus 

 

Background 

Only few data exist on the use of PET in follow-up care. The majority of studies 
includes only patients with suspected recurrence and investigates the role of PET. This 
procedure was not the goal of the literature search. Instead it was its use for 

asymptomatic patients without suspected recurrence.  

A randomized study [996] with close follow-up examinations showed that recurrences 
were detected earlier when PET was used after 9 and 15 months and that these were 

more often R0-resections.  

A prospective randomized study [191] was aimed at determining the role of PET-CT in 
the follow-up of CRC. In addition to a follow-up that included abdominal ultrasound, 
chest x-ray, tumor marker assessment, and abdominal CT, a PET-CT was performed 
after 9 and 15 months and compared to the control group. The recurrence rate was 
comparable in both groups. Tumors wre detected earlier in the PET-group by an 
average of 3.2 months. Although resections of the recurring tumors were performed 
more often in the PET-CT group (15 vs 2), conclusions on a better survival could not be 
made. This was because the study was discontinued early due the introduction of a 
new PET-CT generation. Also of concern is that in three cases false positive findings 
were generated by PET-CT which resulted in unnecessary diagnostic measures and 

surgical interventions. 

In a prospective case series including 31 patients [997] a PET was performed after 2 
years. The patients had previously had regular CT/MRI and were considered 
recurrence-free. In 6 patients the PET was positive and in 5 patients recurrences were 
identified. The outcome of these patients remains unknown. Overall, the the 
participants considered the data insufficient to include PET/PET-CT/PET-MRI-

examinations in routine follow-up care. 

Colon contrast enema and virtual colonoscopies have not been evaluated for follow-up 

and cannot replace the endoscopic methods in follow-up.  
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10.4. Time Course of Follow-up 

10.16. Consensus-based Recommendation 2013 

GCP The start of follow-up is calculated from the time of the operation.  

 Strong consensus 

 

Background 

80% of all recurrences are detected within the first two years after CRC operations,, 
whereas practically no new recurrences are detected after 5 years [998]. This also 
applies to rectal cancer, although with this tumor entity a few locoregional recurrences 
were observed after this period [943]. This, however, does not justify extending follow-

up beyond five years. 

In most studies the follow-up interval in the first and second postoperative year was 3-
months and shorter than in the following years [962, 963, 965, 966]. A 3-month 
interval was found to be superior to a 6-month interval in one study with otherwise 
similar examination methods [965]. However, the patients in the 3-month follow-up 
group received an additional annual CT, which in another study was not beneficial 
[966]. Due to the lack of clear data, the consensus conference decided on examination 
intervals of 6 months in the first 2 years. After 5 years, only colonoscopies should be 

performed to exclude secondary cancers. 

10.5. Age Limit for Follow-up 
In controlled studies of follow-up care, patients up to 87 years of age [962-967] were 
included. One cannot derive an age limit from these studies. It makes sense to adjust 
type and duration of follow-up according to operability, biological age, accompanying 

diseases, and the will to undergo surgery again if necessary. 

10.6. Special Cases 

10.17. Recommendation 2008 

Grade of 
Recommendation 

B 

After local removal of a pT1 low-risk cancer, local endoscopic examinations should 
be performed after 6, 24, and 60 months (see also Chapter 6.4). 

Level of Evidence 

4 

Strong consensus 
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10.18. Consensus-based Recommendation 2008 

GCP After palliative tumor resection (R2 resection), programmed follow-up examinations 
are not necessary. 

 Strong consensus 

 

10.19. Consensus-based Recommendation 2013 

GCP After curative therapy of metastases, stage IV patients should undergo a 
programmed follow-up.  

 Strong consensus 

 

10.20. Recommendation 2008 

Grade of 
Recommendation 

A 

For cancer patients with HNPCC who have had a hemicolectomy, colonoscopic 
examinations and after subtotal colectomy, rectoscopic examinations should be 
performed in annual intervals (see also recommendation 5.23.).  

Level of Evidence 

2a 

Strong consensus 

 

10.21. Recommendation 2008 

Grade of 
Recommendation 

A 

For cancer patients with FAP who have undergone proctocolectomy, a pouchoscopy 
should be performed annually (see also recommendation 5.35.). 

Level of Evidence 

2a 

Strong consensus 

 

10.22. Recommendation 2008 

Grade of 
Recommendation 

A 

After iliorectostomy, a rectoscopy is necessary every 6 months (see also 
recommendation 5.35.). 

Level of Evidence 

2a 

Strong consensus 
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10.7. Rehabilitation After Resection of Colorectal Cancer 

10.23. Consensus-based Recommendation 2013 

GCP After completing primary therapy, rehabiliation should be offered to all eligible 
patients. If rehabiliation is done directly after surgery, it must be guaranteed that an 
indicated adjuvant chemotherapy can be initiated timely. Alternatively, rehabilitation 
can be done after completing the adjuvant chemotherapy. 

 Strong consensus 

 

Background 

The goal of rehabilitation is the elimination of cancer or therapy-related consequences 
as well as help of accepting remaining handicaps with the goal of an independent 
occupational, private, and social life. There is no evaluable literature on the relevance 
of rehabilitation measures for patients with colorectal cancer. Specific rehabilitation 
centers or clinics with gastroenterologic and oncologic expertise who implement 
quality assurance standards of the DRV and the requirements of colon centers should 

be preferred.  

The need for rehabilitation after treatment of colorectal tumors is quite variable and 
significantly dependent on the type and amount of operative procedures as well as the 
consequences of therapy (continence problems, sexual function disturbances, stoma, 

etc.).  

Psychosocial counseling and, if necessary, support is desirable in case of problems 
with psychological coping with the tumor disease, with the consequences of therapy, 
with social adjustment difficulties, and with professional reintroduction [972, 999, 

1000]. 

Contact with persons who have had similar experiences can be especially helpful for 
those affected who have to cope psychologically or adjust to the changed life situation. 
Those who have been affected by the same events can convince others that a high 
quality of life is possible. They can give own examples as well as experiences in 
everyday life with the disease and handicaps. Therefore, contacts should be arranged 

with patient organizations. 

In coordination with their familial environment, patients should always wait to start 
rehabilitation until after completing primary therapy. If rehabilitation measures are 
started before an indicated adjuvant chemotherapy, it must be guaranteed that therapy 
will be initiated during the rehabilitation process. Aside from the surgery report 
including the pathological assessment (tumor formula), the decision of the tumor 
board is also necessary and, therefore, should be made available to the rehabilitation 

facility. 
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10.8. Tertiary Prevention 

10.8.1. Care Continuity and Continuation of the Health Promoting 
Activities after Acute Therapy and Rehabilitation  

Even after the acute therapy phases and adjuvant chemotherapy, the patient should be 
counseled and followed by all professionals who participated in the treatment and 

follow-up care such as practicing physicians, nurses, or physical therapists.  

10.8.1.1. Improvement of Care Continuity 

An important goal should be the improvement of care coordination to avoid early 
termination or delayed start of therapy after leaving the hospital or to avoid regional 
insufficient care due to gaps in the system. The transition management of patients 
between primary therapy, rehabilitation, and other support with respect to side effects 
and symptoms is still poor [1001, 1002]. Especially after being discharged from the 
hospital the ambulatory care by practicing physicians and other caregivers (such as 
psycho-oncology, physical therapy, ergotherapy) is poorly coordinated. Patients are 
often faced with a situation of competing and unconnected health professionals. 
"Access" and "support“ are especially poor in economically underdeveloped rural areas 
with low health care status [1003, 1004]. Studies confirm the advantage for patients of 
case management by concomitant professional steering of the treatment and follow-up 
course [1005]. Current systematic reviews show that health care continuity can be 
optimized especially by care interventions [1006, 1007]. An improved symptom 
control, an increased guideline compliance, an improved patient satisfaction, and an 
increased health associated quality of life can be achieved by multiprofessional 

treatment and follow-up steering [1005-1008]. 

Patients should also be supported by multiprofessional case management at the 
beginning of adjuvant therapy to ensure care continuity. Old age, the presence of 
comorbidities, low socio-economic status, the quality of the primary care facility, and 
access or distance to specialists were identified as significant risk factors for irregular 

care during transition from primary surgical to adjuvant (radio)chemotherapy [1001]. 

10.8.1.2. Continuation of Health Promoting Activities 
Patients should be encouraged to continue lifestyle activities (see Chapter 10.8.1.2) 
that improve their health and quality of life. Furthermore, studies confirm that patients 
benefit if they can take the management of their symptoms and side effects (nausea, 
vomiting, pain, fatigue, depression, stoma care etc.) into their own hands [1009, 
1010]. This can be supported by simple measures such as follow-up by phone, written 
information, keeping a patient diary including outcome control ("patient reported 
outcomes“, PRO) [1005, 1007, 1008, 1011]. Cancer counseling centers and self-help 

groups play an important role in the realization of these measures.  
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10.8.2. Tertiary Prevention: Physical Activity, Nutrition, as well as 
Complementary and Alternative Therapy 

10.8.2.1. Physical Activity 

10.24. Recommendation 2013 

Grade of 
Recommendation 

B 

Cohort studies indicate a connection between physical activity and a reduced 
relapse rate and improved survival. Patients should be encouraged to exercise.  

Level of Evidence 

2b 

Evidence from update literature search: [1012-1014] 

 Consensus 

 

Background 

Three cohort studies [1012-1014] demonstrated that physical activity after curative 
CRC therapy reduces the relapse rate as well as the mortality. Exercise does not 
influence these parameters in untreated cancer. The positive effect of physical activity 
is also seen in overweight patients. However, merely losing weight has no effect on the 

prognosis.  

A statistically significant risk reduction for disease-specific mortality is seen with a 

weekly physical exercise of 3 Met hours.  

10.8.2.2. Nutrition 

There is no study on tertiary prevention from which specific nutrition 

recommendations for patients following curative treatment of CRC can be derived.  

Recommendations of the German Society for Nutrition are valid for a healthy lifestyle. 
An increased BMI does not correlate with relapse rate or survival [1012]. Weight 
reduction in overweight patients does not reduce the relapse rate [1012]. However, if a 

patient is very overweight, weight reduction should be the aim for general prevention.  

There are no indications that the use of food supplements (vitamins and trace 
elements) has a positive effect on the relapse rate [1015]. Vitamins and trace elements 

should only be substituted if a deficiency has been determined.  

10.8.2.3. Complementary and Alternative Medicine 

Complementary procedures are based on different methods and substances which 
stem partially from natural medicine or in other ways from ideas of holistic therapy 

concepts.  

They do not replace active antitumor or supportive therapy, but are complementary 

methods that allow patients to become independently active.  

Complementary therapies can have side effects and interactions. Therefore, it is useful 

to have complementary medicine counseling by oncologically experienced physicians. 
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The most frequently used complementary treatment is the mistletoe therapy. A review 
and the Cochrane-review [75,76] conclude that most of the studies published so far are 
of poor quality. The few methodologically well done studies show no positive effect on 
survival for various tumor types. For CRC there are two retrospective studies that show 
a survival benefit [1016, 1017]. However, both have definite methodological flaws. The 
Cochrane-review and the systematic review found only weak indications for an 

improvement of quality of life for mistletoe therapy.  

A review on the influence of mistletoe therapy on the quality of life was last published 
in 2010. It included 10 non-randomized controlled studies [1018]. Improvements were 
reported especially for coping, fatigue, sleep, exhaustion, nausea, appetite, 
depression, and anxiety. However, the studies characterized in the review as 

methodologically good by the authors also have considerable shortcomings.  

For several mainly herbal substances preclinical data exist which indicate an antitumor 
effect [1019, 1020]. Currently, they do not justify clinical use outside of studies. So far, 
two small studies on green tea extract after colon polyps or colon cancer [1020] have 
been published. Both studies demonstrated that in the therapy group the rate of 

adenomas or cancer recurrence was significantly reduced.  

There are a number of publications on the use of medicinal mushrooms in curatively 
treated CRC patients [1021, 1022]. These studies are from China and Japan and have 
been published in the original language. It is not known whether the consistently 
positive effects on survival rate are scientifically valid. Due to rare, but dangerous side 

effects the use of preparations from medicinal mushrooms is not recommended.  

In traditional Chinese medicine and Ayurveda herbal preparations from Asia traces of 
heavy metals, pesticides, and drug substances such as corticosteroids and coumarins 
were repeatedly found. The use is not recommended, because a benefit has not been 

proven.  

A therapeutic benefit of homeopathy as supportive treatment in CRC has not been 
confirmed [1007, 1023]. A Cochrane-analysis [1023] included a very heterogeneous 
group of studies. The two studies that were rated as positive did not include 
homeopathy as such. Therefore, no study confirms the positive effect of homeopathy 

for tumor patients [1023]. 

10.8.2.4. Alternative Healing Methods 

A number of "alternatives" to scientifically recommended therapies are offered. There 
is no rationale for their use. These include: Ukrain, vitamin B 17 (apricot pits, bitter 
almond), "insulin potentiated therapy", low-carbohydrate diet, "vitamin-rich according 
to Dr. Rath", "Neue Germanische Medizin®“, autologous blood cytokines, Zapper, 
"redifferentiation therapy“. It is important to shield patients by taking a clear position 

on such offers.  
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Table 24: Programmed Examination for the Follow-Up of CRC UICC II or III 

Examination Months 

3 6 9 12 15 18 21 24 36 48 60 

Medical history, phys. exam, 
CEA  

 X  X  X  X X X X 

Colonoscopy  X*  X**       X** 

Abdominal ultrasound***  X  X  X  X X X X 

Sigmoidoscopy (rectoscopy) ****  X  X  X  X    

Spiral computer tomography x X           

Chest x-ray *****    X    X X X X 

* if a complete colonoscopy was not done pre-operatively 

** if result is negative (no adenoma, no cancer), next colonoscopy after 5 years 

*** a meta-analysis showed a benefit for imaging procedures for the detection of liver metastases in follow-up care.         Therefore, the 
expert committee decided to use the simplest and cheapest method. 

**** only for rectal cancer without neoadjuvant or adjuvant radiochemotherapy 

***** only for rectal cancer an annual chest x-ray may be done 

x only for rectal cancer 3 months after tumor-specific therapy has been completed (operation or adjuvant 
radiotherapy/chemotherapy) as initial finding 
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11. Quality Indicators 
Quality indicators are measured variables that serve the evaluation of the quality of 
structures, processes, or results they are based on8. Their primary goal is the 
continuous improvement of care. Quality indicators as quality-associated indices, thus, 
are an important part of quality management. It must be considered, however, that 
individual indicators only look at individual aspects of the complex care. Therefore, the 

choice of suitable indicators is very important.  

All strong recommendations (Grade of Recommendation A) as well as statements with 
high evidence level (LoE 1) were the basis for the quality indicators. Quality indicators 
were derived from the recommendations of this guideline according to the 
methodological specifications. These individual methodological steps can be found in 

the guideline report of this guideline. 

A total of 10 indicators were included (see Table 25). These should be understood as 
preliminary suggestions. A final evaluation cannot be made until a necessary pilot 

study with surveys has been done.  

Table 25: Suggestions for Quality Indicators 

Quality indicator Reference recommendation Evidence basis/further 
information  

QI 1: Report on distance from the mesorectal fascia 

Z: All patients with 
documented distance to 
mesorectal fascia in the 
report 

N: All patients with rectal 
cancer and MRI or thin-layer-
CT of the pelvis  

Recommendation 7.17.  

The report should include 
information on the distance to 
the mesorectal fascia. 

GCP, strong consensus 

 

References: 

[559, 560]  

QI 2: Lymph node examination 

Z: Number of patients with ≥ 

12 pathologically examined 
lymph nodes 

N: All patients with CRC who 
have had a 
lymphadenectomy 

Recommendation 7.61. 

12 or more lymph nodes should 
be removed and examined. 

 

GCP, strong consensus 

 

References: 

[579, 690, 691] 

 

QI 3: Quality of TME 

Z: Number of all patients 
with good or moderate 
quality (grade 1: mesorectal 

Recommendation 7.66. 

Since the quality of the surgical 
resection according to the 

GCP, strong consensus 

 

                                                   
8 Ärztliches Zentrum für Qualität in der Medizin (ÄZQ), Gramsch E, Hoppe JD, Jonitz G, Köhler A, Ollenschläger G, 
Thomeczek C, (eds.). Kompendium Q-M-A. Qualitätsmanagement in der ambulanten Versorgung. 3rd ed. Köln: 
Dt. Ärzte-Verl.; 2008. 
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fascia intact or grade 2: 
intramesorectal tears) TME  

 

N: All patients with radically 
operated rectal cancer 

 

abovementioned categories 
allows conclusions on the 
prognosis concerning the 
development of local recurrence, 
this must be described in the 
pathohistological report as 
follows:  

The quality of the resection 
specimen is assessed by the 
integrity of the mesorectal fascia 
in 3 categories: 

mesorectal fascia is intact 

intramesorectal surface tears 

tears down to the muscularis 
propria or the tumor 

 

In case of rectal extirpation, 
preparation tears and tumor 
positive circumferential safety 
margins are not as frequent with 
a complete resection of the 
levator musculature. 

Therefore, the pathohistological 
report must describe the 
radicality in the levator 
musculature region. The 
following categories have to be 
used:  

levator musculature included in 
resection, no opening of the 
intestine or tumor 

muscularis propria intact, no 
opening of the intestine or 
tumor 

parts of the muscularis propria 
are missing or opening of the 
intestine or tumor 

The analysis must be performed 
by a pathologist. 

References: 

[584, 702, 705, 706] 

QI 4: Report on resection margin 

Z: Number of patients for 
whom the distance of the 
aboral tumor margin to the 
aboral resection margin and 
the distance of the tumor to 
the circumferential 

Recommendation 7.65. 

The circumferential safety 
margin is negative if it measures 
1mm or more (R0 "wide“). A 
circumferential safety margin is 

GCP, strong consensus 

 

References: 

[560, 702-704] 
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mesorectal resection layer 
has been documented in 
mm. 

N: All patients with rectal 
cancer whose primary tumor 
was resected in form of TME 
or PME. 

positive if the circumferential 
safety margin is less than 1mm 
(R0 "close“) or if tumor tissue 
touches it directly (R1). The 
measured distance should be 
documented. 

QI 5: Presentation in tumor conference 

Z: Number of patients who 
were presented in an 
interdisciplinary tumor 
conference before therapy.  

 

N: All patients with rectal 
cancer and all patients with 
colon cancer stage IV.  

 

Recommendation 7.1.  

All CRC patients should be 
presented in an interdisciplinary 
tumor conference after they have 
completed their primary therapy 
(e.g. operation, chemotherapy). 

Patients with the following 
constellations should already be 
presented before therapy: 

- every rectal cancer 

- every stage IV colon cancer 

- metachronic distant metastases 

- local recurrence 

- before every local ablative 
procedure, e.g. RFA/LITT/SIRT 

GCP, consensus 

References: 

[517-519] 

QI 6: Adjuvant chemotherapy 

Z: Number of patients who 
have underdonge adjuvant 
chemotherapy. 

N: All patients with colon 
cancer UICC-stage III who 
have had an R0-resection of 
the primary tumor.  

Recommendation 8.2. 

For patients with R0 resected 
stage III colon cancer, adjuvant 
therapy is indicated. 

Recommendation LoE 1a, 
strong consensus 

 

References:  

[738, 742-746] 

 

QI 7: Neoadjuvant radiotherapy and radiochemotherapy 

Z: Number of patients who 
have undergone 
neoadjuvant radiotherapy or 
radiochemotherapy. 

 

N: All patients with rectal 
cancer of the middle or 
lower third and TNM-
categories cT3, 4/cM0, 
and/or cN1, 2/cM0 who 
have had surgery (= clinical 

Recommendation: 8.10. 

For UICC stages II and III 
neoadjuvant radiotherapy or 
radiochemotherapy is indicated. 
cT1/2 cancer with questionable 
lymph node involvement are an 
exception; here, primary surgery 
(if necessary followed by 
adjuvant radiochemotherapy in 
the presence of pN+) is a 
possible therapeutic option.  

Recommendation LoE 1b, 
strong consensus 

 

References: 

[801-803] 
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UICC-stage II u. III). (LoE 1b, EG A)  

QI 8: Anastomotic leakage in rectal cancer 

Z: Number of patients with 
anastomosic leakage grade 
B (with administration of 
antibiotics or interventional 
drainage or transanal 
lavage/drainage) or C ((re-)-
laparotomy) after elective 
interventions. 

N: All patients with rectal 
cancer with creation of an 
anastomosis during elective 
primary tumor resection. 

Comment: 

The guideline committee has 
decided that not only quality 
goals based on structural issues, 
but also on results should be 
taken into consideration. 
Therefore, this QI is included in 
the guideline without strong 
consensus recommendation.  

References: 

[1024] 

 

 

QI 9: Anastomosic leakage in colon cancer 

Z: Number of patients with 
anastomotic leakage 
requiring re-intervention 
after elective interventions. 

N: All patients with colon 
cancer who with creation of 
an anastomosis during 
elective tumor resection.  

Comment: 

The guideline committee has 
decided that not only quality 
goals based on structural issues, 
but also on results should be 
taken into consideration. 
Therefore, this QI is included in 
the guideline without strong 
consensus recommendation. 

 

QI 10: Marking of stoma position 

Z: Number of patients with 
pre-operatively marked 
stoma position  

N: All patients with rectal 
cancer who have had 
surgery with stoma 
construction  

Recommendation: 7.42. 

 

The stoma position has to be 
marked pre-operatively. 

GCP, consensus 

 

References: 

[636, 637] 
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12. Appendix 

12.1. UICC-Classification of Colorectal Cancer 
The UICC-stage classification was introduced by the "Union Internationale Contre le 
Cancer“ (UICC). It is based on statistical studies and gives information on the spread of 

cancer. The classification is the basis for prognosis and therapy plan preparation.  

Table 26: UICC-Classification of CRC 

UICC 2010 T N M 

Stage 0 Tis N0 M0 

Stage I T1/ T2 N0 M0 

Stage II 

IIA 

IIB 

IIC 

T3/ T4 

T3 

T4a 

T4b 

N0 

N0 

N0 

N0 

M0 

M0 

M0 

M0 

Stage III 

         IIIA 

 

         IIIB 

 

 

         IIIC 

every T 

T1/ T2 

T1 

T3/ T4 

T2/ T3 

T1/ T2 

T4a 

T3/ T4a 

T4b 

N1/ N2 

N1 

N2a 

N1 

N2a 

N2b 

N2a 

N2b 

N1/ N2 

M0 

M0 

M0 

M0 

M0 

M0 

M0 

M0 

M0 

Stage IV 

         IVA 

         IVB 

every T 

every T 

every T 

every N 

every N 

every N 

M1 

M1a 

M1b 
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12.2. Amsterdam Criteria 

Amsterdam Criteria (AC) 

AC1=only CRC, AC2=also extracolonic manifestations [234, 1025] 

1. At least three family members with HNPCC-associated cancer 
(colon/rectum, endometrium, small intestine, urothelial (ureter/renal 
pelvis)) 

2. At least two successive generations affected 

3. one first-degree family member affected 

4. A person with the disease at the time of the diagnosis who is younger 
than 50 

5. Exclusion of a familial adenomatous polyposis 

 

12.3. Revised Bethesda-Criteria 
Tumors from patients who fulfill one of the following criteria should be tested for 

microsatellite instability: 

Revised Bethesda-Criteria [246] 

Patients with CRC before age 50  

Patients with syn- or metachronic colorectal or other HNPCC-associated tumors (colon, rectum, 
endometrium, stomach, ovaries, pancreas, ureter, renal pelvis, biliary system, brain (especially 
glioblastoma), skin (sebaceous gland adenomas and cancer, ceratoacanthomas, small intestine)) 
independent of age at diagnosis. 

Patients with CRC before age 60 with typical histology of MSI-H- tumors (tumor-infiltrating 
lymphocytes, Crohn‘s like lesions, mucinous or signet ring cell differentiation, medular cancer). 

Patients with CRC who have a 1st degree relative with CRC or HNPCC-associated tumor before age 
50. 

Patients with CRC (independent of age), who have at least two 1st or 2nd degree relatives who have 
been diagnosed with CRC or HNPCC-associated tumors (independent of age). 

  



13. List of Figures  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

205 

13. List of Figures 
Figure 1: Overview of Recommendation Grading ...................................................................................... 20 

Figure 2: Algorithm on Genetic Diagnostic Procedures in Patients with Hereditary Tumor Disposition 
Syndrome Using HNPCC-/Lynch-Syndrome as an Example. To identify MSI if HNPCC-/Lynch-

syndrome is suspected, please see Figure 3. .............................................................................. 73 

Figure 3: Algorithm on the Molecular Pathologic Differential Diagnosis Procedures of Mismatch-Repair-
Defects if HNPCC-/Lynch-syndrome is Suspected. Please see Figure 2 for possible subsequent 

genetic diagnostics. ...................................................................................................................... 74 

14. List of Tables 
Table 1: Members of the Task Forces for the Update of Chapters 3, 4, 5, 7, 10 .................................... 12 

Table 2: Members of Task Force Quality Indicators .................................................................................. 14 

Table 3: Scheme of Evidence Level According to Oxford (Version 2009) ................................................ 18 

Table 4: Scheme of the Grades of Recommendation ................................................................................ 20 

Table 5: Classification of the Degree of Consensus .................................................................................. 21 

Table 6: Recommended Screening Programs for HNPCC .......................................................................... 75 

Table 7: Classification Duodenal Polyposis Characteristics According to the Spigelman-Classification 

(modified according to [307]) ...................................................................................................... 75 

Table 8: Staging of Colorectal Cancer ........................................................................................................ 91 

Table 9: Five-Year Overall Survival After R0 Resection of Pulmonary Metastases (according to 

Pfannschmidt et al. [833]). ......................................................................................................... 147 

Table 10: Survival Rate After Resection of Colorectal Metastases .......................................................... 148 

Table 11: Survival After Resection of Colorectal Liver Metastases (according to Fong et al. Annals of 

Surgery, 1999) [839] ................................................................................................................... 149 

Table 12: Prospective Studies on Neoadjuvant Therapy of Patients with Resectable Liver Metastases.153 

Table 13: Prospective Studies on Adjuvant Therapy After R0 Resection of Colorectal Liver Metastases.

 ..................................................................................................................................................... 155 

Table 14: Response Rates and Survival of Patients After Achieving Secondary Resectability (modified 

according to [862]) ..................................................................................................................... 159 

Table 15: Capecitabine (Cape) in Comparison to Bolus 5-FU/FA in First-Line Therapy ......................... 166 

Table 16: Oxaliplatin-Containing Protocols in First-Line Therapy – Phase III Studies ............................ 167 

Table 17: Irinotecan-Containing Protocols in First-Line Therapy – Phase III Studies ............................. 168 

Table 18: Oxaliplatin- Versus Irinotecan-Containing Protocols in First-Line Therapy ........................... 169 

Table 19: Capecitabine and Oxaliplatin Combinations in First-Line Therapy – Phase III Studies .......... 170 



14. List of Tables  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

206 

Table 20: Capecitabine in Combination with Irinotecan in First-Line Therapy – Phase III Studies ........ 171 

Table 21: FOLFOXIRI in First-Line Therapy ............................................................................................... 172 

Table 22: Studies Concerning the Question of Treatment Interruption/ Maintenance Therapy ........... 175 

Table 23: Oxaliplatin-Containing Protocols in Second-Line Therapy ...................................................... 177 

Table 24: Programmed Examination for the Follow-Up of CRC UICC II or III ......................................... 198 

Table 25: Suggestions for Quality Indicators ........................................................................................... 199 

Table 26: UICC-Classification of CRC ....................................................................................................... 203 

  



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

207 

15. References 
1. Kirkegaard, H., et al., Association of adherence to lifestyle recommendations and risk of 

colorectal cancer: a prospective Danish cohort study. BMJ, 2010. 341: p. c5504. 
2. Halle, M. and M.H. Schoenberg, Physical activity in the prevention and treatment of colorectal 

carcinoma. Dtsch Arztebl Int, 2009. 106(44): p. 722-7. 
3. Wolin, K.Y., et al., Physical activity and colon cancer prevention: a meta-analysis. Br J Cancer, 

2009. 100(4): p. 611-6. 
4. Wolin, K.Y., Y. Yan, and G.A. Colditz, Physical activity and risk of colon adenoma: a meta-

analysis. Br J Cancer, 2011. 104(5): p. 882-5. 
5. Wolin, K.Y., et al., Leisure-time physical activity patterns and risk of colon cancer in women. Int 

J Cancer, 2007. 121(12): p. 2776-81. 
6. Friedenreich, C., et al., Physical activity and risk of colon and rectal cancers: the European 

prospective investigation into cancer and nutrition. Cancer Epidemiol Biomarkers Prev, 2006. 
15(12): p. 2398-407. 

7. Lubin, F., et al., Nutritional and lifestyle habits and water-fiber interaction in colorectal 
adenoma etiology. Cancer Epidemiol Biomarkers Prev, 1997. 6(2): p. 79-85. 

8. Giacosa, A., et al., Energy intake, overweight, physical exercise and colorectal cancer risk. Eur J 
Cancer Prev, 1999. 8 Suppl 1: p. S53-60. 

9. Friedenreich, C.M. and M.R. Orenstein, Physical activity and cancer prevention: etiologic 
evidence and biological mechanisms. J Nutr, 2002. 132(11 Suppl): p. 3456S-3464S. 

10. Terry, M.B., et al., Risk factors for advanced colorectal adenomas: a pooled analysis. Cancer 
Epidemiol Biomarkers Prev, 2002. 11(7): p. 622-9. 

11. Lee, I.M., Physical activity and cancer prevention--data from epidemiologic studies. Med Sci 
Sports Exerc, 2003. 35(11): p. 1823-7. 

12. Wei, E.K., et al., Comparison of risk factors for colon and rectal cancer. Int J Cancer, 2004. 
108(3): p. 433-42. 

13. Martinez, M.E., et al., Physical activity, body mass index, and prostaglandin E2 levels in rectal 
mucosa. J Natl Cancer Inst, 1999. 91(11): p. 950-3. 

14. Giovannucci, E., Modifiable risk factors for colon cancer. Gastroenterol Clin North Am, 2002. 
31(4): p. 925-43. 

15. Giovannucci, E., Diet, body weight, and colorectal cancer: a summary of the epidemiologic 
evidence. J Womens Health (Larchmt), 2003. 12(2): p. 173-82. 

16. Renehan, A.G., et al., Body-mass index and incidence of cancer: a systematic review and meta-
analysis of prospective observational studies. Lancet, 2008. 371(9612): p. 569-78. 

17. Pischon, T., et al., Body size and risk of colon and rectal cancer in the European Prospective 
Investigation Into Cancer and Nutrition (EPIC). J Natl Cancer Inst, 2006. 98(13): p. 920-31. 

18. Ning, Y., L. Wang, and E.L. Giovannucci, A quantitative analysis of body mass index and 
colorectal cancer: findings from 56 observational studies. Obes Rev, 2010. 11(1): p. 19-30. 

19. Terry, M.B. and A.I. Neugut, Cigarette smoking and the colorectal adenoma-carcinoma 
sequence: a hypothesis to explain the paradox. Am J Epidemiol, 1998. 147(10): p. 903-10. 

20. Almendingen, K., et al., Smoking and colorectal adenomas: a case-control study. Eur J Cancer 
Prev, 2000. 9(3): p. 193-203. 

21. Chao, A., et al., Cigarette smoking and colorectal cancer mortality in the cancer prevention 
study II. J Natl Cancer Inst, 2000. 92(23): p. 1888-96. 

22. Giovannucci, E., An updated review of the epidemiological evidence that cigarette smoking 
increases risk of colorectal cancer. Cancer Epidemiol Biomarkers Prev, 2001. 10(7): p. 725-31. 

23. Reid, M.E., et al., Smoking exposure as a risk factor for prevalent and recurrent colorectal 
adenomas. Cancer Epidemiol Biomarkers Prev, 2003. 12(10): p. 1006-11. 

24. Botteri, E., et al., Cigarette smoking and adenomatous polyps: a meta-analysis. 
Gastroenterology, 2008. 134(2): p. 388-95. 

25. Botteri, E., et al., Smoking and colorectal cancer: a meta-analysis. JAMA, 2008. 300(23): p. 
2765-78. 

26. Miller, P.E., et al., Dietary patterns and colorectal adenoma and cancer risk: a review of the 
epidemiological evidence. Nutr Cancer, 2010. 62(4): p. 413-24. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

208 

27. Cottet, V., et al., Dietary patterns and the risk of colorectal adenoma recurrence in a European 
intervention trial. Eur J Cancer Prev, 2005. 14(1): p. 21-9. 

28. Mai, V., et al., Diet quality and subsequent cancer incidence and mortality in a prospective 
cohort of women. Int J Epidemiol, 2005. 34(1): p. 54-60. 

29. Sansbury, L.B., et al., The effect of strict adherence to a high-fiber, high-fruit and -vegetable, 
and low-fat eating pattern on adenoma recurrence. Am J Epidemiol, 2009. 170(5): p. 576-84. 

30. Wakai, K., et al., Dietary risk factors for colon and rectal cancers: a comparative case-control 
study. J Epidemiol, 2006. 16(3): p. 125-35. 

31. Beresford, S.A., et al., Low-fat dietary pattern and risk of colorectal cancer: the Women's 
Health Initiative Randomized Controlled Dietary Modification Trial. JAMA, 2006. 295(6): p. 643-
54. 

32. Lanza, E., et al., The polyp prevention trial continued follow-up study: no effect of a low-fat, 
high-fiber, high-fruit, and -vegetable diet on adenoma recurrence eight years after 
randomization. Cancer Epidemiol Biomarkers Prev, 2007. 16(9): p. 1745-52. 

33. Dahm, C.C., et al., Dietary fiber and colorectal cancer risk: a nested case-control study using 
food diaries. J Natl Cancer Inst, 2010. 102(9): p. 614-26. 

34. Ishikawa, H., et al., Randomized trial of dietary fiber and Lactobacillus casei administration for 
prevention of colorectal tumors. Int J Cancer, 2005. 116(5): p. 762-7. 

35. Jacobs, E.T., et al., Fiber, sex, and colorectal adenoma: results of a pooled analysis. Am J Clin 
Nutr, 2006. 83(2): p. 343-9. 

36. Park, Y., et al., Dietary fiber intake and risk of colorectal cancer: a pooled analysis of 
prospective cohort studies. JAMA, 2005. 294(22): p. 2849-57. 

37. Robertson, D.J., et al., Fat, fiber, meat and the risk of colorectal adenomas. Am J Gastroenterol, 
2005. 100(12): p. 2789-95. 

38. Austin, G.L., et al., Moderate alcohol consumption protects against colorectal adenomas in 
smokers. Dig Dis Sci, 2008. 53(1): p. 116-22. 

39. Cho, E., et al., Alcohol intake and colorectal cancer: a pooled analysis of 8 cohort studies. Ann 
Intern Med, 2004. 140(8): p. 603-13. 

40. Mizoue, T., et al., Alcohol drinking and colorectal cancer in Japanese: a pooled analysis of 
results from five cohort studies. Am J Epidemiol, 2008. 167(12): p. 1397-406. 

41. Moskal, A., et al., Alcohol intake and colorectal cancer risk: a dose-response meta-analysis of 
published cohort studies. Int J Cancer, 2007. 120(3): p. 664-71. 

42. Chao, A., et al., Meat consumption and risk of colorectal cancer. JAMA, 2005. 293(2): p. 172-
82. 

43. Larsson, S.C. and A. Wolk, Meat consumption and risk of colorectal cancer: a meta-analysis of 
prospective studies. Int J Cancer, 2006. 119(11): p. 2657-64. 

44. Mathew, A., et al., Meat intake and the recurrence of colorectal adenomas. Eur J Cancer Prev, 
2004. 13(3): p. 159-64. 

45. Norat, T., et al., Meat, fish, and colorectal cancer risk: the European Prospective Investigation 
into cancer and nutrition. J Natl Cancer Inst, 2005. 97(12): p. 906-16. 

46. Sinha, R., et al., Meat, meat cooking methods and preservation, and risk for colorectal 
adenoma. Cancer Res, 2005. 65(17): p. 8034-41. 

47. Geelen, A., et al., Fish consumption, n-3 fatty acids, and colorectal cancer: a meta-analysis of 
prospective cohort studies. Am J Epidemiol, 2007. 166(10): p. 1116-25. 

48. Sugawara, Y., et al., Fish consumption and the risk of colorectal cancer: the Ohsaki Cohort 
Study. Br J Cancer, 2009. 101(5): p. 849-54. 

49. Pot, G.K., et al., Fish consumption and markers of colorectal cancer risk: a multicenter 
randomized controlled trial. Am J Clin Nutr, 2009. 90(2): p. 354-61. 

50. Je, Y., W. Liu, and E. Giovannucci, Coffee consumption and risk of colorectal cancer: a 
systematic review and meta-analysis of prospective cohort studies. Int J Cancer, 2009. 124(7): 
p. 1662-8. 

51. Sun, C.L., et al., Green tea, black tea and colorectal cancer risk: a meta-analysis of 
epidemiologic studies. Carcinogenesis, 2006. 27(7): p. 1301-9. 

52. Zhang, X., et al., Risk of colon cancer and coffee, tea, and sugar-sweetened soft drink intake: 
pooled analysis of prospective cohort studies. J Natl Cancer Inst, 2010. 102(11): p. 771-83. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

209 

53. Foschi, R., et al., Citrus fruit and cancer risk in a network of case-control studies. Cancer 
Causes Control, 2010. 21(2): p. 237-42. 

54. Millen, A.E., et al., Fruit and vegetable intake and prevalence of colorectal adenoma in a cancer 
screening trial. Am J Clin Nutr, 2007. 86(6): p. 1754-64. 

55. Koushik, A., et al., Fruits, vegetables, and colon cancer risk in a pooled analysis of 14 cohort 
studies. J Natl Cancer Inst, 2007. 99(19): p. 1471-83. 

56. Limburg, P.J., et al., Prospective evaluation of trans-fatty acid intake and colorectal cancer risk 
in the Iowa Women's Health Study. Int J Cancer, 2008. 123(11): p. 2717-9. 

57. Alexander, D.D., et al., Meta-analysis of animal fat or animal protein intake and colorectal 
cancer. Am J Clin Nutr, 2009. 89(5): p. 1402-9. 

58. Galeone, C., et al., Fried foods, olive oil and colorectal cancer. Ann Oncol, 2007. 18(1): p. 36-9. 
59. Nakamura, T., et al., Excessive fat restriction might promote the recurrence of colorectal 

tumors. Nutr Cancer, 2010. 62(2): p. 154-63. 
60. Larsson, S.C., et al., Dietary acrylamide intake and risk of colorectal cancer in a prospective 

cohort of men. Eur J Cancer, 2009. 45(4): p. 513-6. 
61. Hogervorst, J.G., et al., Dietary acrylamide intake is not associated with gastrointestinal cancer 

risk. J Nutr, 2008. 138(11): p. 2229-36. 
62. Mucci, L.A. and K.M. Wilson, Acrylamide intake through diet and human cancer risk. J Agric 

Food Chem, 2008. 56(15): p. 6013-9. 
63. Mucci, L.A., H.O. Adami, and A. Wolk, Prospective study of dietary acrylamide and risk of 

colorectal cancer among women. Int J Cancer, 2006. 118(1): p. 169-73. 
64. Bjelakovic, G., et al., Mortality in randomized trials of antioxidant supplements for primary and 

secondary prevention: systematic review and meta-analysis. JAMA, 2007. 297(8): p. 842-57. 
65. Weingarten, M.A., A. Zalmanovici, and J. Yaphe, Dietary calcium supplementation for 

preventing colorectal cancer and adenomatous polyps. Cochrane Database Syst Rev, 2008(1): 
p. CD003548. 

66. Wactawski-Wende, J., et al., Calcium plus vitamin D supplementation and the risk of colorectal 
cancer. N Engl J Med, 2006. 354(7): p. 684-96. 

67. Sanjoaquin, M.A., et al., Folate intake and colorectal cancer risk: a meta-analytical approach. 
Int J Cancer, 2005. 113(5): p. 825-8. 

68. Wu, K., et al., A randomized trial on folic acid supplementation and risk of recurrent colorectal 
adenoma. Am J Clin Nutr, 2009. 90(6): p. 1623-31. 

69. Jaszewski, R., et al., Folic acid supplementation inhibits recurrence of colorectal adenomas: a 
randomized chemoprevention trial. World J Gastroenterol, 2008. 14(28): p. 4492-8. 

70. Cole, B.F., et al., Folic acid for the prevention of colorectal adenomas: a randomized clinical 
trial. JAMA, 2007. 297(21): p. 2351-9. 

71. Logan, R.F., et al., Aspirin and folic acid for the prevention of recurrent colorectal adenomas. 
Gastroenterology, 2008. 134(1): p. 29-38. 

72. Grau, M.V., et al., Prolonged effect of calcium supplementation on risk of colorectal adenomas 
in a randomized trial. J Natl Cancer Inst, 2007. 99(2): p. 129-36. 

73. Wallace, K., et al., Effect of calcium supplementation on the risk of large bowel polyps. J Natl 
Cancer Inst, 2004. 96(12): p. 921-5. 

74. Hartman, T.J., et al., The association of calcium and vitamin D with risk of colorectal 
adenomas. J Nutr, 2005. 135(2): p. 252-9. 

75. Lin, J., et al., Total magnesium intake and colorectal cancer incidence in women. Cancer 
Epidemiol Biomarkers Prev, 2006. 15(10): p. 2006-9. 

76. Jacobs, E.T., et al., Selenium and colorectal adenoma: results of a pooled analysis. J Natl Cancer 
Inst, 2004. 96(22): p. 1669-75. 

77. Peters, U., et al., High serum selenium and reduced risk of advanced colorectal adenoma in a 
colorectal cancer early detection program. Cancer Epidemiol Biomarkers Prev, 2006. 15(2): p. 
315-20. 

78. Vinogradova, Y., et al., Risk of colorectal cancer in patients prescribed statins, nonsteroidal 
anti-inflammatory drugs, and cyclooxygenase-2 inhibitors: nested case-control study. 
Gastroenterology, 2007. 133(2): p. 393-402. 

79. Bertagnolli, M.M., et al., Celecoxib for the prevention of sporadic colorectal adenomas. N Engl J 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

210 

Med, 2006. 355(9): p. 873-84. 
80. Arber, N., et al., Celecoxib for the prevention of colorectal adenomatous polyps. N Engl J Med, 

2006. 355(9): p. 885-95. 
81. Baron, J.A., et al., A randomized trial of rofecoxib for the chemoprevention of colorectal 

adenomas. Gastroenterology, 2006. 131(6): p. 1674-82. 
82. Bardou, M., A. Barkun, and M. Martel, Effect of statin therapy on colorectal cancer. Gut, 2010. 

59(11): p. 1572-85. 
83. Routine aspirin or nonsteroidal anti-inflammatory drugs for the primary prevention of 

colorectal cancer: U.S. Preventive Services Task Force recommendation statement. Ann Intern 
Med, 2007. 146(5): p. 361-4. 

84. Flossmann, E. and P.M. Rothwell, Effect of aspirin on long-term risk of colorectal cancer: 
consistent evidence from randomised and observational studies. Lancet, 2007. 369(9573): p. 
1603-13. 

85. Rothwell, P.M., et al., Effect of daily aspirin on long-term risk of death due to cancer: analysis 
of individual patient data from randomised trials. Lancet, 2011. 377(9759): p. 31-41. 

86. Chan, A.T., et al., Long-term use of aspirin and nonsteroidal anti-inflammatory drugs and risk 
of colorectal cancer. JAMA, 2005. 294(8): p. 914-23. 

87. Hormone therapy for the prevention of chronic conditions in postmenopausal women: 
recommendations from the U.S. Preventive Services Task Force. Ann Intern Med, 2005. 
142(10): p. 855-60. 

88. Farquhar, C., et al., Long term hormone therapy for perimenopausal and postmenopausal 
women. Cochrane Database Syst Rev, 2009(2): p. CD004143. 

89. Alberts, D.S., et al., Phase III trial of ursodeoxycholic acid to prevent colorectal adenoma 
recurrence. J Natl Cancer Inst, 2005. 97(11): p. 846-53. 

90. DGGG, Hormontherapie (HT) in der Peri- und Postmenopause. 2009. 
91. Birkner, B.R., [Evidence-based prevention of colorectal carcinoma]. Dtsch Med Wochenschr, 

2003. 128(49): p. 2598-603. 
92. Winawer, S.J., et al., Colorectal cancer screening: clinical guidelines and rationale. 

Gastroenterology, 1997. 112(2): p. 594-642. 
93. Imperiale, T.F., et al., Results of screening colonoscopy among persons 40 to 49 years of age. N 

Engl J Med, 2002. 346(23): p. 1781-5. 
94. Whitlock, E.P., et al., Screening for colorectal cancer: a targeted, updated systematic review for 

the U.S. Preventive Services Task Force. Ann Intern Med, 2008. 149(9): p. 638-58. 
95. Stevens, T. and C.A. Burke, Colonoscopy screening in the elderly: when to stop? Am J 

Gastroenterol, 2003. 98(8): p. 1881-5. 
96. Kirchgatterer, A., et al., [Colonoscopy and sigmoidoscopy in patients aged eighty years or 

older]. Z Gastroenterol, 2002. 40(12): p. 951-6. 
97. Pox, C.P., et al., Efficacy of a Nationwide Screening Colonoscopy Program for Colorectal 

Cancer. Gastroenterology, 2012. 
98. Zhang, B., A. Fattah, and H. Nakama, Characteristics and survival rate of elderly patients with 

colorectal cancer detected by immunochemical occult blood screening. 
Hepatogastroenterology, 2000. 47(32): p. 414-8. 

99. Winawer, S.J., et al., Prevention of colorectal cancer by colonoscopic polypectomy. The National 
Polyp Study Workgroup. N Engl J Med, 1993. 329(27): p. 1977-81. 

100. Citarda, F., et al., Efficacy in standard clinical practice of colonoscopic polypectomy in reducing 
colorectal cancer incidence. Gut, 2001. 48(6): p. 812-5. 

101. Zauber, A.G., et al., Colonoscopic polypectomy and long-term prevention of colorectal-cancer 
deaths. N Engl J Med, 2012. 366(8): p. 687-96. 

102. Hol, L., et al., Screening for colorectal cancer: randomised trial comparing guaiac-based and 
immunochemical faecal occult blood testing and flexible sigmoidoscopy. Gut, 2010. 59(1): p. 
62-8. 

103. Quintero, E., et al., Colonoscopy versus fecal immunochemical testing in colorectal-cancer 
screening. N Engl J Med, 2012. 366(8): p. 697-706. 

104. Bekanntmachungen: Richtlinien des Bundesausschusses der Ärzte und Krankenkassen über die 
Früherkennung von Krebserkrankungen („Krebsfrüherkennungs-Richtlinien“)*. Dtsch Arztebl 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

211 

Int, 2002. 1(11): p. 518. 
105. Huppe, D., et al., [Effectiveness of screening colonoscopy in a community-based study]. Z 

Gastroenterol, 2008. 46(2): p. 193-200. 
106. Kahi, C.J., et al., Effect of screening colonoscopy on colorectal cancer incidence and mortality. 

Clin Gastroenterol Hepatol, 2009. 7(7): p. 770-5; quiz 711. 
107. Imperiale, T.F., et al., Risk of advanced proximal neoplasms in asymptomatic adults according 

to the distal colorectal findings. N Engl J Med, 2000. 343(3): p. 169-74. 
108. Lieberman, D.A., et al., Use of colonoscopy to screen asymptomatic adults for colorectal 

cancer. Veterans Affairs Cooperative Study Group 380. N Engl J Med, 2000. 343(3): p. 162-8. 
109. Atkin, W., et al., Single flexible sigmoidoscopy screening to prevent colorectal cancer: baseline 

findings of a UK multicentre randomised trial. Lancet, 2002. 359(9314): p. 1291-300. 
110. Muller, A.D. and A. Sonnenberg, Protection by endoscopy against death from colorectal cancer. 

A case-control study among veterans. Arch Intern Med, 1995. 155(16): p. 1741-8. 
111. Newcomb, P.A., et al., Screening sigmoidoscopy and colorectal cancer mortality. J Natl Cancer 

Inst, 1992. 84(20): p. 1572-5. 
112. Selby, J.V., et al., A case-control study of screening sigmoidoscopy and mortality from 

colorectal cancer. N Engl J Med, 1992. 326(10): p. 653-7. 
113. Singh, H., et al., Predictors of colorectal cancer after negative colonoscopy: a population-based 

study. Am J Gastroenterol, 2010. 105(3): p. 663-73; quiz 674. 
114. Brenner, H., et al., Protection from right- and left-sided colorectal neoplasms after colonoscopy: 

population-based study. J Natl Cancer Inst, 2010. 102(2): p. 89-95. 
115. Brenner, H., et al., Protection from colorectal cancer after colonoscopy: a population-based, 

case-control study. Ann Intern Med, 2011. 154(1): p. 22-30. 
116. Sieg, A., U. Hachmoeller-Eisenbach, and T. Eisenbach, Prospective evaluation of complications 

in outpatient GI endoscopy: a survey among German gastroenterologists. Gastrointest Endosc, 
2001. 53: p. 620-7. 

117. Rex, D.K., et al., Colonoscopic miss rates of adenomas determined by back-to-back 
colonoscopies. Gastroenterology, 1997. 112(1): p. 24-8. 

118. Rex, D.K., et al., 5-year incidence of adenomas after negative colonoscopy in asymptomatic 
average-risk persons [see comment]. Gastroenterology, 1996. 111(5): p. 1178-81. 

119. Brenner, H., et al., Long-term risk of colorectal cancer after negative colonoscopy. J Clin Oncol, 
2011. 29(28): p. 3761-7. 

120. Bekanntmachungen der Bundesärztekammer: Richtlinien zur prädiktiven genetischen 
Diagnostik. Dt Ärztebl, 2003. 100(19): p. A1297-1305. 

121. Atkin, W.S., et al., Once-only flexible sigmoidoscopy screening in prevention of colorectal 
cancer: a multicentre randomised controlled trial. Lancet, 2010. 375(9726): p. 1624-33. 

122. Muller, A.D. and A. Sonnenberg, Prevention of colorectal cancer by flexible endoscopy and 
polypectomy. A case-control study of 32,702 veterans. Ann Intern Med, 1995. 123(12): p. 904-
10. 

123. Newcomb, P.A., et al., Long-term efficacy of sigmoidoscopy in the reduction of colorectal 
cancer incidence. J Natl Cancer Inst, 2003. 95(8): p. 622-5. 

124. Schoen, R.E., et al., Results of repeat sigmoidoscopy 3 years after a negative examination. 
Jama, 2003. 290(1): p. 41-8. 

125. Burke, C.A., K. Elder, and R. Lopez, Screening for colorectal cancer with flexible sigmoidoscopy: 
is a 5-yr interval appropriate? A comparison of the detection of neoplasia 3 yr versus 5 yr after 
a normal examination. Am J Gastroenterol, 2006. 101(6): p. 1329-32. 

126. Winawer, S.J., et al., Screening for colorectal cancer with fecal occult blood testing and 
sigmoidoscopy. J Natl Cancer Inst, 1993. 85(16): p. 1311-8. 

127. Lieberman, D.A. and D.G. Weiss, One-time screening for colorectal cancer with combined fecal 
occult-blood testing and examination of the distal colon. N Engl J Med, 2001. 345(8): p. 555-60. 

128. Gondal, G., et al., The Norwegian Colorectal Cancer Prevention (NORCCAP) screening study: 
baseline findings and implementations for clinical work-up in age groups 50-64 years. Scand J 
Gastroenterol, 2003. 38(6): p. 635-42. 

129. Kato, J., et al., Combination of sigmoidoscopy and a fecal immunochemical test to detect 
proximal colon neoplasia. Clin Gastroenterol Hepatol, 2009. 7(12): p. 1341-6. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

212 

130. Eliakim, R., et al., Evaluation of the PillCam Colon capsule in the detection of colonic pathology: 
results of the first multicenter, prospective, comparative study. Endoscopy, 2006. 38(10): p. 
963-70. 

131. Schoofs, N., J. Deviere, and A. Van Gossum, PillCam colon capsule endoscopy compared with 
colonoscopy for colorectal tumor diagnosis: a prospective pilot study. Endoscopy, 2006. 
38(10): p. 971-7. 

132. Van Gossum, A., et al., Capsule endoscopy versus colonoscopy for the detection of polyps and 
cancer. N Engl J Med, 2009. 361(3): p. 264-70. 

133. Spada, C., et al., Meta-analysis shows colon capsule endoscopy is effective in detecting 
colorectal polyps. Clin Gastroenterol Hepatol, 2010. 8(6): p. 516-22. 

134. Gay, G., et al., Could the colonic capsule PillCam Colon be clinically useful for selecting patients 
who deserve a complete colonoscopy?: results of clinical comparison with colonoscopy in the 
perspective of colorectal cancer screening. Am J Gastroenterol, 2010. 105(5): p. 1076-86. 

135. Eliakim, R., et al., Prospective multicenter performance evaluation of the second-generation 
colon capsule compared with colonoscopy. Endoscopy, 2009. 41(12): p. 1026-31. 

136. Spada, C., et al., Second-generation colon capsule endoscopy compared with colonoscopy. 
Gastrointest Endosc, 2011. 74(3): p. 581-589 e1. 

137. Mandel, J.S., et al., Reducing mortality from colorectal cancer by screening for fecal occult 
blood. Minnesota Colon Cancer Control Study. N Engl J Med, 1993. 328(19): p. 1365-71. 

138. Zhu, M.M., et al., Comparison of immunochemical and guaiac-based fecal occult blood test in 
screening and surveillance for advanced colorectal neoplasms: a meta-analysis. J Dig Dis, 
2010. 11(3): p. 148-60. 

139. van Rossum, L.G., et al., Colorectal cancer screening comparing no screening, immunochemical 
and guaiac fecal occult blood tests: a cost-effectiveness analysis. Int J Cancer, 2011. 128(8): p. 
1908-17. 

140. Hundt, S., U. Haug, and H. Brenner, Comparative evaluation of immunochemical fecal occult 
blood tests for colorectal adenoma detection. Ann Intern Med, 2009. 150(3): p. 162-9. 

141. Brenner, H., U. Haug, and S. Hundt, Inter-test agreement and quantitative cross-validation of 
immunochromatographical fecal occult blood tests. Int J Cancer, 2010. 127(7): p. 1643-9. 

142. Haug, U., S. Hundt, and H. Brenner, Quantitative immunochemical fecal occult blood testing for 
colorectal adenoma detection: evaluation in the target population of screening and comparison 
with qualitative tests. Am J Gastroenterol, 2010. 105(3): p. 682-90. 

143. Allison, J.E., et al., Screening for colorectal neoplasms with new fecal occult blood tests: update 
on performance characteristics. J Natl Cancer Inst, 2007. 99(19): p. 1462-70. 

144. Park, D.I., et al., Comparison of guaiac-based and quantitative immunochemical fecal occult 
blood testing in a population at average risk undergoing colorectal cancer screening. Am J 
Gastroenterol, 2010. 105(9): p. 2017-25. 

145. Launoy, G.D., et al., Evaluation of an immunochemical fecal occult blood test with automated 
reading in screening for colorectal cancer in a general average-risk population. Int J Cancer, 
2005. 115(3): p. 493-6. 

146. van Roon, A.H., et al., Diagnostic yield improves with collection of 2 samples in fecal 
immunochemical test screening without affecting attendance. Clin Gastroenterol Hepatol, 
2011. 9(4): p. 333-9. 

147. Doran, J. and J.D. Hardcastle, Bleeding patterns in colorectal cancer: the effect of aspirin and 
the implications for faecal occult blood testing. Br J Surg, 1982. 69(12): p. 711-3. 

148. Ahlquist, D.A., et al., Patterns of occult bleeding in asymptomatic colorectal cancer. Cancer, 
1989. 63(9): p. 1826-30. 

149. Macrae, F.A. and D.J. St. John, Relationship between patterns of bleeding and hemoccult 
sensitivity in patients with colorectal cancers or adenomas. Gastroenterology, 1982. 82: p. 
891-8. 

150. Greegor, D.H., Occult blood testing for detection of asymptomatic colon cancer. Cancer, 1971. 
28: p. 131-4. 

151. Hardcastle, J.D., et al., Randomised controlled trial of faecal-occult-blood screening for 
colorectal cancer. Lancet, 1996. 348(9040): p. 1472-7. 

152. Kronborg, O., et al., Randomised study of screening for colorectal cancer with faecal-occult-



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

213 

blood test. Lancet, 1996. 348(9040): p. 1467-71. 
153. Hewitson, P., et al., Screening for colorectal cancer using the faecal occult blood test, 

Hemoccult. Cochrane Database Syst Rev, 2007(1): p. CD001216. 
154. Levin, B., K. Hess, and C. Johnson, Screening for colorectal cancer. A comparison of 3 fecal 

occult blood tests. Arch Intern Med, 1997. 157(9): p. 970-6. 
155. Gnauck, R., F.A. Macrae, and M. Fleisher, How to perform the fecal occult blood test. CA Cancer 

J Clin, 1984. 34: p. 134-47. 
156. Jaffe, R.M., et al., False-negative stool occult blood tests caused by ingestion of ascorbic acid 

(vitamin C). Ann Intern Med, 1975. 83(6): p. 824-6. 
157. Macrae, F.A., et al., Optimal dietary conditions for hemoccult testing. Gastroenterology, 1982. 

82(5 Pt 1): p. 899-903. 
158. Rozen, P., J. Knaani, and Z. Samuel, Eliminating the need for dietary restrictions when using a 

sensitive guaiac fecal occult blood test. Dig Dis Sci, 1999. 44(4): p. 756-60. 
159. Pignone, M., et al., Meta-analysis of dietary restriction during fecal occult blood testing. Eff Clin 

Pract, 2001. 4(4): p. 150-6. 
160. van Rossum, L.G., et al., Random comparison of guaiac and immunochemical fecal occult blood 

tests for colorectal cancer in a screening population. Gastroenterology, 2008. 135(1): p. 82-90. 
161. Webendorfer, S., et al., [Precautions for intestinal cancer in the workplace. An initiative for 

secondary prevention in the BASF joint-stock company]. Dtsch Med Wochenschr, 2004. 129(6): 
p. 239-43. 

162. Mandel, J.S., et al., The effect of fecal occult-blood screening on the incidence of colorectal 
cancer. N Engl J Med, 2000. 343(22): p. 1603-7. 

163. Traverso, G., et al., Detection of APC mutations in fecal DNA from patients with colorectal 
tumors. N Engl J Med, 2002. 346(5): p. 311-20. 

164. Ahlquist, D.A., et al., Colorectal cancer screening by detection of altered human DNA in stool: 
feasibility of a multitarget assay panel. Gastroenterology, 2000. 119(5): p. 1219-27. 

165. Dong, S.M., et al., Detecting colorectal cancer in stool with the use of multiple genetic targets. J 
Natl Cancer Inst, 2001. 93(11): p. 858-65. 

166. Tagore, K.S., et al., Sensitivity and specificity of a stool DNA multitarget assay panel for the 
detection of advanced colorectal neoplasia. Clin Colorectal Cancer, 2003. 3(1): p. 47-53. 

167. Imperiale, T.F., et al., Fecal DNA versus fecal occult blood for colorectal-cancer screening in an 
average-risk population. N Engl J Med, 2004. 351(26): p. 2704-14. 

168. Ahlquist, D.A., et al., Stool DNA and occult blood testing for screen detection of colorectal 
neoplasia. Ann Intern Med, 2008. 149(7): p. 441-50, W81. 

169. Haug, U., S. Hundt, and H. Brenner, Sensitivity and specificity of faecal tumour M2 pyruvate 
kinase for detection of colorectal adenomas in a large screening study. Br J Cancer, 2008. 
99(1): p. 133-5. 

170. Moslein, G., et al., [Analysis of the statistical value of various commercially available stool tests 
- a comparison of one stool sample in correlation to colonoscopy]. Dtsch Med Wochenschr, 
2010. 135(12): p. 557-62. 

171. de Haan, M.C., et al., Diagnostic value of CT-colonography as compared to colonoscopy in an 
asymptomatic screening population: a meta-analysis. Eur Radiol, 2011. 21(8): p. 1747-63. 

172. El-Maraghi, R.H. and A.Z. Kielar, CT colonography versus optical colonoscopy for screening 
asymptomatic patients for colorectal cancer a patient, intervention, comparison, outcome 
(PICO) analysis. Acad Radiol, 2009. 16(5): p. 564-71. 

173. Pox, C.P. and W. Schmiegel, Role of CT colonography in colorectal cancer screening: risks and 
benefits. Gut, 2010. 59(5): p. 692-700. 

174. Frazier, A.L., et al., Cost-effectiveness of screening for colorectal cancer in the general 
population. Jama, 2000. 284(15): p. 1954-61. 

175. Geul, K.W., et al., Prevention of colorectal cancer. Costs and effectiveness of sigmoidoscopy. 
Scand J Gastroenterol Suppl, 1997. 223: p. 79-87. 

176. Inadomi, J.M., Update on the cost-effectiveness of screening for colorectal neoplasia. Curr Opin 
Gastroenterol, 2003. 29: p. 44-50. 

177. Khandker, R.K., et al., A decision model and cost-effectiveness analysis of colorectal cancer 
screening and surveillance guidelines for average-risk adults. Int J Technol Assess Health Care, 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

214 

2000. 16(3): p. 799-810. 
178. McGrath, J.S., T.P. Ponich, and J.C. Gregor, Screening for colorectal cancer: the cost to find an 

advanced adenoma. Am J Gastroenterol, 2002. 97(11): p. 2902-7. 
179. Norum, J., Prevention of colorectal cancer: a cost-effectiveness approach to a screening model 

employing sigmoidoscopy. Ann Oncol, 1998. 9(6): p. 613-8. 
180. Pignone, M., et al., Cost-effectiveness analyses of colorectal cancer screening: a systematic 

review for the U.S. Preventive Services Task Force. Ann Intern Med, 2002. 137(2): p. 96-104. 
181. Sonnenberg, A. and F. Delco, Cost-effectiveness of a single colonoscopy in screening for 

colorectal cancer. Arch Intern Med, 2002. 162(2): p. 163-8. 
182. Vijan, S., et al., Which colon cancer screening test? A comparison of costs, effectiveness, and 

compliance. Am J Med, 2001. 111(8): p. 593-601. 
183. Zauber, A.G., et al., Evaluating test strategies for colorectal cancer screening: a decision 

analysis for the U.S. Preventive Services Task Force. Ann Intern Med, 2008. 149(9): p. 659-69. 
184. Lansdorp-Vogelaar, I., A.B. Knudsen, and H. Brenner, Cost-effectiveness of colorectal cancer 

screening. Epidemiol Rev, 2011. 33(1): p. 88-100. 
185. Sung, J.J., et al., Asia Pacific consensus recommendations for colorectal cancer screening. Gut, 

2008. 57(8): p. 1166-76. 
186. Jasperson, K.W., et al., Hereditary and familial colon cancer. Gastroenterology, 2010. 138(6): 

p. 2044-58. 
187. Andrieu, N., et al., Familial relative risk of colorectal cancer: a population-based study. Eur J 

Cancer, 2003. 39(13): p. 1904-11. 
188. Johns, L.E. and R.S. Houlston, A systematic review and meta-analysis of familial colorectal 

cancer risk. Am J Gastroenterol, 2001. 96(10): p. 2992-3003. 
189. Lichtenstein, P., et al., Environmental and heritable factors in the causation of cancer--analyses 

of cohorts of twins from Sweden, Denmark, and Finland. N Engl J Med, 2000. 343(2): p. 78-85. 
190. Slattery, M.L., et al., Family history and colorectal cancer: predictors of risk. Cancer Causes 

Control, 2003. 14(9): p. 879-87. 
191. Winawer, S., et al., Colorectal cancer screening and surveillance: clinical guidelines and 

rationale-Update based on new evidence. Gastroenterology, 2003. 124(2): p. 544-60. 
192. Bonelli, L., et al., Family history of colorectal cancer as a risk factor for benign and malignant 

tumours of the large bowel. A case-control study. Int J Cancer, 1988. 41(4): p. 513-7. 
193. Fuchs, C.S., et al., A prospective study of family history and the risk of colorectal cancer. N 

Engl J Med, 1994. 331(25): p. 1669-74. 
194. Guillem, J.G., et al., Clustering of colorectal cancer in families of probands under 40 years of 

age. Dis Colon Rectum, 1996. 39(9): p. 1004-7. 
195. Guillem, J.G., et al., Colonoscopic screening for neoplasms in asymptomatic first-degree 

relatives of colon cancer patients. A controlled, prospective study. Dis Colon Rectum, 1992. 
35(6): p. 523-9. 

196. Kune, G.A., S. Kune, and L.F. Watson, The role of heredity in the etiology of large bowel cancer: 
data from the Melbourne Colorectal Cancer Study. World J Surg, 1989. 13(1): p. 124-9. 

197. Rozen, P., et al., Family history of colorectal cancer as a marker of potential malignancy within 
a screening programm. Cancer, 1987. 60(2): p. 248-54. 

198. Sondergaard, J.O., S. Bulow, and E. Lynge, Cancer incidence among parents of patients with 
colorectal cancer. Int J Cancer, 1991. 47(2): p. 202-6. 

199. St John, D.J., et al., Cancer risk in relatives of patients with common colorectal cancer. Ann Int 
Med, 1993. 118(10): p. 785-90. 

200. Butterworth, A.S., J.P. Higgins, and P. Pharoah, Relative and absolute risk of colorectal cancer 
for individuals with a family history: a meta-analysis. Eur J Cancer, 2006. 42(2): p. 216-27. 

201. Hall, N.R., et al., Hereditary susceptibility to colorectal cancer. Relatives of early onset cases 
are particularly at risk. Dis Colon Rectum, 1996. 39(7): p. 739-43. 

202. Hunt, L.M., et al., Endoscopic screening of relatives of patients with colorectal cancer. Gut, 
1998. 42(1): p. 71-5. 

203. Winawer, S.J., et al., Risk of colorectal cancer in the families of patients with adenomatous 
polyps. National Polyp Study Workgroup. N Engl J Med, 1996. 334(2): p. 82-7. 

204. Ahsan, H., et al., Family history of colorectal adenomatous polyps and increased risk for 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

215 

colorectal cancer. Ann Intern Med, 1998. 128(11): p. 900-5. 
205. Nakama, H., et al., Family history of colorectal adenomatous polyps as a risk factor for 

colorectal cancer. Eur J Cancer, 2000. 36(16): p. 2111-4. 
206. Almendingen, K., B. Hofstad, and M.H. Vatn, Does a family history of cancer increase the risk 

of occurrence, growth, and recurrence of colorectal adenomas? Gut, 2003. 52(5): p. 747-51. 
207. Winawer, S.J., et al., Risk and surveillance of individuals with colorectal polyps. WHO 

Collaborating Centre for the Prevention of Colorectal Cancer. Bull World Health Organ, 1990. 
68(6): p. 789-95. 

208. Atkin, W.S., B.C. Morson, and J. Cuzick, Long-term risk of colorectal cancer after excision of 
rectosigmoid adenomas. N Engl J Med, 1992. 326(10): p. 658-62. 

209. Otchy, D.P., et al., Metachronous colon cancer in persons who have had a large adenomatous 
polyp. Am J Gastroenterol, 1996. 91(3): p. 448-54. 

210. van Stolck, R.U., et al., Adenoma characteristics at first colonoscopy as predictors of adenoma 
recurrence and characteristics at follow-up. The Polyp Prevention Study Group. 
Gastroenterology, 1998. 115(1): p. 13-8. 

211. Noshirwani, K.C., et al., Adenoma size and number are predictive of adenoma recurrence: 
implications for surveillance colonoscopy. Gastrointest Endosc, 2000. 51: p. 433-7. 

212. Aldridge, A.J. and J.N. Simson, Histological assessment of colorectal adenomas by size. Are 
polyps less than 10 mm in size clinically important? Eur J Surg, 2001. 167(10): p. 777-81. 

213. Avidan, B., et al., New occurrence and recurrence of neoplasms within 5 years of a screening 
colonoscopy. Am J Gastroenterol, 2002. 97(6): p. 1524-9. 

214. Bertario, L., et al., Predictors of metachronous colorectal neoplasms in sporadic adenoma 
patients. Int J Cancer, 2003. 105(1): p. 82-7. 

215. Chen, C.D., et al., A case-cohort study for the disease natural history of adenoma-carcinoma 
and de novo carcinoma and surveillance of colon and rectum after polypectomy: implication 
for efficacy of colonoscopy. Br J Cancer, 2003. 88(12): p. 1866-73. 

216. Bensen, S., et al., The colonoscopic miss rate and true one-year recurrence of colorectal 
neoplastic polyps. Polyp Prevention Study Group. Am J Gastroenterol, 1999. 94(1): p. 194-9. 

217. Katalinic, A., H. Raspe, and A. Waldmann, [Positive family history of colorectal cancer--use of a 
questionnaire]. Z Gastroenterol, 2009. 47(11): p. 1125-31. 

218. Baron, J.A., et al., Neoplastic and antineoplastic effects of beta-carotene on colorectal adenoma 
recurrence: results of a randomized trial. J Natl Cancer Inst, 2003. 95(10): p. 717-22. 

219. Karnes, W.E., Epidemiology and etiology of sporadic colorectal adenocarcinoma. Current 
opinion in Gastroenterology, 1994. 10: p. 19-26. 

220. Sandler, R.S., et al., A randomized trial of aspirin to prevent colorectal adenomas in patients 
with previous colorectal cancer. N Engl J Med, 2003. 348(10): p. 883-90. 

221. Rothwell, P.M., et al., Long-term effect of aspirin on colorectal cancer incidence and mortality: 
20-year follow-up of five randomised trials. Lancet, 2010. 376(9754): p. 1741-50. 

222. Burt, R.W., Screening of patients with a positive family history of colorectal cancer. 
Gastrointest Endosc Clin N Am, 1997. 7(1): p. 65-79. 

223. Gilbert, J.M., et al., Feasibility study of colonoscopy as the primary screening investigation in 
relatives of patients with colorectal cancer. Ann R Coll Surg Engl, 2001. 83(6): p. 415-9. 

224. Syrigos, K.N., et al., Colonoscopy in asymptomatic individuals with a family history of 
colorectal cancer. Ann Surg Oncol, 2002. 9(5): p. 439-43. 

225. Bradshaw, N., et al., Colonoscopy surveillance of individuals at risk of familial colorectal 
cancer. Gut, 2003. 52(12): p. 1748-51. 

226. Brenner, H., M. Hoffmeister, and U. Haug, Family history and age at initiation of colorectal 
cancer screening. Am J Gastroenterol, 2008. 103(9): p. 2326-31. 

227. Waldmann, A., H. Raspe, and A. Katalinic, [Colon cancer risk in persons at familial or 
hereditary risk aged < 55 years]. Z Gastroenterol, 2009. 47(10): p. 1052-8. 

228. Levin, B., et al., Screening and surveillance for the early detection of colorectal cancer and 
adenomatous polyps, 2008: a joint guideline from the American Cancer Society, the US Multi-
Society Task Force on Colorectal Cancer, and the American College of Radiology. 
Gastroenterology, 2008. 134(5): p. 1570-95. 

229. Engel, C., et al., Efficacy of annual colonoscopic surveillance in individuals with hereditary 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

216 

nonpolyposis colorectal cancer. Clin Gastroenterol Hepatol, 2010. 8(2): p. 174-82. 
230. Dove-Edwin, I., et al., Prevention of colorectal cancer by colonoscopic surveillance in individuals 

with a family history of colorectal cancer: 16 year, prospective, follow-up study. BMJ, 2005. 
331(7524): p. 1047. 

231. Duncan, R.E., et al., The challenge of developmentally appropriate care: predictive genetic 
testing in young people for familial adenomatous polyposis. Fam Cancer, 2010. 9(1): p. 27-35. 

232. Douma, K.F., et al., Psychosocial issues in genetic testing for familial adenomatous polyposis: a 
review of the literature. Psychooncology, 2008. 17(8): p. 737-45. 

233. Douma, K.F., et al., Psychological distress and use of psychosocial support in familial 
adenomatous polyposis. Psychooncology, 2010. 19(3): p. 289-98. 

234. Vasen, H.F., et al., The International Collaborative Group on Hereditary Non-Polyposis 
Colorectal Cancer (ICG-HNPCC). Dis Colon Rectum, 1991. 34(5): p. 424-5. 

235. Rodriguez-Bigas, M.A., et al., A National Cancer Institute Workshop on Hereditary Nonpolyposis 
Colorectal Cancer Syndrome: meeting highlights and Bethesda guidelines. J Natl Cancer Inst, 
1997. 89(23): p. 1758-62. 

236. Schulmann, K., et al., Small bowel cancer risk in Lynch syndrome. Gut, 2008. 57(11): p. 1629-
30. 

237. ten Kate, G.L., et al., Is surveillance of the small bowel indicated for Lynch syndrome families? 
Gut, 2007. 56(9): p. 1198-201. 

238. Schulmann, K., et al., HNPCC-associated small bowel cancer: clinical and molecular 
characteristics. Gastroenterology, 2005. 128(3): p. 590-9. 

239. van der Post, R.S., et al., Risk of urothelial bladder cancer in Lynch syndrome is increased, in 
particular among MSH2 mutation carriers. J Med Genet, 2010. 47(7): p. 464-70. 

240. Kastrinos, F., et al., Risk of pancreatic cancer in families with Lynch syndrome. JAMA, 2009. 
302(16): p. 1790-5. 

241. Win, A.K., et al., Colorectal and Other Cancer Risks for Carriers and Noncarriers From Families 
With a DNA Mismatch Repair Gene Mutation: A Prospective Cohort Study. J Clin Oncol, 2012. 

242. Vasen, H.F., et al., MSH2 mutation carriers are at higher risk of cancer than MLH1 mutation 
carriers: a study of hereditary nonpolyposis colorectal cancer families. J Clin Oncol, 2001. 
19(20): p. 4074-80. 

243. Aarnio, M., et al., Life-time risk of different cancers in hereditary non-polyposis colorectal 
cancer (HNPCC) syndrome. Int J Cancer, 1995. 64(6): p. 430-3. 

244. Vasen, H.F., et al., The risk of brain tumours in hereditary non-polyposis colorectal cancer 
(HNPCC). Int J Cancer, 1996. 65(4): p. 422-5. 

245. Kruse, R., et al., Muir-Torre phenotype has a frequency of DNA mismatch-repair-gene 
mutations similar to that in hereditary nonpolyposis colorectal cancer families defined by the 
Amsterdam criteria. Am J Hum Genet, 1998. 63(1): p. 63-70. 

246. Umar, A., et al., Revised Bethesda Guidelines for hereditary nonpolyposis colorectal cancer 
(Lynch syndrome) and microsatellite instability. J Natl Cancer Inst, 2004. 96(4): p. 261-8. 

247. Shia, J., Immunohistochemistry versus microsatellite instability testing for screening colorectal 
cancer patients at risk for hereditary nonpolyposis colorectal cancer syndrome. Part I. The 
utility of immunohistochemistry. J Mol Diagn, 2008. 10(4): p. 293-300. 

248. Deng, G., et al., BRAF mutation is frequently present in sporadic colorectal cancer with 
methylated hMLH1, but not in hereditary nonpolyposis colorectal cancer. Clin Cancer Res, 
2004. 10(1 Pt 1): p. 191-5. 

249. Domingo, E., et al., BRAF screening as a low-cost effective strategy for simplifying HNPCC 
genetic testing. J Med Genet, 2004. 41(9): p. 664-8. 

250. Loughrey, M.B., et al., Incorporation of somatic BRAF mutation testing into an algorithm for the 
investigation of hereditary non-polyposis colorectal cancer. Fam Cancer, 2007. 6(3): p. 301-10. 

251. McGivern, A., et al., Promoter hypermethylation frequency and BRAF mutations distinguish 
hereditary non-polyposis colon cancer from sporadic MSI-H colon cancer. Fam Cancer, 2004. 
3(2): p. 101-7. 

252. Levine, A.J., et al., Cancer risks for the relatives of colorectal cancer cases with a methylated 
MLH1 promoter region: data from the Colorectal Cancer Family Registry. Cancer Prev Res 
(Phila), 2012. 5(2): p. 328-35. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

217 

253. Foulkes, W.D., A tale of four syndromes: familial adenomatous polyposis, Gardner syndrome, 
attenuated APC and Turcot syndrome. QJM, 1995. 88(12): p. 853-63. 

254. Lynch, H.T., et al., Attenuated familial adenomatous polyposis (AFAP). A phenotypically and 
genotypically distinctive variant of FAP. Cancer, 1995. 76(12): p. 2427-33. 

255. Lynch, H.T. and T.C. Smyrk, Classification of familial adenomatous polyposis: a diagnostic 
nightmare. Am J Hum Genet, 1998. 62(6): p. 1288-9. 

256. Soravia, C., et al., Genotype-phenotype correlations in attenuated adenomatous polyposis coli. 
Am J Hum Genet, 1998. 62: p. 1290-1301. 

257. Hernegger, G.S., H.G. Moore, and J.G. Guillem, Attenuated familial adenomatous polyposis: an 
evolving and poorly understood entity. Dis Colon Rectum, 2002. 45(1): p. 127-34; discussion 
134-6. 

258. Knudsen, A.L., M.L. Bisgaard, and S. Bulow, Attenuated familial adenomatous polyposis (AFAP). 
A review of the literature. Fam Cancer, 2003. 2(1): p. 43-55. 

259. Al-Tassan, N., et al., Inherited variants of MYH associated with somatic G:C-->T:A mutations in 
colorectal tumors. Nat Genet, 2002. 30(2): p. 227-32. 

260. Cao, Y., et al., Challenge in the differentiation between attenuated familial adenomatous 
polyposis and hereditary nonpolyposis colorectal cancer: case report with review of the 
literature. Am J Gastroenterol, 2002. 97(7): p. 1822-7. 

261. Aretz, S., The differential diagnosis and surveillance of hereditary gastrointestinal polyposis 
syndromes. Dtsch Arztebl Int, 2010. 107(10): p. 163-73. 

262. Aretz, S., M. Genuardi, and F.J. Hes, Clinical utility gene card for: MUTYH-associated polyposis 
(MAP), autosomal recessive colorectal adenomatous polyposis. 2012, Eur J Hum Genet. 

263. Sampson, J.R. and N. Jones, MUTYH-associated polyposis. Best Pract Res Clin Gastroenterol, 
2009. 23(2): p. 209-18. 

264. Morreau, H., R. Riddel, and S. Aretz, MUTYH-associated polyposis., in WHO Classification of 
Tumours of the Digestive System, F.T. Bosman, et al., Editors. 2010, IARC/ WHO Press: Lyon. p. 
156-159. 

265. Aretz, S., et al., MUTYH-associated polyposis: 70 of 71 patients with biallelic mutations present 
with an attenuated or atypical phenotype. Int J Cancer, 2006. 119(4): p. 807-14. 

266. Lubbe, S.J., et al., Clinical implications of the colorectal cancer risk associated with MUTYH 
mutation. J Clin Oncol, 2009. 27(24): p. 3975-80. 

267. Cleary, S.P., et al., Germline MutY human homologue mutations and colorectal cancer: a 
multisite case-control study. Gastroenterology, 2009. 136(4): p. 1251-60. 

268. Boparai, K.S., et al., Hyperplastic polyps and sessile serrated adenomas as a phenotypic 
expression of MYH-associated polyposis. Gastroenterology, 2008. 135(6): p. 2014-8. 

269. Vogt, S., et al., Expanded extracolonic tumor spectrum in MUTYH-associated polyposis. 
Gastroenterology, 2009. 137(6): p. 1976-85 e1-10. 

270. Papadopoulos, N. and A. Lindblom, Molecular basis of HNPCC: mutations of MMR genes. Hum 
Mut, 1997. 10: p. 89-99. 

271. Kuiper, R.P., et al., Recurrence and variability of germline EPCAM deletions in Lynch syndrome. 
Hum Mutat, 2011. 32(4): p. 407-14. 

272. Jarvinen, H.J., et al., Controlled 15-year trial on screening for colorectal cancer in families with 
hereditary nonpolyposis colorectal cancer. Gastroenterology, 2000. 118(5): p. 829-34. 

273. de Vos tot Nederveen Cappel, W.H., et al., Surveillance for hereditary nonpolyposis colorectal 
cancer: a long-term study on 114 families. Dis Colon Rectum, 2002. 45(12): p. 1588-94. 

274. Edelstein, D.L., et al., Rapid development of colorectal neoplasia in patients with Lynch 
syndrome. Clin Gastroenterol Hepatol, 2011. 9(4): p. 340-3. 

275. Renkonen-Sinisalo, L., et al., Surveillance improves survival of colorectal cancer in patients 
with hereditary nonpolyposis colorectal cancer. Cancer Detect Prev, 2000. 24(2): p. 137-42. 

276. Huneburg, R., et al., Chromocolonoscopy detects more adenomas than white light colonoscopy 
or narrow band imaging colonoscopy in hereditary nonpolyposis colorectal cancer screening. 
Endoscopy, 2009. 41(4): p. 316-22. 

277. Stoffel, E.M., et al., Missed adenomas during colonoscopic surveillance in individuals with Lynch 
Syndrome (hereditary nonpolyposis colorectal cancer). Cancer Prev Res (Phila), 2008. 1(6): p. 
470-5. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

218 

278. Hurlstone, D.P., et al., High magnification chromoscopic colonoscopy or high frequency 20 MHz 
mini probe endoscopic ultrasound staging for early colorectal neoplasia: a comparative 
prospective analysis. Gut, 2005. 54(11): p. 1585-9. 

279. Aarnio, M., et al., Cancer risk in mutation carriers of DNA-mismatch-repair genes. Int J Cancer, 
1999. 81(2): p. 214-8. 

280. Dove-Edwin, I., et al., The outcome of endometrial carcinoma surveillance by ultrasound scan 
in women at risk of hereditary nonpolyposis colorectal carcinoma and familial colorectal 
carcinoma. Cancer, 2002. 94(6): p. 1708-12. 

281. Rijcken, F.E., et al., Gynecologic screening in hereditary nonpolyposis colorectal cancer. 
Gynecol Oncol, 2003. 91(1): p. 74-80. 

282. Renkonen-Sinisalo, L., et al., Surveillance for endometrial cancer in hereditary nonpolyposis 
colorectal cancer syndrome. Int J Cancer, 2007. 120(4): p. 821-4. 

283. Vasen, H.F., et al., Guidelines for the clinical management of Lynch syndrome (hereditary non-
polyposis cancer). J Med Genet, 2007. 44(6): p. 353-62. 

284. Goecke, T., et al., Genotype-phenotype comparison of German MLH1 and MSH2 mutation 
carriers clinically affected with Lynch syndrome: a report by the German HNPCC Consortium. J 
Clin Oncol, 2006. 24(26): p. 4285-92. 

285. Burn, J., et al., Effect of aspirin or resistant starch on colorectal neoplasia in the Lynch 
syndrome. N Engl J Med, 2008. 359(24): p. 2567-78. 

286. Burn, J., et al., Long-term effect of aspirin on cancer risk in carriers of hereditary colorectal 
cancer: an analysis from the CAPP2 randomised controlled trial. Lancet, 2011. 378(9809): p. 
2081-7. 

287. Natarajan, N., et al., Comparison of extended colectomy and limited resection in patients with 
Lynch syndrome. Dis Colon Rectum, 2010. 53(1): p. 77-82. 

288. Kalady, M.F., et al., Risk of colorectal adenoma and carcinoma after colectomy for colorectal 
cancer in patients meeting Amsterdam criteria. Ann Surg, 2010. 252(3): p. 507-11; discussion 
511-3. 

289. Parry, S., et al., Metachronous colorectal cancer risk for mismatch repair gene mutation 
carriers: the advantage of more extensive colon surgery. Gut, 2011. 60(7): p. 950-7. 

290. Stupart, D.A., et al., Surgery for colonic cancer in HNPCC: total vs segmental colectomy. 
Colorectal Dis, 2011. 13(12): p. 1395-9. 

291. Schmeler, K.M., et al., Prophylactic surgery to reduce the risk of gynecologic cancers in the 
Lynch syndrome. N Engl J Med, 2006. 354(3): p. 261-9. 

292. Church, J.M., et al., Teenagers with familial adenomatous polyposis: what is their risk for 
colorectal cancer? Dis Colon Rectum, 2002. 45(7): p. 887-9. 

293. King, J.E., et al., Care of patients and their families with familial adenomatous polyposis. Mayo 
Clin Proc, 2000. 75(1): p. 57-67. 

294. Bertario, L., et al., Causes of death and postsurgical survival in familial adenomatous 
polyposis: results from the Italian Registry. Italian Registry of Familial Polyposis Writing 
Committee. Semin Surg Oncol, 1994. 10(3): p. 225-34. 

295. Galle, T.S., K. Juel, and S. Bulow, Causes of death in familial adenomatous polyposis. Scand J 
Gastroenterol, 1999. 34(8): p. 808-12. 

296. Heiskanen, I., T. Luostarinen, and H.J. Jarvinen, Impact of screening examinations on survival 
in familial adenomatous polyposis. Scand J Gastroenterol, 2000. 35(12): p. 1284-7. 

297. Vasen, H.F., et al., Decision analysis in the surgical treatment of patients with familial 
adenomatous polyposis: a Dutch-Scandinavian collaborative study including 659 patients. Gut, 
2001. 49(2): p. 231-5. 

298. Bulow, S., Results of national registration of familial adenomatous polyposis. Gut, 2003. 52(5): 
p. 742-6. 

299. Ficari, F., et al., APC gene mutations and colorectal adenomatosis in familial adenomatous 
polyposis. Br J Cancer, 2000. 82(2): p. 348-53. 

300. Bulow, S., Clinical features in familial polyposis coli. Results of the Danish Polyposis Register. 
Dis Colon Rectum, 1986. 29(2): p. 102-7. 

301. De Cosse, J.J., et al., Rectal cancer risk in patients treated for familial adenomatous polyposis. 
The Leeds Castle Polyposis Group. Br J Surg, 1992. 79(12): p. 1372-5. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

219 

302. Nyam, D.C., et al., Ileal pouch-anal canal anastomosis for familial adenomatous polyposis: 
early and late results. Ann Surg, 1997. 226(4): p. 514-9; discussion 519-21. 

303. Parc, Y.R., et al., Familial adenomatous polyposis: results after ileal pouch-anal anastomosis in 
teenagers. Dis Colon Rectum, 2000. 43(7): p. 893-8; discussion 898-902. 

304. Van Duijvendijk, P., et al., Quality of life after total colectomy with ileorectal anastomosis or 
proctocolectomy and ileal pouch-anal anastomosis for familial adenomatous polyposis. Br J 
Surg, 2000. 87(5): p. 590-6. 

305. Church, J., et al., Risk of rectal cancer in patients after colectomy and ileorectal anastomosis 
for familial adenomatous polyposis: a function of available surgical options. Dis Colon Rectum, 
2003. 46(9): p. 1175-81. 

306. Will, O.C., et al., Familial adenomatous polyposis and the small bowel: a loco-regional review 
and current management strategies. Pathol Res Pract, 2008. 204(7): p. 449-58. 

307. Spigelman, A.D., et al., Upper gastrointestinal cancer in patients with familial adenomatous 
polyposis. Lancet, 1989. 2(8666): p. 783-5. 

308. Burke, C.A., et al., The natural history of untreated duodenal and ampullary adenomas in 
patients with familial adenomatous polyposis followed in an endoscopic surveillance program. 
Gastrointest Endosc, 1999. 49(3 Pt 1): p. 358-64. 

309. Matsumoto, T., et al., Natural history of ampullary adenoma in familial adenomatous 
polyposis: reconfirmation of benign nature during extended surveillance. Am J Gastroenterol, 
2000. 95(6): p. 1557-62. 

310. Moozar, K.L., et al., Slow progression of periampullary neoplasia in familial adenomatous 
polyposis. J Gastrointest Surg, 2002. 6(6): p. 831-7; discussion 837. 

311. Saurin, J.C., et al., The influence of mutation site and age on the severity of duodenal polyposis 
in patients with familial adenomatous polyposis. Gastrointest Endosc, 2002. 55(3): p. 342-7. 

312. Saurin, J.C., et al., Surveillance of duodenal adenomas in familial adenomatous polyposis 
reveals high cumulative risk of advanced disease. J Clin Oncol, 2004. 22(3): p. 493-8. 

313. Vasen, H.F., et al., Decision analysis in the management of duodenal adenomatosis in familial 
adenomatous polyposis. Gut, 1997. 40: p. 716-9. 

314. Bulow, S., et al., Duodenal adenomatosis in familial adenomatous polyposis. Gut, 2004. 53(3): 
p. 381-6. 

315. Kadmon, M., A. Tandara, and C. Herfarth, Duodenal adenomatosis in familial adenomatous 
polyposis coli. A review of the literature and results from the Heidelberg Polyposis Register. Int 
J Colorectal Dis, 2001. 16(2): p. 63-75. 

316. Norton, I.D., et al., Safety and outcome of endoscopic snare excision of the major duodenal 
papilla. Gastrointest Endosc, 2002. 56(2): p. 239-43. 

317. Kalady, M.F., et al., Pancreas-preserving duodenectomy in the management of duodenal 
familial adenomatous polyposis. J Gastrointest Surg, 2002. 6(1): p. 82-7. 

318. Parc, Y., J.Y. Mabrut, and C. Shields, Surgical management of the duodenal manifestations of 
familial adenomatous polyposis. Br J Surg, 2011. 98(4): p. 480-4. 

319. de Vos tot Nederveen Cappel, W.H., et al., Worldwide survey among polyposis registries of 
surgical management of severe duodenal adenomatosis in familial adenomatous polyposis. Br J 
Surg, 2003. 90(6): p. 705-10. 

320. Heiskanen, I., I. Kellokumpu, and H. Jarvinen, Management of duodenal adenomas in 98 
patients with familial adenomatous polyposis. Endoscopy, 1999. 31(6): p. 412-6. 

321. Norton, I.D., et al., Endoscopic surveillance and ablative therapy for periampullary adenomas. 
Am J Gastroenterol, 2001. 96(1): p. 101-6. 

322. Bleau, B.L. and C.J. Gostout, Endoscopic treatment of ampullary adenomas in familial 
adenomatous polyposis. J Clin Gastroenterol, 1996. 22(3): p. 237-41. 

323. Soravia, C., et al., Desmoid disease in patients with familial adenomatous polyposis. Dis Colon 
Rectum, 2000. 43(3): p. 363-9. 

324. Bertario, L., et al., Multiple approach to the exploration of genotype-phenotype correlations in 
familial adenomatous polyposis. J Clin Oncol, 2003. 21(9): p. 1698-707. 

325. Friedl, W., et al., Can APC mutation analysis contribute to therapeutic decisions in familial 
adenomatous polyposis? Experience from 680 FAP families. Gut, 2001. 48(4): p. 515-21. 

326. Janinis, J., et al., The pharmacological treatment of aggressive fibromatosis: a systematic 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

220 

review. Ann Oncol, 2003. 14(2): p. 181-90. 
327. Tonelli, F., et al., Treatment of desmoids and mesenteric fibromatosis in familial adenomatous 

polyposis with raloxifene. Tumori, 2003. 89(4): p. 391-6. 
328. Gega, M., et al., Successful chemotherapeutic modality of doxorubicin plus dacarbazine for the 

treatment of desmoid tumors in association with familial adenomatous polyposis. J Clin Oncol, 
2006. 24(1): p. 102-5. 

329. Skapek, S.X., et al., Vinblastine and methotrexate for desmoid fibromatosis in children: results 
of a Pediatric Oncology Group Phase II Trial. J Clin Oncol, 2007. 25(5): p. 501-6. 

330. Latchford, A.R., et al., A 10-year review of surgery for desmoid disease associated with familial 
adenomatous polyposis. Br J Surg, 2006. 93(10): p. 1258-64. 

331. Möslein, G., Current ideas in desmoid tumours: invited commentary. Fam Cancer, 2006. 5: p. 
287-288. 

332. Clark, S.K. and R.K. Phillips, Desmoids in familial adenomatous polyposis. Br J Surg, 1996. 
83(11): p. 1494-504. 

333. Nieuwenhuis, M.H., et al., Evaluation of management of desmoid tumours associated with 
familial adenomatous polyposis in Dutch patients. Br J Cancer, 2011. 104(1): p. 37-42. 

334. Huang, K., et al., Prognostic factors for extra-abdominal and abdominal wall desmoids: a 20-
year experience at a single institution. J Surg Oncol, 2009. 100(7): p. 563-9. 

335. Salas, S., et al., Prognostic factors influencing progression-free survival determined from a 
series of sporadic desmoid tumors: a wait-and-see policy according to tumor presentation. J 
Clin Oncol, 2011. 29(26): p. 3553-8. 

336. Bulow, C. and S. Bulow, Is screening for thyroid carcinoma indicated in familial adenomatous 
polyposis? The Leeds Castle Polyposis Group. Int J Colorectal Dis, 1997. 12(4): p. 240-2. 

337. Jarrar, A.M., et al., Screening for thyroid cancer in patients with familial adenomatous 
polyposis. Ann Surg, 2011. 253(3): p. 515-21. 

338. Martayan, A., et al., Gene variants associated to malignant thyroid disease in familial 
adenomatous polyposis: a novel APC germline mutation. J Endocrinol Invest, 2010. 33(9): p. 
603-6. 

339. Herraiz, M., et al., Prevalence of thyroid cancer in familial adenomatous polyposis syndrome 
and the role of screening ultrasound examinations. Clin Gastroenterol Hepatol, 2007. 5(3): p. 
367-73. 

340. Bell, B. and E.L. Mazzaferri, Familial adenomatous polyposis (Gardner's syndrome) and thyroid 
carcinoma. A case report and review of the literature. Dig Dis Sci, 1993. 38(1): p. 185-90. 

341. Perrier, N.D., et al., Thyroid cancer in patients with familial adenomatous polyposis. World J 
Surg, 1998. 22(7): p. 738-42; discussion 743. 

342. Hughes, L.J. and V.V. Michels, Risk of hepatoblastoma in familial adenomatous polyposis. Am J 
Med Genet, 1992. 43(6): p. 1023-5. 

343. Thomas, D., et al., Familial hepatoblastoma and APC gene mutations: renewed call for 
molecular research. Eur J Cancer, 2003. 39(15): p. 2200-4. 

344. Aretz, S., et al., Should children at risk for familial adenomatous polyposis be screened for 
hepatoblastoma and children with apparently sporadic hepatoblastoma be screened for APC 
germline mutations? Pediatr Blood Cancer, 2006. 47(6): p. 811-8. 

345. Vasen, H.F., et al., Guidelines for the clinical management of familial adenomatous polyposis 
(FAP). Gut, 2008. 57(5): p. 704-13. 

346. Waddell, W.R. and R.W. Loughry, Sulindac for polyposis of the colon. J Surg Oncol, 1983. 24(1): 
p. 83-7. 

347. Labayle, D., et al., Sulindac causes regression of rectal polyps in familial adenomatous 
polyposis. Gastroenterology, 1991. 101(3): p. 635-9. 

348. Giardiello, F.M., et al., Treatment of colonic and rectal adenomas with sulindac in familial 
adenomatous polyposis. N Engl J Med, 1993. 328(18): p. 1313-6. 

349. Cruz-Correa, M., et al., Long-term treatment with sulindac in familial adenomatous polyposis: a 
prospective cohort study. Gastroenterology, 2002. 122(3): p. 641-5. 

350. Winde, G., et al., Complete reversion and prevention of rectal adenomas in colectomized 
patients with familial adenomatous polyposis by rectal low-dose sulindac maintenance 
treatment. Advantages of low-dose nonsteroidal anti-inflammatory drug regimen in reversing 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

221 

adenomas exceeding 33 months. Dis Colon Rectum, 1995. 38(8): p. 813-30. 
351. Giardiello, F.M., et al., Primary chemoprevention of familial adenomatous polyposis with 

sulindac. N Engl J Med, 2002. 346(14): p. 1054-9. 
352. Steinbach, G., et al., The effect of celecoxib, a cyclooxygenase-2 inhibitor, in familial 

adenomatous polyposis. N Engl J Med, 2000. 342(26): p. 1946-52. 
353. Phillips, R.K., et al., A randomised, double blind, placebo controlled study of celecoxib, a 

selective cyclooxygenase 2 inhibitor, on duodenal polyposis in familial adenomatous polyposis. 
Gut, 2002. 50(6): p. 857-60. 

354. Solomon, S.D., et al., Cardiovascular risk of celecoxib in 6 randomized placebo-controlled 
trials: the cross trial safety analysis. Circulation, 2008. 117(16): p. 2104-13. 

355. Matsuo, S., et al., Attenuated familial adenomatous polyposis associated with advanced rectal 
cancer in a 16-year-old boy: report of a case. Surg Today, 2001. 31(11): p. 1020-3. 

356. Leggett, B.A., et al., Severe upper gastrointestinal polyposis associated with sparse colonic 
polyposis in a familial adenomatous polyposis family with an APC mutation at codon 1520. 
Gut, 1997. 41(4): p. 518-21. 

357. Zwick, A., et al., Gastric adenocarcinoma and dysplasia in fundic gland polyps of a patient with 
attenuated adenomatous polyposis coli. Gastroenterology, 1997. 113(2): p. 659-63. 

358. Hofgartner, W.T., et al., Gastric adenocarcinoma associated with fundic gland polyps in a 
patient with attenuated familial adenomatous polyposis. Am J Gastroenterol, 1999. 94(8): p. 
2275-81. 

359. Jones, N., et al., Increased colorectal cancer incidence in obligate carriers of heterozygous 
mutations in MUTYH. Gastroenterology, 2009. 137(2): p. 489-94, 494 e1; quiz 725-6. 

360. Farrington, S.M., et al., Germline susceptibility to colorectal cancer due to base-excision repair 
gene defects. Am J Hum Genet, 2005. 77(1): p. 112-9. 

361. Nielsen, M., et al., Analysis of MUTYH genotypes and colorectal phenotypes in patients With 
MUTYH-associated polyposis. Gastroenterology, 2009. 136(2): p. 471-6. 

362. Nascimbeni, R., et al., Rectum-sparing surgery may be appropriate for biallelic MutYH-
associated polyposis. Dis Colon Rectum, 2010. 53(12): p. 1670-5. 

363. Nielsen, M., et al., Duodenal carcinoma in MUTYH-associated polyposis. J Clin Pathol, 2006. 
59(11): p. 1212-5. 

364. Zbuk, K.M. and C. Eng, Hamartomatous polyposis syndromes. Nat Clin Pract Gastroenterol 
Hepatol, 2007. 4(9): p. 492-502. 

365. Aretz, S., et al., High proportion of large genomic STK11 deletions in Peutz-Jeghers syndrome. 
Hum Mutat, 2005. 26(6): p. 513-9. 

366. Hinds, R., et al., Complications of childhood Peutz-Jeghers syndrome: implications for pediatric 
screening. J Pediatr Gastroenterol Nutr, 2004. 39(2): p. 219-20. 

367. Reid, J.D., Intestinal carcinoma in the Peutz-Jeghers syndrome. Jama, 1974. 229(7): p. 833-4. 
368. Burdick, D. and J.T. Prior, Peutz-Jeghers syndrome. A clinicopathologic study of a large family 

with a 27-year follow-up. Cancer, 1982. 50(10): p. 2139-46. 
369. Giardiello, F.M., et al., Increased risk of cancer in the Peutz-Jeghers syndrome. N Engl J Med, 

1987. 316(24): p. 1511-4. 
370. Foley, T.R., T.J. McGarrity, and A.B. Abt, Peutz-Jeghers syndrome: a clinicopathologic survey of 

the "Harrisburg family" with a 49-year follow-up. Gastroenterology, 1988. 95(6): p. 1535-40. 
371. Spigelman, A.D., V. Murday, and R.K. Phillips, Cancer and the Peutz-Jeghers syndrome. Gut, 

1989. 30(11): p. 1588-90. 
372. Hizawa, K., et al., Neoplastic transformation arising in Peutz-Jeghers polyposis. Dis Colon 

Rectum, 1993. 36: p. 953-57. 
373. Boardman, L.A., et al., Increased risk for cancer in patients with the Peutz-Jeghers syndrome. 

Ann Intern Med, 1998. 128(11): p. 896-9. 
374. Mehenni, H., et al., Cancer risks in LKB1 germline mutation carriers. Gut, 2006. 55(7): p. 984-

90. 
375. Giardiello, F.M., et al., Very high risk of cancer in familial Peutz-Jeghers syndrome. 

Gastroenterology, 2000. 119(6): p. 1447-53. 
376. Hearle, N., et al., Frequency and spectrum of cancers in the Peutz-Jeghers syndrome. Clin 

Cancer Res, 2006. 12(10): p. 3209-15. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

222 

377. Sweet, K., et al., Molecular classification of patients with unexplained hamartomatous and 
hyperplastic polyposis. JAMA, 2005. 294(19): p. 2465-73. 

378. Aretz, S., et al., High proportion of large genomic deletions and a genotype phenotype update 
in 80 unrelated families with juvenile polyposis syndrome. J Med Genet, 2007. 44(11): p. 702-
9. 

379. Gallione, C.J., et al., A combined syndrome of juvenile polyposis and hereditary haemorrhagic 
telangiectasia associated with mutations in MADH4 (SMAD4). Lancet, 2004. 363(9412): p. 852-
9. 

380. Watanabe, A., et al., Familial juvenile polyposis of the stomach. Gastroenterology, 1979. 77(1): 
p. 148-51. 

381. Jass, J.R., et al., Juvenile polyposis--a precancerous condition. Histopathology, 1988. 13(6): p. 
619-30. 

382. Sassatelli, R., et al., Generalized juvenile polyposis with mixed pattern and gastric cancer. 
Gastroenterology, 1993. 104(3): p. 910-5. 

383. Coburn, M.C., et al., Malignant potential in intestinal juvenile polyposis syndromes. Ann Surg 
Oncol, 1995. 2(5): p. 386-91. 

384. Desai, D.C., et al., Juvenile polyposis. Br J Surg, 1995. 82(1): p. 14-7. 
385. Delnatte, C., et al., Contiguous gene deletion within chromosome arm 10q is associated with 

juvenile polyposis of infancy, reflecting cooperation between the BMPR1A and PTEN tumor-
suppressor genes. Am J Hum Genet, 2006. 78(6): p. 1066-74. 

386. Hobert, J.A. and C. Eng, PTEN hamartoma tumor syndrome: an overview. Genet Med, 2009. 
11(10): p. 687-94. 

387. Tan, M.H., et al., Lifetime cancer risks in individuals with germline PTEN mutations. Clin 
Cancer Res, 2012. 18(2): p. 400-7. 

388. Orloff, M.S. and C. Eng, Genetic and phenotypic heterogeneity in the PTEN hamartoma tumour 
syndrome. Oncogene, 2008. 27(41): p. 5387-97. 

389. Marsh, D.J., et al., PTEN mutation spectrum and genotype-phenotype correlations in Bannayan-
Riley-Ruvalcaba syndrome suggest a single entity with Cowden syndrome. Hum Mol Genet, 
1999. 8(8): p. 1461-72. 

390. Jeevaratnam, P., et al., Familial giant hyperplastic polyposis predisposing to colorectal cancer: 
a new hereditary bowel cancer syndrome. J Pathol, 1996. 179(1): p. 20-5. 

391. Leggett, B.A., et al., Hyperplastic polyposis: association with colorectal cancer. Am J Surg 
Pathol, 2001. 25(2): p. 177-84. 

392. Renaut, A.J., P.R. Douglas, and G.L. Newstead, Hyperplastic polyposis of the colon and rectum. 
Colorectal Dis, 2002. 4(3): p. 213-215. 

393. Jaeger, E.E., et al., An ancestral Ashkenazi haplotype at the HMPS/CRAC1 locus on 15q13-q14 
is associated with hereditary mixed polyposis syndrome. Am J Hum Genet, 2003. 72(5): p. 
1261-7. 

394. Rozen, P., Z. Samuel, and E. Brazowski, A prospective study of the clinical, genetic, screening, 
and pathologic features of a family with hereditary mixed polyposis syndrome. Am J 
Gastroenterol, 2003. 98(10): p. 2317-20. 

395. Beggs, A.D., et al., Peutz-Jeghers syndrome: a systematic review and recommendations for 
management. Gut, 2010. 59(7): p. 975-86. 

396. Dignass, A., et al., [Updated German guideline on diagnosis and treatment of ulcerative colitis, 
2011]. Z Gastroenterol, 2011. 49(9): p. 1276-341. 

397. Collins, P.D., et al., Strategies for detecting colon cancer and/or dysplasia in patients with 
inflammatory bowel disease. Cochrane Database Syst Rev, 2006(2): p. CD000279. 

398. Rutter, M.D., et al., Thirty-year analysis of a colonoscopic surveillance program for neoplasia 
in ulcerative colitis. Gastroenterology, 2006. 130(4): p. 1030-8. 

399. Lutgens, M.W., et al., High frequency of early colorectal cancer in inflammatory bowel disease. 
Gut, 2008. 57(9): p. 1246-51. 

400. Lim, C.H., et al., Ten year follow up of ulcerative colitis patients with and without low grade 
dysplasia. Gut, 2003. 52(8): p. 1127-32. 

401. Connell, W.R., et al., Factors affecting the outcome of endoscopic surveillance for cancer in 
ulcerative colitis. Gastroenterology, 1994. 107(4): p. 934-44. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

223 

402. Claessen, M.M., et al., More right-sided IBD-associated colorectal cancer in patients with 
primary sclerosing cholangitis. Inflamm Bowel Dis, 2009. 15(9): p. 1331-6. 

403. Soetikno, R.M., et al., Increased risk of colorectal neoplasia in patients with primary sclerosing 
cholangitis and ulcerative colitis: a meta-analysis. Gastrointest Endosc, 2002. 56(1): p. 48-54. 

404. Scarpa, M., et al., Systematic review of dysplasia after restorative proctocolectomy for 
ulcerative colitis. Br J Surg, 2007. 94(5): p. 534-45. 

405. Hoffmann, J.C., et al., [Clinical practice guideline on diagnosis and treatment of Crohn's 
disease]. Z Gastroenterol, 2008. 46(9): p. 1094-146. 

406. Rex, D.K., et al., Quality in the technical performance of colonoscopy and the continuous 
quality improvement process for colonoscopy: recommendations of the U.S. Multi-Society Task 
Force on Colorectal Cancer. Am J Gastroenterol, 2002. 97(6): p. 1296-308. 

407. Barclay, R.L., et al., Colonoscopic withdrawal times and adenoma detection during screening 
colonoscopy. N Engl J Med, 2006. 355(24): p. 2533-41. 

408. Simmons, D.T., et al., Impact of endoscopist withdrawal speed on polyp yield: implications for 
optimal colonoscopy withdrawal time. Aliment Pharmacol Ther, 2006. 24(6): p. 965-71. 

409. Lieberman, D., A call to action--measuring the quality of colonoscopy. N Engl J Med, 2006. 
355(24): p. 2588-9. 

410. Pickhardt, P.J., et al., Computed tomographic virtual colonoscopy to screen for colorectal 
neoplasia in asymptomatic adults. N Engl J Med, 2003. 349(23): p. 2191-200. 

411. Robertson, D.J., et al., Colorectal cancer in patients under close colonoscopic surveillance. 
Gastroenterology, 2005. 129(1): p. 34-41. 

412. Hosokawa, O., et al., Invasive colorectal cancer detected up to 3 years after a colonoscopy 
negative for cancer. Endoscopy, 2003. 35(6): p. 506-10. 

413. Bressler, B., et al., Colonoscopic miss rates for right-sided colon cancer: a population-based 
analysis. Gastroenterology, 2004. 127(2): p. 452-6. 

414. Leaper, M., et al., Reasons for failure to diagnose colorectal carcinoma at colonoscopy. 
Endoscopy, 2004. 36(6): p. 499-503. 

415. Pabby, A., et al., Analysis of colorectal cancer occurrence during surveillance colonoscopy in 
the dietary Polyp Prevention Trial. Gastrointest Endosc, 2005. 61(3): p. 385-91. 

416. Cotton, P.B., et al., Computed tomographic colonography (virtual colonoscopy): a multicenter 
comparison with standard colonoscopy for detection of colorectal neoplasia. Jama, 2004. 
291(14): p. 1713-9. 

417. Rockey, D.C., et al., Analysis of air contrast barium enema, computed tomographic 
colonography, and colonoscopy: prospective comparison. Lancet, 2005. 365(9456): p. 305-11. 

418. Halligan, S., et al., CT colonography in the detection of colorectal polyps and cancer: systematic 
review, meta-analysis, and proposed minimum data set for study level reporting. Radiology, 
2005. 237(3): p. 893-904. 

419. Mulhall, B.P., G.R. Veerappan, and J.L. Jackson, Meta-analysis: computed tomographic 
colonography. Ann Intern Med, 2005. 142(8): p. 635-50. 

420. Johnson, C.D., et al., Comparison of the relative sensitivity of CT colonography and double-
contrast barium enema for screen detection of colorectal polyps. Clin Gastroenterol Hepatol, 
2004. 2(4): p. 314-21. 

421. Purkayastha, S., et al., Magnetic resonance colonography versus colonoscopy as a diagnostic 
investigation for colorectal cancer: a meta-analysis. Clin Radiol, 2005. 60(9): p. 980-9. 

422. Hartmann, D., et al., Colorectal polyps: detection with dark-lumen MR colonography versus 
conventional colonoscopy. Radiology, 2006. 238(1): p. 143-9. 

423. Florie, J., et al., MR colonography with limited bowel preparation compared with optical 
colonoscopy in patients at increased risk for colorectal cancer. Radiology, 2007. 243(1): p. 
122-31. 

424. Morrin, M.M., et al., Virtual colonoscopy: a kinder, gentler colorectal cancer screening test? 
Lancet, 1999. 354(9184): p. 1048-9. 

425. Morrin, M.M., et al., Role of virtual computed tomographic colonography in patients with 
colorectal cancers and obstructing colorectal lesions. Dis Colon Rectum, 2000. 43(3): p. 303-
11. 

426. Neri, E., et al., Colorectal cancer: role of CT colonography in preoperative evaluation after 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

224 

incomplete colonoscopy. Radiology, 2002. 223(3): p. 615-9. 
427. Hartmann, D., et al., Incomplete conventional colonoscopy: magnetic resonance colonography 

in the evaluation of the proximal colon. Endoscopy, 2005. 37(9): p. 816-20. 
428. Arora, A. and P. Singh, Colonoscopy in patients 80 years of age and older is safe, with high 

success rate and diagnostic yield. Gastrointest Endosc, 2004. 60(3): p. 408-13. 
429. Karajeh, M.A., D.S. Sanders, and D.P. Hurlstone, Colonoscopy in elderly people is a safe 

procedure with a high diagnostic yield: a prospective comparative study of 2000 patients. 
Endoscopy, 2006. 38(3): p. 226-30. 

430. Kiesslich, R., et al., Methylene blue-aided chromoendoscopy for the detection of intraepithelial 
neoplasia and colon cancer in ulcerative colitis. Gastroenterology, 2003. 124(4): p. 880-8. 

431. Hurlstone, D.P., et al., The role of high-magnification-chromoscopic colonoscopy in hereditary 
nonpolyposis colorectal cancer screening: a prospective "back-to-back" endoscopic study. Am J 
Gastroenterol, 2005. 100(10): p. 2167-73. 

432. Hurlstone, D.P., et al., Indigo carmine-assisted high-magnification chromoscopic colonoscopy 
for the detection and characterisation of intraepithelial neoplasia in ulcerative colitis: a 
prospective evaluation. Endoscopy, 2005. 37(12): p. 1186-92. 

433. Lee, J.H., et al., Detection of colorectal adenomas by routine chromoendoscopy with 
indigocarmine. Am J Gastroenterol, 2003. 98(6): p. 1284-8. 

434. Hurlstone, D.P., et al., Detecting diminutive colorectal lesions at colonoscopy: a randomised 
controlled trial of pan-colonic versus targeted chromoscopy. Gut, 2004. 53(3): p. 376-80. 

435. Trecca, A., et al., Advanced diagnostic tools: virtual colonoscopy and magnifying 
chromoendoscopy. Tech Coloproctol, 2004. 8 Suppl 2: p. s279-82. 

436. Lapalus, M.G., et al., Does chromoendoscopy with structure enhancement improve the 
colonoscopic adenoma detection rate? Endoscopy, 2006. 38(5): p. 444-8. 

437. Kudo, S., et al., Colonoscopic diagnosis and management of nonpolypoid early colorectal 
cancer. World J Surg, 2000. 24(9): p. 1081-90. 

438. Kiesslich, R., et al., Chromoendoscopy with indigocarmine improves the detection of 
adenomatous and nonadenomatous lesions in the colon. Endoscopy, 2001. 33(12): p. 1001-6. 

439. Kudo, S., et al., Pit pattern in colorectal neoplasia: endoscopic magnifying view. Endoscopy, 
2001. 33(4): p. 367-73. 

440. Brooker, J.C., et al., Total colonic dye-spray increases the detection of diminutive adenomas 
during routine colonoscopy: a randomized controlled trial. Gastrointest Endosc, 2002. 56(3): p. 
333-8. 

441. Eisen, G.M., et al., High-resolution chromoendoscopy for classifying colonic polyps: a 
multicenter study. Gastrointest Endosc, 2002. 55(6): p. 687-94. 

442. Tsuda, S., et al., Flat and depressed colorectal tumours in a southern Swedish population: a 
prospective chromoendoscopic and histopathological study. Gut, 2002. 51(4): p. 550-5. 

443. Bianco, M.A., et al., Predictive value of magnification chromoendoscopy for diagnosing invasive 
neoplasia in nonpolypoid colorectal lesions and stratifying patients for endoscopic resection or 
surgery. Endoscopy, 2006. 38(5): p. 470-6. 

444. Kato, S., et al., Magnifying colonoscopy as a non-biopsy technique for differential diagnosis of 
non-neoplastic and neoplastic lesions. World J Gastroenterol, 2006. 12(9): p. 1416-20. 

445. Hurlstone, D.P., et al., Endoscopic morphological anticipation of submucosal invasion in flat 
and depressed colorectal lesions: clinical implications and subtype analysis of the kudo type V 
pit pattern using high-magnification-chromoscopic colonoscopy. Colorectal Dis, 2004. 6(5): p. 
369-75. 

446. Hurlstone, D.P., et al., Efficacy of high magnification chromoscopic colonoscopy for the 
diagnosis of neoplasia in flat and depressed lesions of the colorectum: a prospective analysis. 
Gut, 2004. 53(2): p. 284-90. 

447. Chiu, H.M., et al., A prospective comparative study of narrow-band imaging, 
chromoendoscopy, and conventional colonoscopy in the diagnosis of colorectal neoplasia. Gut, 
2007. 56(3): p. 373-9. 

448. Dekker, E., et al., Narrow-band imaging compared with conventional colonoscopy for the 
detection of dysplasia in patients with longstanding ulcerative colitis. Endoscopy, 2007. 39(3): 
p. 216-21. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

225 

449. Su, M.Y., et al., Comparative study of conventional colonoscopy, chromoendoscopy, and 
narrow-band imaging systems in differential diagnosis of neoplastic and nonneoplastic colonic 
polyps. Am J Gastroenterol, 2006. 101(12): p. 2711-6. 

450. Kiesslich, R., et al., Confocal laser endoscopy for diagnosing intraepithelial neoplasias and 
colorectal cancer in vivo. Gastroenterology, 2004. 127(3): p. 706-13. 

451. Nivatvongs, S., Complications in colonoscopic polypectomy. An experience with 1,555 
polypectomies. Dis Colon Rectum, 1986. 29(12): p. 825-30. 

452. Reiertsen, O., et al., Complications of fiberoptic gastrointestinal endoscopy--five years' 
experience in a central hospital. Endoscopy, 1987. 19(1): p. 1-6. 

453. Waye, J.D., B.S. Lewis, and S. Yessayan, Colonoscopy: a prospective report of complications. J 
Clin Gastroenterol, 1992. 15(4): p. 347-51. 

454. Waye, J.D., O. Kahn, and M.E. Auerbach, Complications of colonoscopy and flexible 
sigmoidoscopy. Gastrointest Endosc Clin N Am, 1996. 6(2): p. 343-77. 

455. Hsieh, Y.H., et al., Is submucosal epinephrine injection necessary before polypectomy? A 
prospective, comparative study. Hepatogastroenterology, 2001. 48(41): p. 1379-82. 

456. Karita, M., D. Cantero, and K. Okita, Endoscopic diagnosis and resection treatment for flat 
adenoma with severe dysplasia. Am J Gastroenterol, 1993. 88(9): p. 1421-3. 

457. Kudo, S., et al., Endoscopic diagnosis and treatment of early colorectal cancer. World J Surg, 
1997. 21(7): p. 694-701. 

458. Heldwein, W., et al., The Munich Polypectomy Study (MUPS): prospective analysis of 
complications and risk factors in 4000 colonic snare polypectomies. Endoscopy, 2005. 37(11): 
p. 1116-22. 

459. Di Giorgio, P., et al., Detachable snare versus epinephrine injection in the prevention of 
postpolypectomy bleeding: a randomized and controlled study. Endoscopy, 2004. 36(10): p. 
860-3. 

460. Dobrowolski, S., et al., Prophylactic submucosal saline-adrenaline injection in colonoscopic 
polypectomy: prospective randomized study. Surg Endosc, 2004. 18(6): p. 990-3. 

461. Katsinelos, P., et al., Endoloop-assisted polypectomy for large pedunculated colorectal polyps. 
Surg Endosc, 2006. 20(8): p. 1257-61. 

462. Paspatis, G.A., et al., A prospective, randomized comparison of adrenaline injection in 
combination with detachable snare versus adrenaline injection alone in the prevention of 
postpolypectomy bleeding in large colonic polyps. Am J Gastroenterol, 2006. 101(12): p. 2805; 
quiz 2913. 

463. Shioji, K., et al., Prophylactic clip application does not decrease delayed bleeding after 
colonoscopic polypectomy. Gastrointest Endosc, 2003. 57(6): p. 691-4. 

464. Shiffman, M.L., M.T. Farrel, and Y.S. Yee, Risk of bleeding after endoscopic biopsy or 
polypectomy in patients taking aspirin or other NSAIDS. Gastrointest Endosc, 1994. 40(4): p. 
458-62. 

465. Hui, A.J., et al., Risk of colonoscopic polypectomy bleeding with anticoagulants and antiplatelet 
agents: analysis of 1657 cases. Gastrointest Endosc, 2004. 59(1): p. 44-8. 

466. Yousfi, M., et al., Postpolypectomy lower gastrointestinal bleeding: potential role of aspirin. Am 
J Gastroenterol, 2004. 99(9): p. 1785-9. 

467. Ernst, A., et al., Effect of routine clopidogrel use on bleeding complications after transbronchial 
biopsy in humans. Chest, 2006. 129(3): p. 734-7. 

468. Hurlstone, D.P., et al., A prospective analysis of extended endoscopic mucosal resection for 
large rectal villous adenomas: an alternative technique to transanal endoscopic microsurgery. 
Colorectal Dis, 2005. 7(4): p. 339-44. 

469. Gondal, G., et al., Biopsy of colorectal polyps is not adequate for grading of neoplasia. 
Endoscopy, 2005. 37(12): p. 1193-7. 

470. Waye, J.D., et al., Small colon polyps. Am J Gastroenterol, 1988. 83(2): p. 120-2. 
471. O'Brien, M.J., et al., The National Polyp Study. Patient and polyp characteristics associated with 

high-grade dysplasia in colorectal adenomas. Gastroenterology, 1990. 98(2): p. 371-9. 
472. Nusko, G., et al., Risk of invasive carcinoma in colorectal adenomas assessed by size and site. 

Int J Colorectal Dis, 1997. 12(5): p. 267-71. 
473. Bond, J.H., Clinical relevance of the small colorectal polyp. Endoscopy, 2001. 33(5): p. 454-7. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

226 

474. Arumugam, P.J., et al., Severe dysplastic lesions in the colon - how aggressive should we be? 
Colorectal Dis, 2002. 4(5): p. 345-347. 

475. Gschwantler, M., et al., High-grade dysplasia and invasive carcinoma in colorectal adenomas: a 
multivariate analysis of the impact of adenoma and patient characteristics. Eur J Gastroenterol 
Hepatol, 2002. 14(2): p. 183-8. 

476. Burton, S., et al., Reliability of pre-operative biopsies in the histological grading of colorectal 
adenocarcinomas. Ann R Coll Surg Engl, 2003. 85(1): p. 23-5. 

477. Hamilton, S.R. and L.A. Aaltonen, Pathology and Genetics of Tumours of the Digestive System. 
World Health Organization Classifecation of Tumours, ed. . 2000, Lyon: IARC Press. 

478. Jass, J.R., Classification of colorectal cancer based on correlation of clinical, morphological and 
molecular features. Histopathology, 2007. 50(1): p. 113-30. 

479. Makinen, M.J., Colorectal serrated adenocarcinoma. Histopathology, 2007. 50(1): p. 131-50. 
480. Deinlein, P., et al., [Risk factors for lymphatic metastasis from pT1 colorectal 

adenocarcinoma]. Pathologe, 2003. 24(5): p. 387-93. 
481. Hermanek, P., Polypectomy in the colorectum: histological and oncological aspects. Endoscopy, 

1983. 15: p. 158-161. 
482. Kikuchi, R., et al., Management of early invasive colorectal cancer. Risk of recurrence and 

clinical guidelines. Dis Colon Rectum, 1995. 38(12): p. 1286-95. 
483. Okuyama, T., M. Oya, and H. Ishikawa, Budding as a risk factor for lymph node metastasis in 

pT1 or pT2 well-differentiated colorectal adenocarcinoma. Dis Colon Rectum, 2002. 45(5): p. 
628-34. 

484. Fruhmorgen, P., et al., [Endoscopic Therapy of Early Colorectal Cancer (pT1) - A Prospective 
Study]. Z Gastroenterol, 2003. 41(8): p. 703-10. 

485. Frühmorgen, P. and e. al, Kolorektale Polypen, in Recommendationen der Deutschen 
Gesellschaft für Verdauungs- und Stoffwechselkrankheiten (DGVS) für die Durchführung 
endoskopischer Untersuchungen. 2000. p. 127-134. 

486. Okabe, S., et al., Lymph node metastasis in T1 adenocarcinoma of the colon and rectum. J 
Gastrointest Surg, 2004. 8(8): p. 1032-9; discussion 1039-40. 

487. Yamamoto, S., et al., The risk of lymph node metastasis in T1 colorectal carcinoma. 
Hepatogastroenterology, 2004. 51(58): p. 998-1000. 

488. Hassan, C., et al., Histologic risk factors and clinical outcome in colorectal malignant polyp: a 
pooled-data analysis. Dis Colon Rectum, 2005. 48(8): p. 1588-96. 

489. Ueno, H., et al., Risk factors for an adverse outcome in early invasive colorectal carcinoma. 
Gastroenterology, 2004. 127(2): p. 385-94. 

490. The Paris endoscopic classification of superficial neoplastic lesions: esophagus, stomach, and 
colon: November 30 to December 1, 2002. Gastrointest Endosc, 2003. 58(6 Suppl): p. S3-43. 

491. Nascimbeni, R., et al., Risk of lymph node metastasis in T1 carcinoma of the colon and rectum. 
Dis Colon Rectum, 2002. 45(2): p. 200-6. 

492. Seitz, U., et al., Is endoscopic polypectomy an adequate therapy for malignant colorectal 
adenomas? Presentation of 114 patients and review of the literature. Dis Colon Rectum, 2004. 
47(11): p. 1789-96; discussion 1796-7. 

493. Provenzale, D., et al., Risk for colon adenomas in patients with rectosigmoid hyperplastic 
polyps. Ann Intern Med, 1990. 113: p. 760-3. 

494. Rex, D.K., et al., Distal colonic hyperplastic polyps do not predict proximal adenomas in 
asymptomatic average-risk subjects. Gastroenterology, 1992. 102: p. 317-9. 

495. Sciallero, S., et al., Distal hyperplastic polyps do not predict proximal adenomas: results from a 
multicentric study of colorectal adenomas. Gastrointest Endosc, 1997. 46(2): p. 124-30. 

496. Koide, N., et al., A case of hyperplastic polyposis of the colon with adenocarcinomas in 
hyperplastic polyps after long-term follow-up. Endoscopy, 2002. 34(6): p. 499-502. 

497. Bressler, B., et al., Rates of new or missed colorectal cancers after colonoscopy and their risk 
factors: a population-based analysis. Gastroenterology, 2007. 132(1): p. 96-102. 

498. Sawhney, M.S., et al., Microsatellite instability in interval colon cancers. Gastroenterology, 
2006. 131(6): p. 1700-5. 

499. Winawer, S.J., et al., Guidelines for colonoscopy surveillance after polypectomy: a consensus 
update by the US Multi-Society Task Force on Colorectal Cancer and the American Cancer 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

227 

Society. Gastroenterology, 2006. 130(6): p. 1872-85. 
500. Higaki, S., et al., Long-term follow-up of large flat colorectal tumors resected endoscopically. 

Endoscopy, 2003. 35(10): p. 845-9. 
501. Regula, J., et al., Argon plasma coagulation after piecemeal polypectomy of sessile colorectal 

adenomas: long-term follow-up study. Endoscopy, 2003. 35(3): p. 212-8. 
502. Seitz, U., et al., Long-term results of endoscopic removal of large colorectal adenomas. 

Endoscopy, 2003. 35(8): p. S41-4. 
503. Boix, J., et al., Endoscopic removal of large sessile colorectal adenomas: is it safe and effective? 

Dig Dis Sci, 2007. 52(3): p. 840-4. 
504. Baron, J.A., et al., A randomized trial of aspirin to prevent colorectal adenomas. N Engl J Med, 

2003. 348(10): p. 891-9. 
505. Benamouzig, R., et al., Daily soluble aspirin and prevention of colorectal adenoma recurrence: 

one-year results of the APACC trial. Gastroenterology, 2003. 125(2): p. 328-36. 
506. Imperiale, T.F., Aspirin and the prevention of colorectal cancer. N Engl J Med, 2003. 348(10): p. 

879-80. 
507. Bresalier, R.S., et al., Cardiovascular events associated with rofecoxib in a colorectal adenoma 

chemoprevention trial. N Engl J Med, 2005. 352(11): p. 1092-102. 
508. Solomon, S.D., et al., Cardiovascular risk associated with celecoxib in a clinical trial for 

colorectal adenoma prevention. N Engl J Med, 2005. 352(11): p. 1071-80. 
509. Psaty, B.M. and J.D. Potter, Risks and benefits of celecoxib to prevent recurrent adenomas. N 

Engl J Med, 2006. 355(9): p. 950-2. 
510. Weingarten, M.A., A. Zalmanovici, and J. Yaphe, Dietary calcium supplementation for 

preventing colorectal cancer and adenomatous polyps. Cochrane Database Syst Rev, 2005(3): 
p. CD003548. 

511. Fielding, L.P., et al., Clinicopathological staging for colorectal cancer: an International 
Documentation System (IDS) and an International Comprehensive Anatomical Terminology 
(ICAT). J Gastroenterol Hepatol, 1991. 6(4): p. 325-44. 

512. Soreide, O., et al., International standardization and documentation of the treatment of rectal 
cancer., in Rectal cancer surgery. Optimisation - standardization - documentation., O. Soreide 
and J. Norstein, Editors. 1997, Springer: Berlin Heidelberg New York. p. 405-45. 

513. UICC, TNM Classification of Malignant Tumours. 6th Edition ed, ed. L.H. Sobin and C. 
Wittekind. 2002, New York: John Wiley & Sons. 

514. NIH consensus conference. Adjuvant therapy for patients with colon and rectal cancer. Jama, 
1990. 264(11): p. 1444-50. 

515. Nelson, H., et al., Guidelines 2000 for colon and rectal cancer surgery. J Natl Cancer Inst, 
2001. 93(8): p. 583-96. 

516. Pilipshen, S.J., et al., Patterns of pelvic recurrence following definitive resections of rectal 
cancer. Cancer, 1984. 53(6): p. 1354-62. 

517. Burton, S., et al., MRI directed multidisciplinary team preoperative treatment strategy: the way 
to eliminate positive circumferential margins? Br J Cancer, 2006. 94(3): p. 351-7. 

518. Segelman, J., et al., Differences in multidisciplinary team assessment and treatment between 
patients with stage IV colon and rectal cancer. Colorectal Dis, 2009. 11(7): p. 768-74. 

519. MacDermid, E., et al., Improving patient survival with the colorectal cancer multi-disciplinary 
team. Colorectal Dis, 2009. 11(3): p. 291-5. 

520. Barillari, P., et al., Effect of preoperative colonoscopy on the incidence of synchronous and 
metachronous neoplasms. Acta Chir Scand, 1990. 156(2): p. 163-6. 

521. Faivre, J., [Endoscopic monitoring after excision of colorectal cancer]. J Chir (Paris), 1997. 
134(7-8): p. 283-5. 

522. Chen, H.S. and S.M. Sheen-Chen, Synchronous and "early" metachronous colorectal 
adenocarcinoma: analysis of prognosis and current trends. Dis Colon Rectum, 2000. 43(8): p. 
1093-9. 

523. Floriani, I., et al., Performance of imaging modalities in diagnosis of liver metastases from 
colorectal cancer: a systematic review and meta-analysis. J Magn Reson Imaging, 2010. 31(1): 
p. 19-31. 

524. Rafaelsen, S.R. and A. Jakobsen, Contrast-enhanced ultrasound vs multidetector-computed 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

228 

tomography for detecting liver metastases in colorectal cancer: a prospective, blinded, patient-
by-patient analysis. Colorectal Dis, 2011. 13(4): p. 420-5. 

525. Quaia, E., et al., Comparison of contrast-enhanced ultrasonography versus baseline ultrasound 
and contrast-enhanced computed tomography in metastatic disease of the liver: diagnostic 
performance and confidence. Eur Radiol, 2006. 16(7): p. 1599-609. 

526. Niekel, M.C., S. Bipat, and J. Stoker, Diagnostic imaging of colorectal liver metastases with CT, 
MR imaging, FDG PET, and/or FDG PET/CT: a meta-analysis of prospective studies including 
patients who have not previously undergone treatment. Radiology, 2010. 257(3): p. 674-84. 

527. Mainenti, P.P., et al., Detection of colo-rectal liver metastases: prospective comparison of 
contrast enhanced US, multidetector CT, PET/CT, and 1.5 Tesla MR with extracellular and 
reticulo-endothelial cell specific contrast agents. Abdom Imaging, 2010. 35(5): p. 511-21. 

528. McAndrew, M.R. and A.K. Saba, Efficacy of routine preoperative computed tomography scans in 
colon cancer. Am Surg, 1999. 65(3): p. 205-8. 

529. Barton, J.B., et al., The utility of routine preoperative computed tomography scanning in the 
management of veterans with colon cancer. Am J Surg, 2002. 183(5): p. 499-503. 

530. Dighe, S., et al., Diagnostic precision of CT in local staging of colon cancers: a meta-analysis. 
Clin Radiol, 2010. 65(9): p. 708-19. 

531. Abdel-Nabi, H., et al., Staging of primary colorectal carcinomas with fluorine-18 
fluorodeoxyglucose whole-body PET: correlation with histopathologic and CT findings. 
Radiology, 1998. 206(3): p. 755-60. 

532. Akiyoshi, T., et al., Comparison of preoperative whole-body positron emission tomography with 
MDCT in patients with primary colorectal cancer. Colorectal Dis, 2009. 11(5): p. 464-9. 

533. Furukawa, H., et al., Positron emission tomography scanning is not superior to whole body 
multidetector helical computed tomography in the preoperative staging of colorectal cancer. 
Gut, 2006. 55(7): p. 1007-11. 

534. Kam, M.H., et al., Comparison of magnetic resonance imaging-fluorodeoxy- glucose positron 
emission tomography fusion with pathological staging in rectal cancer. Br J Surg, 2010. 97(2): 
p. 266-8. 

535. Kinner, S., et al., Whole-body PET/CT-colonography: a possible new concept for colorectal 
cancer staging. Abdom Imaging, 2007. 32(5): p. 606-12. 

536. Llamas-Elvira, J.M., et al., Fluorine-18 fluorodeoxyglucose PET in the preoperative staging of 
colorectal cancer. Eur J Nucl Med Mol Imaging, 2007. 34(6): p. 859-67. 

537. Ono, K., et al., Comparison of diffusion-weighted MRI and 2-[fluorine-18]-fluoro-2-deoxy-D-
glucose positron emission tomography (FDG-PET) for detecting primary colorectal cancer and 
regional lymph node metastases. J Magn Reson Imaging, 2009. 29(2): p. 336-40. 

538. Tateishi, U., et al., Non-enhanced CT versus contrast-enhanced CT in integrated PET/CT studies 
for nodal staging of rectal cancer. Eur J Nucl Med Mol Imaging, 2007. 34(10): p. 1627-34. 

539. Veit-Haibach, P., et al., Diagnostic accuracy of colorectal cancer staging with whole-body 
PET/CT colonography. JAMA, 2006. 296(21): p. 2590-600. 

540. Bassi, M.C., et al., FDG-PET/CT imaging for staging and target volume delineation in 
preoperative conformal radiotherapy of rectal cancer. Int J Radiat Oncol Biol Phys, 2008. 70(5): 
p. 1423-6. 

541. Davey, K., et al., The impact of 18-fluorodeoxyglucose positron emission tomography-computed 
tomography on the staging and management of primary rectal cancer. Dis Colon Rectum, 
2008. 51(7): p. 997-1003. 

542. Gearhart, S.L., et al., Improved staging with pretreatment positron emission 
tomography/computed tomography in low rectal cancer. Ann Surg Oncol, 2006. 13(3): p. 397-
404. 

543. Kantorova, I., et al., Routine (18)F-FDG PET preoperative staging of colorectal cancer: 
comparison with conventional staging and its impact on treatment decision making. J Nucl 
Med, 2003. 44(11): p. 1784-8. 

544. Nagata, K., et al., PET/CT colonography for the preoperative evaluation of the colon proximal 
to the obstructive colorectal cancer. Dis Colon Rectum, 2008. 51(6): p. 882-90. 

545. Park, I.J., et al., Efficacy of PET/CT in the accurate evaluation of primary colorectal carcinoma. 
Eur J Surg Oncol, 2006. 32(9): p. 941-7. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

229 

546. Paskeviciute, B., et al., Impact of (18)F-FDG-PET/CT on staging and irradiation of patients with 
locally advanced rectal cancer. Strahlenther Onkol, 2009. 185(4): p. 260-5. 

547. Ruers, T.J., et al., Improved selection of patients for hepatic surgery of colorectal liver 
metastases with (18)F-FDG PET: a randomized study. J Nucl Med, 2009. 50(7): p. 1036-41. 

548. Moulton, C.A., An Ontario Clinical Oncology Group (OCOG) randomized controlled trial (RCT) 
assessing FDG PET/CT in resectable liver colorectal adenocarcinoma metastases (CAM). J Clin 
Oncol, 2011(suppl): p. abstr 3520. 

549. Glazer, E.S., et al., Effectiveness of positron emission tomography for predicting chemotherapy 
response in colorectal cancer liver metastases. Arch Surg, 2010. 145(4): p. 340-5; discussion 
345. 

550. Lubezky, N., et al., The role and limitations of 18-fluoro-2-deoxy-D-glucose positron emission 
tomography (FDG-PET) scan and computerized tomography (CT) in restaging patients with 
hepatic colorectal metastases following neoadjuvant chemotherapy: comparison with operative 
and pathological findings. J Gastrointest Surg, 2007. 11(4): p. 472-8. 

551. Spatz, J., et al., Neoadjuvant chemotherapy affects staging of colorectal liver metastasis--a 
comparison of PET, CT and intraoperative ultrasound. Int J Colorectal Dis, 2011. 26(2): p. 165-
71. 

552. IQWIG, Positronenemissionstomographie (PET und PET/CT) bei rezidivierendem kolorektalen 
Karzinom - Vorbericht (vorläufige Nutzenbewertung). 2011. 

553. Patel, S., et al., Positron emission tomography/computed tomographic scans compared to 
computed tomographic scans for detecting colorectal liver metastases: a systematic review. 
Ann Surg, 2011. 253(4): p. 666-71. 

554. Taylor R.A., S.J.T., T. J. Akhurst, F. Yuman, Evaluation with positron emission tomography 
before hepatic resection for metastatic colorectal cancer improves survival in patients with a 
high clinical risk score. 2007 Gastrointestinal Cancers Symposium, Abstract No: 240, 2007. 

555. Adie, S., et al., Resection of liver metastases from colorectal cancer: does preoperative 
chemotherapy affect the accuracy of PET in preoperative planning? ANZ J Surg, 2009. 79(5): p. 
358-61. 

556. Levy, M., et al., Tumor markers in staging and prognosis of colorectal carcinoma. Neoplasma, 
2008. 55(2): p. 138-42. 

557. Lewis, M.R., et al., Metastatic colorectal adenocarcinoma involving the ovary with elevated 
serum CA125: a potential diagnostic pitfall. Gynecol Oncol, 2007. 105(2): p. 395-8. 

558. Chen, C.C., et al., Is it reasonable to add preoperative serum level of CEA and CA19-9 to 
staging for colorectal cancer? J Surg Res, 2005. 124(2): p. 169-74. 

559. Merkel, S., et al., The prognostic inhomogeneity in pT3 rectal carcinomas. Int J Colorectal Dis, 
2001. 16(5): p. 298-304. 

560. Nagtegaal, I.D. and P. Quirke, What is the role for the circumferential margin in the modern 
treatment of rectal cancer? J Clin Oncol, 2008. 26(2): p. 303-12. 

561. Bipat, S., et al., Rectal cancer: local staging and assessment of lymph node involvement with 
endoluminal US, CT, and MR imaging--a meta-analysis. Radiology, 2004. 232(3): p. 773-83. 

562. Puli, S.R., et al., Accuracy of endoscopic ultrasound to diagnose nodal invasion by rectal 
cancers: a meta-analysis and systematic review. Ann Surg Oncol, 2009. 16(5): p. 1255-65. 

563. Ahmetoglu, A., et al., MDCT with multiplanar reconstruction in the preoperative local staging 
of rectal tumor. Abdom Imaging, 2011. 36(1): p. 31-7. 

564. Kim, C.K., et al., Preoperative staging of rectal cancer: accuracy of 3-Tesla magnetic resonance 
imaging. Eur Radiol, 2006. 16(5): p. 972-80. 

565. Kim, Y.W., et al., A prospective comparison study for predicting circumferential resection 
margin between preoperative MRI and whole mount sections in mid-rectal cancer: significance 
of different scan planes. Eur J Surg Oncol, 2008. 34(6): p. 648-54. 

566. Kim, Y.W., et al., Factors related to preoperative assessment of the circumferential resection 
margin and the extent of mesorectal invasion by magnetic resonance imaging in rectal cancer: 
a prospective comparison study. World J Surg, 2009. 33(9): p. 1952-60. 

567. Matsuoka, H., et al., MRI diagnosis of mesorectal lymph node metastasis in patients with rectal 
carcinoma. what is the optimal criterion? Anticancer Res, 2004. 24(6): p. 4097-101. 

568. Wolberink, S.V., et al., Multislice CT as a primary screening tool for the prediction of an 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

230 

involved mesorectal fascia and distant metastases in primary rectal cancer: a multicenter 
study. Dis Colon Rectum, 2009. 52(5): p. 928-34. 

569. Purkayastha, S., et al., Magnetic resonance colonography vs computed tomography 
colonography for the diagnosis of colorectal cancer: an indirect comparison. Colorectal Dis, 
2007. 9(2): p. 100-11. 

570. Torzilli, G., et al., Contrast-enhanced intraoperative ultrasonography during hepatectomies for 
colorectal cancer liver metastases. J Gastrointest Surg, 2005. 9(8): p. 1148-53; discussion 
1153-4. 

571. Zirngibl, H., B. Husemann, and P. Hermanek, Intraoperative spillage of tumor cells in surgery 
for rectal cancer. Dis Colon Rectum, 1990. 33(7): p. 610-4. 

572. Cahill, R.A., J. Leroy, and J. Marescaux, Could lymphatic mapping and sentinel node biopsy 
provide oncological providence for local resectional techniques for colon cancer? A review of 
the literature. BMC Surg, 2008. 8: p. 17. 

573. Wiese, D., et al., Ultrastaging of sentinel lymph nodes (SLNs) vs. non-SLNs in colorectal cancer--
do we need both? Am J Surg, 2010. 199(3): p. 354-8; discussion 358. 

574. Goligher, J.C., Incidence and pathology of carcinoma of the colon and rectum, in Surgery of the 
anus, rectum and colon. 1984, Balliére Tindall: London. p. S. 445. 

575. Toyota, S., H. Ohta, and S. Anazawa, Rationale for extent of lymph node dissection for right 
colon cancer. Dis Colon Rectum, 1995. 38(7): p. 705-11. 

576. Tan, K.Y., et al., Distribution of the first metastatic lymph node in colon cancer and its clinical 
significance. Colorectal Dis, 2010. 12(1): p. 44-7. 

577. Lan, Y.T., et al., Significance of lymph node retrieval from the terminal ileum for patients with 
cecal and ascending colonic cancers. Ann Surg Oncol, 2011. 18(1): p. 146-52. 

578. Chang, G.J., et al., Lymph node evaluation and survival after curative resection of colon cancer: 
systematic review. J Natl Cancer Inst, 2007. 99(6): p. 433-41. 

579. Le Voyer, T.E., et al., Colon cancer survival is associated with increasing number of lymph 
nodes analyzed: a secondary survey of intergroup trial INT-0089. J Clin Oncol, 2003. 21(15): p. 
2912-9. 

580. Van Damme, J.-P., Vascular anatomy in abdominal surgery. 1990, Stuttgart: Thieme. 
581. Kanemitsu, Y., et al., Survival benefit of high ligation of the inferior mesenteric artery in 

sigmoid colon or rectal cancer surgery. Br J Surg, 2006. 93(5): p. 609-15. 
582. Chin, C.C., et al., Carcinoma obstruction of the proximal colon cancer and long-term prognosis-

-obstruction is a predictor of worse outcome in TNM stage II tumor. Int J Colorectal Dis, 2010. 
25(7): p. 817-22. 

583. Hohenberger, W., et al., Standardized surgery for colonic cancer: complete mesocolic excision 
and central ligation--technical notes and outcome. Colorectal Dis, 2009. 11(4): p. 354-64; 
discussion 364-5. 

584. West, N.P., et al., Multicentre experience with extralevator abdominoperineal excision for low 
rectal cancer. Br J Surg, 2010. 97(4): p. 588-99. 

585. Bertelsen, C.A., et al., Can the quality of colonic surgery be improved by standardization of 
surgical technique with complete mesocolic excision? Colorectal Dis, 2011. 13(10): p. 1123-
1129. 

586. (NICE), N.I.f.C.E., Radiofrequency ablation for the treatment of colorectal metastases in the 
liver. . 2011: London. 

587. Kim, K.H., et al., Comparative analysis of radiofrequency ablation and surgical resection for 
colorectal liver metastases. J Korean Surg Soc, 2011. 81(1): p. 25-34. 

588. Mulier, S., et al., Radiofrequency ablation versus resection for resectable colorectal liver 
metastases: time for a randomized trial? Ann Surg Oncol, 2008. 15(1): p. 144-57. 

589. (NICE), N.I.f.C.E., Selective internal radiation therapy for colorectal metastases in the liver. . 
2011: London. 

590. Townsend, A., T. Price, and C. Karapetis, Selective internal radiation therapy for liver 
metastases from colorectal cancer. Cochrane Database Syst Rev, 2009(4): p. CD007045. 

591. Christophi, C., et al., Long-term survival of patients with unresectable colorectal liver 
metastases treated by percutaneous interstitial laser thermotherapy. World J Surg, 2004. 
28(10): p. 987-94. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

231 

592. Wietzke-Braun, P., et al., Quality of life and outcome of ultrasound-guided laser interstitial 
thermo-therapy for non-resectable liver metastases of colorectal cancer. Eur J Gastroenterol 
Hepatol, 2004. 16(4): p. 389-95. 

593. Abcarian, H. and R.K. Pearl, Simple technique for high ligation of the inferior mesenteric artery 
and vein. Dis Colon Rectum, 1991. 34(12): p. 1138. 

594. Buunen, M., et al., Level of arterial ligation in total mesorectal excision (TME): an anatomical 
study. Int J Colorectal Dis, 2009. 24(11): p. 1317-20. 

595. Pezim, M.E. and R.J. Nicholls, Survival after high or low ligation of the inferior mesenteric 
artery during curative surgery for rectal cancer. Ann Surg, 1984. 200(6): p. 729-33. 

596. Surtees, P., J.K. Ritchie, and R.K. Phillips, High versus low ligation of the inferior mesenteric 
artery in rectal cancer. Br J Surg, 1990. 77(6): p. 618-21. 

597. Slanetz, C.A., Jr. and R. Grimson, Effect of high and intermediate ligation on survival and 
recurrence rates following curative resection of colorectal cancer. Dis Colon Rectum, 1997. 
40(10): p. 1205-18; discussion 1218-9. 

598. Lange, M.M., et al., Level of arterial ligation in rectal cancer surgery: low tie preferred over 
high tie. A review. Dis Colon Rectum, 2008. 51(7): p. 1139-45. 

599. Heald, R.J., E.M. Husband, and R.D. Ryall, The mesorectum in rectal cancer surgery--the clue to 
pelvic recurrence? Br J Surg, 1982. 69(10): p. 613-6. 

600. Bokey, E.L., et al., Local recurrence after curative excision of the rectum for cancer without 
adjuvant therapy: role of total anatomical dissection. Br J Surg, 1999. 86(9): p. 1164-70. 

601. Hermanek, P.j., Multiviszerale Resektion beim kolorektalen Karzinom. Erfahrungen der SGKRK-
Studie. Langenbecks Arch Surg, 1992. Kongressband: p. 95-100. 

602. Havenga, K., et al., Male and female sexual and urinary function after total mesorectal excision 
with autonomic nerve preservation for carcinoma of the rectum. J Am Coll Surg, 1996. 182(6): 
p. 495-502. 

603. Enker, W.E., et al., Abdominoperineal resection via total mesorectal excision and autonomic 
nerve preservation for low rectal cancer. World J Surg, 1997. 21(7): p. 715-20. 

604. Georgiou, P., et al., Extended lymphadenectomy versus conventional surgery for rectal cancer: 
a meta-analysis. Lancet Oncol, 2009. 10(11): p. 1053-62. 

605. Gohl, J., W. Hohenberger, and S. Merkel, Lymph node dissection in rectal carcinoma: TME and 
what else? Onkologie, 2009. 32(1-2): p. 57-61. 

606. Mortenson, M.M., et al., Total mesorectal excision and pelvic node dissection for rectal cancer: 
an appraisal. Surg Oncol Clin N Am, 2007. 16(1): p. 177-97. 

607. Koch, M., et al., Is the lateral lymph node compartment relevant? Recent Results Cancer Res, 
2005. 165: p. 40-5. 

608. Scott, N., et al., Total mesorectal excision and local recurrence: a study of tumour spread in 
the mesorectum distal to rectal cancer. Br J Surg, 1995. 82(8): p. 1031-3. 

609. Reynolds, J.V., et al., Pathological evidence in support of total mesorectal excision in the 
management of rectal cancer. Br J Surg, 1996. 83(8): p. 1112-5. 

610. Hida, J., et al., Lymph node metastases detected in the mesorectum distal to carcinoma of the 
rectum by the clearing method: justification of total mesorectal excision. J Am Coll Surg, 1997. 
184(6): p. 584-8. 

611. Zaheer, S., et al., Surgical treatment of adenocarcinoma of the rectum. Ann Surg, 1998. 
227(6): p. 800-11. 

612. Leong, A.F., Selective total mesorectal excision for rectal cancer. Dis Colon Rectum, 2000. 
43(9): p. 1237-40. 

613. Heald, R.J. and N.D. Karanjia, Results of radical surgery for rectal cancer. World J Surg, 1992. 
16(5): p. 848-57. 

614. Enker, W.E., Total mesorectal excision--the new golden standard of surgery for rectal cancer. 
Ann Med, 1997. 29(2): p. 127-33. 

615. Lazorthes, F., et al., Distal intramural spread of carcinoma of the rectum correlated with 
lymph nodal involvement. Surg Gynecol Obstet, 1990. 170(1): p. 45-8. 

616. Kwok, S.P., et al., Prospective analysis of the distal margin of clearance in anterior resection 
for rectal carcinoma. Br J Surg, 1996. 83(7): p. 969-72. 

617. Andreola, S., et al., Distal intramural spread in adenocarcinoma of the lower third of the 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

232 

rectum treated with total rectal resection and coloanal anastomosis. Dis Colon Rectum, 1997. 
40(1): p. 25-9. 

618. Goldstein, N.S., A. Soman, and J. Sacksner, Disparate surgical margin lengths of colorectal 
resection specimens between in vivo and in vitro measurements. The effects of surgical 
resection and formalin fixation on organ shrinkage. Am J Clin Pathol, 1999. 111(3): p. 349-51. 

619. Kiran, R.P., L. Lian, and I.C. Lavery, Does a subcentimeter distal resection margin adversely 
influence oncologic outcomes in patients with rectal cancer undergoing restorative 
proctectomy? Dis Colon Rectum, 2011. 54(2): p. 157-63. 

620. Rutkowski, A., et al., Distal bowel surgical margin shorter than 1 cm after preoperative 
radiation for rectal cancer: is it safe? Ann Surg Oncol, 2008. 15(11): p. 3124-31. 

621. Brown, C.J., D.S. Fenech, and R.S. McLeod, Reconstructive techniques after rectal resection for 
rectal cancer. Cochrane Database Syst Rev, 2008(2): p. CD006040. 

622. Fazio, V.W., et al., A randomized multicenter trial to compare long-term functional outcome, 
quality of life, and complications of surgical procedures for low rectal cancers. Ann Surg, 
2007. 246(3): p. 481-8; discussion 488-90. 

623. Liao, C., et al., Meta-analysis of the colon J-pouch vs transverse coloplasty pouch after anterior 
resection for rectal cancer. Colorectal Dis, 2010. 12(7): p. 624-31. 

624. Siddiqui, M.R., et al., A meta-analysis comparing side to end with colonic J-pouch formation 
after anterior resection for rectal cancer. Tech Coloproctol, 2010. 14(2): p. 113-23. 

625. Hida, J., et al., Functional outcome after low anterior resection with low anastomosis for rectal 
cancer using the colonic J-pouch. Prospective randomized study for determination of optimum 
pouch size. Dis Colon Rectum, 1996. 39(9): p. 986-91. 

626. Hohenberger, W., et al., [Neoadjuvant radiochemotherapy for rectal cancer]. Chirurg, 2009. 
80(4): p. 294-302. 

627. Artioukh, D.Y., Controversial aspects of rectal cancer surgery following preoperative 
chemoradiation. Colorectal Dis, 2010. 12 Suppl 2: p. 25-9. 

628. Habr-Gama, A., et al., Operative versus nonoperative treatment for stage 0 distal rectal cancer 
following chemoradiation therapy: long-term results. Ann Surg, 2004. 240(4): p. 711-7; 
discussion 717-8. 

629. Tekkis, P.P., et al., Comparison of circumferential margin involvement between restorative and 
nonrestorative resections for rectal cancer. Colorectal Dis, 2005. 7(4): p. 369-74. 

630. Nagtegaal, I.D., et al., Low rectal cancer: a call for a change of approach in abdominoperineal 
resection. J Clin Oncol, 2005. 23(36): p. 9257-64. 

631. Nisar, P.J. and H.J. Scott, Myocutaneous flap reconstruction of the pelvis after 
abdominoperineal excision. Colorectal Dis, 2009. 11(8): p. 806-16. 

632. Montedori, A., et al., Covering ileo- or colostomy in anterior resection for rectal carcinoma. 
Cochrane Database Syst Rev, 2010(5): p. CD006878. 

633. Lindgren, R., et al., What is the risk for a permanent stoma after low anterior resection of the 
rectum for cancer? A six-year follow-up of a multicenter trial. Dis Colon Rectum, 2011. 54(1): 
p. 41-7. 

634. Klink, C.D., et al., [Protective ileostoma versus protective transverse stoma. What evidence is 
available?]. Chirurg, 2010. 81(11): p. 974-7. 

635. Rondelli, F., et al., Loop ileostomy versus loop colostomy for fecal diversion after colorectal or 
coloanal anastomosis: a meta-analysis. Int J Colorectal Dis, 2009. 24(5): p. 479-88. 

636. Bass, E.M., et al., Does preoperative stoma marking and education by the enterostomal 
therapist affect outcome? Dis Colon Rectum, 1997. 40(4): p. 440-2. 

637. Millan, M., et al., Preoperative stoma siting and education by stomatherapists of colorectal 
cancer patients: a descriptive study in twelve Spanish colorectal surgical units. Colorectal Dis, 
2010. 12(7 Online): p. e88-92. 

638. Chaudhri, S., et al., Preoperative intensive, community-based vs. traditional stoma education: a 
randomized, controlled trial. Dis Colon Rectum, 2005. 48(3): p. 504-9. 

639. Hermanek, P. and M. G.P., Lokale Therapie des Rektumkarzinoms. Verfahren in kurativer 
Intention. 1994, Berlin Heidelberg Ney York Tokyo: Springer. 

640. Winde, G., et al., Surgical cure for early rectal carcinomas (T1). Transanal endoscopic 
microsurgery vs. anterior resection. Dis Colon Rectum, 1996. 39(9): p. 969-76. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

233 

641. Sengupta, S. and J.J. Tjandra, Local excision of rectal cancer: what is the evidence? Dis Colon 
Rectum, 2001. 44(9): p. 1345-61. 

642. Matzel, K.E., S. Merkel, and W. Hohenberger, Lokale Therapieprinzipien beim Rektumkarzinom. 
Chirurg, 2003. 74(10): p. 897-904. 

643. Ptok, H., et al., Oncological outcome of local vs radical resection of low-risk pT1 rectal cancer. 
Arch Surg, 2007. 142(7): p. 649-55; discussion 656. 

644. You, Y.N., et al., Is the increasing rate of local excision for stage I rectal cancer in the United 
States justified?: a nationwide cohort study from the National Cancer Database. Ann Surg, 
2007. 245(5): p. 726-33. 

645. Moore, J.S., et al., Transanal endoscopic microsurgery is more effective than traditional 
transanal excision for resection of rectal masses. Dis Colon Rectum, 2008. 51(7): p. 1026-30; 
discussion 1030-1. 

646. Sgourakis, G., et al., Transanal endoscopic microsurgery for T1 and T2 rectal cancers: a meta-
analysis and meta-regression analysis of outcomes. Am Surg, 2011. 77(6): p. 761-72. 

647. Bach, S.P., et al., A predictive model for local recurrence after transanal endoscopic 
microsurgery for rectal cancer. Br J Surg, 2009. 96(3): p. 280-90. 

648. Glimelius, B., L. Pahlman, and A. Cervantes, Rectal cancer: ESMO Clinical Practice Guidelines 
for diagnosis, treatment and follow-up. Ann Oncol, 2010. 21 Suppl 5: p. v82-6. 

649. Suppiah, A., et al., Transanal endoscopic microsurgery in early rectal cancer: time for a trial? 
Colorectal Dis, 2008. 10(4): p. 314-27; discussion 327-9. 

650. Valentini, V., et al., Multidisciplinary Rectal Cancer Management: 2nd European Rectal Cancer 
Consensus Conference (EURECA-CC2). Radiother Oncol, 2009. 92(2): p. 148-63. 

651. Hahnloser, D., et al., Immediate radical resection after local excision of rectal cancer: an 
oncologic compromise? Dis Colon Rectum, 2005. 48(3): p. 429-37. 

652. Schwenk, W., et al., Short term benefits for laparoscopic colorectal resection. Cochrane 
Database Syst Rev, 2005(3): p. CD003145. 

653. Liang, Y., et al., Laparoscopic versus open colorectal resection for cancer: a meta-analysis of 
results of randomized controlled trials on recurrence. Eur J Surg Oncol, 2008. 34(11): p. 1217-
24. 

654. Kuhry, E., et al., Long-term results of laparoscopic colorectal cancer resection. Cochrane 
Database Syst Rev, 2008(2): p. CD003432. 

655. Guillou, P.J., et al., Short-term endpoints of conventional versus laparoscopic-assisted surgery 
in patients with colorectal cancer (MRC CLASICC trial): multicentre, randomised controlled 
trial. Lancet, 2005. 365(9472): p. 1718-26. 

656. Jayne, D.G., et al., Five-year follow-up of the Medical Research Council CLASICC trial of 
laparoscopically assisted versus open surgery for colorectal cancer. Br J Surg, 2010. 97(11): p. 
1638-45. 

657. Kwak, J.M., et al., Robotic vs laparoscopic resection of rectal cancer: short-term outcomes of a 
case-control study. Dis Colon Rectum, 2011. 54(2): p. 151-6. 

658. Pigazzi, A., et al., Multicentric study on robotic tumor-specific mesorectal excision for the 
treatment of rectal cancer. Ann Surg Oncol, 2010. 17(6): p. 1614-20. 

659. Jacquet, P. and P.H. Sugarbaker, Clinical research methodologies in diagnosis and staging of 
patients with peritoneal carcinomatosis. Cancer Treat Res, 1996. 82: p. 359-74. 

660. Verwaal, V.J., et al., Randomized trial of cytoreduction and hyperthermic intraperitoneal 
chemotherapy versus systemic chemotherapy and palliative surgery in patients with peritoneal 
carcinomatosis of colorectal cancer. J Clin Oncol, 2003. 21(20): p. 3737-43. 

661. Verwaal, V.J., et al., 8-year follow-up of randomized trial: cytoreduction and hyperthermic 
intraperitoneal chemotherapy versus systemic chemotherapy in patients with peritoneal 
carcinomatosis of colorectal cancer. Ann Surg Oncol, 2008. 15(9): p. 2426-32. 

662. Cao, C., et al., A systematic review and meta-analysis of cytoreductive surgery with 
perioperative intraperitoneal chemotherapy for peritoneal carcinomatosis of colorectal origin. 
Ann Surg Oncol, 2009. 16(8): p. 2152-65. 

663. Khot, U.P., et al., Systematic review of the efficacy and safety of colorectal stents. Br J Surg, 
2002. 89(9): p. 1096-102. 

664. Stillwell, A.P., P.G. Buettner, and Y.H. Ho, Meta-analysis of survival of patients with stage IV 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

234 

colorectal cancer managed with surgical resection versus chemotherapy alone. World J Surg, 
2010. 34(4): p. 797-807. 

665. Poultsides, G.A., et al., Outcome of primary tumor in patients with synchronous stage IV 
colorectal cancer receiving combination chemotherapy without surgery as initial treatment. J 
Clin Oncol, 2009. 27(20): p. 3379-84. 

666. Hermanek, P., I. Guggenmoos-Holzmann, and F.P. Gall, Prognostic factors in rectal carcinoma. 
A contribution to the further development of tumor classification. Dis Colon Rectum, 1989. 
32(7): p. 593-9. 

667. Hermanek, P. and W. Hohenberger, The importance of volume in colorectal cancer surgery. Eur 
J Surg Oncol, 1996. 22(3): p. 213-5. 

668. Compton, C.C., Pathology report in colon cancer: what is prognostically important? Dig Dis, 
1999. 17(2): p. 67-79. 

669. Wong, J.H., et al., Number of nodes examined and staging accuracy in colorectal carcinoma. J 
Clin Oncol, 1999. 17(9): p. 2896-900. 

670. Compton, C., et al., American Joint Committee on Cancer Prognostic Factors Consensus 
Conference: Colorectal Working Group. Cancer, 2000. 88(7): p. 1739-57. 

671. Compton, C.C., Updated protocol for the examination of specimens from patients with 
carcinomas of the colon and rectum, excluding carcinoid tumors, lymphomas, sarcomas, and 
tumors of the vermiform appendix: a basis for checklists. Cancer Committee. Arch Pathol Lab 
Med, 2000. 124(7): p. 1016-25. 

672. Hermanek, P., Methodik der histopathologischen Untersuchung von Resektionen kolorektaler 
Karzinome. Chir Gastroenterol, 2000. 16: p. 255-59. 

673. Hermanek, P., [Lymph nodes and malignant tumors]. Zentralbl Chir, 2000. 125(10): p. 790-5. 
674. Junginger, T., H. P., and M. Klimpfinger, Klassifikation maligner Tumoren des 

Gastrointestinaltraktes I. 2002, Berlin Heidelberg New York: Springer Verlag. 
675. Wittekind, C., et al., TNM residual tumor classification revisited. Cancer, 2002. 94(9): p. 2511-

6. 
676. Leibl, S., O. Tsybrovskyy, and H. Denk, How many lymph nodes are necessary to stage early 

and advanced adenocarcinoma of the sigmoid colon and upper rectum? Virchows Arch, 2003. 
443(2): p. 133-8. 

677. Sobin, L.H., TNM, sixth edition: new developments in general concepts and rules. Semin Surg 
Oncol, 2003. 21(1): p. 19-22. 

678. Dworak, O., L. Keilholz, and A. Hoffmann, Pathological features of rectal cancer after 
preoperative radiochemotherapy. Int J Colorectal Dis, 1997. 12(1): p. 19-23. 

679. Wright, C.M., et al., Prognostic significance of extensive microsatellite instability in sporadic 
clinicopathological stage C colorectal cancer. Br J Surg, 2000. 87(9): p. 1197-202. 

680. Popat, S., R. Hubner, and R.S. Houlston, Systematic review of microsatellite instability and 
colorectal cancer prognosis. J Clin Oncol, 2005. 23(3): p. 609-18. 

681. Benatti, P., et al., Microsatellite instability and colorectal cancer prognosis. Clin Cancer Res, 
2005. 11(23): p. 8332-40. 

682. Malesci, A., et al., Reduced likelihood of metastases in patients with microsatellite-unstable 
colorectal cancer. Clin Cancer Res, 2007. 13(13): p. 3831-9. 

683. Leopoldo, S., et al., Two subtypes of mucinous adenocarcinoma of the colorectum: 
clinicopathological and genetic features. Ann Surg Oncol, 2008. 15(5): p. 1429-39. 

684. Lanza, G., et al., Medullary-type poorly differentiated adenocarcinoma of the large bowel: a 
distinct clinicopathologic entity characterized by microsatellite instability and improved 
survival. J Clin Oncol, 1999. 17(8): p. 2429-38. 

685. Parc, Y., et al., Prognostic significance of microsatellite instability determined by 
immunohistochemical staining of MSH2 and MLH1 in sporadic T3N0M0 colon cancer. Gut, 
2004. 53(3): p. 371-5. 

686. Gafa, R., et al., Sporadic colorectal adenocarcinomas with high-frequency microsatellite 
instability. Cancer, 2000. 89(10): p. 2025-37. 

687. Lanza, G., et al., Immunohistochemical pattern of MLH1/MSH2 expression is related to clinical 
and pathological features in colorectal adenocarcinomas with microsatellite instability. Mod 
Pathol, 2002. 15(7): p. 741-9. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

235 

688. Lindor, N.M., et al., Immunohistochemistry versus microsatellite instability testing in 
phenotyping colorectal tumors. J Clin Oncol, 2002. 20(4): p. 1043-8. 

689. Overbeek, L.I., et al., Interpretation of immunohistochemistry for mismatch repair proteins is 
only reliable in a specialized setting. Am J Surg Pathol, 2008. 32(8): p. 1246-51. 

690. Prandi, M., et al., Prognostic evaluation of stage B colon cancer patients is improved by an 
adequate lymphadenectomy: results of a secondary analysis of a large scale adjuvant trial. 
Ann Surg, 2002. 235(4): p. 458-63. 

691. Ogino, S., et al., Negative lymph node count is associated with survival of colorectal cancer 
patients, independent of tumoral molecular alterations and lymphocytic reaction. Am J 
Gastroenterol, 2010. 105(2): p. 420-33. 

692. Swanson, R.S., et al., The prognosis of T3N0 colon cancer is dependent on the number of lymph 
nodes examined. Ann Surg Oncol, 2003. 10(1): p. 65-71. 

693. Carloss, H., et al., The impact of number of lymph nodes removed on five-year survival in stage 
II colon and rectal cancer. J Ky Med Assoc, 2004. 102(8): p. 345-7. 

694. Fazio, L., et al., Association between colonic screening, subject characteristics, and stage of 
colorectal cancer. Am J Gastroenterol, 2005. 100(11): p. 2531-9. 

695. Wong, S.L., et al., Hospital lymph node examination rates and survival after resection for colon 
cancer. JAMA, 2007. 298(18): p. 2149-54. 

696. Qiu, H.B., et al., Ratio of metastatic to resected lymph nodes enhances to predict survival in 
patients with stage III colorectal cancer. Ann Surg Oncol, 2011. 18(6): p. 1568-74. 

697. Wang, J., et al., Should total number of lymph nodes be used as a quality of care measure for 
stage III colon cancer? Ann Surg, 2009. 249(4): p. 559-63. 

698. Chen, S.L., et al., Lymph node ratio as a quality and prognostic indicator in stage III colon 
cancer. Ann Surg, 2011. 253(1): p. 82-7. 

699. Ha, Y.H., et al., Influence of preoperative chemoradiotherapy on the number of lymph nodes 
retrieved in rectal cancer. Ann Surg, 2010. 252(2): p. 336-40. 

700. West, N.P., et al., Complete mesocolic excision with central vascular ligation produces an 
oncologically superior specimen compared with standard surgery for carcinoma of the colon. J 
Clin Oncol, 2010. 28(2): p. 272-8. 

701. West, N.P., et al., Pathology grading of colon cancer surgical resection and its association with 
survival: a retrospective observational study. Lancet Oncol, 2008. 9(9): p. 857-65. 

702. Quirke, P., et al., Effect of the plane of surgery achieved on local recurrence in patients with 
operable rectal cancer: a prospective study using data from the MRC CR07 and NCIC-CTG 
CO16 randomised clinical trial. Lancet, 2009. 373(9666): p. 821-8. 

703. Tilney, H.S., et al., The influence of circumferential resection margins on long-term outcomes 
following rectal cancer surgery. Dis Colon Rectum, 2009. 52(10): p. 1723-9. 

704. Bernstein, T.E., et al., Circumferential resection margin as a prognostic factor in rectal cancer. 
Br J Surg, 2009. 96(11): p. 1348-57. 

705. West, N.P., et al., Evidence of the oncologic superiority of cylindrical abdominoperineal excision 
for low rectal cancer. J Clin Oncol, 2008. 26(21): p. 3517-22. 

706. Leite, J.S., et al., Clinical significance of macroscopic completeness of mesorectal resection in 
rectal cancer. Colorectal Dis, 2011. 13(4): p. 381-6. 

707. Kreienberg, R., et al. Interdisziplinäre S3-Leitlinie für die Diagnostik, Therapie und Nachsorge 
des Mammakarzinoms. Informationszentrum für Standards in der Onkologie (ISTO), Deutsche 
Krebsgesellschaft e.V., 2008. 1. Aktualisierung  

708. Edwards, A.G., S. Hailey, and M. Maxwell, Psychological interventions for women with 
metastatic breast cancer. Cochrane Database Syst Rev, 2004(2): p. CD004253. 

709. Sheard, T. and P. Maguire, The effect of psychological interventions on anxiety and depression 
in cancer patients: results of two meta-analyses. Br J Cancer, 1999. 80(11): p. 1770-80. 

710. Keller, M., et al., Recognition of distress and psychiatric morbidity in cancer patients: a multi-
method approach. Ann Oncol, 2004. 15(8): p. 1243-9. 

711. Sharpe, M., et al., Major depression in outpatients attending a regional cancer centre: 
screening and unmet treatment needs. Br J Cancer, 2004. 90(2): p. 314-20. 

712. Singer, S., J. Das-Munshi, and E. Brahler, Prevalence of mental health conditions in cancer 
patients in acute care--a meta-analysis. Ann Oncol, 2010. 21(5): p. 925-30. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

236 

713. Zabora, J., et al., The prevalence of psychological distress by cancer site. Psychooncology, 
2001. 10(1): p. 19-28. 

714. Jansen, L., et al., Health-related quality of life during the 10 years after diagnosis of colorectal 
cancer: a population-based study. J Clin Oncol, 2011. 29(24): p. 3263-9. 

715. Lynch, B.M., et al., Describing and predicting psychological distress after colorectal cancer. 
Cancer, 2008. 112(6): p. 1363-70. 

716. Miovic, M. and S. Block, Psychiatric disorders in advanced cancer. Cancer, 2007. 110(8): p. 
1665-76. 

717. Ramsey, S.D., et al., Quality of life in survivors of colorectal carcinoma. Cancer, 2000. 88(6): p. 
1294-303. 

718. Zettl, S. and J. Hartlapp, eds. Sexualstörungen durch Krankheit und Therapie. ed. Springer. 
1997: Heidelberg. S. 59. 

719. Fallowfield, L., et al., Psychiatric morbidity and its recognition by doctors in patients with 
cancer. Br J Cancer, 2001. 84(8): p. 1011-5. 

720. Sollner, W., et al., How successful are oncologists in identifying patient distress, perceived 
social support, and need for psychosocial counselling? Br J Cancer, 2001. 84(2): p. 179-85. 

721. Ell, K., et al., Randomized controlled trial of collaborative care management of depression 
among low-income patients with cancer. J Clin Oncol, 2008. 26(27): p. 4488-96. 

722. Strong, V., et al., Management of depression for people with cancer (SMaRT oncology 1): a 
randomised trial. Lancet, 2008. 372(9632): p. 40-8. 

723. Herschbach, P. and J. Weis, eds. Screeningverfahren in der Psychoonkologie. 2008, Deutsche 
Krebsgesellschaft: Berlin. 

724. NHMRC Clinical practice guidelines for the psychosocial care of adults with cancer. 2003. 1-
237. 

725. Turner, J., et al., Clinical practice guidelines for the psychosocial care of adults with cancer. 
Psychooncology, 2005. 14(3): p. 159-73. 

726. Weis, J., et al., Psychoonkologie: Konzepte und Aufgaben einer jungen Fachdisziplin. . 
Onkologe, 2007. 13(2): p. 185-194. 

727. Edwards, A.G., N. Hulbert-Williams, and R.D. Neal, Psychological interventions for women with 
metastatic breast cancer. Cochrane Database Syst Rev, 2008(3): p. CD004253. 

728. Faller, H., ., et al., Effects of psychooncological interventions on emotional distress and quality 
of life in adult cancer patients: systematic review and meta-analysis. Nat J Cancer in press. 

729. Goedendorp, M.M., et al., Psychosocial interventions for reducing fatigue during cancer 
treatment in adults. Cochrane Database Syst Rev, 2009(1): p. CD006953. 

730. Jacobsen, P.B. and H.S. Jim, Psychosocial interventions for anxiety and depression in adult 
cancer patients: achievements and challenges. CA Cancer J Clin, 2008. 58(4): p. 214-30. 

731. Luebbert, K., B. Dahme, and M. Hasenbring, The effectiveness of relaxation training in 
reducing treatment-related symptoms and improving emotional adjustment in acute non-
surgical cancer treatment: a meta-analytical review. Psychooncology, 2001. 10(6): p. 490-502. 

732. Osborn, R.L., A.C. Demoncada, and M. Feuerstein, Psychosocial interventions for depression, 
anxiety, and quality of life in cancer survivors: meta-analyses. Int J Psychiatry Med, 2006. 
36(1): p. 13-34. 

733. Rehse, B. and R. Pukrop, Effects of psychosocial interventions on quality of life in adult cancer 
patients: meta analysis of 37 published controlled outcome studies. Patient Educ Couns, 2003. 
50(2): p. 179-86. 

734. Uitterhoeve, R.J., et al., Psychosocial interventions for patients with advanced cancer - a 
systematic review of the literature. Br J Cancer, 2004. 91(6): p. 1050-62. 

735. Williams, S. and J. Dale, The effectiveness of treatment for depression/depressive symptoms in 
adults with cancer: a systematic review. Br J Cancer, 2006. 94(3): p. 372-90. 

736. Iwashyna, T.J. and E.B. Lamont, Effectiveness of adjuvant fluorouracil in clinical practice: a 
population-based cohort study of elderly patients with stage III colon cancer. J Clin Oncol, 
2002. 20(19): p. 3992-8. 

737. S. Lonardi, M.S., A. Jirillo, C. Ghiotto, L. M. Pasetto, benefit of fluorouracil and folinic acid 
adjuvant in colon cancer. Journal of Clinical Oncology, 2006 ASCO Annual Meeting Proceedings 
(Post-Meeting Edition). Vol 24, No 18S (June 20 Supplement), 2006: 13564, 2006. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

237 

738. Sargent, D.J., et al., A pooled analysis of adjuvant chemotherapy for resected colon cancer in 
elderly patients. N Engl J Med, 2001. 345(15): p. 1091-7. 

739. Popescu, R.A., et al., Adjuvant or palliative chemotherapy for colorectal cancer in patients 70 
years or older. J Clin Oncol, 1999. 17(8): p. 2412-8. 

740. Goldberg Richard M. , I.T.-F., Harry Bleiberg, Aimery de Gramont, Christophe Tournigand, 
Thierry Andre, Mace L. Rothenberg, Erin Green, Daniel J. Sargent, Pooled Analysis of Safety and 
Efficacy of Oxaliplatin Plus Fluorouracil/Leucovorin Administered Bimonthly in Elderly Patients 
With Colorectal Cancer. Journal of Clinical Oncology, Vol 24, No 25 (September 1), 2006: pp. 
4085-4091, 2006. 

741. Fata, F., et al., Efficacy and toxicity of adjuvant chemotherapy in elderly patients with colon 
carcinoma: a 10-year experience of the Geisinger Medical Center. Cancer, 2002. 94(7): p. 
1931-8. 

742. Francini, G., et al., Folinic acid and 5-fluorouracil as adjuvant chemotherapy in colon cancer. 
Gastroenterology, 1994. 106(4): p. 899-906. 

743. O'Connell, M.J., et al., Controlled trial of fluorouracil and low-dose leucovorin given for 6 
months as postoperative adjuvant therapy for colon cancer. J Clin Oncol, 1997. 15(1): p. 246-
50. 

744. Dube, S., F. Heyen, and M. Jenicek, Adjuvant chemotherapy in colorectal carcinoma: results of 
a meta-analysis. Dis Colon Rectum, 1997. 40(1): p. 35-41. 

745. Gill, S., et al., Pooled analysis of fluorouracil-based adjuvant therapy for stage II and III colon 
cancer: who benefits and by how much? J Clin Oncol, 2004. 22(10): p. 1797-806. 

746. Efficacy of adjuvant fluorouracil and folinic acid in colon cancer. International Multicentre 
Pooled Analysis of Colon Cancer Trials (IMPACT) investigators. Lancet, 1995. 345(8955): p. 
939-44. 

747. Figueredo, A., et al., Adjuvant therapy for stage II colon cancer after complete resection. 
Provincial Gastrointestinal Disease Site Group. Cancer Prev Control, 1997. 1(5): p. 379-92. 

748. Efficacy of adjuvant fluorouracil and folinic acid in B2 colon cancer. International Multicentre 
Pooled Analysis of B2 Colon Cancer Trials (IMPACT B2) Investigators. J Clin Oncol, 1999. 17(5): 
p. 1356-63. 

749. Mamounas, E., et al., Comparative efficacy of adjuvant chemotherapy in patients with Dukes' B 
versus Dukes' C colon cancer: results from four National Surgical Adjuvant Breast and Bowel 
Project adjuvant studies (C-01, C-02, C-03, and C-04). J Clin Oncol, 1999. 17(5): p. 1349-55. 

750. Benson, A.B., 3rd, et al., American Society of Clinical Oncology recommendations on adjuvant 
chemotherapy for stage II colon cancer. J Clin Oncol, 2004. 22(16): p. 3408-19. 

751. Quasar Collaborative, G., et al., Adjuvant chemotherapy versus observation in patients with 
colorectal cancer: a randomised study. Lancet, 2007. 370(9604): p. 2020-9. 

752. de Gramont A., C.B., M. Navarro, J. Tabernero, T. Hickish, C. Topham, A. Bonetti, P. Clingan, C. 
Lorenzato and T. André, Oxaliplatin/5FU/LV in adjuvant colon cancer: Updated efficacy results 
of the MOSAIC trial, including survival, with a median follow-up of six years. Journal of Clinical 
Oncology, 2007 ASCO Annual Meeting Proceedings (Post-Meeting Edition) Vol 25, No 18S (June 
20 Supplement), 2007: 4007, 2007. 

753. Moertel, C.G., et al., Intergroup study of fluorouracil plus levamisole as adjuvant therapy for 
stage II/Dukes' B2 colon cancer. J Clin Oncol, 1995. 13(12): p. 2936-43. 

754. Taal, B.G., H. Van Tinteren, and F.A. Zoetmulder, Adjuvant 5FU plus levamisole in colonic or 
rectal cancer: improved survival in stage II and III. Br J Cancer, 2001. 85(10): p. 1437-43. 

755. Schrag, D., et al., Adjuvant chemotherapy use for Medicare beneficiaries with stage II colon 
cancer. J Clin Oncol, 2002. 20(19): p. 3999-4005. 

756. Merkel, S., et al., High-risk groups of patients with Stage II colon carcinoma. Cancer, 2001. 
92(6): p. 1435-43. 

757. Petersen, V.C., et al., Identification of objective pathological prognostic determinants and 
models of prognosis in Dukes' B colon cancer. Gut, 2002. 51(1): p. 65-9. 

758. Morris, M., et al., Population-based study of prognostic factors in stage II colonic cancer. Br J 
Surg, 2006. 93(7): p. 866-71. 

759. Burdy, G., et al., Identifying patients with T3-T4 node-negative colon cancer at high risk of 
recurrence. Dis Colon Rectum, 2001. 44(11): p. 1682-8. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

238 

760. Jestin, P., et al., Emergency surgery for colonic cancer in a defined population. Br J Surg, 2005. 
92(1): p. 94-100. 

761. McArdle, C.S., D.C. McMillan, and D.J. Hole, The impact of blood loss, obstruction and 
perforation on survival in patients undergoing curative resection for colon cancer. Br J Surg, 
2006. 93(4): p. 483-8. 

762. Caplin, S., et al., For patients with Dukes' B (TNM Stage II) colorectal carcinoma, examination of 
six or fewer lymph nodes is related to poor prognosis. Cancer, 1998. 83(4): p. 666-72. 

763. George, S., et al., Will Rogers revisited: prospective observational study of survival of 3592 
patients with colorectal cancer according to number of nodes examined by pathologists. Br J 
Cancer, 2006. 95(7): p. 841-7. 

764. Chen, S.L. and A.J. Bilchik, More extensive nodal dissection improves survival for stages I to III 
of colon cancer: a population-based study. Ann Surg, 2006. 244(4): p. 602-10. 

765. Moertel, C.G., et al., Levamisole and fluorouracil for adjuvant therapy of resected colon 
carcinoma. N Engl J Med, 1990. 322(6): p. 352-8. 

766. Hermanek, P., R.V. Hutter, and L.H. Sobin, Prognostic grouping: the next step in tumor 
classification. J Cancer Res Clin Oncol, 1990. 116(5): p. 513-6. 

767. Martinez-Lopez, E., et al., Allelic loss on chromosome 18q as a prognostic marker in stage II 
colorectal cancer. Gastroenterology, 1998. 114(6): p. 1180-7. 

768. Ogunbiyi, O.A., et al., Confirmation that chromosome 18q allelic loss in colon cancer is a 
prognostic indicator. J Clin Oncol, 1998. 16(2): p. 427-33. 

769. Jernvall, P., et al., Loss of heterozygosity at 18q21 is indicative of recurrence and therefore 
poor prognosis in a subset of colorectal cancers. Br J Cancer, 1999. 79(5-6): p. 903-8. 

770. Font, A., et al., Prognostic value of K-ras mutations and allelic imbalance on chromosome 18q 
in patients with resected colorectal cancer. Dis Colon Rectum, 2001. 44(4): p. 549-57. 

771. Diep, C.B., et al., Genetic tumor markers with prognostic impact in Dukes' stages B and C 
colorectal cancer patients. J Clin Oncol, 2003. 21(5): p. 820-9. 

772. Carethers, J.M., et al., Prognostic significance of allelic lost at chromosome 18q21 for stage II 
colorectal cancer. Gastroenterology, 1998. 114(6): p. 1188-95. 

773. Lanza, G., et al., Immunohistochemical test for MLH1 and MSH2 expression predicts clinical 
outcome in stage II and III colorectal cancer patients. J Clin Oncol, 2006. 24(15): p. 2359-67. 

774. Sinicrope, F.A., et al., Prognostic impact of microsatellite instability and DNA ploidy in human 
colon carcinoma patients. Gastroenterology, 2006. 131(3): p. 729-37. 

775. Araujo, S.E., et al., DNA ploidy status and prognosis in colorectal cancer: a meta-analysis of 
published data. Dis Colon Rectum, 2007. 50(11): p. 1800-10. 

776. Ribic, C.M., et al., Tumor microsatellite-instability status as a predictor of benefit from 
fluorouracil-based adjuvant chemotherapy for colon cancer. N Engl J Med, 2003. 349(3): p. 
247-57. 

777. Elsaleh, H. and B. Iacopetta, Microsatellite instability is a predictive marker for survival benefit 
from adjuvant chemotherapy in a population-based series of stage III colorectal carcinoma. 
Clin Colorectal Cancer, 2001. 1(2): p. 104-9. 

778. Andre, T., et al., Oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment for colon 
cancer. N Engl J Med, 2004. 350(23): p. 2343-51. 

779. Kuebler, J.P., et al., Oxaliplatin combined with weekly bolus fluorouracil and leucovorin as 
surgical adjuvant chemotherapy for stage II and III colon cancer: results from NSABP C-07. J 
Clin Oncol, 2007. 25(16): p. 2198-204. 

780. Schmoll, H.J., et al., Phase III trial of capecitabine plus oxaliplatin as adjuvant therapy for 
stage III colon cancer: a planned safety analysis in 1,864 patients. J Clin Oncol, 2007. 25(1): p. 
102-9. 

781. Van Cutsem E., R.L., D. Hossfeld, G. Bodoky, A. Roth, E. Aranda, B. Nordlinger, S. Assadourian, 
K. Wang, D. Cunningham, PETACC 3, Randomized phase III trial comparing infused irinotecan / 
5-fluorouracil (5-FU)/folinic acid (IF) versus 5-FU/FA (F) in stage III colon cancer patients (pts). 
(PETACC 3). Journal of Clinical Oncology, 2005 ASCO Annual Meeting Proceedings., 2005. 
23(16S, Part I of II (June 1 Supplement)). 

782. Ychou M., J.R., J. Douillard, R. Bugat, L. Mineur, F. Viret, Y. Becouarn, O. Bouche, J. Jacob, S. 
Gourgou-Bourgade, for the GI Group of the FNCLCC and the FFCD, A phase III randomized trial 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

239 

of LV5FU2+CPT-11 vs. LV5FU2 alone in adjuvant high risk colon cancer (FNCLCC 
Accord02/FFCD9802). Journal of Clinical Oncology, 2005 ASCO Annual Meeting Proceedings. 
Vol 23, No. 16S, Part I of II (June 1 Supplement), 2005: 3502, 2005. 

783. Saltz, L.B., et al., Irinotecan fluorouracil plus leucovorin is not superior to fluorouracil plus 
leucovorin alone as adjuvant treatment for stage III colon cancer: results of CALGB 89803. J 
Clin Oncol, 2007. 25(23): p. 3456-61. 

784. Twelves, C., et al., Capecitabine as adjuvant treatment for stage III colon cancer. N Engl J Med, 
2005. 352(26): p. 2696-704. 

785. Lembersky, B.C., et al., Oral uracil and tegafur plus leucovorin compared with intravenous 
fluorouracil and leucovorin in stage II and III carcinoma of the colon: results from National 
Surgical Adjuvant Breast and Bowel Project Protocol C-06. J Clin Oncol, 2006. 24(13): p. 2059-
64. 

786. Sakamoto, J., et al., Efficacy of oral adjuvant therapy after resection of colorectal cancer: 5-
year results from three randomized trials. J Clin Oncol, 2004. 22(3): p. 484-92. 

787. Carrato A. , C.K., L. Bedenne, I. Popov, O. Bouche, E. Gaspar, P. Rougier, U. Schubert, F. Biertz, 
H. Becker for AIO/CAO, FFCD, TTD, EORTC, Folinic acid modulated bolus 5-FU or infusional 5-
FU for adjuvant treatment of patients of UICC stage III colon cancer: Preliminary analysis of 
the PETACC-2-study. Journal of Clinical Oncology, 2006 ASCO Annual Meeting Proceedings 
(Post-Meeting Edition). 2006. 24(18S (June 20 Supplement)). 

788. Andre T., E.Q., C. Louvet, E. Gamelin, O. Bouche, E. Achille, P. Piedbois, N. Tubiana-Mathieu, M. 
Buyse, A. de Gramont GERCOR, Updated results at 6 year of the GERCOR C96.1 phase III study 
comparing LV5FU2 to monthly 5FU-leucovorin (mFufol) as adjuvant treatment for Dukes B2 
and C colon cancer patients. Journal of Clinical Oncology, 2005 ASCO Annual Meeting 
Proceedings., 2005. 23(16S (June 1 Supplement)). 

789. Andre, T., et al., Semimonthly versus monthly regimen of fluorouracil and leucovorin 
administered for 24 or 36 weeks as adjuvant therapy in stage II and III colon cancer: results of 
a randomized trial. J Clin Oncol, 2003. 21(15): p. 2896-903. 

790. Arkenau, H.T., K. Rettig, and R. Porschen, Adjuvant chemotherapy in curative resected colon 
carcinoma: 5-fluorouracil/leucovorin versus high-dose 5-fluorouracil 24-h infusion/leucovorin 
versus high-dose 5-fluorouracil 24-h infusion. Int J Colorectal Dis, 2005. 20(3): p. 258-61. 

791. Chau, I., et al., A randomised comparison between 6 months of bolus fluorouracil/leucovorin 
and 12 weeks of protracted venous infusion fluorouracil as adjuvant treatment in colorectal 
cancer. Ann Oncol, 2005. 16(4): p. 549-57. 

792. Poplin, E.A., et al., Phase III Southwest Oncology Group 9415/Intergroup 0153 randomized trial 
of fluorouracil, leucovorin, and levamisole versus fluorouracil continuous infusion and 
levamisole for adjuvant treatment of stage III and high-risk stage II colon cancer. J Clin Oncol, 
2005. 23(9): p. 1819-25. 

793. O'Connell, M.J., et al., Prospectively randomized trial of postoperative adjuvant chemotherapy 
in patients with high-risk colon cancer. J Clin Oncol, 1998. 16(1): p. 295-300. 

794. Haller, D.G., et al., Phase III study of fluorouracil, leucovorin, and levamisole in high-risk stage 
II and III colon cancer: final report of Intergroup 0089. J Clin Oncol, 2005. 23(34): p. 8671-8. 

795. Kapiteijn, E., et al., Preoperative radiotherapy combined with total mesorectal excision for 
resectable rectal cancer. N Engl J Med, 2001. 345(9): p. 638-46. 

796. Rodel, C. and R. Sauer, Neoadjuvant radiotherapy and radiochemotherapy for rectal cancer. 
Recent Results Cancer Res, 2005. 165: p. 221-30. 

797. Peeters, K.C., et al., The TME trial after a median follow-up of 6 years: increased local control 
but no survival benefit in irradiated patients with resectable rectal carcinoma. Ann Surg, 2007. 
246(5): p. 693-701. 

798. Folkesson, J., et al., Swedish Rectal Cancer Trial: long lasting benefits from radiotherapy on 
survival and local recurrence rate. J Clin Oncol, 2005. 23(24): p. 5644-50. 

799. Baxter, N.N. and J. Garcia-Aguilar, Organ preservation for rectal cancer. J Clin Oncol, 2007. 
25(8): p. 1014-20. 

800. Rengan, R., et al., Distal cT2N0 rectal cancer: is there an alternative to abdominoperineal 
resection? J Clin Oncol, 2005. 23(22): p. 4905-12. 

801. Adjuvant radiotherapy for rectal cancer: a systematic overview of 8,507 patients from 22 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

240 

randomised trials. Lancet, 2001. 358(9290): p. 1291-304. 
802. Camma, C., et al., Preoperative radiotherapy for resectable rectal cancer: A meta-analysis. 

Jama, 2000. 284(8): p. 1008-15. 
803. Frykholm, G.J., B. Glimelius, and L. Pahlman, Preoperative or postoperative irradiation in 

adenocarcinoma of the rectum: final treatment results of a randomized trial and an evaluation 
of late secondary effects. Dis Colon Rectum, 1993. 36(6): p. 564-72. 

804. Sauer, R., et al., Preoperative versus postoperative chemoradiotherapy for rectal cancer. N 
Engl J Med, 2004. 351(17): p. 1731-40. 

805. Marijnen, C.A., et al., Impact of short-term preoperative radiotherapy on health-related quality 
of life and sexual functioning in primary rectal cancer: report of a multicenter randomized 
trial. J Clin Oncol, 2005. 23(9): p. 1847-58. 

806. Peeters, K.C., et al., Late side effects of short-course preoperative radiotherapy combined with 
total mesorectal excision for rectal cancer: increased bowel dysfunction in irradiated patients--
a Dutch colorectal cancer group study. J Clin Oncol, 2005. 23(25): p. 6199-206. 

807. Junginger, T., et al., [Rectal carcinoma: is too much neoadjuvant therapy performed? Proposals 
for a more selective MRI based indication]. Zentralbl Chir, 2006. 131(4): p. 275-84. 

808. Smith, N. and G. Brown, Preoperative staging of rectal cancer. Acta Oncol, 2007: p. 1-12. 
809. Sebag-Montefiore D. , R.S., P. Quirke, R. Grieve, S. Khanna, J. Monson, A. Holliday, L. 

Thompson, G. Griffiths, R. Stephens for the NCRI colorectal cancer study group and CRO 7 
participants, Routine short course pre-op radiotherapy or selective post-op chemoradiotherapy 
for resectable rectal cancer? Preliminary results of the MRC CR07 randomised trial. Journal of 
Clinical Oncology, 2006 ASCO Annual Meeting Proceedings (Post-Meeting Edition). Vol 24, No 
18S (June 20 Supplement), 2006: 3511, 2006. 

810. Bujko, K., et al., Sphincter preservation following preoperative radiotherapy for rectal cancer: 
report of a randomised trial comparing short-term radiotherapy vs. conventionally 
fractionated radiochemotherapy. Radiother Oncol, 2004. 72(1): p. 15-24. 

811. Bujko, K., et al., Long-term results of a randomized trial comparing preoperative short-course 
radiotherapy with preoperative conventionally fractionated chemoradiation for rectal cancer. 
Br J Surg, 2006. 93(10): p. 1215-23. 

812. Marijnen, C.A., et al., No downstaging after short-term preoperative radiotherapy in rectal 
cancer patients. J Clin Oncol, 2001. 19(7): p. 1976-84. 

813. Bosset, J.F., et al., Chemotherapy with preoperative radiotherapy in rectal cancer. N Engl J 
Med, 2006. 355(11): p. 1114-23. 

814. Gerard, J.P., et al., Preoperative radiotherapy with or without concurrent fluorouracil and 
leucovorin in T3-4 rectal cancers: results of FFCD 9203. J Clin Oncol, 2006. 24(28): p. 4620-5. 

815. Rodel, C. and R. Sauer, Integration of novel agents into combined-modality treatment for rectal 
cancer patients. Strahlenther Onkol, 2007. 183(5): p. 227-35. 

816. Prolongation of the disease-free interval in surgically treated rectal carcinoma. 
Gastrointestinal Tumor Study Group. N Engl J Med, 1985. 312(23): p. 1465-72. 

817. Krook, J.E., et al., Effective surgical adjuvant therapy for high-risk rectal carcinoma. N Engl J 
Med, 1991. 324(11): p. 709-15. 

818. Merkel S, M.U., Siassi M, et al: , The prognostic inhomogeneity in pT3 rectal carcinomas. Int J 
Colorectal Dis 16:298-304, 2001, 2001. 

819. Gunderson LL, S.D., Tepper JE, et al: , Impact of T and N substage on survival and disease 
relapse in adjuvant rectal cancer: a pooled analysis. Int J Radiat Oncol Biol Phys 54:386-96, 
2002, 2002. 

820. Marijnen, C.A., et al., Radiotherapy does not compensate for positive resection margins in 
rectal cancer patients: report of a multicenter randomized trial. Int J Radiat Oncol Biol Phys, 
2003. 55(5): p. 1311-20. 

821. O'Connell, M.J., et al., Improving adjuvant therapy for rectal cancer by combining protracted-
infusion fluorouracil with radiation therapy after curative surgery. N Engl J Med, 1994. 331: p. 
502-7. 

822. Smalley, S.R., et al., Phase III trial of fluorouracil-based chemotherapy regimens plus 
radiotherapy in postoperative adjuvant rectal cancer: GI INT 0144. J Clin Oncol, 2006. 24(22): 
p. 3542-7. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

241 

823. Tepper, J.E., et al., Adjuvant therapy in rectal cancer: analysis of stage, sex, and local control--
final report of intergroup 0114. J Clin Oncol, 2002. 20(7): p. 1744-50. 

824. Lee, J.H., et al., Randomized trial of postoperative adjuvant therapy in stage II and III rectal 
cancer to define the optimal sequence of chemotherapy and radiotherapy: a preliminary 
report. J Clin Oncol, 2002. 20(7): p. 1751-8. 

825. Kim, B.I.T.K., J. Lee, J. Lee, K. Lee, Y. Kang, C. Yu, J. Kim, S. Ahn, J. Kim and J. Lee, Randomized 
trial of postoperative adjuvant therapy in stage II and III rectal cancer to define the optimal 
sequence of chemotherapy and radiotherapy: A final report. ASCO Meeting Abstracts 25: 
4050., 2007. 

826. Rodel, C. and R. Sauer, Radiotherapy and concurrent radiochemotherapy for rectal cancer. 
Surg Oncol, 2004. 13(2-3): p. 93-101. 

827. Akasu, T., et al., Adjuvant chemotherapy with uracil-tegafur for pathological stage III rectal 
cancer after mesorectal excision with selective lateral pelvic lymphadenectomy: a multicenter 
randomized controlled trial. Jpn J Clin Oncol, 2006. 36(4): p. 237-44. 

828. Collette L, B.J., den Dulk M, et al:  , Patients with curative resection of cT3-4 rectal cancer after 
preoperative radiotherapy or radiochemotherapy: does anybody benefit from adjuvant 
fluorouracil-based chemotherapy?A trial of the European Organisation for Research and 
Treatment of Cancer Radiation Oncology Group. J Clin Oncol 25:4379-86, 2007, 2007. 

829. Lehnert T, K.H., Duck M et al. , Sequential hepatic and pulmonary resections for metastatic 
colorectal cancer. Br J Surg, 1999(86): p. 241-243. 

830. Saito, Y., et al., Pulmonary metastasectomy for 165 patients with colorectal carcinoma: A 
prognostic assessment. J Thorac Cardiovasc Surg, 2002. 124(5): p. 1007-13. 

831. Pfannschmidt, J., et al., Prognostic factors and survival after complete resection of pulmonary 
metastases from colorectal carcinoma: experiences in 167 patients. J Thorac Cardiovasc Surg, 
2003. 126(3): p. 732-9. 

832. Lee, W.S., et al., Pulmonary resection for metastases from colorectal cancer: prognostic factors 
and survival. Int J Colorectal Dis, 2007. 22(6): p. 699-704. 

833. Pfannschmidt, J., H. Dienemann, and H. Hoffmann, Surgical resection of pulmonary metastases 
from colorectal cancer: a systematic review of published series. Ann Thorac Surg, 2007. 84(1): 
p. 324-38. 

834. Poston, G.J., et al., OncoSurge: a strategy for improving resectability with curative intent in 
metastatic colorectal cancer. J Clin Oncol, 2005. 23(28): p. 7125-34. 

835. Nordlinger, B., et al., Surgical resection of colorectal carcinoma metastases to the liver. A 
prognostic scoring system to improve case selection, based on 1568 patients. Association 
Francaise de Chirurgie. Cancer, 1996. 77(7): p. 1254-62. 

836. Fong, Y., et al., Liver resection for colorectal metastases. J Clin Oncol, 1997. 15(3): p. 938-46. 
837. Scheele, J., et al., [Resection of colorectal liver metastases. What prognostic factors determine 

patient selection?]. Chirurg, 2001. 72(5): p. 547-60. 
838. Kato, T., et al., Therapeutic results for hepatic metastasis of colorectal cancer with special 

reference to effectiveness of hepatectomy: analysis of prognostic factors for 763 cases 
recorded at 18 institutions. Dis Colon Rectum, 2003. 46(10 Suppl): p. S22-31. 

839. Fong Y, F.J., Sun RL, Brennan MF, Blumgart LH, Clinical score for predicting recurrence after 
hepatic resection for metastatic colorectal cancer: analysis of 1001 consecutive cases. Ann 
Surg. 1999 Sep;230(3):309-18; discussion 318-21., 1999. 

840. Schmiegel, W., et al., [Update S3-guideline "colorectal cancer" 2008]. Z Gastroenterol, 2008. 
46(8): p. 799-840. 

841. Nordlinger, B., et al., Perioperative chemotherapy with FOLFOX4 and surgery versus surgery 
alone for resectable liver metastases from colorectal cancer (EORTC Intergroup trial 40983): a 
randomised controlled trial. Lancet, 2008. 371(9617): p. 1007-16. 

842. Leonard, G.D., B. Brenner, and N.E. Kemeny, Neoadjuvant chemotherapy before liver resection 
for patients with unresectable liver metastases from colorectal carcinoma. J Clin Oncol, 2005. 
23(9): p. 2038-48. 

843. Lorenz, M., et al., Prospective pilot study of neoadjuvant chemotherapy with 5-fluorouracil, 
folinic acid and oxaliplatin in resectable liver metastases of colorectal cancer. Analysis of 42 
neoadjuvant chemotherapies. Zentralbl Chir, 2003. 128(2): p. 87-94. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

242 

844. Wein, A., et al., Neoadjuvant treatment with weekly high-dose 5-Fluorouracil as 24-hour 
infusion, folinic acid and oxaliplatin in patients with primary resectable liver metastases of 
colorectal cancer. Oncology, 2003. 64(2): p. 131-8. 

845. Gruenberger, B., et al., Bevacizumab, capecitabine, and oxaliplatin as neoadjuvant therapy for 
patients with potentially curable metastatic colorectal cancer. J Clin Oncol, 2008. 26(11): p. 
1830-5. 

846. Langer Bernhard, H.B., Roberto Labianca, Lois Shepherd, Donato Nitti, Silvia Marsoni, 
Dongsheng Tu, Ann-Marie Sargeant, Anthony Fields, University of Toronto, Toronto, ON, 
Canada; Institute Jules Bordet, Brussels, Belgium; Ospedali Riuniti, Bergamo, Italy; NCIC CTG, 
Queens University, Kingston, ON, Canada; University of Padova, Padova, Italy; South Europe 
New Drugs Organization, Milan, Italy; Cross Cancer Inst, Edmonton, AB, Canada., Fluorouracil 
(FU) plus l-leucovorin (l-LV) versus observation after potentially curative resection of liver or 
lung metastases from colorectal cancer (CRC): results of the ENG (EORTC/NCIC CTG/GIVIO) 
randomized trial. Proc Am Soc Clin Oncol 21: 2002 (abstr 592), 2002. 

847. Mitry E., A.F., H. Bleiberg, R. Labianca, G. Portier, D. Tu, V. Torri, F. Lazorthes, E. Van Cutsem, 
C. J. O'Callaghan, P. Rougier, Adjuvant chemotherapy after potentially curative resection of 
metastases from colorectal cancer. A meta-analysis of two randomized trials. Journal of 
Clinical Oncology, 2006 ASCO Annual Meeting Proceedings Part I. Vol 24, No. 18S (June 20 
Supplement), 2006: 3524, 2006. 

848. Portier, G., et al., Multicenter randomized trial of adjuvant fluorouracil and folinic acid 
compared with surgery alone after resection of colorectal liver metastases: FFCD ACHBTH 
AURC 9002 trial. J Clin Oncol, 2006. 24(31): p. 4976-82. 

849. Parks, R., et al., Adjuvant chemotherapy improves survival after resection of hepatic colorectal 
metastases: analysis of data from two continents. J Am Coll Surg, 2007. 204(5): p. 753-61; 
discussion 761-3. 

850. Figueras, J., et al., Resection rate and effect of postoperative chemotherapy on survival after 
surgery for colorectal liver metastases. Br J Surg, 2001. 88(7): p. 980-5. 

851. Scheithauer, W., et al., Randomised comparison of combination chemotherapy plus supportive 
care with supportive care alone in patients with metastatic colorectal cancer. Bmj, 1993. 
306(6880): p. 752-5. 

852. Expectancy or primary chemotherapy in patients with advanced asymptomatic colorectal 
cancer: a randomized trial. Nordic Gastrointestinal Tumor Adjuvant Therapy Group. J Clin 
Oncol, 1992. 10(6): p. 904-11. 

853. Mattioli, R., et al., High activity and reduced neurotoxicity of bi-fractionated oxaliplatin plus 5-
fluorouracil/leucovorin for elderly patients with advanced colorectal cancer. Ann Oncol, 2005. 
16(7): p. 1147-51. 

854. Feliu, J., et al., XELOX (capecitabine plus oxaliplatin) as first-line treatment for elderly patients 
over 70 years of age with advanced colorectal cancer. Br J Cancer, 2006. 94(7): p. 969-75. 

855. Sastre, J., et al., Irinotecan in combination with fluorouracil in a 48-hour continuous infusion as 
first-line chemotherapy for elderly patients with metastatic colorectal cancer: a Spanish 
Cooperative Group for the Treatment of Digestive Tumors study. J Clin Oncol, 2005. 23(15): p. 
3545-51. 

856. Barrueco J., J.M., E. Mitchell, R. Wierzbicki, V. Ganju, M. Jeffery, J. Schultz, D. Richards, R. Soufi-
Mahjoubi, C. Fuchs, Safety and efficacy of first-line irinotecan/fluoropymidine combinations in 
mCRC patients >65 years compared with those <65: The BICC-C study. Journal of Clinical 
Oncology, 2007 ASCO Annual Meeting Proceedings Part I. Vol 25, No. 18S (June 20 
Supplement), 2007: 4076, 2007. 

857. Gunnar Folprecht, M.T.S., Leonard Saltz, Jean-Yves Douillard, Hartmut Hecker, Richard J. 
Stephens, Timothy S. Maughan, Eric Van Cutsem, Philippe Rougier, Emmanuel Mitry, Ute 
Schubert, Claus-Henning Köhne Irinotecan/Fluorouracil Combination in First-Line Therapy of 
Older and Younger Patients With Metastatic Colorectal Cancer: Combined Analysis of 2,691 
Patients in Randomized Controlled Trials. Journal of Clinical Oncology, Vol 26, No 9 (March 
20), 2008: pp. 1443-1451, 2008. 

858. Giacchetti, S., et al., Long-term survival of patients with unresectable colorectal cancer liver 
metastases following infusional chemotherapy with 5-fluorouracil, leucovorin, oxaliplatin and 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

243 

surgery. Ann Oncol, 1999. 10(6): p. 663-9. 
859. Falcone, A., et al., Phase III trial of infusional fluorouracil, leucovorin, oxaliplatin, and 

irinotecan (FOLFOXIRI) compared with infusional fluorouracil, leucovorin, and irinotecan 
(FOLFIRI) as first-line treatment for metastatic colorectal cancer: the Gruppo Oncologico Nord 
Ovest. J Clin Oncol, 2007. 25(13): p. 1670-6. 

860. Van Cutsem E., M.N., I. Lang, S. Cascinu, I. Shchepotin, J. Maurel, P. Rougier, D. Cunningham, J. 
Nippgen, C. Köhne, Randomized phase III study of irinotecan and 5-FU/FA with or without 
cetuximab in the first-line treatment of patients with metastatic colorectal cancer (mCRC): The 
CRYSTAL trial. Journal of Clinical Oncology, 2007 ASCO Annual Meeting Proceedings Part I. Vol 
25, No. 18S (June 20 Supplement), 2007: 4000, 2007. 

861. E. Van Cutsem, I.L., G. D'haens, V. Moiseyenko, J. Zaluski, G. Folprecht, S. Tejpar, O. Kisker, C. 
Stroh, P. Rougier, KRAS status and efficacy in the first-line treatment of patients with 
metastatic colorectal cancer (mCRC) treated with FOLFIRI with or without cetuximab: The 
CRYSTAL experience. J Clin Oncol 26: 2008 (May 20 suppl; abstr 2), 2008. 

862. Folprecht, G., et al., Neoadjuvant treatment of unresectable colorectal liver metastases: 
correlation between tumour response and resection rates. Ann Oncol, 2005. 16(8): p. 1311-9. 

863. Souglakos, J., et al., FOLFOXIRI (folinic acid, 5-fluorouracil, oxaliplatin and irinotecan) vs 
FOLFIRI (folinic acid, 5-fluorouracil and irinotecan) as first-line treatment in metastatic 
colorectal cancer (MCC): a multicentre randomised phase III trial from the Hellenic Oncology 
Research Group (HORG). Br J Cancer, 2006. 94(6): p. 798-805. 

864. Saltz, L.B., et al., Bevacizumab in combination with oxaliplatin-based chemotherapy as first-line 
therapy in metastatic colorectal cancer: a randomized phase III study. J Clin Oncol, 2008. 
26(12): p. 2013-9. 

865. Aloia, T., et al., Liver histology and surgical outcomes after preoperative chemotherapy with 
fluorouracil plus oxaliplatin in colorectal cancer liver metastases. J Clin Oncol, 2006. 24(31): p. 
4983-90. 

866. Vauthey, J.N., et al., Chemotherapy regimen predicts steatohepatitis and an increase in 90-day 
mortality after surgery for hepatic colorectal metastases. J Clin Oncol, 2006. 24(13): p. 2065-
72. 

867. Benoist, S., et al., Complete response of colorectal liver metastases after chemotherapy: does it 
mean cure? J Clin Oncol, 2006. 24(24): p. 3939-45. 

868. Koopman, M., et al., Sequential versus combination chemotherapy with capecitabine, 
irinotecan, and oxaliplatin in advanced colorectal cancer (CAIRO): a phase III randomised 
controlled trial. Lancet, 2007. 370(9582): p. 135-42. 

869. Schmoll, H.J. and D. Sargent, Single agent fluorouracil for first-line treatment of advanced 
colorectal cancer as standard? Lancet, 2007. 370(9582): p. 105-7. 

870. Seymour, M.T., et al., Different strategies of sequential and combination chemotherapy for 
patients with poor prognosis advanced colorectal cancer (MRC FOCUS): a randomised 
controlled trial. Lancet, 2007. 370(9582): p. 143-52. 

871. Dy, G.K., et al., Impact of complete response to chemotherapy on overall survival in advanced 
colorectal cancer: results from Intergroup N9741. J Clin Oncol, 2007. 25(23): p. 3469-74. 

872. Grothey, A., et al., Survival of patients with advanced colorectal cancer improves with the 
availability of fluorouracil-leucovorin, irinotecan, and oxaliplatin in the course of treatment. J 
Clin Oncol, 2004. 22(7): p. 1209-14. 

873. Petrelli, N., et al., The modulation of fluorouracil with leucovorin in metastatic colorectal 
carcinoma: a prospective randomized phase III trial. Gastrointestinal Tumor Study Group. J 
Clin Oncol, 1989. 7(10): p. 1419-26. 

874. Poon, M.A., et al., Biochemical modulation of fluorouracil: evidence of significant improvement 
of survival and quality of life in patients with advanced colorectal carcinoma. J Clin Oncol, 
1989. 7(10): p. 1407-18. 

875. Lokich, J.J., et al., A prospective randomized comparison of continuous infusion fluorouracil 
with a conventional bolus schedule in metastatic colorectal carcinoma: a Mid-Atlantic Oncology 
Program Study. J Clin Oncol, 1989. 7(4): p. 425-32. 

876. de Gramont, A., et al., Randomized trial comparing monthly low-dose leucovorin and 
fluorouracil bolus with bimonthly high-dose leucovorin and fluorouracil bolus plus continuous 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

244 

infusion for advanced colorectal cancer: a French intergroup study. J Clin Oncol, 1997. 15(2): 
p. 808-15. 

877. Efficacy of intravenous continuous infusion of fluorouracil compared with bolus administration 
in advanced colorectal cancer. Meta-analysis Group In Cancer. J Clin Oncol, 1998. 16(1): p. 
301-8. 

878. Clarke, D.E. and T.A. Raffin, Infectious complications of indwelling long-term central venous 
catheters. Chest, 1990. 97(4): p. 966-72. 

879. Prandoni, P., et al., Treatment of deep venous thrombosis by fixed doses of a low-molecular-
weight heparin (CY216). Haemostasis, 1990. 20 Suppl 1: p. 220-3. 

880. Verso, M. and G. Agnelli, Venous thromboembolism associated with long-term use of central 
venous catheters in cancer patients. J Clin Oncol, 2003. 21(19): p. 3665-75. 

881. Liu, G., et al., Patient preferences for oral versus intravenous palliative chemotherapy. J Clin 
Oncol, 1997. 15(1): p. 110-5. 

882. Borner, M.M., et al., Patient preference and pharmacokinetics of oral modulated UFT versus 
intravenous fluorouracil and leucovorin: a randomised crossover trial in advanced colorectal 
cancer. Eur J Cancer, 2002. 38(3): p. 349-58. 

883. Twelves, C., et al., A randomised cross-over trial comparing patient preference for oral 
capecitabine and 5-fluorouracil/leucovorin regimens in patients with advanced colorectal 
cancer. Ann Oncol, 2006. 17(2): p. 239-45. 

884. Van Cutsem, E., et al., Oral capecitabine compared with intravenous fluorouracil plus 
leucovorin in patients with metastatic colorectal cancer: results of a large phase III study. J Clin 
Oncol, 2001. 19(21): p. 4097-106. 

885. Hoff, P.M., et al., Comparison of oral capecitabine versus intravenous fluorouracil plus 
leucovorin as first-line treatment in 605 patients with metastatic colorectal cancer: results of a 
randomized phase III study. J Clin Oncol, 2001. 19(8): p. 2282-92. 

886. Van Cutsem, E., et al., Oral capecitabine vs intravenous 5-fluorouracil and leucovorin: 
integrated efficacy data and novel analyses from two large, randomised, phase III trials. Br J 
Cancer, 2004. 90(6): p. 1190-7. 

887. Kohne, C.H., et al., Clinical determinants of survival in patients with 5-fluorouracil-based 
treatment for metastatic colorectal cancer: results of a multivariate analysis of 3825 patients. 
Ann Oncol, 2002. 13(2): p. 308-17. 

888. de Gramont, A., et al., Leucovorin and fluorouracil with or without oxaliplatin as first-line 
treatment in advanced colorectal cancer. J Clin Oncol, 2000. 18(16): p. 2938-47. 

889. Giacchetti, S., et al., Phase III trial comparing 4-day chronomodulated therapy versus 2-day 
conventional delivery of fluorouracil, leucovorin, and oxaliplatin as first-line chemotherapy of 
metastatic colorectal cancer: the European Organisation for Research and Treatment of 
Cancer Chronotherapy Group. J Clin Oncol, 2006. 24(22): p. 3562-9. 

890. Giacchetti, S., et al., Phase III multicenter randomized trial of oxaliplatin added to 
chronomodulated fluorouracil-leucovorin as first-line treatment of metastatic colorectal 
cancer. J Clin Oncol, 2000. 18(1): p. 136-47. 

891. Douillard, J.Y., et al., Irinotecan combined with fluorouracil compared with fluorouracil alone 
as first-line treatment for metastatic colorectal cancer: a multicentre randomised trial. Lancet, 
2000. 355(9209): p. 1041-7. 

892. Kohne, C.H., et al., Phase III study of weekly high-dose infusional fluorouracil plus folinic acid 
with or without irinotecan in patients with metastatic colorectal cancer: European Organisation 
for Research and Treatment of Cancer Gastrointestinal Group Study 40986. J Clin Oncol, 2005. 
23(22): p. 4856-65. 

893. Saltz, L.B., et al., Irinotecan plus fluorouracil and leucovorin for metastatic colorectal cancer. 
Irinotecan Study Group. N Engl J Med, 2000. 343(13): p. 905-14. 

894. Tournigand, C., et al., FOLFIRI followed by FOLFOX6 or the reverse sequence in advanced 
colorectal cancer: a randomized GERCOR study. J Clin Oncol, 2004. 22(2): p. 229-37. 

895. Colucci, G., et al., Phase III randomized trial of FOLFIRI versus FOLFOX4 in the treatment of 
advanced colorectal cancer: a multicenter study of the Gruppo Oncologico Dell'Italia 
Meridionale. J Clin Oncol, 2005. 23(22): p. 4866-75. 

896. Goldberg, R.M., et al., A randomized controlled trial of fluorouracil plus leucovorin, irinotecan, 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

245 

and oxaliplatin combinations in patients with previously untreated metastatic colorectal 
cancer. J Clin Oncol, 2004. 22(1): p. 23-30. 

897. Goldberg, R.M., et al., Randomized controlled trial of reduced-dose bolus fluorouracil plus 
leucovorin and irinotecan or infused fluorouracil plus leucovorin and oxaliplatin in patients 
with previously untreated metastatic colorectal cancer: a North American Intergroup Trial. J 
Clin Oncol, 2006. 24(21): p. 3347-53. 

898. Comella, P., et al., Oxaliplatin plus high-dose folinic acid and 5-fluorouracil i.v. bolus 
(OXAFAFU) versus irinotecan plus high-dose folinic acid and 5-fluorouracil i.v. bolus (IRIFAFU) in 
patients with metastatic colorectal carcinoma: a Southern Italy Cooperative Oncology Group 
phase III trial. Ann Oncol, 2005. 16(6): p. 878-86. 

899. Diaz-Rubio, E., et al., Phase III study of capecitabine plus oxaliplatin compared with continuous-
infusion fluorouracil plus oxaliplatin as first-line therapy in metastatic colorectal cancer: final 
report of the Spanish Cooperative Group for the Treatment of Digestive Tumors Trial. J Clin 
Oncol, 2007. 25(27): p. 4224-30. 

900. Porschen, R., et al., Phase III study of capecitabine plus oxaliplatin compared with fluorouracil 
and leucovorin plus oxaliplatin in metastatic colorectal cancer: a final report of the AIO 
Colorectal Study Group. J Clin Oncol, 2007. 25(27): p. 4217-23. 

901. Cassidy, J., et al., Randomized phase III study of capecitabine plus oxaliplatin compared with 
fluorouracil/folinic acid plus oxaliplatin as first-line therapy for metastatic colorectal cancer. J 
Clin Oncol, 2008. 26(12): p. 2006-12. 

902. Fuchs, C.S., et al., Randomized, controlled trial of irinotecan plus infusional, bolus, or oral 
fluoropyrimidines in first-line treatment of metastatic colorectal cancer: results from the BICC-
C Study. J Clin Oncol, 2007. 25(30): p. 4779-86. 

903. Kohne, C.H., et al., Irinotecan combined with infusional 5-fluorouracil/folinic acid or 
capecitabine plus celecoxib or placebo in the first-line treatment of patients with metastatic 
colorectal cancer. EORTC study 40015. Ann Oncol, 2008. 19(5): p. 920-6. 

904. Schmiegel W.H., A.R.-S., W. Freier, G. Dietrich, D. Arnold, S. Kanzler, M. Geissler, U. Graeven, S. 
Hegewisch-Becker, H. Schmoll, Comparable safety and response rate with bevacizumab in 
combination with capecitabine/oxaliplatin (CapOx/Bev) versus capecitabine/irinotecan 
(CapIri/Bev) in advanced CRC (mCRC): A randomized phase II study of the AIO GI tumor study 
group. Journal of Clinical Oncology, 2007 ASCO Annual Meeting Proceedings Part I. Vol 25, No. 
18S (June 20 Supplement), 2007: 4034, 2007. 

905. Kabbinavar, F.F., et al., Addition of bevacizumab to bolus fluorouracil and leucovorin in first-
line metastatic colorectal cancer: results of a randomized phase II trial. J Clin Oncol, 2005. 
23(16): p. 3697-705. 

906. Hurwitz, H., et al., Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic 
colorectal cancer. N Engl J Med, 2004. 350(23): p. 2335-42. 

907. Bokemeyer C., I.B., A. Makhson, J. T. Hartmann, J. Aparicio, M. Zampino, S. Donea, H. Ludwig, 
A. Zubel, P. Koralewski, Cetuximab plus 5-FU/FA/oxaliplatin (FOLFOX-4) versus FOLFOX-4 in the 
first-line treatment of metastatic colorectal cancer (mCRC): OPUS, a randomized phase II study. 
Journal of Clinical Oncology, 2007 ASCO Annual Meeting Proceedings Part I. Vol 25, No. 18S 
(June 20 Supplement), 2007: 4035, 2007. 

908. Folprecht, G., et al., Cetuximab and irinotecan/5-fluorouracil/folinic acid is a safe combination 
for the first-line treatment of patients with epidermal growth factor receptor expressing 
metastatic colorectal carcinoma. Ann Oncol, 2006. 17(3): p. 450-6. 

909. Tournigand, C., et al., OPTIMOX1: a randomized study of FOLFOX4 or FOLFOX7 with oxaliplatin 
in a stop-and-Go fashion in advanced colorectal cancer--a GERCOR study. J Clin Oncol, 2006. 
24(3): p. 394-400. 

910. Maindrault-Goebel F., G.L., B. Chibaudel, L. Mineur, T. Andre, M. Bennamoun, M. Mabro, P. 
Artru, C. Louvet, A. de Gramont, Final results of OPTIMOX2, a large randomized phase II study 
of maintenance therapy or chemotherapy-free intervals (CFI) after FOLFOX in patients with 
metastatic colorectal cancer (MRC): A GERCOR study. Journal of Clinical Oncology, 2007 ASCO 
Annual Meeting Proceedings Part I. Vol 25, No. 18S (June 20 Supplement), 2007: 4013, 2007. 

911. Maughan, T.S., et al., Comparison of intermittent and continuous palliative chemotherapy for 
advanced colorectal cancer: a multicentre randomised trial. Lancet, 2003. 361(9356): p. 457-



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

246 

64. 
912. Labianca R., e.a., Alternating versus continuous "FOLFIRI" in advanced colorectal cancer (ACC): 

A randomized "GISCAD" trial. Journal of Clinical Oncology, 2006 ASCO Annual Meeting 
Proceedings Part I., 2006. 24(18S (June 20 Supplement)). 

913. Cunningham, D., et al., Randomised trial of irinotecan plus supportive care versus supportive 
care alone after fluorouracil failure for patients with metastatic colorectal cancer. Lancet, 
1998. 352(9138): p. 1413-8. 

914. Rougier, P., et al., Randomised trial of irinotecan versus fluorouracil by continuous infusion 
after fluorouracil failure in patients with metastatic colorectal cancer. Lancet, 1998. 
352(9138): p. 1407-12. 

915. Rothenberg, M.L., et al., Superiority of oxaliplatin and fluorouracil-leucovorin compared with 
either therapy alone in patients with progressive colorectal cancer after irinotecan and 
fluorouracil-leucovorin: interim results of a phase III trial. J Clin Oncol, 2003. 21(11): p. 2059-
69. 

916. Cunningham, D., et al., Cetuximab monotherapy and cetuximab plus irinotecan in irinotecan-
refractory metastatic colorectal cancer. N Engl J Med, 2004. 351(4): p. 337-45. 

917. Sobrero, A.F., et al., EPIC: phase III trial of cetuximab plus irinotecan after fluoropyrimidine 
and oxaliplatin failure in patients with metastatic colorectal cancer. J Clin Oncol, 2008. 26(14): 
p. 2311-9. 

918. Giantonio, B.J., et al., Bevacizumab in combination with oxaliplatin, fluorouracil, and leucovorin 
(FOLFOX4) for previously treated metastatic colorectal cancer: results from the Eastern 
Cooperative Oncology Group Study E3200. J Clin Oncol, 2007. 25(12): p. 1539-44. 

919. Rothenberg M.L., e.a., Phase III trial of capecitabine + oxaliplatin (XELOX) vs. 5-fluorouracil (5-
FU), leucovorin (LV), and oxaliplatin (FOLFOX4) as 2nd-line treatment for patients with 
metastatic colorectal cancer (MCRC). Journal of Clinical Oncology, 2007 ASCO Annual Meeting 
Proceedings (Post-Meeting Edition), 2007. 25(18S (June 20 Supplement)). 

920. Eng C, M.J., Scheithauer W, et al. , Impact on quality of life of adding cetuximab to irinotecan in 
patients who have failed prior oxaliplatin-based therapy: the EPIC trial. Proc Am Soc Clin 
Oncol. 2007;25:164s. Abstract 4003., 2007. 

921. Rao, S., et al., Phase II study of capecitabine and mitomycin C as first-line treatment in patients 
with advanced colorectal cancer. Br J Cancer, 2004. 91(5): p. 839-43. 

922. Chong, G., et al., Capecitabine and mitomycin C as third-line therapy for patients with 
metastatic colorectal cancer resistant to fluorouracil and irinotecan. Br J Cancer, 2005. 93(5): 
p. 510-4. 

923. Lim, D.H., et al., Mitomycin-C and capecitabine as third-line chemotherapy in patients with 
advanced colorectal cancer: a phase II study. Cancer Chemother Pharmacol, 2005. 56(1): p. 10-
4. 

924. Alliot, C., Capecitabine and mitomycin C in patients with metastatic colorectal cancer resistant 
to fluorouracil and irinotecan. Br J Cancer, 2006. 94(6): p. 935-6; author reply 937. 

925. Lenz, H.J., et al., Multicenter phase II and translational study of cetuximab in metastatic 
colorectal carcinoma refractory to irinotecan, oxaliplatin, and fluoropyrimidines. J Clin Oncol, 
2006. 24(30): p. 4914-21. 

926. Jonker D.J. , M.D., Chris J. O'Callaghan, Ph.D., Christos S. Karapetis, M.D., John R. Zalcberg, 
M.D., Dongsheng Tu, Ph.D., Heather-Jane Au, M.D., Scott R. Berry, M.D., Marianne Krahn, M.D., 
Timothy Price, M.D., R. John Simes, M.D., Niall C. Tebbutt, M.D., Guy van Hazel, M.D., Rafal 
Wierzbicki, M.D., Christiane Langer, M.D., and Malcolm J. Moore, M.D., Cetuximab for the 
Treatment of Colorectal Cancer. N Engl J Med 357:2040, November 15, 2007 Original Article, 
2007. 

927. Lievre, A., et al., KRAS mutations as an independent prognostic factor in patients with 
advanced colorectal cancer treated with cetuximab. J Clin Oncol, 2008. 26(3): p. 374-9. 

928. Hecht, J.R., et al., Panitumumab monotherapy in patients with previously treated metastatic 
colorectal cancer. Cancer, 2007. 110(5): p. 980-8. 

929. Van Cutsem, E., et al., Open-label phase III trial of panitumumab plus best supportive care 
compared with best supportive care alone in patients with chemotherapy-refractory metastatic 
colorectal cancer. J Clin Oncol, 2007. 25(13): p. 1658-64. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

247 

930. Rafael G. Amado, M.W., Marc Peeters, Eric Van Cutsem, Salvatore Siena, Daniel J. Freeman, 
Todd Juan, Robert Sikorski, Sid Suggs, Robert Radinsky, Scott D. Patterson, David D. Chang 
Wild-Type KRAS Is Required for Panitumumab Efficacy in Patients With Metastatic Colorectal 
Cancer. Journal of Clinical Oncology, Vol 26, No 10 (April 1), 2008: pp. 1626-1634, 2008. 

931. Lehnert, T. and M. Golling, [Posterior pelvic exenteration in locoregional recurrence of rectal 
carcinoma--indications, technique and outcome]. Chirurg, 2001. 72(12): p. 1393-401. 

932. Shibata, D., et al., Surgical management of isolated retroperitoneal recurrences of colorectal 
carcinoma. Dis Colon Rectum, 2002. 45(6): p. 795-801. 

933. Wu, J.S., et al., Meta-analysis of dose-fractionation radiotherapy trials for the palliation of 
painful bone metastases. Int J Radiat Oncol Biol Phys, 2003. 55(3): p. 594-605. 

934. Farnell, G.F., et al., Brain metastases from colorectal carcinoma. The long term survivors. 
Cancer, 1996. 78(4): p. 711-6. 

935. Schoeggl, A., et al., Stereotactic radiosurgery for brain metastases from colorectal cancer. Int J 
Colorectal Dis, 2002. 17(3): p. 150-5. 

936. Enblad, P., et al., The risk of subsequent primary malignant diseases after cancers of the colon 
and rectum. A nationwide cohort study. Cancer, 1990. 65(9): p. 2091-100. 

937. Cali, R.L., et al., Cumulative incidence of metachronous colorectal cancer. Dis Colon Rectum, 
1993. 36(4): p. 388-93. 

938. Hermanek, P., Jr., et al., [Long-term results of surgical therapy of colon cancer. Results of the 
Colorectal Cancer Study Group]. Chirurg, 1994. 65(4): p. 287-97. 

939. Yamazaki, T., et al., What is the risk factor for metachronous colorectal carcinoma? Dis Colon 
Rectum, 1997. 40(8): p. 935-8. 

940. Hemminki, K., X. Li, and C. Dong, Second primary cancers after sporadic and familial 
colorectal cancer. Cancer Epidemiol Biomarkers Prev, 2001. 10(7): p. 793-8. 

941. Green, R.J., et al., Surveillance for second primary colorectal cancer after adjuvant 
chemotherapy: an analysis of Intergroup 0089. Ann Intern Med, 2002. 136(4): p. 261-9. 

942. Harris, G.J., et al., Factors affecting local recurrence of colonic adenocarcinoma. Dis Colon 
Rectum, 2002. 45(8): p. 1029-34. 

943. Merkel, S., et al., Late locoregional recurrence in rectal carcinoma. Eur J Surg Oncol, 2002. 
28(7): p. 716-22. 

944. Poulin, E.C., et al., Local recurrence and survival after laparoscopic mesorectal resection 
forrectal adenocarcinoma. Surg Endosc, 2002. 16(6): p. 989-95. 

945. Bulow, S., et al., Recurrence and survival after mesorectal excision for rectal cancer. Br J Surg, 
2003. 90(8): p. 974-80. 

946. Secco, G.B., et al., Factors influencing incidence and extension of metachronous liver 
metastases of colorectal adenocarcinoma. A multivariate analysis. Hepatogastroenterology, 
1997. 44(16): p. 1057-62. 

947. Pietra, N., et al., Risk factors of local recurrence of colorectal cancer: a multivariate study. 
Hepatogastroenterology, 1998. 45(23): p. 1573-8. 

948. Scholmerich, J., [Sense and nonsense in after-care of colorectal carcinoma]. Med Klin (Munich), 
1996. 91(6): p. 420-7. 

949. Kievit, J., Colorectal cancer follow-up: a reassessment of empirical evidence on effectiveness. 
Eur J Surg Oncol, 2000. 26(4): p. 322-8. 

950. Kievit, J., Follow-up of patients with colorectal cancer: numbers needed to test and treat. Eur J 
Cancer, 2002. 38(7): p. 986-99. 

951. Wichmann, M.W., et al., Results of long-term follow-up after curative resection of Dukes A 
colorectal cancer. World J Surg, 2002. 26(6): p. 732-6. 

952. Yamamoto, S., et al., Postsurgical surveillance for recurrence of UICC stage I colorectal 
carcinoma: is follow-up by CEA justified? Hepatogastroenterology, 2005. 52(62): p. 444-9. 

953. Korner, H., et al., Systematic follow-up after curative surgery for colorectal cancer in Norway: 
a population-based audit of effectiveness, costs, and compliance. J Gastrointest Surg, 2005. 
9(3): p. 320-8. 

954. Talbot, I.C., et al., The clinical significance of invasion of veins by rectal cancer. Br J Surg, 
1980. 67(6): p. 439-42. 

955. Minsky, B.D., et al., Resectable adenocarcinoma of the rectosigmoid and rectum. II. The 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

248 

influence of blood vessel invasion. Cancer, 1988. 61(7): p. 1417-24. 
956. Krasna, M.J., et al., Vascular and neural invasion in colorectal carcinoma. Incidence and 

prognostic significance. Cancer, 1988. 61(5): p. 1018-23. 
957. Inoue, T., et al., Vascular invasion of colorectal carcinoma readily visible with certain stains. 

Dis Colon Rectum, 1992. 35(1): p. 34-9. 
958. Bruinvels, D.J., et al., Follow-up of patients with colorectal cancer. A meta-analysis. Ann Surg, 

1994. 219(2): p. 174-82. 
959. Rosen, M., et al., Follow-up of colorectal cancer: a meta-analysis. Dis Colon Rectum, 1998. 

41(9): p. 1116-26. 
960. Jeffery, G.M., B.E. Hickey, and P. Hider, Follow-up strategies for patients treated for non-

metastatic colorectal cancer. Cochrane Database Syst Rev, 2002(1): p. CD002200. 
961. Renehan, A.G., et al., Impact on survival of intensive follow up after curative resection for 

colorectal cancer: systematic review and meta-analysis of randomised trials. Bmj, 2002. 
324(7341): p. 813. 

962. Makela, J.T., S.O. Laitinen, and M.I. Kairaluoma, Five-year follow-up after radical surgery for 
colorectal cancer. Results of a prospective randomized trial. Arch Surg, 1995. 130(10): p. 
1062-7. 

963. Ohlsson, B., et al., Follow-up after curative surgery for colorectal carcinoma. Randomized 
comparison with no follow-up. Dis Colon Rectum, 1995. 38(6): p. 619-26. 

964. Kjeldsen, B.J., et al., A prospective randomized study of follow-up after radical surgery for 
colorectal cancer. Br J Surg, 1997. 84(5): p. 666-9. 

965. Pietra, N., et al., Role of follow-up in management of local recurrences of colorectal cancer: a 
prospective, randomized study. Dis Colon Rectum, 1998. 41(9): p. 1127-33. 

966. Schoemaker, D., et al., Yearly colonoscopy, liver CT, and chest radiography do not influence 5-
year survival of colorectal cancer patients. Gastroenterology, 1998. 114(1): p. 7-14. 

967. Secco, G.B., et al., Efficacy and cost of risk-adapted follow-up in patients after colorectal cancer 
surgery: a prospective, randomized and controlled trial. Eur J Surg Oncol, 2002. 28(4): p. 418-
23. 

968. Jeffery, M., B.E. Hickey, and P.N. Hider, Follow-up strategies for patients treated for non-
metastatic colorectal cancer. Cochrane Database Syst Rev, 2007(1): p. CD002200. 

969. Wattchow, D.A., et al., General practice vs surgical-based follow-up for patients with colon 
cancer: randomised controlled trial. Br J Cancer, 2006. 94(8): p. 1116-21. 

970. Rodriguez-Moranta, F., et al., Postoperative surveillance in patients with colorectal cancer who 
have undergone curative resection: a prospective, multicenter, randomized, controlled trial. J 
Clin Oncol, 2006. 24(3): p. 386-93. 

971. Laubert, T., et al., Intensified surveillance after surgery for colorectal cancer significantly 
improves survival. Eur J Med Res, 2010. 15(1): p. 25-30. 

972. Papagrigoriadis, S. and B. Heyman, Patients' views on follow up of colorectal cancer: 
implications for risk communication and decision making. Postgrad Med J, 2003. 79(933): p. 
403-7. 

973. Cooper, G.S., T.D. Kou, and H.L. Reynolds, Jr., Receipt of guideline-recommended follow-up in 
older colorectal cancer survivors : a population-based analysis. Cancer, 2008. 113(8): p. 2029-
37. 

974. Rocklin, M.S., C.A. Slomski, and A.L. Watne, Postoperative surveillance of patients with 
carcinoma of the colon and rectum. Am Surg, 1990. 56(1): p. 22-7. 

975. Benson, A.B., 3rd, et al., 2000 update of American Society of Clinical Oncology colorectal 
cancer surveillance guidelines. J Clin Oncol, 2000. 18(20): p. 3586-8. 

976. Berman, J.M., R.J. Cheung, and D.S. Weinberg, Surveillance after colorectal cancer resection. 
Lancet, 2000. 355(9201): p. 395-9. 

977. Desch, C.E., et al., Recommended colorectal cancer surveillance guidelines by the American 
Society of Clinical Oncology. J Clin Oncol, 1999. 17(4): p. 1312. 

978. Macdonald, J.S., Carcinoembryonic antigen screening: pros and cons. Semin Oncol, 1999. 
26(5): p. 556-60. 

979. Duffy, M.J., et al., Clinical utility of biochemical markers in colorectal cancer: European Group 
on Tumour Markers (EGTM) guidelines. Eur J Cancer, 2003. 39(6): p. 718-27. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

249 

980. Duffy, M.J., Carcinoembryonic antigen as a marker for colorectal cancer: is it clinically useful? 
Clin Chem, 2001. 47(4): p. 624-30. 

981. Moertel, C.G., et al., An evaluation of the carcinoembryonic antigen (CEA) test for monitoring 
patients with resected colon cancer. Jama, 1993. 270(8): p. 943-7. 

982. Safi, F. and H.G. Beyer, The value of follow-up after curative surgery of colorectal carcinoma. 
Cancer Detect Prev, 1993. 17(3): p. 417-24. 

983. Zeng, Z., A.M. Cohen, and C. Urmacher, Usefulness of carcinoembryonic antigen monitoring 
despite normal preoperative values in node-positive colon cancer patients. Dis Colon Rectum, 
1993. 36(11): p. 1063-8. 

984. Huebner, R.H., et al., A meta-analysis of the literature for whole-body FDG PET detection of 
recurrent colorectal cancer. J Nucl Med, 2000. 41(7): p. 1177-89. 

985. Annovazzi, A., et al., 18-fluorodeoxyglucose positron emission tomography in nonendocrine 
neoplastic disorders of the gastrointestinal tract. Gastroenterology, 2003. 125(4): p. 1235-45. 

986. Ahlquist, D.A., et al., Accuracy of fecal occult blood screening for colorectal neoplasia. A 
prospective study using Hemoccult and HemoQuant tests. Jama, 1993. 269(10): p. 1262-7. 

987. Hunerbein, M., et al., The role of transrectal ultrasound-guided biopsy in the postoperative 
follow-up of patients with rectal cancer. Surgery, 2001. 129(2): p. 164-9. 

988. Mitry, E., et al., Epidemiology, management and prognosis of colorectal cancer with lung 
metastases: a 30-year population-based study. Gut, 2010. 59(10): p. 1383-8. 

989. Desch, C.E., et al., Colorectal cancer surveillance: 2005 update of an American Society of 
Clinical Oncology practice guideline. J Clin Oncol, 2005. 23(33): p. 8512-9. 

990. Chau, I., et al., The value of routine serum carcino-embryonic antigen measurement and 
computed tomography in the surveillance of patients after adjuvant chemotherapy for 
colorectal cancer. J Clin Oncol, 2004. 22(8): p. 1420-9. 

991. Sugarbaker, P.H., et al., A simplified plan for follow-up of patients with colon and rectal cancer 
supported by prospective studies of laboratory and radiologic test results. Surgery, 1987. 
102(1): p. 79-87. 

992. Wang, T., et al., The role of postoperative colonoscopic surveillance after radical surgery for 
colorectal cancer: a prospective, randomized clinical study. Gastrointest Endosc, 2009. 69(3 Pt 
2): p. 609-15. 

993. Rulyak, S.J., et al., Outcome of follow-up colon examination among a population-based cohort 
of colorectal cancer patients. Clin Gastroenterol Hepatol, 2007. 5(4): p. 470-6; quiz 407. 

994. Rex, D.K., et al., Guidelines for colonoscopy surveillance after cancer resection: a consensus 
update by the American Cancer Society and the US Multi-Society Task Force on Colorectal 
Cancer. Gastroenterology, 2006. 130(6): p. 1865-71. 

995. Bouvier, A.M., et al., The lifelong risk of metachronous colorectal cancer justifies long-term 
colonoscopic follow-up. Eur J Cancer, 2008. 44(4): p. 522-7. 

996. Sobhani, I., et al., Early detection of recurrence by 18FDG-PET in the follow-up of patients with 
colorectal cancer. Br J Cancer, 2008. 98(5): p. 875-80. 

997. Selvaggi, F., et al., FGD-PET in the follow-up of recurrent colorectal cancer. Colorectal Dis, 
2003. 5(5): p. 496-500. 

998. Eckardt, V.F. and G. Bernhard, Nachsorge beim kolorektalen Karzinom. Eine Analyse von 
Effektivität und Kosten. Deutsches Ärzteblatt, 1997. 94: p. A456-62. 

999. Schwibbe, G., [Changes in quality of life in oncological patients in the course of an inpatient 
after-care program]. Rehabilitation (Stuttg), 1991. 30(2): p. 55-62. 

1000. Gartner, U., et al., [Physical complaints, stress and quality of life of oncologic patients. Effects 
and patient assessment in inpatient rehabilitation]. Med Klin (Munich), 1996. 91(8): p. 501-8. 

1001. Etzioni, D.A., A.B. El-Khoueiry, and R.W. Beart, Jr., Rates and predictors of chemotherapy use 
for stage III colon cancer: a systematic review. Cancer, 2008. 113(12): p. 3279-89. 

1002. Grothey, A., L. Kellermann, and H.J. Schmoll, [Deficits in management of patients with 
colorectal carcinoma in Germany. Results of multicenter documentation of therapy 
algorithms]. Med Klin (Munich), 2002. 97(5): p. 270-7. 

1003. von der Schulenburg, J.M., A. Prenzler, and W. Schurer, Cancer management and 
reimbursement aspects in Germany: an overview demonstrated by the case of colorectal 
cancer. Eur J Health Econ, 2010. 10 Suppl 1: p. S21-6. 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

250 

1004. Adler, G. and T. Seufferlein, [Hope and disappointment in cancer medicine]. Z Arztl Fortbild 
Qualitatssich, 2007. 101(5): p. 287-92. 

1005. Harrison, J.D., et al., What are the unmet supportive care needs of people with cancer? A 
systematic review. Support Care Cancer, 2009. 

1006. Lewis, R., et al., Nurse-led vs. conventional physician-led follow-up for patients with cancer: 
systematic review. J Adv Nurs, 2009. 65(4): p. 706-23. 

1007. Howell, D.M., et al., A mixed-method evaluation of nurse-led community-based supportive 
cancer care. Support Care Cancer, 2008. 16(12): p. 1343-52. 

1008. Ouwens, M., et al., Implementation of integrated care for patients with cancer: a systematic 
review of interventions and effects. Int J Qual Health Care, 2009. 21(2): p. 137-44. 

1009. Jahn, P., et al., Reduction of chemotherapy-induced anorexia, nausea, and emesis through a 
structured nursing intervention: a cluster-randomized multicenter trial. Support Care Cancer, 
2009. 17(12): p. 1543-52. 

1010. Jahn, P., et al., Improvement of pain related self management for oncologic patients through a 
trans institutional modular nursing intervention: protocol of a cluster randomized multicenter 
trial. Trials, 2010. 11: p. 29. 

1011. Chen, R.C., et al., Patient-reported acute gastrointestinal symptoms during concurrent 
chemoradiation treatment for rectal cancer. Cancer, 2010. 116(8): p. 1879-86. 

1012. Meyerhardt, J.A., et al., Impact of body mass index and weight change after treatment on 
cancer recurrence and survival in patients with stage III colon cancer: findings from Cancer 
and Leukemia Group B 89803. J Clin Oncol, 2008. 26(25): p. 4109-15. 

1013. Meyerhardt, J.A., et al., Physical activity and survival after colorectal cancer diagnosis. J Clin 
Oncol, 2006. 24(22): p. 3527-34. 

1014. Meyerhardt, J.A., et al., Impact of physical activity on cancer recurrence and survival in 
patients with stage III colon cancer: findings from CALGB 89803. J Clin Oncol, 2006. 24(22): p. 
3535-41. 

1015. Ng, K., et al., Multivitamin use is not associated with cancer recurrence or survival in patients 
with stage III colon cancer: findings from CALGB 89803. J Clin Oncol, 2010. 28(28): p. 4354-
63. 

1016. Stumpf, C., et al., Retrospektive Untersuchung zur Therapie mit Mistelextrakten bei Patienten 
mit kolorektalem Karzinom. Dtsch Zschr Onkol 2007. 39: p. 12-22. 

1017. Friedel, W., et al., Fermented Europaen mistletoe (Viscum album L.) extract in supportive care 
in patients with primary non-metastatic colorectal cancer., in Die Mistel in der Tumortherapie, 
R. Scheer, et al., Editors. 2009, KVC Verlag: Essen. p. 563-576. 

1018. Kienle, G.S. and H. Kiene, Review article: Influence of Viscum album L (European mistletoe) 
extracts on quality of life in cancer patients: a systematic review of controlled clinical studies. 
Integr Cancer Ther, 2010. 9(2): p. 142-57. 

1019. Shimizu, M., et al., (-)-Epigallocatechin gallate suppresses azoxymethane-induced colonic 
premalignant lesions in male C57BL/KsJ-db/db mice. Cancer Prev Res (Phila), 2008. 1(4): p. 
298-304. 

1020. Hoensch, H., et al., Prospective cohort comparison of flavonoid treatment in patients with 
resected colorectal cancer to prevent recurrence. World J Gastroenterol, 2008. 14(14): p. 2187-
93. 

1021. Ito, K., et al., Long-term effect of 5-fluorouracil enhanced by intermittent administration of 
polysaccharide K after curative resection of colon cancer. A randomized controlled trial for 7-
year follow-up. Int J Colorectal Dis, 2004. 19(2): p. 157-64. 

1022. Sakamoto, J., et al., Efficacy of adjuvant immunochemotherapy with polysaccharide K for 
patients with curatively resected colorectal cancer: a meta-analysis of centrally randomized 
controlled clinical trials. Cancer Immunol Immunother, 2006. 55(4): p. 404-11. 

1023. Kassab, S., et al., Homeopathic medicines for adverse effects of cancer treatments. Cochrane 
Database Syst Rev, 2009(2): p. CD004845. 

1024. Rahbari, N.N., et al., Definition and grading of anastomotic leakage following anterior 
resection of the rectum: a proposal by the International Study Group of Rectal Cancer. Surgery, 
2010. 147(3): p. 339-51. 

1025. Vasen, H.F., et al., New clinical criteria for hereditary nonpolyposis colorectal cancer (HNPCC, 



15. References  

© Leitlinienprogramm Onkologie | Evidenced-based Guideline for Colorectal Cancer | August 2014 

251 

Lynch syndrome) proposed by the International Collaborative group on HNPCC. 
Gastroenterology, 1999. 116(6): p. 1453-6. 

 

 


	Evidenced-based Guideline for Colorectal Cancer
	Version 1.1 – August 2014
	AWMF-Registration Number: 021/007OL
	Table of Contents
	1.1. Editors 9
	1.2. Leading Professional Society 9
	1.3. Guideline Funding 9
	1.4. Contact 9
	1.5. Citation Method 9
	1.6. Special Note 10
	1.7. Goal of the German Guideline Program in Oncology 10
	1.8. Guideline Authors 11
	1.8.1. Composition of the Guideline Group 2011/2012 11
	1.8.2. Coordinators of the Guideline Group 2007/2008 14
	1.8.3. Composition of the Task Force Quality Indicators 14
	1.8.4. Methodological Support 14
	1.9. Available Documents on the Guideline and Implementation 15
	2.1. Scope and Purpose 16
	2.1.1. Goal and Issues 16
	2.1.2. Audience 17
	2.1.3. Period of Validity and Update Processes 17
	2.2. Basis for the Method 17
	2.2.1. Scheme of Evidence Level According to Oxford 17
	2.2.2. Scheme of the Grade of Recommendation 20
	2.2.3. Clinical Evaluation – Classification of the Grade of Recommendation 20
	2.2.4. Classification of the Degree of Consensus 21
	2.2.5. Statements 21
	2.2.6. Good Clinical Practice (GCP) 21
	2.2.7. Independence and Declaration of Possible Conflict of Interest 21
	2.3. Abbreviations Used 22
	2.4. Editorial Note: 23
	3.1. Lifestyle Habits 24
	3.2. Diet Recommendations 25
	3.3. Micronutrients 29
	3.4. Drugs 30
	4.1. Screening -Age 33
	4.2. Methods of Colorectal Screening/Prevention 33
	4.2.1. Endoscopic Methods 34
	4.2.1.1. Colonoscopy 34
	4.2.1.2. Sigmoidoscopy 35
	4.2.1.3. Capsule-Colonoscopy 36
	4.2.2. Stool Tests 37
	4.2.2.1. Fecal Occult Blood Test (FOBT) 37
	4.2.2.2. Genetic Screening Tests 39
	4.2.2.3. M2-PK 40
	4.2.3. Radiologic Tests 41
	4.3. Cost Effectiveness 41
	4.4. Recommendations of Other Included Guidelines 42
	5.1. Sporadic Colorectal Cancer 43
	5.1.1. Risk Groups 43
	5.1.1.1. Relatives of Patients with Colorectal Cancer 43
	5.1.1.2. Relatives of Patients with Colorectal Adenomas 44
	5.1.1.3. Patients with Colorectal Adenomas 44
	5.1.2. Primary Prevention 46
	5.1.3. Screening Tests 46
	5.1.3.1. First-degree Relatives of Patients with Colorectal Cancer 46
	5.1.3.2. Relatives of Patients with Colorectal Adenomas 48
	5.2. Hereditary Colorectal Cancer 48
	5.2.1. Risk Groups 49
	5.2.1.1. HNPCC (Hereditary Colorectal Cancer Without Polyposis)/ Lynch-Syndrome 49
	5.2.1.2. Adenomatous Polyposis-Syndrome 52
	5.2.1.2.1. Patients with Classic Familial Adenomatous Polyposis (FAP) 52
	5.2.1.2.2. Patients with Attenuated Familial Adenomatous Polyposis (AFAP) 53
	5.2.1.2.3. Patients with MUTYH-Associated Polyposis (MAP) 53
	5.2.2. Screening 54
	5.2.2.1. HNPCC / Lynch-Syndrome 54
	5.2.2.2. Adenomatous Polyposis Syndromes 59
	5.2.2.2.1. Patients with Classic Familial Adenomatous Polyposis (FAP) 59
	5.2.2.2.2. Patients with Attenuated Familial Adenomatous Polyposis 64
	5.2.2.2.3. Patients with MUTYH-Associated Polyposis (MAP) 65
	5.2.2.3. Non-Adenomatous Polyposis-Syndromes 68
	5.3. Chronic Inflammatory Bowel Diseases 70
	5.3.1. Colitis Ulcerosa 70
	5.3.2. Crohn's Disease 72
	5.4. Appendix: Figures and Tables of TK III 73
	5.4.1. Algorithmus: Genetic diagnostics and screening 73
	5.4.2. Diagnostic algorithm immunohistochemistry / MSI for work up of mismatch-repair-defect 74
	5.4.3. Recommended Screening Programs for HNPCC 75
	5.4.4. Spigelman-Classification 75
	6.1. Role of Endoscopy in the Diagnostics of Polyps and CRC 76
	6.1.1. Sigmoidoscopy Versus Colonoscopy 77
	6.1.2. Chromoendoscopy 78
	6.1.3. Magnifying Endoscopy 79
	6.2. Polypectomy 79
	6.2.1. Removal of Polyps by Snare Versus Forceps 79
	6.3. Histologic Examination 82
	6.4. Approach for pT1 Cancer 83
	6.5. Polyp Management (Follow-Up) 85
	6.6. Medical Secondary Prevention of Adenomas 88
	7.1. Introduction 89
	7.2. Definition of Colon and Rectal Cancer 89
	7.3. Definition Interdisciplinary Tumor Conference 89
	7.4. Pre-Operative Evaluation 91
	7.4.1. Endoscopic Diagnostics 91
	7.4.2. Imaging Procedures 93
	7.4.2.1. The Relevance of Individual Imaging Procedures (except PET) for the Evaluation of Distant Metastases in the Primary Treatment of CRC 93
	7.4.2.2. Relevance of Pre-Operative Local Staging Using CT (MRI) for Colon Cancer with Regard to Local Spread 94
	7.4.2.3. Relevance of PET-CT 94
	7.4.2.3.1. For Primary Diagnosis of Colorectal Cancer 94
	7.4.2.3.2. Before Resection of Colorectal Liver Metastases 95
	7.4.3. Tumor Markers 97
	7.4.4. Specific Diagnostics for Rectal Cancer 98
	7.5. Surgical Therapy with Curative Intention 101
	7.5.1. Intraoperative Staging 101
	7.5.1.1. Intra-Operative Pathological Examination 101
	7.5.2. Radical Surgical Therapy of Colon Cancer 102
	7.5.2.1. Extent of Lymph Node Dissection: 102
	7.5.2.2. Complete Mesocolic Excision (CME) 104
	7.5.2.3. Local Ablative Therapies for Liver Metastases 105
	7.5.2.3.1. Radio-Frequency Ablation (RFA) 105
	7.5.2.3.2. Selective Internal Radiation Therapy (SIRT) 105
	7.5.2.3.3. Laser Induced Interstitial Thermotherapy (LITT) 106
	7.5.3. Radical Surgical Therapy of Rectal Cancer 106
	7.5.3.1. General Oncologic Principles 106
	7.5.3.2. Approach to Tumors of the Upper Third of the Rectum 107
	7.5.3.3. Approach to Tumors of the Middle and Lower Third of the Rectum 108
	7.5.3.4. Reconstruction After Total Mesorectal Excision 109
	7.5.3.5. Decision to Preserve the Sphincter 110
	7.5.3.6. Approach in Case of Complete Response after Neoadjuvant Therapy 111
	7.5.3.7. Rectal-Exstirpation 111
	7.5.4. Stoma-Construction 112
	7.5.5. Local Excision of Rectal Cancers 114
	7.6. Laparoscopic Surgery 115
	7.7. Special Situations 116
	7.7.1. Surgical Therapy of Peritoneal Carcinomatosis 116
	7.7.2. Multivisceral Resection 116
	7.7.3. Multiple Cancers of the Colon and Rectum 117
	7.7.4. Emergency Surgery 117
	7.7.5. Resection of Liver Metastases 117
	7.7.6. Extensive Distant Metastazation and Asymptomatic Primary Tumor 118
	7.7.7. Patients with HNPCC (Hereditary Non-Polyposis Colorectal Cancer) 119
	7.7.8. Cancers in Familial Adenomatous Polyposis (FAP) 120
	7.7.9. Cancers in Ulcerative Colitis 120
	7.8. Postoperative Histopathological Examination 121
	7.8.1. Cancer-Grading Based on MSI-H 121
	7.8.2. Number of LN to be Removed 122
	7.8.3. Relevance of Distance Between the Tumor Margin and Resection Area of the Mesocolon in Colon Cancer 123
	7.8.4. Relevance of Distance From the Circumferential Resection Margin (CRM-Classification) with Colon and Rectal Cancer 125
	7.8.5. Relevance of Documenting the Quality of the TME-Preparation 126
	7.9. Psychooncological Aspects 127
	8.1. Adjuvant Therapy of Colon Cancer 129
	8.1.1. Indications for Adjuvant Therapy of Colon Cancer 129
	8.1.2. Age Limitations for Conducting Adjuvant Chemotherapy 129
	8.1.3. UICC Stage III 130
	8.1.4. UICC Stage II 130
	8.1.5. UICC Stage II with Risk Factors 131
	8.1.6. Chemotherapy Protocols 134
	8.1.6.1. Stage III 134
	8.1.6.2. Stage II 136
	8.2. Perioperative Therapy of Rectal Cancer 137
	8.2.1. Indications for Perioperative Radiotherapy or Radiochemotherapy 137
	8.2.1.1. Stage I 137
	8.2.1.2. Stage II/III 138
	8.2.2. Adjuvant Therapy 141
	8.2.2.1. Adjuvant Therapy After Primary Surgery (without neoadjuvant therapy) 141
	8.2.2.2. Adjuvant Therapy After Neoadjuvant Radiotherapy or Radiochemotherapy 144
	9.1. Primarily Resectable Liver and/or Pulmonary Metastases 147
	9.1.1. Primarily Resectable Pulmonary Metastases 147
	9.1.2. Primarily Resectable Liver Metastases 148
	9.1.2.1. Preoperative Imaging 150
	9.1.2.2. Perioperative Therapy of Primarily Resectable Liver Metastases 152
	9.1.2.2.1. Neoadjuvant Therapy of Resectable Liver Metastases 152
	9.1.2.2.2. Adjuvant Therapy of Resectable Liver Metastases 153
	9.2. Patients with an Indication for Intensified Systemic Therapy 158
	9.2.1. Patients with Potentially Resectable Metastases 158
	9.2.1.1. Management of Isolated Primarily Irresectable Pulmonary Metastases 158
	9.2.1.2. Management of Isolated Primarily Irresectable Liver Metastases 158
	9.2.1.2.1. Systemic Neoadjuvant Therapy 158
	9.2.1.2.2. Chemotherapy Consequences on the Healthy Liver Tissue and Metastasis Localization 160
	9.2.1.2.3. Local ablative therapies for liver metastases 161
	9.2.2. Patients with an Indication for Intensified Palliative Therapy 163
	9.3. Patients with the Option for Less Intensive Therapy 163
	9.4. Chemotherapy Protocols 164
	9.4.1. First-Line Therapy 164
	9.4.1.1. Monotherapy (5-FU) 165
	9.4.1.2. Combination Therapy 166
	9.4.2. Duration of Therapy / Interruption of Therapy in First-line Therapy / Reinduction 174
	9.4.3. Chemotherapy Protocols in Second- and Third-Line Therapy 176
	9.4.3.1. Combination Therapy in Second- and Third-line Therapy 177
	9.4.3.2. Monotherapy with Biological Substances in Third-Line Therapy 179
	9.5. Procedure for Local Recurrence or for Non-hepatic and Non-pulmonary Distant Metastazation 180
	9.5.1. Local Recurrence 180
	9.5.2. Non-Hepatic or Non-Pulmonal Distant Metastases 180
	10.1. Follow-Up for Patients with UICC stage I 182
	10.2. Follow-Up for Patients with UICC stage II and III 183
	10.3. Role of Diagnostic Methods for Follow-up 184
	10.3.1. Medical History 184
	10.3.2. CEA Testing 184
	10.3.3. Other Laboratory Parameters 185
	10.3.4. FOBT 186
	10.3.5. Ultrasound 186
	10.3.6. Endoscopic Ultrasound 187
	10.3.7. Chest X-Ray 187
	10.3.8. Computer Tomography 188
	10.3.9. Endoscopic Procedures 189
	10.3.9.1. Colonoscopy 189
	10.3.9.2. Sigmoidoscopy 189
	10.3.9.3. Rectoscopy 189
	10.3.10. Colon Contrast Enema, Virtual Colonography, and PET 191
	10.4. Time Course of Follow-up 192
	10.5. Age Limit for Follow-up 192
	10.6. Special Cases 192
	10.7. Rehabilitation After Resection of Colorectal Cancer 194
	10.8. Tertiary Prevention 195
	10.8.1. Care Continuity and Continuation of the Health Promoting Activities after Acute Therapy and Rehabilitation 195
	10.8.1.1. Improvement of Care Continuity 195
	10.8.1.2. Continuation of Health Promoting Activities 195
	10.8.2. Tertiary Prevention: Physical Activity, Nutrition, as well as Complementary and Alternative Therapy 196
	10.8.2.1. Physical Activity 196
	10.8.2.2. Nutrition 196
	10.8.2.3. Complementary and Alternative Medicine 196
	10.8.2.4. Alternative Healing Methods 197
	12.1. UICC-Classification of Colorectal Cancer 203
	12.2. Amsterdam Criteria 204
	12.3. Revised Bethesda-Criteria 204
	1. Information on this Guideline
	1.1. Editors

	German Guideline Program in Oncology (GGPO) of the AWMF, German Cancer Society, and German Cancer Aid
	1.2. Leading Professional Society

	German Society for Digestive and Metabolic Diseases (DGVS)
	/
	Steering committee for development and implementation through the DGVS:Univ.-Prof. Dr. Wolff SchmiegelDr. Christian P. Pox
	1.3. Guideline Funding

	This guideline was funded by the German Cancer Aid as part of the German Guideline Program in Oncology.
	1.4. Contact

	Office of the German Guideline Program in Oncology c/o German Cancer SocietyKuno-Fischer St. 8D-14057 Berlin
	leitlinienprogramm@krebsgesellschaft.dewww.leitlinienprogramm-onkologie.de
	1.5. Citation Method

	German Guideline Program in Oncology (German Cancer Society, German Cancer Aid, AWMF): Evidenced-based Guideline for Colorectal Cancer, long version 1.0, AWMF registration number: 021-007OL, http://leitlinienprogramm-onkologie.de/Leitlinien.7.0.html
	1.6. Special Note

	Medicine is continuously developing. Therefore, all information, especially diagnostic and therapeutic procedures, only corresponds to the knowledge at the time the guideline is published. The greatest possible care was taken with the recommendations on therapy as well as choice and dose of drugs. Nonetheless, the users are requested to call on the manufacturer's instruction leaflet and the SmPC and in case of doubt to consult a specialist. In the GGPO-editors' general interest, relevant discrepancies should be reported. 
	The users are responsible for each diagnostic and therapeutic application, medication, and dosage. 
	In this guideline registered trademarks (protected trade names) have not been specifically marked. Therefore, it cannot be concluded from the missing of such a reference that it is a free trade name. 
	The copyright of the document is protected in all parts. Any use outside of the Copyright Protection Law is not allowed and illegal without written agreement of the German Guideline Program in Oncology (GGPO). No part of the document may be reproduced in any form without written permission of the GGPO. This holds in particular for copies, translations, microfiche, as well as the saving, use, and exploitation in electronic systems, intranets, and the internet. 
	1.7. Goal of the German Guideline Program in Oncology

	With the German Guideline Program in Oncology (GGPO), the committee of the Scientific Medical Professional Societies (AWMF), the German Cancer Society (DKG), and the German Cancer Aid (DKH) have the goal to fund and support the development, update, and implementation of evidence-based and practical oncologic guidelines. The program is based on medical-scientific knowledge of the professional societies and the DKG, the consensus of medical experts, users and patients, as well as regulations of the guideline preparation of the AWMF and the expert support and funding by the German Cancer Aid. To show the current medical knowledge and to take medical progress into consideration, guidelines have to be reviewed and updated. The AWMF-regulations will be used as a basis for the development of high quality oncologic guidelines. Since guidelines are an important quality assurance and quality management tool in oncology, they should be specifically and sustainably implemented in routine care. Thus, active implementation measures and evaluation programs are an important aspect of the GGPO-support. The goal of the program is to establish professional and intermediately funded prerequisites for the development and preparation of high quality guidelines in Germany. These high-grade guidelines serve not only the structured transfer of knowledge, but they may also find their place in health care system structuring. Worth mentioning here are evidence-based guidelines as the basis for preparing and updating disease management programs or for the implementation of quality indicators taken from guidelines for the certification of organ tumor centers.
	1.8. Guideline Authors

	C. Pox, S. Aretz, S. C. Bischoff, U. Graeven, M. Hass, P. Heußner, W. Hohenberger,    A. Holstege, J. Hübner, F. Kolligs, M. Kreis, P. Lux, J. Ockenga, R. Porschen, S. Post,  N. Rahner, A. Reinacher-Schick, J.F. Riemann, R. Sauer, A. Sieg, W. Scheppach,       W. Schmitt, H.-J. Schmoll, K. Schulmann, A. Tannapfel, W. Schmiegel
	1.8.1. Composition of the Guideline Group 2011/2012 

	The expert group for the update of Chapters 3, 4, 5, 7, 10 (see section 2.2.1) is made up of a total of 53 elected representative and plenum members of the following professional societies, professional associations, and patient associations:
	Professional Societies
	 DKG (German Cancer Society) 
	o ASORS (Task force of the DKG "Supportive measures in oncology,  rehabilitation, and social medicine")
	o PRIO (Task force of the DKG Prevention and integrated medicine in oncology) 
	o PSO (Task force of the DKG: German task force for psychooncology) 
	o KOK (Task force of the DKG: Conference oncologic patient and pediatric patient care) 
	 DGVS (German Society of Gastroenterology, Digestive and Metabolic Diseases)
	 DEGAM (German Society for General and Family Medicine)
	 DEGRO (German Society for Radiooncology) 
	 DGAV (German Society for General and Visceral Surgery)
	 CACP (Surgical working group for coloproctology)
	 CAMIC (Surgical working group for minimally invasive surgery)
	 CAO-V (Surgical working group for oncology)
	 DGCH (German Society for Surgery)
	 DGEM (German Society for Nutrition Medicine)
	 DGHO (German Society for Hematology and Oncology)
	 DGIM (German Society for Internal Medicine)
	 DGKL (German Combined Society for Clinical Chemistry Laboratory Medicine)
	 DGN (German Society for Nuclear Medicine)
	 DGP (German Society for Pathology) 
	 DRG (GermanRadiological Society)
	 GfH (German Society for Human Genetics)
	Other Institutions
	 bng (Professional Association of Practicing German Gastroenterologists)
	 HÄV (German Association of General Practitioners)
	 AQUA (Institute for Applied Quality Assurance and Research in the Health Care System) 
	 ZI (Central Institute of the Ambulatory Health Care in Germany)
	 Felix-Burda-Foundation
	 Foundation Lebensblicke
	Patient Associations
	 DCCV (German Crohn`s Disease/Ulcerative colitis Association)
	 Deutsche ILCO (Association for Stoma Carriers and Persons with Colon Cancer)
	Table 1 shows the members of the guideline group 2011/2012 under the direction of Prof. Dr. W. Schmiegel (DKG, DGVS)
	Table 1: Members of the Task Forces for the Update of Chapters 3, 4, 5, 7, 10
	Chapter 3: Prevention Asymptomatic Population
	Coordinator: J.F. Riemann
	DGIM, DGVS, Foundation Lebensblicke
	Members:
	S. C. Bischoff
	DGEM, DGVS
	F. Kolligs
	DGVS
	J. Ockenga
	DGEM, DGVS
	W. Scheppach
	DGEM, DGVS
	Chapter 4: Early Diagnosis/ Prevention Asymptomatic Population
	Coordinators: C. Pox, A. Sieg
	both DGVS
	Members:
	L. Altenhofen
	ZI
	H-J. Brambs
	DRG, DGAM
	H. Brenner
	expert (not entitled to vote)
	P. Engeser
	HÄV
	A. Theilmeier
	bng, DGVS
	Chapter 5: Risk Groups
	Coordinators:
	N. Rahner
	K. Schulmann
	GfH
	DGVS
	Members:
	G. Baretton
	DGP
	B. Bokemeyer
	bng, DGVS
	J. Epplen
	DGHG
	U. Melle
	DGVS
	R. Porschen
	DGVS
	J. Weitz
	DGAV
	C. Witte 
	DCCV
	Chapter 7: Preoperative Diagnostics and Surgery
	Coordinators:
	W. Hohenberger
	S. Post
	DKG, DGAV
	DKG, DGAV, CACP
	Members:
	M. Anthuber
	DGAV
	W. Bechstein
	DGAV
	U. Graeven
	DGVS
	M. Haß
	Dt. ILCO
	M. Heike
	DGHO
	K-W. Jauch
	DGAV
	T. Kirchner
	DGP
	H. Lang
	DKG, DGAV, CAO-V
	K-H. Link
	DKG, DGAV
	P. Pereira
	DRG
	H-R. Raab
	DGAV
	A. Reinacher-Schick
	DGVS
	C. Rödel
	DEGRO
	M. Sailer
	DGAV
	R. Sauer
	DEGRO
	K. Scheidhauer
	DGN
	A. Tannapfel
	DGP
	T. Vogl
	DRG
	C. Wagener
	DGKL
	M. Walz
	DGAV, CAMIC
	C. Wittekind
	DGP
	Chapter 10: Follow-Up Care
	Coordinator:
	A. Holstege
	DGVS
	Members:
	P. Heußner
	PSO
	T. Höhler
	DGHO
	J. Hübner
	DKG, PRIO
	J. Körber
	DKG, ASORS
	M. Landenberger
	DKG, KOK
	H. Link
	DKG, ASORS
	Additional Participants at Plenum 
	S. Ludt
	AQUA
	P. Lux
	Co-Author (not entitled to vote)
	C. Maar
	Felix-Burda-Foundation
	1.8.2. Coordinators of the Guideline Group 2007/2008

	The coordinators of the update of Chapters 6, 8, and 9 in 2007/2008 were:
	Chapter 6 – Endoscopy: Implementation and management of polyps: J.F. Riemann, W. Schmitt 
	Chapter 8 – Adjuvant and neoadjuvant therapy: R. Porschen, R. Sauer
	Chapter 9 – Therapeutic approach in patients with metastases and in the palliative situation: U. Graeven, H-J. Schmoll
	1.8.3. Composition of the Task Force Quality Indicators

	The suggestions on quality indicators were developed by the task force listed in Table 2.
	Table 2: Members of Task Force Quality Indicators
	Name
	Institution
	Coordinators:
	W. Schmiegel
	C. Pox
	DKG, DGVS
	DGVS
	Members:
	M. Haß
	Dt. ILCO
	W. Hohenberger
	DKG, DGAV
	A. Holstege
	DGVS
	F. Kolligs
	DGVS
	M. Klinkhammer-Schalke
	Task Force of German Tumor Centers (ADT)
	I. Kopp
	AWMF
	S. Ludt
	AQUA
	J. Ockenga
	DGVS
	S. Post
	DKG, DGAV, CACP
	A. Tannapfel
	DGP
	S. Wesselmann
	German Cancer Society (DKG), Department of Certification
	1.8.4. Methodological Support 

	By the German Guideline Program in Oncology:
	 Prof. Dr. Ina Kopp (AWMF), Marburg
	 Dr. Markus Follmann, MPH MSc (DKG), Berlin 
	1.9. Available Documents on the Guideline and Implementation 
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	Aside from the long version, the following complementary documents for this guideline exist: 
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	* guideline report
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	* patient guideline (lay version)
	* external evidence report 
	All these documents can also be accessed via the mentioned links.
	The external evidence report for Chapter 4 (Screening/prevention) and parts of Chapter 7 (Preoperative diagnostics and surgery) was prepared by the University of Witten/ Herdecke (Institute for Research in Operative Medicine) in cooperation with the University of Duisburg/ Essen (Alfried Krupp von Bohlen and Halbach Foundation Professorship for Medicine Management).
	A nationwide distribution of these evidence-based updated recommendations is needed in particular to improve the quality of patient information and care. With the help of standardized methods, quality indicators were derived from the recommendations. Aside from implementation, the guideline serves primarily the quality assurance and the improvement of patient relevant processes.
	2. Introduction
	2.1. Scope and Purpose
	2.1.1. Goal and Issues


	Colorectal cancer (CRC) is one of the most common malignant tumors in Germany with over 73,000 newly-diagnosed cases and about 27,000 deaths per year. For the first time in 1999, the DGVS in cooperation with the German Cancer Society published an S3 guideline for CRC, which was intended to provide an exhaustive, standardized, high-value set of patient care guidelines based on evidence-based medicine. In the meantime, a European colorectal cancer guideline has also been published. The guideline committee felt specifications are necessary, because of the heterogeneous health care systems and care standards in the European countries. This German guideline covers additional aspects that are not covered by the European guideline. It strives to consider all issues relevant for Germany.
	The guideline is divided into eight topic complexes (TC):
	* TC I: Prevention Asymptomatic Population (see Chapter 3)
	* TC II: Screening Asymptomatic Population (see Chapter 4)
	* TC III: Risk Groups (see Chapter 5)
	* TC IV: Endoscopy: Implementation and Management of Polyps (see Chapter 6)
	* TC V: Preoperative Diagnostics and Surgery (see Chapter 7)
	* TC VI: Adjuvant and Neoadjuvant Therapy (see Chapter 8)
	* TC VII: Management of Patients with Metastases and in the Palliative Situation (see Chapter 9)
	* TC VIII: Follow-up Care (see Chapter 10)
	In order to keep these recommendations at the most current stage of scientific knowledge, the guideline has since been regularly updated in close cooperation with the AWMF (2004 completely and 2008 the TC IV, VI, and VII). The current update affects the TC I, II, III, V, and VIII, as well as individual sections of IV, VI, and VII.
	During the update process in 2012/2013, the guideline group decided that recommendations would be made on the following issues:
	* Which prevention measures can reduce the CRC risk?
	* Which methods should be used for screening/prevention?
	* Which procedures should be implemented in preoperative diagnostics for CRC?
	* What has to be taken into account when constructing stomas?
	* What is the role of laparoscopic resections?
	* When does tumor follow-up care start?
	* How important are rehabilitation and tertiary prevention after curative tumor operations?
	Based on these questions, all recommendations were reviewed whether they were up-to-date. If necessary, they were updated after literature searches. 
	Each recommendation box contains the date of the last update (2008 or 2013).
	2.1.2. Audience

	This guideline is mainly directed at: 
	 Physicans who work on prevention and treatment of CRC in the ambulatory and inpatient sector,
	 Cooperation partners of the medical profession (health care faculties),
	 Benefactors.
	2.1.3. Period of Validity and Update Processes 

	The period of validity of topics I, II, III, V, and VIII and Chapters 3, 4, 5, 7, 10 updated 2011/ 2012 is estimated to be 5 years. They will be subject to a new revision by 2017 at the latest. Updating of the remaining topics IV, VI, and VII and Chapters 6, 8, 9 is planned for 2014.
	The updating processes will be coordinated by the responsible guideline coordinator. The members of the guideline groups will observe newly-emerging scientific knowledge. If necessary, the individual topics will be updated accordingly. All updates will be published separately (as an addendum to the internet version, scientific publications) and will finally be worked into the full-text version of the guideline. 
	Comments and instructions for the updating process from clinical practice are encouraged and can be addressed to the guideline secretary. 
	Guideline coordination: Dr. Christian P. Pox
	Medizinische Klinik der Ruhr-Universität BochumKnappschaftskrankenhausIn der Schornau 23-25D-44892 BochumMeduni-kkh@rub.de
	2.2. Basis for the Method 

	The methodological procedure is based on the AWMF regulations (http://www.awmf-leitlinien.de) and is shown in the guideline report of this guideline (see e.g. http://leitlinienprogramm-onkologie.de/Leitlinien.7.0.html).
	2.2.1. Scheme of Evidence Level According to Oxford

	To classify the distortion risk of the identified studies, the system of the Oxford Centre for Evidence-based Medicine version 2009 (available under www.cebm.net) shown in Table 3 was used for this guideline. This system provides a classification for studies on different clinical issues (benefit of therapy, prognostic relevance, diagnostic importance).
	Table 3: Scheme of Evidence Level According to Oxford (Version 2009)
	Level
	Therapy/ Prevention, Etiology / Harm
	Prognosis
	Diagnosis
	Differential diagnosis / symptom prevalence study
	Economic and decision analyses
	1a
	SR (with homogeneity) of RCTs
	SR (with homogeneity) inception cohort studies; CDR validated in different populations
	SR (with homogeneity) of Level 1 diagnostic studies; CDR with 1b studies from different clinical centers 
	SR (with homogeneity) of prospective cohort studies
	SR (with homogeneity) of Level 1economic studies
	1b
	Individual RCT (with narrow confidence interval)
	Individual inception cohort study with > 80% follow-up; CDR validated in a single population
	Validating cohort study with good reference standards; or CDR tested within one clinical center
	Prospective cohort study with good follow-up
	Analysis based on clinically sensible costs or alternatives; systematic review(s) of the evidence; and including multi-way sensitivity analyses
	2a
	SR (with homogeneity) of cohort studies
	SR (with homogeneity) of either retrospective cohort studies or untreated control groups in RCTs
	SR (with homogeneity) of Level >2 diagnostic studies
	SR (with homogeneity) of Level 2b and better studies
	SR (with homogeneity) of Level >2 economic studies
	2b
	Individual cohort study (including low quality RCT; e.g., <80% follow-up)
	Retrospective cohort study or follow-up of untreated control patients in an RCT; Derivation of CDR or validated on split-sample only
	Exploratory cohort study with good reference standards; CDR after derivation, or validated only on split-sample or databases
	Retrospective cohort study, or poor follow-up
	Analysis based on clinically sensible costs or alternatives; limited review(s) of the evidence, or single studies; and including multi-way sensitivity analyses
	2c
	“Outcomes” research; ecological studies
	“Outcomes” research
	Ecological studies
	Audit or outcomes research
	3a
	SR (with homogeneity) of case-control studies
	SR (with homogeneity) of 3b and better studies
	SR (with homogeneity) of 3b and better studies
	SR (with homogeneity) of 3b and better studies
	3b
	Individual case-control study
	Non-consecutive study; or without consistently applied reference standards
	Non-consecutive cohort study; or very limited population
	Analysis based on limited alternatives or costs, poor quality estimates of data, but including sensitivity analyses incorporating clinically sensible variations
	4
	Case-series (and poor quality cohort and case-control studies)
	Case-series (and poor quality prognostic cohort studies)
	Case-control study, poor or non-independent reference standard
	Case-series or superseded reference standards
	Analysis with no sensitivity analysis
	5
	Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”
	Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”
	Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”
	Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”
	Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”
	2.2.2. Scheme of the Grade of Recommendation

	The GGPO-method requires the allocation of recommendation levels by the guideline authors in a formal consensus process. Therefore, a chaired, multi-part, nominal group process was implemented by the AWMF. At the end of this process, the recommendations were formally voted on by the elected representatives who were entitled to vote (see Chapter 1.8). The results of each vote were allocated to the recommendations according to the categories in Table 5.
	For all evidence-based statements (see Chapter 2.2.5) and recommendations, the evidence level (see Chapter 2.2.1) of the underlying studies as well as for recommendations the degree of recommendation (recommendation level) are shown. Three degrees of recommendation are distinguished in this guideline (see Table 4) which also reflect the formulation of the recommendations. 
	Table 4: Scheme of the Grades of Recommendation
	Grade of Recommendation
	Description
	Phrasing
	A
	Strong recommendation
	shall/has to
	B
	Recommendation
	should
	0
	Recommendation open
	can
	2.2.3. Clinical Evaluation – Classification of the Grade of Recommendation

	(according to the recommendations of the European Council 2001)
	In general, the evidence classification determines the recommendation level. Deviations are possible for justified reasons (see further criteria in Figure 1)./
	Figure 1: Overview of Recommendation Grading
	2.2.4. Classification of the Degree of Consensus

	Table 5: Classification of the Degree of Consensus
	Degree of consensus
	Percent agreement
	Strong consensus
	Agreement from >95% of participants
	Consensus
	Agreement from >75-95% of participants
	Majority Agreement
	Agreement from >50-75% of participants
	No Consensus
	Agreement from less than 50% of participants
	2.2.5. Statements

	Statements are interpretations or comments on specific issues and problems without direct call for action. They are passed in a formal consensus process according to the procedure for recommendations. They are based either on study results or expert opinion. 
	2.2.6. Good Clinical Practice (GCP) 

	Recommendations are declared as ‘Good Clinical Practice (GCP)’ if no literature search was done. In general these recommendations address procedures of good clinical practice to which no scientific studies are necessary or expected. No symbol was used for the level of GCPs. The degree of recommendation results from the wording that is used (must/should/can) according to the grading in Table 4.
	2.2.7. Independence and Declaration of Possible Conflict of Interest

	This guideline was financed by the German Cancer Aid as part of the German Guideline Program in Oncology. The financial means were used for personnel costs (medical documentation specialists), office materials, literature acquisition, and telephone and consensus conferences (room charges, equipment, expenses, moderator honoraria, travel costs for the participants). The travel costs were reimbursed according to the German Travel Cost Law and/or according to the guidelines normally followed in universities. The editorial updating of the guidelines was independent of financing organizations. All members of the guideline groups presented a written declaration of any potential conflicts of interest (see guideline report under http://leitlinienprogramm-onkologie.de/Leitlinien.7.0.html). We thank them for their strictly honorary work, without which this guideline could not have been prepared.
	2.3. Abbreviations Used

	Abbreviation
	Explanation
	AFAP
	Attenuated FAP
	AHB
	Follow-up treatment
	ASS
	Acetylsalicylic acid
	AWMF
	Task Force of Scientific Medical Professional Societies
	BMI
	Body Mass Index
	CEA
	Carcino-embryonic Antigen
	CRC
	Colorectal cancer
	CT
	CT scan
	CTC
	CT-Colonography
	CU
	Colitis Ulcerosa
	DGE
	German Society for Nutrition
	EGD
	Esophagogastroduodenoscopy
	FAP
	Familial Adenomatose Polyposis
	FOBT
	Fecal occult blood test
	HNPCC
	Hereditary colorectal cancer without polyposis
	IEN
	Intra-epithelial neoplasia
	iFOBT/ FIT
	Immunologic FOBT
	IHC
	Immunhistochemical test
	LITT
	Laserinduced interstitial thermotherapy
	LL
	Guideline
	MAP
	MUTYH-associated polyposis
	MMR
	Mismatch-repair gene
	MSA
	Microsatellite analysis
	MSCT
	Multi-slice-CT
	MSI
	Microsatellite instability
	MSI-H
	Microsatellite instability high
	MSI-L
	Microsatellite instability low
	MSS
	Microsatellite stability
	OR
	Odds Ratio
	PCI
	Peritoneal cancer index
	PET
	Positron emission tomography
	PJS
	Peutz-Jeghers-syndrome
	PSC
	Primary sclerosing cholangitis
	RCT
	Randomized controlled study
	RFA
	Radiofrequency ablation
	RR
	Relative risk
	SIRT
	Selective internal radiation therapy
	SR
	Systematic review
	WHO
	World Health Organization
	2.4. Editorial Note:

	The current update affects Chapters 3, 4, 5, 7, and 10 as well as individual sections from Chapters 6, 8, and 9. The date of the last respective update is shown in the recommendation box. For the updated chapters, the citations are given in the background text as well as in the recommendation box. In the chapters that were updated in 2007/2008 references are merely mentioned in the text. 
	In a pilot project, an external expert (PD Dr. A. Riphaus) was commissioned to exemplarily do a literature search on gender-specific differences for the topic prevention and follow-up care. The systematic search revealed that no recommendation can be given on gender-specific treatments. 
	Therefore, in this guideline the term "patient" is used for women and men. This merely makes reading the text easier. 
	3. Prevention Asymptomatic Population
	3.1. Lifestyle Habits

	1. 3. 
	Recommendation
	2013
	Grade of Recommendation
	B
	To reduce the risk of colorectal cancer regular physical activity is recommended. 
	Level of Evidence
	2a
	Evidence from update literature search: [1-12]
	Strong consensus
	2. 3.
	Recommendation
	2013
	Grade of Recommendation
	B
	To reduce the risk of colorectal cancer weight reduction is recommended for overweight persons. 
	Level of Evidence
	2a
	Evidence from update literature search: [1, 8, 13-18]
	Strong consensus
	3. 3.
	Recommendation
	2013
	Grade of Recommendation
	A
	It is recommended to refrain from smoking.
	Level of Evidence
	2a
	Evidence from update literature search: [1, 10, 19-25]
	Strong consensus
	Background
	Cross-studies and prospective cohort studies have shown that people with a high level of physical activity have fewer colon polyps (adenomas). In addition, they have an up to 30 % lower risk of cancer. Already 30 to 60 minutes of moderate physical activity per day is associated with a lower cancer risk [1-12].
	There is a positive association between occurrence of colon polyps (adenomas) and colorectal cancer and a higher BMI as well as an increase in waist circumference. This effect is seen with a BMI >25 kg/m2 , increases linearly with the BMI, and is more pronounced in men than women. The risk of colon cancer was up to twice as high in overweight persons especially with truncal obesity [18]. It is not clear whether the risk increase is due to obesity, altered hormone levels, increased calorie uptake, or absence of physical activity [1, 8, 13-18].
	Smoking is associated with a risk for colon adenomas that is twice as high and an increased risk of cancer [1, 10, 19-25].
	3.2. Diet Recommendations

	4. 3.
	Statement
	2013
	Level of Evidence
	2b
	A specific diet recommendation to reduce the CRC risk can currently not be given. 
	Evidence from update literature search: [26-32]
	Consensus
	5. 3.
	Consensus-based Recommendation
	2013
	GCP
	The general diet recommendations of the DGEM should be followed.
	Consensus
	Background
	In a detailed literature review from 2010, a connection between a "healthy" or an "unhealthy" diet and colorectal cancer was viewed as probable. A "healthy" diet was designated by the authors as including a high consumption of fruit and vegetables as well as reduced intake of red and processed meat. In contrast, an "unhealthy" was characterized by a large uptake of red and processed meat, potatoes, and refined starch [26]. Original publications in the last years have repeatedly observed an association between diet factors and the manifestation of CRC. They were rated with an evidence level between 2b and 4 [27-30]. However, there have also been studies that found no correlation between diet factors and CRC [31, 32]. These are associations and not intervention studies. Whether these observations warrant specific diet recommendations for the prevention of CRC has not been studied so far. Therefore, despite the outlined relationships, currently no specific diet recommendations can be made. Instead, to reduce the risk of cancer, it is recommended to follow the current diet recommendations of the DGE. The associations between the uptake of specific foods and the risk of CRC will be demonstrated in more detail below. It should also be stressed here that a diet that does not cause weight gain is recommended (see Chapter 3.1).
	6. 3.
	Recommendation
	2013
	Grade of Recommendation
	B
	To reduce the risk of CRC fiber uptake should be at least 30 g per day.
	Level of Evidence
	2a
	Evidence from update literature search: [33-37]
	Consensus
	Background
	Despite controversial data, the evidence is sufficient to recommend a fiber rich diet of 30 g/day [33-37]. A current British study that summarizes data from seven cohort studies showed an inverse correlation between fiber uptake and cancer risk. The comparison of the daily fiber consumption of 10 and 24 g in this study demonstrated that a higher consumption was associated with a colon cancer risk reduction of 30 % [33]. In another study which summarized 13 prospective cohort studies showed similar results. Although the pooling project of prospective studies of diet and cancer demonstrated an even greater range between the lowest and highest quintile of fiber uptake, a significant inverse correlation was observed between fiber consumption and cancer risk after age-adjusted analysis, but not after adjustment according to other diet related risk factors [36]. These limited positive data may be due to the fact that the recording of the fiber consumption was merely done at the start of the study, which may reflect an incorrect long-term uptake. Despite the limited results, the remaining statements are very robust, because they are based on a large collective. Therefore, the recommendation level B was determined. 
	7. 3.
	Recommendation
	2013
	Grade of Recommendation
	B
	To reduce the risk of CRC alcohol consumption should be restricted. 
	Level of Evidence
	2a
	Evidence from update literature search: [38-41]
	Consensus
	Background
	There is a positive correlation between high alcohol consumption and the development of CRC [38-41] especially in persons with low folic acid and/or methionine uptake [39]. Abstinent persons and persons who drink little alcohol have a significantly lower cancer risk [38-41]. A meta-analysis of 14 prospective cohort studies showed that already an alcohol intake of 100 g per week is associated with a 15 % increase in colon as well as rectal cancer risk [41]. The risk correlates with the amount of alcohol consumed not with the type of alcoholic beverage [39].
	8. 3.
	Recommendation
	2013
	Grade of Recommendation
	B
	Red or processed meat should only be consumed in small amounts (not daily). 
	Level of Evidence
	2a
	Evidence from update literature search: [37, 42-46]
	Consensus
	Background
	A high consumption of red meat (beef, veal, pork, and lamb) and processed meat is associated with a higher CRC risk [37, 42-46]. There is no positive correlation between poultry and/or poultry products [45]. The positive association is most likely due to the processing and preparation as demonstrated by data of the Prostate, lung, colorectal, and ovarian cancer trials. Especially the regular consumption of well-done red meat, bacon, and sausages correlates with a significantly increased CRC risk [46].
	9. 3.
	Statement
	2013
	Level of Evidence
	2a
	No recommendation can be given about an increased fish consumption.
	Evidence from update literature search : [42, 44, 45, 47-49]
	Consensus
	Background
	A meta-analysis by Geelen et al. which summarized 19 cohort studies investigated the influence of fish consumption on the CRC risk. A comparison of the lowest and highest weekly fish uptake showed that higher consumption is associated with a 12 % lower cancer risk. The greater the difference between the lowest and highest fish uptake was, the more pronounced the correlation became [47]. However, the data are contradictory. This is probably due to the different amounts of fish that were consumed in the different studies [42, 44, 45, 47-49]. Even though it can be assumed that eating more fish can slightly lower the CRC risk, no recommendation is currently given, because the data are not conclusive. 
	10. 3.
	Consensus-based Statement
	2013
	GCP
	A connection between consumption of coffee/tea and a reduced risk of CRC has not been confirmed. Therefore, no recommendation can be given for coffee and tea consumption.
	Strong consensus
	Background
	There are three meta-analyses on this issue that did not find a correlation between coffee and/or tea consumption and CRC risk [50-52].
	11. 3.
	Consensus-based Recommendation
	2013
	GCP
	Even though the data on the prevention of CRC are not conclusive, increased amounts of fruits and vegetables should be eaten (5 portions per day).
	Consensus
	Background
	In a case control study and a cohort study an inverse correlation was seen between increased ingestion of fruits and vegetables and a reduced CRC risk [53, 54]. However, a meta-analysis showed that increased fruit and vegetable consumption is merely associated with a 6-9% reduced CRC risk. A stronger inverse correlation was observed for distal colon cancer [55]. However, it is unknown which components (fiber, secondary plant products) have this protective effect. Even though the data on the reduction of CRC risk are not consistent, it is viewed as beneficial to eat more fruits and vegetables, because regular consumption probably decreases disease risk in general. 
	12. 3.
	Consensus-based Statement
	2013
	GCP
	There is no connection between food preparation or food fat components and CRC risk.
	Consensus
	Background
	It has been repeatedly discussed whether food preparation or the proportion of potentially toxic fatty acids e.g. trans fatty acids resulting from cooking increase the risk of CRC. The data from the literature on this issue are scarce and inconsistent. Thus, it must be concluded that there is no clear connection. This was studied in the US in a recent prospective population-based cohort study. This trial in 35,000 women confirmed that trans fatty acids do not increase the risk of CRC [56].
	Furthermore, there are no specific recommendations on the consumption of fat with respect to CRC risk reduction. Several studies exist that did not find a connection between fat consumption and manifestation of CRC. An effect resulting from cofactors such as intake of red meat or type of preparation cannot be sufficiently differentiated [30, 31, 37, 47, 57-59].
	13. 3.
	Statement
	2013
	Level of Evidence
	2b
	There is no connection between acrylamide uptake and CRC risk. 
	de Novo: [60-63]
	Strong consensus
	Background
	A Swedish prospective population-based cohort study in more than 45,000 men found no connection between acrylamide in food and CRC risk using a Food Frequency Questionnaire (FFQ) [60]. This study confirmed previous trials that showed no connection between acrylamide and CRC manifestation in men and women [61-63].
	3.3. Micronutrients

	14. 3.
	Recommendation
	2013
	Grade of Recommendation
	B
	At this time there are no verified data on the effective prevention of colorectal cancer by micronutrients. Therefore, supplementation with these substances is not recommended for primary CRC prevention.
	Level of Evidence
	This recommendation is valid for...
	Evidence basis
	2b
	…vitamins…
	de Novo: [64]
	3b
	… including -carotene
	de Novo: [64]
	3b
	… vitamin A
	de Novo: [64]
	4
	... vitamin C, vitamin D, vitamin E
	de Novo: [64-66]
	1a
	... and folic acid
	de Novo: [67-71]
	1b
	These recommendations are also valid for calcium
	Update literature research: [65, 66, 72-74]
	2b
	... magnesium
	de Novo: [75]
	2b
	... and selenium.
	de Novo: [76, 77]
	Strong consensus each
	Background
	The following list pertains to micronutrient supplements, some in pharmacological doses which can usually not be reached by eating foods such as fruits, vegetables, and milk products. 
	A moderate clinically non-relevant inhibitory effect on the recurrence of colon adenomas was observed for calcium [72-74]. However, data on a CRC risk reducing effect of calcium or vitamin D, alone or in combination, were not convincing [65, 66]. 
	There is no evidence that the intake of beta-carotene, vitamin A, or vitamin E can reduce the CRC risk. A meta-analysis [64] demonstrated, on the contrary, that supplementation of the aforementioned vitamins, alone or in combination was associated with an increased general mortality. 
	There is no clear evidence that taking high doses of vitamin C will reduce CRC risk. 
	A CRC risk reducing effect of folic acid has so far not been conclusively proven [67]. Studies on the recurrence of colon adenomas led to divergent results [68-71].
	An intervention study with a selenium supplement and the primary endpoint "CRC-incidence" has not been done to date. The correlation of low selenium levels in serum and an increased adenoma risk is not sufficient to make a recommendation on selenium supplementation [76, 77].
	3.4. Drugs

	15. 3.
	Recommendation
	2013
	Grade of Recommendation
	A
	COX-2 inhibitors shall not be taken prophylactically against CRC by the asymptomatic population.
	Level of Evidence
	3b
	de Novo: [78-81]
	Consensus
	16. 3.
	Recommendation
	2013
	Grade of Recommendation
	B
	Statines should not be taken as a primary prophylaxis against CRC.
	Level of Evidence
	2b
	de Novo: [82]
	Strong consensus
	17. 3.
	Recommendation
	2013
	Grade of Recommendation
	A
	Acetylsalicylic acid shall not be taken prophylactically against CRC by the asymptomatic population.
	Level of Evidence
	2a
	Guideline adaptation: [83-86]
	Consensus
	18. 3.
	Recommendation
	2013
	Grade of Recommendation
	A
	Hormone therapy should not be given for CRC risk reduction in women.
	Level of Evidence
	1a
	Guideline adaptation: [87, 88]
	Strong consensus
	Background
	One positive case control study, but no randomized studies exist for the use of cyclooxygenase-2 (COX-2) inhibitors for primary CRC prevention [78]. Three randomized studies on the secondary prevention with Celecoxib or Rofecoxib following polypectomy show consistently that COX-2-inhibitors significantly decrease the relapse risk for colorectal adenomas [79-81]. However, all three studies showed a pronounced increase in cardiovascular morbidity.
	A current meta-analysis of case control, cohort, and randomized studies confirms a significant, but small effect of statines on primary prevention of CRC [82]. A phase III study on secondary prevention of colon adenomas demonstrated that ursodesoxycholic acid only reduced the risk of adenomas with high-grade dysplasia, but not for adenomas in general [89]. Prospective studies on the primary prevention of adenomas using ursodesoxycholic acid do not exist.
	A meta-analysis of 2 large randomized studies with a total of 7500 participants showed that the use of 300 mg or more of acetylsalicylic acid per day for 5 years reduces the risk of CRC with a latency of 10 and more years [84]. Another meta-analysis of 8 randomized studies with a total of 25,570 participants indicates that the daily use of at least 75 mg ASS reduces the mortality of CRC with a latency of 10 years [85]. Cohort and case control studies on the use of non-steroidal antirheumatics (NSAR) describe a reduced incidence of CRC. However, this has not been confirmed in randomized studies [84]. Due to the frequent incidence of gastrointestinal bleeding under ASS [86] and the missing evaluation of the benefit/risk ratio, the guideline group follows the guideline of the US Preventive Services Task Force on the use of ASS or NSAR for the primary prevention of CRC from the year 2007. It does not recommend the use ASS and NSAR for the primary prevention of CRC [83].
	Hormone therapy can reduce the risk of CRC [88]. Due to the increased incidence of adverse events especially venous thromboembolisms, hormone therapy can be recommended for postmenopausal women, but not for primary prevention of CRC. The guideline group is following the recommendations of the U.S. Preventive Services Task Force Guideline on the use of hormone therapy in postmenopausal women [87] and the guideline Hormone Therapy in Peri- and Postmenopause of the German Society for Gynecology and Obstetrics [90].
	4. Screening Asymptomatic Population
	Asymptomatic Population – Definition:
	Persons who do not belong to a colorectal cancer risk group.
	4.1. Screening -Age

	1. 4.
	Consensus-based Recommendation
	2013
	GCP
	Colorectal cancer screening should begin at the age of 50 for asymptomatic persons. Due to the increased life expectancy, no upper age limit for screening can be given for colon cancer screening. An individual decision should be made considering comorbidities. 
	Strong consensus
	Background
	The incidence of CRC increases significantly after age 50 [91, 92]. A prospective colonoscopy study showed that there was a lower rate of advanced adenomas among 40 to 49 year old subjects (3.5%) [93]. Of great importance is the identification of persons with an increased risk of CRC, for whom special recommendations apply (see Chapter 5).
	There are no prospective studies concerning an age limit for colorectal cancer screening. FOBT-studies included only persons up to age 75. The US Preventive Task Force discourages screening persons over 85 years of age and generally recommends that screening should not be done in persons age 76 to 85 years [94]. However, it may be considered for individual cases. The incidence of advancing neoplasias increases with age [95]. Performing endoscopic procedures also seems to be safe in older patients [96]. However, in a cohort study the complication rate increased with age [97]. In another study the relative five-year survival rate after curative operations of colorectal cancer for patients over 74 years of age were comparable with patients aged 50 to 74 [98]. Therefore, the use of CRC screening should be considered individually depending on "biological age" and existing comorbidities. There are insufficient data on the benefit/risk ratio for colorectal cancer screening in different age groups.
	4.2. Methods of Colorectal Screening/Prevention

	Two types of methods must be differentiated for the screening of CRC. One detects mainly cancer (FOBT, genetic stool tests, M2-PK) and the other can additionally detect adenomas (colonoscopy, sigmoidoscopy, CT-colonography, capsule endoscopy). The following procedures will be discussed:
	* Colonoscopy
	* Sigmoidoscopy
	* FOBT
	* Genetic and other stool tests
	* CT-colonography
	* Capsule endoscopy
	4.2.1. Endoscopic Methods

	Colonoscopy has the highest sensitivity and specificity of all methods for the early detection of colorectal neoplasia (therefore it is considered as ‘gold standard’). Only endoscopic methods are diagnostic as well as therapeutic methods and have the advantage that they can detect non-bleeding cancer and adenomas with high sensitivity. By removing adenomas, the development of cancer can be effectively prevented (interruption of the adenoma-carcinoma sequence) [99, 100]. In addition, as was recently demonstrated, the CRC-associated mortality is reduced [101].
	Although the participation rate was low compared to FOBT, individual randomized studies showed that in an intention to screen analysis both sigmoidoscopies [102] and colonoscopies [103] detect more advanced neoplasias. This was particularly due to the clearly higher sensitivity for advanced adenomas. 
	4.2.1.1. Colonoscopy

	2. 4.
	Recommendation
	2013
	Grade of Recommendation
	B
	The complete quality assured colonoscopy has the highest sensitivity and specificity for the detection of cancer and adenomas and therefore should, be used as the standard CRC screening test. After a negative examination, colonoscopies should be repeated every 10 years. Colonoscopies should be performed according to the German Prevention Guidelines [104] including a digital rectal examination. For those taking part in colonoscopy screening according to the guideline additional FOBT screening is not necessary.
	Level of Evidence
	3b
	De Novo: [97, 105-120]
	Strong consensus
	Background
	In contrast to FOBT and sigmoidoscopy no results from randomized studies exist for CRC screening and prevention. Such studies have been initiated in Europe and the US. However, results are expected at the earliest in 15 years. Nonetheless, the use of colonoscopy is supported by indirect evidence. An external literature search identified a study from Germany. In this study patients with a CRC diagnosed by screening colonoscopy had a better prognostis than patients who had a colonoscopy because of symptoms. [105]. Another US trial demonstrated that a cohort of 715 persons who had screening colonoscopies had a significantly reduced CRC-associated mortality and incidence compared to the control collective [106].
	Large cohorts including from Germany showed colonoscopies can detect a large number of cancer at an early stage as well as adenomas in the whole colon [97]. In Germany, about 1/3 of the detected cancer in screening colonoscopies are located proximal to the colon descendens [97]. In further studies, 46 to 52% of patients with proximal neoplasias had no additional distal adenomas [107, 108]. A diagnosis of neoplasias using sigmoidoscopy would have been impossible in these patients. 
	The results of the sigmoidoscopy case-control studies and the randomized UK study on sigmoidoscopy which both show reduction of cancer incidence and mortality should be transferable to colonoscopy [109-112]. However, the effect in the proximal colon seems to be smaller than in the distal colon [113-115]. The protective effect shown in FOBT studies ultimately results from performing colonoscopies in patients with positive tests.
	The colonoscopy complication rate in a German study with volunteers was very low [116]. These results have recently been confirmed [97]. However, it is likely that not all complications were detected, because late complications were only incompletely recorded. Tandem examinations showed that larger adenomas were seldom missed (0-6%) [117].
	If a colonoscopy is negative, it should be repeated after 10 years. Colonoscopies performed 5.5 years after negative endoscopy results, showed no cancer and less than 1% advanced neoplasias [118]. Case control studies indicate that after a negative colonoscopy the cancer risk remains very low even after more than 10 years [113, 119].
	It is very important that the colonoscopy is performed with the best possible quality. In Germany, there are clear guidelines for performing colonoscopies [104].
	4.2.1.2. Sigmoidoscopy

	3. 4.
	Recommendation
	2013
	Grade of Recommendation
	B
	Quality assured sigmoidoscopies should be offered as a screening measure to those who refuse a colonoscopy.
	Level of Evidence
	2b
	De Novo:[121]
	Strong consensus
	4. 4.
	Recommendation
	2013
	Grade of Recommendation
	B
	For the possible detection of proximal cancer, an annual FOBT test should be performed in addition to a sigmoidoscopy. 
	Level of Evidence
	3b
	De Novo:[109, 112, 122-129]
	Strong consensus
	Background
	The effectiveness of sigmoidoscopy as a screening method for CRC has been proven. An English randomized study comparing a single sigmoidoscopy to no screening after a follow-up of 11.2 years, showed that the CRC associated mortality was reduced by 43 % and the incidence of colorectal cancer by 33 % [121]. The incidence of distal cancer was 50 % lower. 
	However, it should be taken into consideration that not all sections of the colon can be viewed using sigmoidoscopies. In accordance, a sigmoidoscopy study showed that the incidence of proximal cancer was not affected. In this case colonoscopies are superior to sigmoidoscopies.
	The protective effect of sigmoidoscopies for distal neoplasias appears to last for 6 to 10 years [112, 122], and in one study even as long as 16 years [123]. However, a study with 9,417 subjects who underwent a sigmoidoscopy 3 years after a negative one showed advanced adenoma or cancer in the distal colon in 0.8% of the cases [124]. Another study in 2,146 participants with negative sigmoidoscopies compared screening/follow-up intervals of 3 and 5 years [125]. The rate of advanced neoplasias did not differ significantly (0.9% vs. 1.1%). Thus, a follow-up exam after a negative result is recommended after 5 years.
	Because proximal tumors cannot be detected with a sigmoidoscopy, an additional annual FOBT is recommended. It should be performed before sigmoidoscopy, because a positive test requires a colonoscopy and, thus, an additional sigmoidoscopy can be avoided. However, a reduction of CRC-related mortality using a combination of sigmoidoscopy and FOBT has not yet been proven. A prospective non-randomized study found a lower CRC-related mortality for the combination, but the results failed to meet the test for significance and the compliance was exceptionally low [126]. In several studies, however, a combination of sigmoidoscopy and one-time FOBT was not significantly better than sigmoidoscopy alone [127, 128]. In the most recent study from Japan, a combination of sigmoidoscopy and FIT detected 10% (absolute) more advanced neoplasias [129]. 
	However, it should be considered that currently in Germany sigmoidoscopies are not covered by the health insurance catalogue of benefits and, thus, they cannot be charged. Furthermore, in contrast to screening colonoscopies no quality assurance measures are established for sigmoidoscopies. In England, a requirement for the participation in a sigmoidoscopy study was at least 50 supervised and 100 independent sigmoidoscopies [109]. Every examination was documented on video. The colon depth that was reached, the quality of colon preparation, and the results were recorded. 
	4.2.1.3. Capsule-Colonoscopy

	5. 4.
	Recommendation
	2013
	Grade of Recommendation
	B
	Capsule colonoscopy should not be used for colon cancer screening in the asymptomatic population.
	Level of Evidence
	4
	De Novo: [130-136]
	Strong consensus
	Background
	A literature search on capsule colonoscopy for screening did not identify any studies. There are a number of case series on sensitivity and specificity of colorectal neoplasias using the first capsule generation [130-134]. For the second capsule generation (PCC2) with improved technical characteristics, a sensitivity of 84-89 % was reported for polyps larger than 6 mm [135, 136]. However, this was a small cohort with preselected patients so that currently its use for colorectal cancer screening cannot be recommended for the general population.
	4.2.2. Stool Tests
	4.2.2.1. Fecal Occult Blood Test (FOBT)


	6. 4.
	Recommendation/Statement
	2013
	GCP
	For persons with an average CRC-risk who do not want a colonoscopy, a FOBT should be conducted annually. 
	Strong consensus
	7. 4.
	Statement
	2008
	Level of Evidence
	1a
	A positive test result requires endoscopic examination of the entire colon.
	Strong consensus
	8. 4.
	Statement
	2013
	Level of Evidence
	1b
	Annual FOBTs are better to reduce CRC-associated mortality than testing once every two years.
	De Novo: [137]
	Strong consensus
	9. 4.
	Statement
	2008
	Level of Evidence
	1a
	For those who take part in colonoscopy screening, there is no need for any additional FOBT or other screening tests.
	Strong consensus
	10. 4.
	Recommendation
	2013
	Grade of Recommendation
	0
	Immunologic FOBTs (iFOBT) with a proven high specificity of >90% and sensitivity may be used alternatively to the Guaiac test. 
	Level of Evidence
	3a
	De Novo: [102, 138-146]
	Strong consensus
	Background
	The basic principle of stool testing for occult blood is that colorectal cancer bleed more often than normal colorectal mucosa. Traditional FOBTs use filter paper impregnated with Guaiac resin which after adding hydrogen peroxide turns blue in the presence of hemoglobin in the stool. In Germany, there are currently three Guaiac tests available: Hemoccult®, HemoCare®, and HemoFEC®. The most sensitive gFOBT (Hemoccult Sensa®) is not available in Germany. Because many cancer bleed intermittently [147], repeated testing is required in order to improve detection of CRC [148, 149]. Accordingly, in the studies three consecutive stools with 2 samples per stool were tested using test cards with two fields each (i.e. 6 fields total) [150].
	The results of four large randomized studies exist on the effectiveness of FOBT as a screening method for colorectal cancer [137, 151, 152]. In the most recent meta-analysis of these studies, a reduction of CRC-associated mortality by 25% was shown for those patients who had an FOBT at least once (relative risk 0.75, 95%CI 0,66 – 0.84) [153]. In three of the four studies a gFOBT was done every 2 years. When comparing tests every year with tests every two years, the annual testing was better with regard to reduction of mortality [137].
	Test sensitivity and specificity are particularly dependent upon test handling and patient instruction. A rehydration of the test fields before their development increases screening sensitivity, but clearly reduces specificity (in one study from 97.6% to 90.2%, in another study from 97 to 85.4% [137, 154]) and is, therefore, not recommended. There is evidence that instructing patients before conducting the test on nutrition and interfering drugs can reduce the number of false positive tests and, therefore, the number of necessary colonoscopies [155-157]. Therefore, it seems helpful to explain to patients the factors which can influence test results. The influence of plant peroxidases can alternatively be prevented by waiting for 3 days before test development [158]. However, the necessity of dietary restrictions for FOBT was questioned in a meta-analysis [159]. 
	If one test field is positive for occult fecal blood, a complete colonoscopy after digital rectal examination is mandatory. Unfortunately, even under study conditions in some cases less than 90% of all persons with positive FOBT had a colonoscopy [160]. In one study it was even only 64% [161]. 
	The effect of FOBTs on CRC-mortality results from the diagnosis of colorectal cancer at an earlier stage with a more favorable prognosis. Advantages of FOBT include an easy test performance as well as low costs. A disadvantage is the moderate sensitivity for cancer and the low sensitivity for adenomas. In one randomized study a reduction in colorectal cancer incidence was shown; it must be considered, however, that in the context of this study over 30% of the participants underwent a colonoscopy [162].
	Immunological tests specifically detect human hemoglobin. Thus, no change in diet is necessary during testing. In contrast to the gFOBT, some tests also have the option of automated analysis and changing the hemoglobin threshold values which would be considered positive. Tests are either called immunologic FOBT (iFOBT) or fecal immunochemical tests (FIT). Currently in Germany, they are not covered by health insurance. In contrast to the gFOBT, there are no studies with an endpoint of CRC-associated mortality reduction. However, there are a number of randomized studies which compare individual iFOBTs directly with certain gFOBTs. In a meta-analysis of these studies identified in a literature search individual iFOBTs (OC-Sensor)) were significantly better at detecting advanced neoplasia than the Hemoccult® test (pooled odds ratio (OR) of 2.12 (95% CI 1.66–2.71) [138]. In two studies which compared the gFOBT HemoFEC® or Hemoccult Sensa® with an iFOBT (Inform® or FlexSure®), however, no significant difference was found [138]. In particular, in the two largest randomized studies from The Netherlands a significant difference was found suggesting a superiorbity of the iFOBT used (OC-Sensor) over the Hemoccult.
	Sensitivity and specificity of iFOBT available in Germany vary greatly so that the general use of iFOBTs is not recommended [140]. It seems necessary to prove a sufficient sensitivity and especially the specificity individually for each iFOBT that will be used for screening. The lowest acceptable specificity limit is considered to be 90%. The results of screening studies suggest that, if a corresponding cut-off is adjusted, a similarly high specificity of >90% as for the gFOBTs can be reached for the iFOBT with much higher sensitivity [141, 142]. Currently, the optimal hemoglobin content at which the iFOBT should be considered positive is under discussion. In both Dutch publications the limit was 100 ng/ml. In the included studies one stool sample each was examined using the iFOBT. Some data show that the testing of several stool samples increases its sensitivity [143-145]. However, a trial from The Netherlands shows that reducing the cut-off has a similar effect [146].
	Overall the data show that iFOBT, for which there are appropriate data, are a useful substitute for gFOBT.
	4.2.2.2. Genetic Screening Tests

	11. 4.
	Recommendation
	2013
	Grade of Recommendation
	B
	Stool tests that measure DNA changes cannot be recommended for CRC screening in the asymptomatic population. 
	Level of Evidence
	3b
	De Novo: [163-168]
	Strong consensus
	Background
	In many cases, the development of colorectal cancer through the intermediate step of the adenoma takes place with characteristic genetic changes. Isolation and testing of DNA from colon epithelial cells in the stool is possible [163-166]. This procedure has the advantage that theoretically non-bleeding lesions could also be identified. In a study by Imperiale which included almost 5,500 asymptomatic persons, stool samples of 2,500 participants were tested for a total of 23 genetic variants. They were then compared to the gFOBT [167]. The sensitivity of the genetic tests was higher than for the gFOBT. However, it was merely 50% for cancer and 15% for advanced adenomas with costs of several hundred US Dollars per test and a tedious procedure. A literature search identified only one other study [168]. In this prospective study 3,764 asymptomatic persons aged 50 to 80 years had a gFOBT and a colonoscopy. Of these, 2,497 participants had stool samples tested with a DNA-panel I with the same markers as in the Imperiale study and 217 with a DNA-panel II with only 3 mutations including the methylation marker vimentin. The sensitivity for relevant neoplasias was 20% for DNA-panel I and 40% for DNA-panel II. The sensitivity for the Hemoccult®-test was 11%, for the Hemoccult-Sensa® 21%. The specificity for the DNA-panel II was not determined. Overall panel I was better than one of the gFOBTs (Hemoccult®) and equal to the other gFOBT (HemoccultSensa®). Panel II seemed to be better than both gFOBT. However, it was only tested in a small proportion of the participants.
	In summary, the data and results are not sufficient when considering the effort and costs of each test. Therefore, they can currently not be recommended.
	4.2.2.3. M2-PK

	12. 4.
	Recommendation
	2013
	Grade of Recommendation
	B
	The M2-PK stool test should not be used for colon cancer screening in the asymptomatic population. 
	Level of Evidence
	4
	De Novo: [169, 170]
	Strong consensus
	Background
	The majority of studies were done on preselected patient collectives. Thus, no conclusion can be made on the relevance of the test for screening the asymptomatic population. In externally performed literature searches two studies were identified on analyzing screening populations [169, 170]. One study compared the M2-PK test with colonoscopies in 1082 asymptomatic persons. The sensitivity for advanced adenomas was 21.7% with a specificity of 82%. Another study including 1,079 participants compared the M2-PK test with different FOBT. The sensitivity for advanced neoplasia was 27.3% (compared to 7.3-20.0% for the FOBT) and a specificity of 86.2% (FOBT 92.9-94.0%). The positive predictive value for advanced neoplasia was 11.5% and lower than all FOBTs tested. Overall, the data are not sufficient to recommend the test for the screening of the asymptomatic population.
	4.2.3. Radiologic Tests

	13. 4.
	Recommendation
	2013
	Grade of Recommendation
	B
	Neither CT-colonography nor MR-colonography should be used for colon cancer screening in the asymptomatic population.
	In case of an incomplete colonoscopy (e.g. adhesions) und if the patient still insists on complete colon analysis a CT- or MR-colonography should be done. 
	Level of Evidence
	3b
	De Novo:[171-173]
	Strong consensus
	Background
	For the use of MR-colonography there are only individual small studies which do not provide enough data to recommend its use for screening. More data are available for CT-colonography (CTC). The two most current meta-analyses identified in the literature search comparing CTC with colonoscopy as screening procedures in the asymptomatic population showed a high sensitivity of 100 % detection for cancer and 87.9 % for adenomas ≥ 10 mm. The sensitivity for smaller adenomas was not as high [171, 172]. Furthermore, there is significant heterogeneity between the different studies. It remains unknown whether the study results that were attained at experienced centers are applicable to clinical practice. Also the relevance of extracolonic results is unclear. The method involves radiation exposure, which in Germany is prohibited according to the Radiation Protection Ordinance (StrlSchV §80). Thus, it is not allowed if alternative methods are available. The exact neoplasia risk due to CTC using modern equipment with reduced radiation dose is not known. It is also unclear which polyp size mandates a colonoscopy and in which interval patients with negative CTC or smaller polyps should be monitored [173].
	Patients who had an incomplete colonoscopy for technical reasons should be offered to repeat the procedure e.g. in a hospital or to have a CTC as an alternative to analyze the rest of the colon (see Chapter 6.1.)
	4.3. Cost Effectiveness

	14. 4.
	Statement
	2013
	GCP
	FOBT as well as sigmoidoscopy, colonoscopy, and the combination of sigmoidoscopy and FOBT have been shown to be cost-effective (in comparison to screening procedures for other diseases).
	Consensus
	Background
	Prospective studies looking at cost-effectiveness of different CRC screening procedures do not exist. Mathematical model calculations suggest that colonoscopy, sigmoidoscopy, and FOBT are cost-effective [139, 174-184].
	4.4. Recommendations of Other Included Guidelines

	According to the DELBI-criteria 2 guidelines were included for CRC screening, the recommendations of the US Preventive Task Force from 2008 [94] and the Asian Pacific consensus recommendation from 2007 [185]. The US-Preventive Task Force recommends the following methods: a sensitive FOBT (Hemoccult Sensa® and IFOBT/FIT) annually, a sigmoidoscopy every 5 years with an FOBT every 3 years, or a colonoscopy every 10 years. The use of CT-colonography and genetic stool tests is not recommended. Capsule endoscopy and the M2-PK-test are not listed. It should be mentioned that the Hemoccult Sensa® is not available in Germany.
	The Asian Pacific guideline recommends a FOBT (gFOBT und iFOBT) every 1-2 years, a sigmoidoscopy every 5 years, and a colonoscopy every 10 years. A CT-colonography is not recommended, and genetic stool tests, capsule endoscopies, and M2-PK-tests are not mentioned. 
	5. Risk Groups
	Persons who due to a special predisposition have a higher risk for the development of colorectal cancer in comparison to the normal population, usually belong to one of three defined risk groups:
	 People with a familial increased risk (genetic reasons not yet known) for a colorectal cancer
	 Proven or possible carriers for hereditary colorectal cancer
	 Persons at risk due to inflammatory bowel disease 
	5.1. Sporadic Colorectal Cancer
	5.1.1. Risk Groups
	5.1.1.1. Relatives of Patients with Colorectal Cancer



	1. 5.
	Statement
	2013
	Level of Evidence
	2a
	First degree relatives of patients with CRC have an increased risk of developing colorectal cancer.
	Evidence from update literature search: [186-200]
	Consensus
	2. 5.
	Statement
	2013
	Level of Evidence
	2b
	Second degree relatives have a slightly increased risk of developing colorectal cancer.
	Consensus
	Background
	About 20-30% of CRC cases occur as "familial cumulation" i.e. a cumulation of cancer can be observed within a family, although no specific genetic cause can be identified. In these cases the term "familial colorectal cancer" is used [186]. For first degree relatives (parents, siblings, children), the average CRC risk is increased by a factor of two to three. A further, three to four-fold risk increase is present if the index patient developed colorectal cancer before age 60 and/or more than one first degree relative had CRC [187-199]. In this group, there are also cases of undiscovered hereditary colon cancer (e. g. HNPCC; see below). The risk is higher for colon cancer than for rectal cancer (relative risk 2.4 vs.1.9). For first-degree relatives of affected patients, the CRC risk can be divided further. The risk for siblings is about 2.5-times higher than for the children. If the index patient developed colorectal cancer after age 60, the CRC risk for first degree relatives is only slightly increased [188, 200].
	Second degree relatives (grandparents, siblings of the parents, grandchildren) of patients with colorectal cancer have a slightly increased cancer risk (RR 1.5); however, this has not been adequately studied and verified in clinical practice [187, 190, 191, 201, 202]. Third degree relatives of patients with colorectal cancer do not seem to be at an increased cancer risk.
	5.1.1.2. Relatives of Patients with Colorectal Adenomas

	3. 5.
	Statement
	2013
	Level of Evidence
	2b
	First degree relatives of patients with a colorectal adenoma before age 50 have an increased colorectal cancer risk.
	Evidence from update literature search: [188, 191, 203-206]
	Consensus
	Background
	The risk for these relatives to develop colorectal cancer is on average about two-fold higher compared to the general population [188, 191, 203-206]; there is an 80% higher risk for parents and siblings of adenoma patients in comparison to their spouses [203]. Again the risk level depends on the age of the index patient: If this person is younger than 60, the average risk is only slightly increased. If the person is younger than 50, the risk is increased about 4.4 fold [204]. If the index patient is older than 60, the colorectal cancer risk is not significantly increased.
	Due to the data available, there is no evidence that the relatives of patients with hyperplastic polyps have an increased risk of developing a colorectal cancer. An exception is the extremely rare hyperplastic polyposis syndrome.
	5.1.1.3. Patients with Colorectal Adenomas

	4. 5.
	Statement
	2008
	Level of Evidence
	2b
	Every histologically verified adenoma poses an increased risk for a colorectal cancer. This is especially true for:
	[99, 100, 207, 208]
	Consensus
	Background
	In general, the removal of small singular adenomas results in a reduced risk of up to 90% to develop metachronous colorectal cancer [99, 100, 207, 208]. This reflects the preventive value of colonoscopies in the context of the adenoma-carcinoma sequence. The purpose of control examinations is especially to discover missed or metachronous adenomas.
	Adenomas larger than 1 cm are associated with a four-fold increase in cancer risk [191, 208-215]. In addition, multiple adenomas are also associated with an increased risk (4-6fold) of developing a metachronous cancer [191, 208, 210, 211, 213, 214]. On the one hand, this increased risk is likely due to a higher individual disposition and, on the other hand, to an increased rate of missed polyps during the initial colonoscopy. In case of detection of ≥3 polyps during colonoscopy there is a significantly higher chance of missed polyps [117, 216].
	5. 5.
	Consensus-based Recommendation
	2013
	GCP
	An increased familial colon cancer risk is identified by medical history. However, there is no mandatory documentation of the family history or their repetition in intervals. The use of standardized questionnaires may be useful to improve the identification of persons with increased risk.
	Strong consensus
	Background
	A risk assessment is usually performed by the physician using the medical history. One possibility to integrate the risk assessment in medical care would be the use of standardized questionnaires in the general practitioner's office at the age of 35 years as part of the check-up exam that is offered at this time. 
	If the patient does not come to the practice at the abovementioned time, the questioning can be done later by integrating it as a memo into the practice software. A corresponding concept is currently being considered in the Joint Federal Committee. 
	Other relevant sites are gynecologic practices, because regular visits are recommended for gynecologic cancer screening as well as gastroenterologic practices. 
	Furthermore, a number of questionnaires are freely accessable via the internet:
	* http://www.onkozert.de/hinweise_zertifizierung_genetische_beratung.htm 
	* http://www.netzwerk-gegen-darmkrebs.de/index.php?id=103 
	* http://www.felix-burda-stiftung.de/darmkrebs/frageboegen/index.php?f=2 
	* http://www.lebensblicke.de/darmkrebs/ 
	* http://www.ilco.de/darmkrebs/erblicher-darmkrebs.html 
	* http://www.krebsrisikotest.de/ 
	The questionnaire used by the "Netzwerk gegen Darmkrebs“ has been evaluated [217]. There are currently no data on the other questionnaires.
	5.1.2. Primary Prevention

	6. 5.
	Level of Evidence
	1b
	Special recommendations compared to those of the general population cannot be given for primary prevention (dietetic measures, chemoprevention) due to contradictory data available for the mentioned risk groups.
	Evidence from update literature search: [218-221]
	Strong consensus
	Background 
	In general, the recommendations for the average risk population (see Chapter 3) also apply for members of risk groups; there is no confirmed data for special measures [218-221].
	5.1.3. Screening Tests
	5.1.3.1.  First-degree Relatives of Patients with Colorectal Cancer 


	7. 5.
	Consensus-based Recommendation
	2013
	GCP
	First-degree relatives of patients with colorectal cancer should undergo a complete colonoscopy starting at an age 10 years before the age at which the index patient was diagnosed with CRC. However, this should be done at the latest at the age of 40-45 years. Colonoscopies should be repeated at least every 10 years if initially the colon was free of polyps. 
	Strong consensus
	Background
	The risk of a first-degree relative of a CRC patient to develop a colorectal cancer is increased especially if the index patient's age at diagnosis is less than 50 [191, 193, 200, 202, 222-227].
	The recommendation follows the American guideline recommendation [228]. It recommends a colonoscopy at the age of 40 years if a first-degree relative developed CRC before the age of 60 or if two or more first-degree relatives had CRC (independent of the age at diagnosis).
	There is no data on the maximum examination interval for this group; at this time it appears probable that an interval of 10 years is usually adequate. However, the 10-year interval should not be exceeded. The American guideline recommends a 5-year interval.
	8. 5.
	Consensus-based Recommendation
	2013
	GCP
	First-degree relatives from patients' families who fulfill the Amsterdam Criteria and who also have microsatellite stability (MSS) in their cancer should be closely monitored:
	If at least two independent cancer from a family show MSS, colonoscopies should be performed in 3-5 year intervals from age 25. 
	If only one cancer from the family was examined and showed MSS, additional screenings for endometrial cancer and gastric cancer in 3-5 year intervals should be done.
	Strong consensus
	9. 5.
	Consensus-based Recommendation
	2013
	GCP
	First-degree relatives of patients with colorectal cancer from families who fulfill the Bethesda-Criteria, but not the Amsterdam-Criteria should have colonoscopies in shorter intervals:
	If no tumor tissue is available to test for HNPCC-typical characteristics, the interval should not exceed 3 years.
	Consensus
	10. 5.
	Recommendation
	2013
	GCP
	If the tumor tissue demonstrates microsatellite stability (MSS) or a low-grade microsatellite instability (MSI-L), the interval should be 3-5 years.
	Consensus
	Background
	A HNPCC-syndrome diagnosis (see section 5.2.1) should be considered in persons who are relatives of young index patients. A microsatellite analysis and/or immunohistochemical tests for mismatch repair proteins should be done. In clinical practice there are repeatedly families who have an accumulation of colorectal cancer, who do not fulfill the diagnosis criteria for HNPCC (Amsterdam II-criteria). If in these families there is no tumor tissue available or if they demonstrate a microsatellite stability (MSS), an as yet unknown hereditary gastrointestinal tumor disposition cannot be completely excluded. An examination interval of 10 years seems insufficient for this constellation, even if so far the issue has not been clarified. An interval of 3-5 years should be adequate for the familial risk.
	Previously, analogous to those patients with diagnosed MSI, an annual screening was recommended for patients from families who fulfill the Amsterdam-criteria, but where a microsatellite instability was excluded. The data indicate that this is not necessary. Intervals of 3-5 years are adequate [229, 230]. Surveillance of extracolonic tumors outside the standard cancer screening procedure is not necessary for these persons.
	5.1.3.2. Relatives of Patients with Colorectal Adenomas

	11. 5.
	Consensus-based Recommendation
	2013
	GCP
	First-degree relatives of index patients with an adenoma detected before age 50, should undergo a colonoscopy at an age 10 years before the age at which the adenoma was discovered. If the initial colonoscopy did not reveal any polyps, it should be repeated at least once every 10 years. If polyps were detected, the recommendations of Chapter 6.5 apply. 
	Strong consensus
	Background
	The recommendation is based on the higher risk in this population as demonstrated in section 5.1.1 [92, 193, 202, 204].
	5.2. Hereditary Colorectal Cancer

	12. 5.
	Consensus-based Recommendation
	2013
	GCP
	If it can be assumed that a patient has a hereditary colon cancer or if a healthy person has a high risk of hereditary colon cancer, the patient should be referred to an interdisciplinary center with an established expertise in the field of hereditary colon cancer. 
	Consensus
	Background
	Monogenic-inherited colorectal cancer are rare (less than 5% of all colorectal cancer). The diagnosis has significant consequences for patients and their relatives. In case of suspicion of hereditary colorectal cancer, an experienced center for familial colon cancer or an equivalent with corresponding expertise should be contacted. A molecular genetic diagnosis of affected patients serves to confirm the diagnosis and makes it possible to conduct predictive testing of family members. A relevant germ cell mutation test should be conducted following the guidelines for diagnosis of the genetic disposition for cancer diseases of the Federal Physician’s Association and the genetic diagnostics regulations (GenDG) [120]. As an example, the algorithm for the HNPCC-/Lynch-syndrome is shown in Figure 2. Analogously, it is valid for the other hereditary syndromes with increased colon cancer risk. All patients and persons with higher risk in these groups have, in addition to an increased risk for colorectal cancer, an increased risk for extracolonic neoplasias. Due to the usually autosomal-dominant inheritance process, first-degree relatives of index patients have a 50% risk of having inherited this genetic predisposition. A predictive genetic test according to the GenDG always has to be preceded by genetic counseling of the patient concerned and can only take place if a clear pathogenic germ cell mutation has been identified in an affected family member (see Fig. 2) [120].
	13. 5.
	Consensus-based Recommendation
	2013
	GCP
	The possibility and benefit of psychosocial counseling and care should be pointed out to already affected persons, index patients, and persons at risk for monogenous hereditary disease who have an increased risk for colorectal cancer. 
	Strong consensus
	Background
	In patients and their family the diagnosis of manifested hereditary tumor syndromes, the knowledge of a highly increased disease risk, or the definite detection of a mutation may be accompanied by numerous psychosocial stress factors. Corresponding studies were done in particular for FAP. These included not only adults and adolescents, but also children and their parents [231-233]. Relevant stressors included altered physical perception, fear of surgical interventions, screening tests, and future tumor progression, fear of occupational limitations, communication of the illness to the social environment, insecurity about having children, as well as coming to terms with family members who died early of cancer and corresponding conflict within the family. 
	Predictive testing of under age persons is also associated with special challenges. These include an inability of these persons to decide for themselves and their limited understanding of the meaning and consequences of the testing. In addition to clinical and human genetic counseling, psychosocial patient counseling can help patients and persons at risk in making their decision for or against having genetic diagnostics and coming to terms with the test results. 
	5.2.1. Risk Groups
	5.2.1.1. HNPCC (Hereditary Colorectal Cancer Without Polyposis)/ Lynch-Syndrome


	14. 5.
	Statement
	2013
	GCP
	Risk persons for HNPCC are persons from families who fulfill the Amsterdam criteria or one of the Bethesda criteria with evidence of a microsatellite instability (MSI). This includes relatives who due to the form of inheritance could be mutation carriers.
	Strong consensus
	Background
	HNPCC-syndrome is defined according to family history criteria (Amsterdam-I- and -II-criteria, see Chapter 12.2). To identify additional persons at risk the revised Bethesda-criteria are used (Bethesda-criteria, see Chapter 12.3). The literature prefers to refer to carriers of pathogenic germline mutations in one of the MMR genes as persons with Lynch-syndrome. In contrast, the term HNPCC is often used for patients in whom no pathogenic germline mutation was identified. For reasons of simplicity only the term HNPCC is used in the following.
	Mutation carriers have a very high risk of developing colorectal cancer (50-70%) or endometrial cancer (20-60%). This is also true to a lesser extent for other neoplasias such as ovarian, gastric, and small intestine as well as urothelial cancer of the renal pelvis and the ureter. 
	15. 5.
	Consensus-based Recommendation
	2013
	GCP
	Whether a patient fulfills the Bethesda- or Amsterdam-criteria for HNPCC should be decided upon based on the family history by the treating physicians.
	Strong consensus
	Background
	In contrast to FAP, it is not easy to clinically identify HNPCC. This is because a conspicuous phenotype is lacking. For this reason, criteria have been defined which suggest to initially examine the tumor tissue and if appropriate followed by a mutation search. A diagnosis of HNPCC can be made clinically if, in the family of the patient, the so-called Amsterdam I criteria are fulfilled [234]. With HNPCC, in addition to CRC, there is an increased rate of endometrial and urothelial cancer, as well as cancer of the small intestine. The Amsterdam II criteria include these extra-colonic manifestations [179]. These criteria present a pragmatic implementation from a clinical point of view. Since nowadays many families are small, it is often not possible to fulfill these criteria. Therefore, a lack of positive family history—particularly in small families—is no argument against HNPCC. The less specific Bethesda criteria can be used to initiate a work up for possible HNPCC in smaller families and individual cases (Appendix 5.3) [235].
	The general tumor risk for HNPCC carriers is given as 80 to 90%, whereby CRC is by far the most common manifestation. In the context of HNPCC the average age at CRC diagnosis is 44 years. Colorectal cancers are rarely seen before age 25. The cumulative lifetime risk of an HNPCC carrier to develop CRC is 60 to-70%. The risk for men is about 10 % higher than for women. 
	Endometrial cancer is the second-most common tumor in HNPCC. The lifetime risk for female carriers to develop an endometrial cancer is 40 to 60% with a median age of diagnosis between 46 and 48 years. Cancer of the ovaries occur in about 10-15% of all carriers. Stomach cancer occur in 2 to 13% of HNPCC patients and are diagnosed on average between the ages of 51 and 56. Manifestations before age 40 are rare. Most of these cancer are of the intestinal type. For Germany a cumulative lifetime risk of 6.8% up to age 70 was found [236].
	The cumulative lifetime risk for small bowel cancer in the context of an HNPCC is 4-8% [236, 237]. For 35-50% of the cases, HNPCC-associated small bowel cancer are localized in the duodenum [238]. Diseases before age 30 are rare. Cancer of the upper urinary tract (ureter/renal pelvis) often appear as second or third cancer. The average age of onset for these tumors is given as 50 to 63. The lifetime risk is reported as 1-12%. In some families a higher rate of urothelial cancer was observed. A recent Dutch study [239] reports a relative risk of urothelial cancer of the complete urogenital tract (including bladder cancer) of 4.2 for male and 2.2 for female carriers of pathogenic germline mutations in one of the MMR-genes compared to the general Dutch population. As yet unpublished results of the German HNPCC consortium confirms these results.
	The lifetime risk for biliary tumors is higher with HNPCC, but overall relatively low. Pancreatic cancer in HNPCC patients are rare, but significantly more common than in the general population (relative risk 8.6; lifetime risk 3.7%) [240, 241].
	For brain tumors there is a slightly increased risk with HNPCC, histologically these are primarily astrocytomas and glioblastomas. The median age of presentation is 40 to 54 [242-244]. Muir-Torre syndrome is a rare phenotypic variant of HNPCC which on top of the typical HNPCC-associated tumors is associated with sebaceous gland adenomas or cancer [245].
	16. 5.
	Consensus-based Recommendation
	2013
	GCP
	Additional (molecular-) pathologic examinations for HNPCC should be performed if at least one revised Bethesda-criterion is fulfilled. In this case, either a quality assured immunohistochemical test of the expression of the DNA-mismatch-repair-proteins MLH1, MSH2, MSH6, and PMS2 can be performed or a test for microsatellite instability. If immunohistochemical expression of the DNA-mismatch-repair-proteins is normal, an additional microsatellite stability test should follow to definitely exclude HNPCC. This can only be omitted if the immunochemical testing definitely identified the loss of a DNA-mismatch-repair-protein. 
	Strong consensus
	Background
	An algorithm to test for mismatch-repair-defects in tumor tissue is shown in Figure 3. Microsatellite instability can be demonstrated in about 80 % of the tumor tissue of patients who meet the Amsterdam I/II-criteria. These phenomena can be traced back to underlying defects in a DNA-repair enzyme which can no longer repair missing base matches during cell mitosis. These mismatches occur relatively easy in short repetitive DNA-fragments (so-called microsatellites). Accordingly, in repair-deficient HNPCC tumors a different microsatellite pattern compared to normal cells is found. This has led to the term “microsatellite instability.” Patients from families who meet the Amsterdam-criteria and whose tumor tissue shows a microsatellite stability (MSS) should, if possible, have an independent second tumor from the family tested. 
	In patients whose families fulfill the Bethesda criteria, microsatellite instability is found in about 30% of the patients and, thus, is a definite suggestion for the presence of HNPCC. The classical Bethesda criteria were revised in 2004 (Appendix 5.3) [246]. The sensitivity of the microsatellite analysis in HNPCC-associated tumors is 79-93 %, the immunohistochemical test (incl. MSH6 and PMS2) is comparable with a sensitivity of 94 % [247]. In comparison to microsatellite analyses (MSA), immunohistochemistry (IHC) is more cost-effective and faster. In addition, due to the malfunction of a DNA-repair protein, it gives an indication in which of the 4 known mismatch-repair-genes the disease causing germline mutation is located. If the IHC gives a definite result, the MSA can be omitted. If not, an MSA should be done.
	17. 5.
	Consensus-based Recommendation
	2013
	GCP
	In patients with highly microsatellite instable tumors and absence of the MLH1-protein in the immunohistochemical test, an analysis of the somatic BRAF-mutation p.Val600Glu should be performed to exclude HNPCC.
	Consensus
	Background
	About 15% of sporadic CRC show HNPCC-typical alterations in the tumor tissue in terms of MSI-H and absence of the MLH1-protein in the immunohistochemical test (IHC). This is usually due to a somatic methylation of the MLH1-promotor. The methylation is associated with the somatic mutation p.Val600Glu in the BRAF-gene [248-251]. Therefore, for tumors with MSI-H and absence of the MLH1-protein in the IHC an additional BRAF-analysis should follow. Using this procedure it is possible to differentiate the HNPCC-associated from the sporadic CRCs, because HNPCC-associated CRCs have no BRAF-mutation. For first degree relatives of patients with sporadic MSI-H CRC the risk of developing CRC is slightly increased (standardized incidence ratio 1.60) [252]. Therefore, the screening recommendations should be done analogous to the cases with positive family history. It is possible that the risk for other tumors (stomach, ovarian) is increased for patients with BRAF-positive CRC [252].
	5.2.1.2. Adenomatous Polyposis-Syndrome
	5.2.1.2.1. Patients with Classic Familial Adenomatous Polyposis (FAP) 


	18. 5.
	Statement
	2008
	Level of Evidence
	2a
	All patients with untreated FAP will - with rare exceptions - develop colorectal cancer.
	[253]
	Background
	Classic (typical) FAP is characterized by the presence of more than 100 colorectal adenomas. The formation of polyps generally begins in the second decade of life. Due to the large number of adenomas, the cancer risk is nearly 100%. 
	In addition, most patients also develop extra colonic intestinal manifestations. The most important ones are duodenal and/or papillary adenomas, which occur in about 75% of patients and are to be regarded as pre-cancerous lesions (see below). Stomach adenomas are observed much less frequently, with an incidence of <10% of patients with FAP. Glandular polyps of the stomach, which occur in at least a third of FAP patients, are not thought to have pre-neoplastic potential.
	Further extra-intestinal manifestations are abdominal and extra-abdominal desmoid tumors, thyroid gland cancer, and malignant CNS tumors (mostly medulloblastomas), hepatoblastomas as well as harmless, but often diagnostically indicative osteomas, epidermoid cysts, or pigment anomalies of the retina [253].
	5.2.1.2.2. Patients with Attenuated Familial Adenomatous Polyposis (AFAP)

	19. 5.
	Statement
	2013
	Level of Evidence
	2a
	Attenuated FAP (AFAP) has to be distinguished from typical familial adenomatous polyposis. Patients with AAPC are also at a very high risk for colorectal cancer, however, polyps and cancer generally develop later, and more often in the proximal colon.
	Evidence from update literature search: [253-261]
	Background
	In contrast to classic FAP, AFAP is typically characterized by less than 100 colorectal adenomas and/or a later occurrence of adenomas and CRC by about 10-15 years. The lifetime risk to develop CRC is also very high. Extra-colonic manifestations (e.g. desmoids) can occur [253-258]. The clinically defined AFAP is a heterogeneous group from a genetic point of view. Germline mutations in the APC-gene (5’ and 3’ end of the gene) can be detected in 15-30% of the families. The most important differential diagnosis is the MUTYH-associated polyposis (MAP) (see below) [259]. In individual cases the clinical differentiation from HNPCC can be difficult [260]. Therefore, a molecular genetic diagnosis can be very helpful (microsatellite analysis, APC, MUTYH) in the clinical differential diagnosis of some cases of attenuated FAP [261]. In the majority of patients with the clinical diagnosis AFAP, no identification of genetic mutations is possible, so it has to be assumed that additional mutations in unidentified genes exist [261].
	5.2.1.2.3. Patients with MUTYH-Associated Polyposis (MAP)

	20. 5.
	Statement
	2013
	Level of Evidence
	2a
	MUTYH-associated polyposis (MAP) is the most important differential diagnosis of FAP. The phenotype is similar to that of AFAP; the lifetime risk for CRC is also very high for MAP. Due to the autosomal-recessive inheritance there is only a small disease risk for patients' children and heterozygous carriers. Establishing the diagnosis is usually only possible using molecular genetic tests.
	Evidence from update literature search: [262-269]
	Background
	The autosomal-recessive hereditary MAP, which is caused by a biallele germline mutation in the MUTYH-gene, is the most important differential diagnosis of APC-associated FAP [262]. It is diagnosed in 15-20 % of the APC-mutation negative colorectal adenomatoses [263, 264].
	The colorectal MAP phenotype is similar to that of the AFAP: usually between 20 and several hundred adenomas occur, the mean age of diagnosis is 45 (range 12-68 years) [265]. If untreated, the CRC lifetime risk is about 70-80 % [266]. The phenotypic MAP spectrum is still not definitely known: several large population-based studies with CRC patients showed that up to one third of the biallele MUTYH-mutation carriers develop CRC without colorectal polyps [267]. In addition, it has been reported that up to 50 % of the MAP patients have hyperplastic polyps [268]. 
	About 20% of patients have duodenal polyposis, the lifetime risk of duodenal cancer is about 4%. Overall, extraintestinal malignancy occurs significantly more often than in the standard population (odds ratio 1.9) and shows a certain overlap with HNPCC. However, there is no dominating tumor. Typical FAP-associated extraintestinal tumors such as osteoma, desmoides, and CHRPE do not occur [269].
	5.2.2. Screening
	5.2.2.1. HNPCC / Lynch-Syndrome


	21. 5.
	Recommendation
	2013
	Grade of Recommendation
	B
	Persons at risk for HNPCC should have genetic counseling when they reach legal age (usually from 18 years of age), but before the age of 25. As soon as the disease causing mutation is known in the family, persons at risk should be made aware of the possibility of predictive testing. 
	Level of Evidence
	1c
	Evidence from update literature search: [270, 271]
	Strong consensus
	22. 5.
	Statement
	2008
	Level of Evidence
	1c
	If the disease causing mutation has been excluded in a person at risk, a special surveillance is no longer necessary. 
	Strong consensus
	Background
	Carriers of HNPCC have mutations in so-called mismatch repair genes. To date, germ cell mutations have been demonstrated in five different genes: MSH2, MLH1, MSH6, PMS2, and EPCAM. Almost 86% of the mutations identified up to now exist in the genes MSH2 and MLH1 [270], about 10% in the MSH6 gene and 2% in the PMS2-gene. Mutations in the EPCAM-gene are found in about 2% of the families [271]. According to the GenDG, human genetic counseling must be done before the predictive genetic tests are performed. In general, a predictive test is only possible if a definite pathogenic mutation has been identified in a family member. The identification of polymorphisms or mutations with unclear pathogenic significance is not suitable for predictive genetic testing.
	23. 5.
	Consensus-based recommendation
	2013
	GCP
	HNPCC-patients and persons at risk should generally undergo annual colonoscopies from the age 25.
	Consensus
	Background
	HNPCC-patients have a strongly increased cancer risk. Table 6 gives an overview of the recommended cancer screening tests. Colorectal cancer occur in HNPCC patients at a median age of 44. The chance of developing this disease increases significantly from age 30. In case of very early manifestations of familial colorectal cancer, in contrast to the abovementioned recommendation, the first colonoscopy should be done 5 years before the earliest manifestation age. More than 50% of the HNPCC-associated cancer are found on the right side of the colon [243]. This is the reason a rectoscopy and/or rectosigmoidoscopy are not sufficient as a surveillance test. A prospective study showed a significant reduction in mortality as well as CRC incidence by more than 60% for both with three-year testing intervals [272]. Due to an accelerated tumor progression with interval cancer in about 4% of all patients with three-year testing intervals, an annual interval is recommended [272-274] (Table 6). A prospective study of the German HNPCC-consortium with 1 year intervals showed a significantly better stage distribution for detected asymptomatic CRC [229].
	The stage distribution and, therefore, the prognosis of HNPCC-associated colorectal cancer that have been discovered in screening programs is significantly better than cancer which were diagnosed as a result of disease symptoms [275]. The colonoscopy may be done as a chromoendoscopy. Prospective studies demonstrated a significant increase in adenoma detection rate with the use of chromoendoscopy [276-278]. However, currently it is not clear whether this improves the interval cancer rate or the mortality. 
	24. 5.
	Recommendation
	2013
	Grade of Recommendation
	B
	For female patients with HNPCC and persons at risk, in addition to the annual gynecological exam, a transvaginal ultrasound should be performed from age 25, because of the risk of endometrial and ovarian cancer. 
	Level of Evidence
	4
	[242, 279-282]
	Strong consensus
	25. 5.
	Consensus-based Recommendation
	2013
	GCP
	For female patients with HNPCC and persons at risk, in addition an endometrial biopsy should be performed from age 35.
	Consensus
	Background
	These recommendations arise from the natural progression of HNPCC (see above). For female carriers, the risk of developing an endometrial cancer up to the age of 70 is 40 to 60% and for ovarian cancer about 10-15% [242, 279]. Studies published so far on the efficacy of endometrial cancer screening in female patients with HNPCC clearly indicate that the transvaginal ultrasound (TVU) is not suitable as a screening-test, especially for pre- and post-menopausal women [280-282]. Since an endometrium biopsy using the Pipelle method in addition to TVU has been reported in the literature as the most useful alternative and since these have already been propagated in international recommendations [283], the recommendation of an annual endometrial biopsy from age 35 is sensible (see Table 7). For patients who no longer plan to have children, the possibility of a prophylactic hysterectomy and, if appropriate, an adnectomy should be discussed.
	26. 5.
	Consensus-based Recommendation
	2013
	GCP
	In addition, HNPCC-patients and persons at risk with HNPCC should have an EGD regularly from age 35.
	Consensus
	Background
	HNPCC-associated gastric cancer are diagnosed at a median age of 54. They are only seen in 2% of patients before the age of 35. For Germany, a cumulative lifetime risk of 6.8 % up to age 70 was determined [236]. A familial cumulation (at least 2 affected members with gastric cancer) was only observed in 26% of the MLH1- and MSH2-mutation carriers [284]. Therefore, the EGD seems to be sensible for all mutation carriers and persons at risk from 35 years of age (see Table 6). This is also suggested, because the risk for duodenal cancer is higher than for gastric cancer, and these occur from age 30. The cumulative lifetime risk for duodenal cancer in HNPCC patients is 4-8% [236, 237]. 35-50% of the small intestine cancer are located in the duodenum [238]. Due to the data available, the recommendation of the S3-guideline on gastric cancer must in the future be defined more precisely. There are no data on the issue of test intervals. In analogy to the tumor progression of colorectal cancer based on a hereditary MMR-defect, an annual interval is recommended.
	Due to the increased risk of urothelial and hepatobiliary cancer, an annual upper abdominal ultrasound used to be recommended. However, its usefulness has not been confirmed and its curative potential is questionable. Therefore, it is no longer generally recommended. The benefit of the urine cytologic test has not been confirmed and has, therefore, not been generally recommended since 2004. 
	27. 5.
	Recommendation
	2013
	Grade of Recommendation
	B
	Chemoprevention in HNPCC patients should not be performed. 
	Level of Evidence
	2b
	Evidence from update literature search:[285, 286]
	Consensus
	Background
	So far, only data from one prospective randomized study exist on chemoprevention of HNPCC. The CAPP2-study tested the use of 600 mg acetylsalicylic acid and resistant starch in a 2x2 design. The primary analysis of the defined endpoints showed no significant effect of ASS [285]. After longer follow-up of 55.7 months, a significant reduction of colorectal cancer incidence (hazard ratio 0.41 (95%CI 0.19-0.86), p=0.02) as well as a non-significant reduction of other HNPCC-associated cancer (hazard ratio 0.47 (95%CI 0.21-1.06), p=0.07) was found in the subgroup of HNPCC patients who had taken 600 mg ASS for at least 2 years [286]. The study dose of 600 mg with its expected side effects seems high. The efficacy of low ASS doses for HNPCC-patients is currently not known and will be studied in a subsequent study (CAPP-3). The aim is to include as many HNPCC-patients as possible. In general, HNPCC-patients should not undergo chemoprevention with ASS until the results of this study are available. 
	28. 5.
	Consensus-based Recommendation
	2013
	GCP
	Prophylactic colectomy or proctocolectomy in HNPCC mutation carriers shall not be performed.
	A subtotal colectomy in patients with a cancer should not generally be done, but should be discussed individually with the patient.
	Strong consensus
	29. 5.
	Recommendation
	2013
	Grade of Recommendation
	A
	After oncologic resection of a CRC in addition to the regular follow-up colonoscopy surveillance shall be performed in the same way as before surgery. 
	Level of Evidence
	2a
	Evidence from update literature search:[272, 273, 287-290]
	Strong consensus
	Background
	Because regular surveillance can detect pre-malignant adenomas and nearly all surveillance detected cancer are UICC stage I or II [272, 273] and the penetrance of the disease is not complete, prophylactic colectomies and/or proctocolectomies are not recommended. Individual constellations such as adenomas that cannot be removed endoscopically, regularly difficult colonoscopies, insufficient colonoscopy preparation despite adequate laxative procedures, and missing compliance may justify the recommendation of a prophylactic colectomy. 
	When cancer have been detected the patient should have an oncologic resection according to oncologic surgical standard criteria (see also Chapter 7). However, the risk of colorectal cancer in the remaining colon and the risk of extracolonic neoplasias remains increased, so that these patients require an intensive postoperative follow up. In these cases, the postoperative tumor surveillance for sporadic CRC should be combined with the HNPCC-specific screening program for CRC and extracolonic tumors. It is currently not known whether a prophylactic extended tumor resection for the prophylaxis of metachronous CRC is better than surveillance at short intervals. Previous data from retrospective case studies are insufficient. Furthermore, due to the national difference in screening intervals, they are not applicable to Germany [287-290].
	30. 5.
	Consensus-based Recommendation
	2013
	GCP
	For female patients with Lynch- and HNPCC-syndrome a prophylactic hysterectomy and, if necessary, an ovarectomy at age 40 or five years before the earliest age of disease contraction in the family should be discussed. 
	Consensus
	Background
	This approach is based on expert opinion of the task force gynecologic oncology (AGO) of the German Cancer Society. If possible, the intervention should not be performed until after family planning has been completed. A retrospective study showed a significant reduction of endometrial and ovarian cancer incidence in these patients [291]. Following prophylactic ovarectomy, patients should take hormone replacement therapy (HRT). After a hysterectomy, HRT can be performed using only estrogens, which reduces side effects of the therapy.
	5.2.2.2. Adenomatous Polyposis Syndromes
	5.2.2.2.1. Patients with Classic Familial Adenomatous Polyposis (FAP)


	31. 5.
	Recommendation
	2013
	Grade of Recommendation
	B
	Relatives of FAP patients who are potential mutation carriers due to the autosomal dominant inheritance are defined as persons at risk. For these persons predictive genetic testing should be recommended from age 10 after genetic counseling of the family if an APC-germline mutation has been identified in the family. 
	Level of Evidence
	4
	[120, 292]
	Strong consensus
	32. 5.
	Recommendation
	2008
	Grade of Recommendation
	A
	If the mutation that was identified in the family was excluded in the person at risk (children, siblings, or parents of FAP-patients), a special surveillance is no longer necessary. 
	Level of Evidence
	1c
	Not specified
	Strong consensus
	33. 5.
	Recommendation
	2013
	Grade of Recommendation
	A
	Persons at risk for whom the mutation is confirmed or cannot be excluded should have a rectosigmoidoscopy from age 10. If there is evidence of adenomas, a complete colonoscopy must follow, and has to be repeated annually until a proctocolectomy has been performed (see below). 
	Level of Evidence
	4
	[191, 292, 293] [120]
	Strong consensus
	Background
	For children or persons unable to give consent genetic consultation is done together with their legal guardians. Initiating genetic diagnostics before the age of 10 is seldom necessary, because colorectal cancer are only rarely seen among children younger than age 15 [292]. Molecular genetic testing is usually done by direct mutation testing in the APC gene. In rare cases with decisive familial constellation genetic testing may be done indirectly using coupling analyses. Definite predictive testing can only be conducted in patients when the pathogenic germline mutation has been identified in an affected family member [120]. It always has to be combined with human genetic counseling [GenDG]. A mutation is identified in about 70-80% of patients. Another method to identify gene carriers is a fundoscopic exam to identify the characteristic congenital hypertrophy of the retinal pigment epithelium (CHRPE). However,nowadays this method is used less often because of the possibility of DNA testing. 
	With classic FAP, polyps are always found in the rectum and sigma If rectal polyps are identified, additional proximal adenomas or even cancer can be present. In this case, a complete colonoscopy should be performed at short interval which, depending on the findings, should be repeated at least once a year. In families where genetic testing has not been performed or has not provided definite results, all persons at risk should undergo endoscopic surveillance from age 10 [191, 292, 293]. With specific mutations, earlier cancer manifestation in the family, or presence of symptoms, initiating screening at an even earlier age should be considered.
	34. 5.
	Recommendation
	2013
	Grade of Recommendation
	B
	Patients with classical FAP should undergo prophylactic proctocolectomy (whenever possible maintaining continence) independent of the molecular genetic testing if possible no earlier than the end of puberty. 
	Level of Evidence
	1c
	Evidence from update literature search: [261, 294-299]
	Strong consensus
	35. 5.
	Consensus-based Recommendation
	2013
	GCP
	After proctocolectomy a pouchoscopy should be performed regularly. Patients with a remaining rectal stump should untergo rectoscopies regularly. The interval depends on the test results (number, size, and histology of detected neoplasias) and should not exceed 12 months. 
	Strong consensus
	Background
	The timely proctocolectomy is essential for preventing colorectal cancer [294-298]. The value of molecular genetic testing on therapeutic decisions is limited, because the identification of the mutation only rarely allows an individual assessment of the disease course. In a considerable proportion of patients who are clinically affected no causative mutation can be identified. The polyposis patient must be adequately treated regardless of the result of the mutation analysis. Therefore, necessary surgery should also be performed if a mutation has not been identified and, if necessary, performed before the mutation analysis has been completed [261]. The operation should generally be performed between the end of puberty and age 20. The exact time point should, however, be determined on an individual basis according to age, diagnosis, and endoscopic/histological findings (number of polyps and level of dysplasia) [297-299]. In the natural course of FAP, cancer appear at a median age of 36 [300]. The option of sparing the rectum should be discussed with the patient (ileorectal anastamosis, IRA). It has to be kept in mind that after a colectomy with sparing of the rectum the risk of developing a rectal stump cancer is 13% after 25 years [301]. The long-term prognosis for IPAA (ileo-pouch anal anastamosis) concerning the CRC-rate is better [302-305]. For this reason, a proctocolectomy is recommended for patients with classical FAP. The operation should be performed in an experienced center. Carrying out a proctocolectomy with a final, permanent ileostoma can in most cases nowadays be avoided. 
	Because several patients develop polyps in the area of the pouch next to the ileoanal anastamosis that can progress to cancer, an annual postoperative pouchoscopy is recommended. If no proctocolectomy was performed, surveillance of the rectal stump with short intervals of no more than 12 months are necessary. If new polyps are found, these should be removed. 
	36. 5.
	Consensus-based Recommendation
	2013
	GCP
	An EGD and duodenoscopy (with side-optical view) with inspection of the papilla region should be carried out starting at age 25-30. An interval of three years is recommended if the result is negative. The interval should be shortened up to one year depending on the degree of severity of the adenoma burden (Spigelman classification).
	If duodenal-/papillary adenomas are identified, an indication for endoscopic polypectomy should be considered. 
	If the duodenal polyposis is severe (Spigelman IV) or an invasive cancer without distant metastases is present, there is an indication for surgical resection.
	Consensus
	Background
	The lifetime risk of developing duodenal polyps is between 80 and 90% for FAP patients [231, 232]. Fewer than 10% of the patients develop gastric adenomas, more than 50% have fundic gland polyps of the stomach. Gastric cancer, however, do not seem to occur more often than in the general population [306]. With regard to the extent of duodenal polyposis, the Spigelman classification (see Table 7) should be used [307]. The average age of patients with serious adenomatosis of the duodenum is about 43 (range 24-65) [233]. Altogether, it appears that the growth behavior of duodenal adenomas is slower than that of colorectal adenomas [308, 309] and depends more on increasing age (increases at age >40) than on the initial stage [310]. The mutation location (Codon 279-1390) correlates with the severity of the polyposis in the duodenum, but not with the possibility that a high-grade dysplasia will develop [311, 312]. The lifetime risk for a duodenal cancer for patients with FAP is between 3 and 4% [313, 314] and is, therefore, up to 300 times more common than in the general population [315]. The risk that an invasive cancer is present depends on the severity of the duodenal polyposis. Thus, the risk for an invasive cancer with Spigelman II and III is 2% versus 36% for Spigelman IV [316].
	The aim of an endoscopic surveillance is not the removal of all polyps, but the detection of relevant neoplasias (high-grade intraepithelial neoplasia, villous or tubolovillous adenomas). All polyps that are >1cm should be removed if technically possible. In case of smaller polyps, the larger ones should be removed and sent to pathology to determine the Spigelman score.. 
	For FAP-patients with low-grade duodenal polyposis (Spigelman I and II ) a three year test interval seems sufficient [308]. Due to the higher risk of cancer in Spigelman stage IV, a surgical procedure is recommended. The pancreas-maintaining duodenectomy is the preferred procedure partly due to a lower morbidity rate than with a pancreatic duodenectomy [317, 318]. An operative duodenotomy with polypectomy cannot be recommended due to a high rate of recurrence [319, 320]. In principal, even after extensive surgical treatment the appearance of new adenomas cannot be prevented [319]. Currently, it is not clear whether regular duodenal screening prolongs life [313]. There are different approaches to handling FAP-associated papillary adenomas. Overall, there are only very few publications on the issue of FAP. Whereas some groups favor a papillectomy for every patient with any type of papillary adenoma [321, 322], others prefer a monitoring strategy for small adenomas and papillectomy only in case of progression (size, histology) or development or threat of complications (e.g. cholestasis, pancreatitis) [308, 309]. In summary, the following monitoring program seems sensible: Spigelman I and II: examination every 3 years; if necessary a polypectomy should be performed; Spigelman III: annual examination and, if necessary, polypectomy, Spigelman IV: surgery. 
	37. 5.
	Consensus-based Recommendation
	2013
	GCP
	If therapy is indicated (symptoms, progression), first-line therapy of desmoids in FAP patients consists of a combination therapy using sulindac and tamoxifen. In case of progressive desmoids under this drug therapy an interdisciplinarily approach should be undertaken. Therapy options include chemotherapy, surgery, and radiotherapy. 
	Consensus
	Background
	Desmoid tumors appear in 10 to 30% of all patients with FAP. The risk for women to develop desmoid tumors is greater than for men.  Apart from a clear genotype/phenotype correlation (APC mutation codon >1300) [323-325], surgical trauma can act as a trigger factor. About 50% of the desmoids appear intra-abdominally especially mesenterially and due to their local infiltrative growth often cause significant problems. For this reason, it is especially important with patients who have a positive family history or a distal APC mutation to look for the presence of desmoids before proctocolectomy and to undergo proctocolectomy as late as possible. Regular desmoid screening is not recommended if the patient has no symptoms. Desmoid screening may be done pre-operatively with suitable imaging tests. Desmoid tumors that are asymptomatic and not progressing in size often do not have to be treated. A systematic review of published clinical trials on medicinal non-cytotoxic chemotherapies demonstrates the best confirmed efficacy for treatments with sulindac (300 mg), tamoxifen (40-120 mg), or a combination therapy [326]. For raloxifen there are also comparable data from a small case series [327]. Progressive tumors under sulindac or antihormonal therapy should be treated with chemotherapy (doxorubicin and dacarbazine or methotrexat and vinblastin) or radiotherapy [328-330]. Results on surgical resections are controversial [331]. Especially for intra-abdominal desmoids, incomplete resections and high relapse rates are often reported [332-335].
	For abdominal wall desmoids surgical procedures often lead to R0-resection and no recurrence [333].
	38. 5.
	Consensus-based Recommendation
	2013
	GCP
	In female FAP-patients, an annual ultrasound of the thyroid may be performed from age 15.
	Consensus
	Background
	The lifetime risk for patients with FAP to develop thyroid cancer is 1 to 12%. About 95% of all reported thyroid cancer affect women; therefore, the risk is mainly increased in female carriers. The mean age of diagnosis is between 24 and 33 years. Manifestations before age 15 are rare [336]. Cancer often appear multifocal and sometimes bilaterally. Histologically a cribiform variant of a papillary thyroid cancer is usually present. 
	Two prospective [337, 338] and one retrospective study [339] examined the value of a one time ultrasound screening. Benign thyroid nodules were identified in 20 to 79% of the cases. Thyroid cancer were diagnosed with a prevalence of 2.6 to 7.6%. In the largest study cancer were only detected through ultrasound and not using patient history or palpation [337]. Therefore, for female FAP-patients an annual ultrasound of the thyroid may be done from age 15. So far, there are no studies on an appropriate screening interval. The prognosis of FAP-associated thyroid cancer is good, but deaths have been reported [336, 340, 341]. The extent to which screening reduces mortality is unknown. The frequency of necessary adjuvant radiotherapy can possibly be reduced if more microcarcinomas are detected. 
	Hepatoblastomas are very rarely observed as a manifestation of FAP. Fewer than 0.5% of all children of FAP patients develop a hepatoblastoma almost exclusively before the age of 10 [342]. It seems, however, that the risk higher for boys is than for girls. In a some of the cases there was a positive family history [343]. Due to the rarity and the unclear data on whether the prognosis for hepatoblastoma patients can be improved, screening is not generally recommended. [344, 345].
	39. 5.
	Recommendation
	2013
	Grade of Recommendation
	B
	Drug treatment of adenomas in the lower and upper gastrointestinal tract should not be generally recommended. 
	Level of Evidence
	2b
	Evidence from update literature search:[346-354]
	Strong consensus
	Background
	Sulindac reduces the number of colorectal adenomas by more than 50% [346-350]. However, it does not prevent the formation of new polyps [351]. Furthermore, under sulindac therapy cancer were observed in the rectal stump. Sulindac is not approved in Germany. In individual cases, chemoprevention with sulindac for FAP can be used as an additive treatment after subtotal colectomy to reduce the rectal polyp burden. However, an endoscopic surveillance is mandatory. 
	The selective COX2-inhibitor celecoxib which leads to a reduction of rectal adenomas [352], was approved for chemoprevention of FAP as an addition to surgical procedures and endoscopic controls. Celecoxib at high doses of 400-800mg reduces the colorectal polyp number by 28% [352] and also affects duodenal polyposis [353]. However, it is not known whether its use also reduces the risk of developing cancer in these patients. COX-2-inhibitors are associated with an increased rate of cardiovascular events [354]. The value of COX-2-inhibitors is currently unknown due to the cardiovascular side effects. Presently, they should only be used in selected cases with strict indications (risk-benefit-assessment). The drug with the ingredient celecoxib that is approved for FAP was removed from the market by the manufacturer in April 2011, because of insufficient recruitment for a post-approval study that was demanded by the European Drug Agency (EMA). In individual cases, the use of COX-2-inhibitors may be justified for selected patients to delay colectomy, after subtotal colectomy to reduce the rectum polyp burden, in patients with several duodenal polyposis and an increased surgical risk as well as an increased perforation risk or risk of bleeding with polypectomy. 
	5.2.2.2.2. Patients with Attenuated Familial Adenomatous Polyposis 

	40. 5.
	Recommendation
	2008
	Grade of Recommendation
	B
	A patient with attenuated FAP should be treated depending on age, the number of polyps, and histological findings. With endoscopically uncontrollable polyposis a colectomy is indicated. Patients who do not undergo a colectomy should have a colonoscopy once a year for the rest of their lives. 
	Level of Evidence
	4
	[254, 255, 257, 258, 355-358]
	Strong consensus
	41. 5.
	Recommendation
	2008
	Grade of Recommendation
	C
	Persons at risk from families with attenuated FAP should undergo a screening colonoscopy at age 15. If no polyps are found at this point, these persons should have an annual colonoscopy starting at age 20. 
	Level of Evidence
	4
	[356-358]
	Strong consensus
	Background
	In patients who have an attenuated FAP, polyps occur much later and in fewer numbers than with classic FAP. The diagnosis of a CRC in adolescence has been casuistically described [355]. The polyps are often found on the right side of the colon. Hence, a complete colonoscopy must be performed for surveillance [254, 255, 257, 258]. Because of significant variations of clinical characteristics, the decision concerning therapy must be made on an individual basis. For patients with an indication for an operation, but fewer than five rectal polyps, an ileorectal anastamosis with a remaining rectal stump is reasonable. Because extra colonic manifestations can appear as in classic FAP [356-358], the recommendations for classic FAP apply. It is unclear with the current amount of data available to determine up to which age surveillance of persons at risk with negative findings should be performed.
	5.2.2.2.3. Patients with MUTYH-Associated Polyposis (MAP) 

	42. 5.
	Consensus-based Recommendation
	2013
	GCP
	Testing of the MUTYH-gene shall be performed in patients who clinically have an attenuated adenomatous polyposis with no evidence of disease causing mutations in the APC-gene. 
	Consensus
	Background
	MUTYH-associated polyposis (MAP) is the most important differential diagnosis of FAP. The phenotype usually corresponds to the phenotype of AFAP. The lifetime risk of CRC is also very high for MAP. However, due to the autosomal-recessive germline there is only a small disease risk for a patient's children and heterozygous carriers. The diagnosis is usually only possible using molecular genetic methods. About 50% of patients already have a CRC when they are diagnosed with MAP. In one third of these patients a synchronic or metachronic CRC was observed. Polyps occur in the whole colon, CRCs are found on the right side of the colon in more than 50% of patients. The occurrence of MAP-associated CRC before age 29 is very rare. 
	43. 5.
	Consensus-based Recommendation
	2013
	GCP
	Siblings of MAP-patients have a 25% disease risk and are considered person at risk, because of the autosomal-recessive inheritance. Predictive genetic diagnostics after human genetic counseling should be recommended to these persons from age 18-20. 
	Strong consensus
	44. 5.
	Consensus-based Recommendation
	2013
	GCP
	If both MUTYH-mutations of the index patients have been excluded, their siblings do not need to have special surveillance examinations.
	Strong consensus
	45. 5.
	Consensus-based Recommendation
	2013
	GCP
	For relatives of MAP-patients who have only one of the index patient's MUTYH-mutations (heterozygous carrier), the same screening tests are recommended as for first degree relatives of patients with sporadic CRC (see 5.1.3.1).
	Strong consensus
	Background
	To date, MAP is the only autosomal-recessively inherited disease with an increased CRC risk. It is controversial whether heterozygous carriers have an increased risk of CRC. Some recent population- and family-based studies with large collectives indicated that there is a moderately increased risk at older age (RR 1.5-2.1) [267, 359, 360]. First degree relatives of heterozygous carriers of MAP-patients have the highest risk for CRC (RR 2.1). The mean age of diagnosis was 70 years (range 58-82). Disease risk and time point are, thus, comparable to first degree relatives of patients with sporadic CRC.
	Due to the heterozygous frequency of about 1-1.5% in the Caucasian standard population, the obligate heterozygous children of MAP patients with non-consanguine partnerships only have a slight MAP disease risk (<0.5%) [262]. If predictive testing of the child is requested to assess the disease risk, a complete mutation search must be done in the MUTYH-gene of the child or the healthy parent to identify the possible 2nd germline mutation of the healthy parent. However, the benefit of conclusive genetic results is opposed to the (rare) identification of functionally unclear genetic variants. Conclusions in individual cases on their pathogenic relevance and, thus, clinical consequences (currently) are not possible. Since the presence of a second MUTYH-mutation in children of MAP-patients cannot be completely excluded because of the expected incomplete mutation detection rates, heterozygous tested children of MAP-patients (probably) have a (likely very low) remaining risk to develop MAP. A complete colonoscopy should, thus, be considered at the age of about 30 to 40 years. 
	46. 5.
	Consensus-based Recommendation
	2013
	GCP
	Asymptomatic biallele MUTYH-mutation carriers should have their first colonoscopy at age 18-20 years. If no polyps are found, patient monitoring should be continued. 
	A patient with MAP should be treated based on age, polyp number, and histologic findings. If polyposis is not endoscopically manageable, a colectomy is indicated. Patients who have not been colectomized should have lifelong annual colonoscopies. 
	An EGD and duodenoscopy (with side-optical view) with special inspection of the papillary region should be performed at least every three years starting from age 25-30.
	Specific surveillance examinations for extra-intestinal manifestations are not justified in MAP-patients. 
	A recommendation for drug treatment of adenomas in the upper and lower gastrointestinal tract cannot be given, because of missing data. 
	Consensus
	Background
	The colorectal phenotype of MAP is similar to the APC-associated AFAP. Polyps and CRCs usually do not become symptomatic in patients with MAP until the fourth to seventh decade of life. About 50% of patients are not diagnosed with MAP until CRC is already present, in one third of all cases a synchronical or metachronical CRC was observed [361]. The polyps occur throughout the colon, CRCs are found in over 50% of the cases in the right-hand colon, and more than 20 % in the rectosigmoid [263]. Therefore, as a screening method a complete colonoscopy must be performed [254, 255, 257, 258]. The occurrence of MAP-associated CRCs before age 29 is rare. Since the clinical manifestation varies greatly, therapy decisions should be made individually. For patients who have an indication for surgery and who have few rectal polyps, an ileorectal anastomosis leaving a rectal stump may be justifiable [362].
	Although duodenal polyposis in MAP-patients is observed less often (17%) than in FAP-patients, the risk of about 4% for developing duodenal cancer seems to be comparably high [269]. In MAP duodenal cancer sometimes also occur without pre-existing duodenal adenomas [363]. It can, therefore, not be concluded at this time, whether MAP-patients should perhaps have other screening strategies than (A)FAP-patients. Overall, extra-intestinal malignomas occur significantly more often in MAP-patients than in the standard population (RR 1.9%). They show a certain overlap to HNPCC. The only systematic study in 276 patients that investigated this issue demonstrated a small to moderate, but significant increase in ovarian, bladder, and skin cancer incidence as well as a trend toward increased risk of breast cancer [269]. However, there was no dominating extra-intestinal tumor and no shift towards an earlier manifestation (median age at diagnosis of the 4 malignomas was between 51 and 61 years of age). Desmoides were not observed.
	5.2.2.3. Non-Adenomatous Polyposis-Syndromes

	47. 5.
	Statement
	2013
	Level of Evidence
	2a
	These include especially hamartomatous polyposis-syndromes (Peutz-Jeghers-syndrome, familial juvenile polyposis, Cowden-syndrome), hyperplastic polyposis-syndrome, and hereditary mixed polyposis. Some of these diseases are very rare (their proportion of all CRCs is less than 0.1 %). Carriers have an increased risk of CRC as well as of other syndrome specific intestinal and extra-intestinal tumors (stomach, breast, etc.).
	Evidence from update literature search: [261, 364-394]
	Background
	In individual cases the differential diagnosis of non-adenomatous polyposis-syndromes can be very difficult and demands interdisciplinary collaboration of gastroenterologists, surgeons, pathologists, human geneticists, radiologists, and other clinical experts (especially gynecologists, urologists). The patient's diagnosis and clinical care should, therefore, be done in coordination and cooperation with centers that have experience with these syndromes [261, 364]. Hamartomatous polyposis-syndromes follow autosomal-dominant inheritance. Thus, children (and if present siblings) of an affected person have a 50% risk of inheriting the underlying genetic mutation and to develop the disease in the course of their lifetime. 
	Peutz-Jeghers-syndrome (PJS) is an autosomal-dominant inheritable disease. It is characterized by the occurrence of hamartomatous gastrointestinal polyps and mucocutaneous melanin pigmentation which is especially visible peri-oral. The latter often fade during the course of life and are not specific. Peutz-Jeghers-polyps occur especially in the small intestines and demonstrate characteristic histology. The disease cause are germline mutations in the STK11/LKB1-gene. A mutation can be identified in more than 90% of patients who fulfill the clinical-diagnostic criteria [365]. The age of manifestation is very different. Some patients already develop symptoms in the first years of life. Complications in children include an acute abdomen caused by invaginations or an obstructive ileus as well as chronic bleeding with secondary anemia. Up to 30% of patients have had a laparotomy at the age of 10 years [366]. PJS is associated with a significantly higher risk for several intestinal and extra-intestinal tumors [367-373]. Aside from CRC, especially the risk for cancer of the breast, small intestine, pancreas, testicles, ovaries, and uterus is increased [375, 376]. The cumulative lifetime risk for malignant tumors is reported to be about 85-90%. Overall, for tumors in the gastrointestinal tract there is a cumulative lifetime risk of 57%. The CRC-risk alone is 35-39% and is, thus, the second most frequent cancer in PJS. The lower limit of the 95% confidence interval is 30 years. The tumor risk increases quickly after age 50 [374-376]. The lifetime risk for gynecologic tumors is reported at 13-18% [375, 376]. Ovarian tumors in PJS are usually SCTAT and of non-epithelial origin. Some are already diagnosed in small girls (mean age 28 years, range 4-57 years). Cervical cancer occur with a lifetime risk of 9% and are histologically similar to adenoma malignum in more than 75 % of the cases [375].The mean age of onset is 34 years (range 23-54 years). The risk of endometrial cancer is about 10%. 
	Familial juvenile polyposis (FJP) is suspected in case of a diagnosis of five or more juvenile polyps in the colon, if extracolic juvenile polyps are detected, or if juvenile polyps with corresponding positive family history are identified. The correct diagnosis of juvenile polyps can be difficult due to morphologic similarities with hyperplastic polyps as well as lymphocytic infiltrates and displastic portions: a considerable percentage of genetically confirmed cases of juvenile polyposis are initially misdiagnosed as ulcerative colitis or hyperplastic polyposis [377, 378]. Therefore, in case of doubt, a second review of the histologic sample by a gastroenterologically experienced pathologist should be sought. 
	The disease can already become noticable in early childhood due to chronic gastrointestinal bleeding or exsudative enteropathy with concomitant delayed development. The cause is germline mutations in the SMAD4- or BMPR1A-gene. The lifetime risk for developing CRC is up to 68%. There is a clear genotype-phenotype-relationship: patients with a SMAD4-germline mutation have a higher risk of developing gastric polyps and stomach cancer as well as hereditary hemorrhagic telangiectasia (Morbus Osler-Rendu-Weber) [378, 379]. In addition, the risk of pancreas cancer may be increased [380-384]. In case of very severe early manifesting courses juvenile polyposis of toddlers should be considered [385].
	The endoscopic-histologic distinction of juvenile polyposis from the PTEN-mutation-based Cowden-syndrome or the presumably non-hereditary Cronkhite-Canada-syndrome can cause problems. It is usually done using primarily the extra-intestinal tumor spectrum and molecular genetics. Cowden-syndrome [386] is especially associated with a higher risk of breast and thyroid cancer. According to recent data, the lifetime risk for CRC also seems to be increased by 28% [387]. Furthermore, increased risks for endometrial and renal cancer as well as melanomas were reported. The Bannayan-Riley-Ruvalcaba-syndrome is viewed as a variant of the Cowden-syndrome. Both are germline mutations associated with the PTEN-gene. They are summarized under the term PTEN-hamartom-tumor-syndrome (PHTS) [388, 389].
	Hereditary mixed polyposis syndrome (HMPS) and hyperplastic polyposis syndrome (HPS) are difficult to define entities and there is still little known about their genetics. Both syndromes are associated with an increased - in some cases pronounced - CRC risk [390-394]. However, they are rare and, so far, both clinically and genetically poorly characterized. Thus, the knowledge on tumor risk is only partly conclusive. In some patients with HMPS, mutations were identified in the PTEN- or BMPR1A-genes. These cases should be viewed as (atypical) variants of the Cowden-syndrome or FJP and treated accordingly.
	48. 5.
	Consensus-based Recommendation
	2013
	GCP
	Due to the scarce data, general screening recommendations cannot be given. The monitoring of the patients and persons at risk should be done in cooperation with a qualified center. 
	Consensus
	Background
	Valid screening recommendations cannot be given, because of the scarce data available. Specific screening programs were suggested by individual experts for the more frequent syndromes. The published guideline for Peutz-Jeghers-syndrome has methological deficits and gives only little evidence for most of the recommendations [395]. Patients and persons at risk should, therefore, be monitored in close cooperation with an experienced center. For some of the syndromes, experts suggested specific age-dependent screening programs (review in [261]). However, the recommendations are contradictory and, due to the few case numbers, the efficacy of the very rare syndromes is difficult to validate.
	5.3. Chronic Inflammatory Bowel Diseases
	5.3.1. Colitis Ulcerosa


	49. 5.
	Consensus-based Statement
	2013
	GCP
	For patients with ulcerative colitis, the risk of CRC is increased in comparison to the standard population. Specific recommendations are given in the S3-Guideline on Diagnostics and Therapy of Ulcerative Colitis.
	Strong consensus
	Monitoring Colonoscopy, Time Strategy (excerpt from the S3-LL CU [396])
	50. 5.
	Recommendation
	2013
	Grade of Recommendation
	A
	Since the colitis-associated colon cancer mortality can be decreased by using endoscopic screening, regular monitoring colonoscopies should be performed. 
	Level of Evidence
	3a
	[397, 398]
	Consensus
	51. 5.
	Recommendation
	2013
	Grade of Recommendation
	A
	To determine a monitoring strategy, a control colonoscopy should be performed in all UC-patients no longer than 8 years after symptoms have started. This should be done regardless of the disease activity to assess the disease extent.
	Level of Evidence
	4
	[399]
	Consensus
	52. 5.
	Recommendation
	2013
	Grade of Recommendation
	B
	Monitoring colonoscopies should be performed every 1-2 years for extensive UC from the 8th year or for distal UC from the 15th year after initial manifestation. 
	Level of Evidence
	4
	[400, 401]
	Consensus
	53. 5.
	Recommendation
	2013
	Grade of Recommendation
	A
	If PSC is simultaneously present, the monitoring colonoscopies should be performed annually regardless of the disease activity and extent of UC starting from the time PSC was diagnosed. 
	Level of Evidence
	3a
	[402, 403]
	Consensus
	54. 5.
	Recommendation
	2013
	Grade of Recommendation
	A
	After subtotal colectomy, in analogy the same endoscopic monitoring strategy as for UC without resection should be followed. 
	Level of Evidence
	4
	[404]
	Strong consensus
	Comment
	A meta-analysis by Collins from the year 2006 summarizes the direct and indirect evidence on monitoring colonoscopies for ulcerative colitis. The three identified case control studies did not show a statistically significant colon cancer risk reduction. It should be noted that, from a present day perspective, these were small studies with partially inadequate colonoscopy standards. In contrast, the meta-analysis gave clear from indirect evidence that monitoring colonoscopies very likely reduce the risk of dying of a colitis-associated colon cancer [397]. At the same time they are cost effective. This is based on the fact that colitis-associated colon cancer are detected earlier even if they can arise between monitoring intervals [398]. The cancer risk increases with the duration of disease and its extent. This is the reason that patients with pancolitis should begin regular monitoring earlier than patients with distal colitis. An initially distal colitis inflammation can develop into a pancolotis without clinical evidence. Therefore, a screening colonoscopy should be done within 8 years after the first disease symptoms appeared to check the extent and then to decide on a monitoring strategy. A Dutch study indicates that already up to 22% of patients have developed colitis-associated colon cancer before starting the monitoring colonoscopies recommended so far [399]. If patients with PSC were excluded (who should be monitored from the time of diagnosis), the rate of "missed" cancer was reduced to about 15%.
	The screening interval should not exceed 2 years, because interval cancer can already arise in this period [400, 401]. Since for proctitis the risk is only minimally increased at most - if other risk factors are not present - regular surveillance is not necessary. Monitoring of patients with CU and PSC from the time of diagnosis should be done annually independent of its extent, because the cancer risk is increased 5-fold [403] and because cancer arise more frequently on the right side [402].
	After subtotal colectomy, cancer can occur in the remaining colon, as well as after restorative proctocolectomy in the pouch or depending on the operation technique in the area of the remaining colon mucosa distal to the anastomosis [404]. Therefore, a regular surveillance of the remaining colon or pouch is recommended. 
	5.3.2. Crohn's Disease

	CRC risk in patients with Crohn's disease seems to be higher than in the general population especially if the colon is affected. The benefit of screening programs with ileocolonscopies to screen for cancer in Crohn colitis is unknown. The data are discussed in the S3-Guideline on Diagnostics and Therapy of Crohn's Disease [405].
	5.4. Appendix: Figures and Tables of TK III
	5.4.1. Algorithmus: Genetic diagnostics and screening


	/
	* A diagnostic germline exam requires informed consent and documentation of contents of the consultation by the initiating physician according to the GenDG . Alternatively, a genetic consultation may be performed. The results must be communicated in a genetic consultation according to the GenDG.
	** Predictive genetic germline diagnostics for asymptomatic individuals can only be performed after a genetic consultation according to the GenDG. The results must also be communicated in a genetic consultation according to GenDG.
	# For high grade suspicion of HNPCC/Lynch-syndrome (e.g. positive Amsterdam-criteria) and absence of tumor tissue, a direct mutation analysis may be performed. 
	## If the patient does not wish to have germline diagnostics, a HNPCC-screening should nonetheless be recommended. 
	Figure 2: Algorithm on Genetic Diagnostic Procedures in Patients with Hereditary Tumor Disposition Syndrome Using HNPCC-/Lynch-Syndrome as an Example. To identify MSI if HNPCC-/Lynch-syndrome is suspected, please see Figure 3.
	5.4.2. Diagnostic algorithm immunohistochemistry / MSI for work up of mismatch-repair-defect

	/
	* >10% of tumor cells are nucleus positive in each; ** in <10% of tumor cells are nucleus positive
	Figure 3: Algorithm on the Molecular Pathologic Differential Diagnosis Procedures of Mismatch-Repair-Defects if HNPCC-/Lynch-syndrome is Suspected. Please see Figure 2 for possible subsequent genetic diagnostics.
	5.4.3. Recommended Screening Programs for HNPCC 

	Table 6: Recommended Screening Programs for HNPCC
	Age
	Examination
	Interval
	From age 25 
	Physical exam 
	annually
	Colonoscopy
	annually
	Gynecologic exam incl. transvaginal sonography (in women)
	annually
	From age 35 
	EGD
	regularly
	Endometrial biopsy (in women)
	annually
	5.4.4. Spigelman-Classification

	Table 7: Classification Duodenal Polyposis Characteristics According to the Spigelman-Classification (modified according to [307])
	Number of points
	1
	2
	3
	Number of polyps
	1-4
	5-20
	>20
	Polyp size (mm)
	1-4
	5-10
	>10
	Histology
	tubular
	tubular villous
	villous
	Intra-epithelial neoplasia
	low grade
	-
	high grade
	Stage 0: 0 points
	Stage I: 1-4 points
	Stage II: 5-6 points
	Stage III: 7-8 points
	Stage IV: 9-12 points
	6. Endoscopy: Implementation and Management of Polyps 
	6.1. Role of Endoscopy in the Diagnostics of Polyps and CRC

	1. 6.
	Statement
	2008
	Level of Evidence
	1b
	The complete colonoscopy is the standard procedure for the detection of colorectal polyps and cancer. It has the highest sensitivity and specificity for the detection of CRC and colorectal polyps. The examination quality is crucial for the effectiveness of colonoscopies. The examination quality is influenced by technical factors and the endoscopist.
	Strong consensus 
	2. 6.
	Recommendation
	2008
	Grade of Recommendation
	A
	If a colonoscopy was incomplete due to a stenosing tumor, an additional preoperative CT or MR colonography can be performed. A complete colonoscopy should be conducted postoperatively. 
	Level of Evidence
	4
	Strong consensus 
	3. 6.
	Recommendation
	2008
	Grade of Recommendation
	B
	If a colonoscopy was incomplete due to other causes (e. g. adhesions), a CT or MR colonography should be performed. 
	Level of Evidence
	4
	Strong consensus 
	Background
	Colonoscopy is the most-reliable procedure for the detection of colorectal cancer and polyps if performed with high quality. Important quality features include a complete examination up to the coecum, optimal preparation with little or no remaining stool remains, as well as the careful inspection of the colorectal mucosa during withdrawal. It was shown that the polyp detection rate correlates with withdrawal time after reaching the coecum. The withdrawal time should be at least six minutes [406-408]. Further quality features include the primary detection of polyps in 20-50% of examinations (polyp detection rate) [409], as well as missing polyps in less than 10% of patients (polyp miss rate) [410, 411].
	However, colonoscopy also has limitations: 4-6% of cancer are missed during the initial exam [412-414]. Also within a time period of three years after a colonoscopy with polypectomy of adenomas, interval cancer appear in up to 1% [415]. These can partly be attributed to missed lesions (see also the section on polyp management, Chapter 6.5).
	Sensitivity and specificity of CT colonography has improved in the past few years since the presentation of the last guidelines. In one study, colonoscopy and CT-colonography performed equally in the detection of polyps >5 mm. [410]. However in other studies, this particularly good result was not achieved [416, 417]. Here CT-colonography was clearly inferior to colonoscopy, [418, 419], but was better than double contrast enema [417, 420]. Nowadays, double contrast barium enema of the colon no longer plays a role in screening. For the evaluation of MR colonography for screening, there are too few study results available [421-423].
	Diagnostic problems with CT colonography can include remaining stool and poor unfolding of the colorectal lumen. The detection of flat, sunken, and small polyps is more difficult than prominent polyps. Due to missing standardization, the results at this time are strongly dependent on the center performing them. In addition, the high price and the radiation exposure associated with CT colonography have to be considered. 
	For this reason, for the work-up of a positive fecal occult blood test (FOBT) or in case of a suspected tumor, a complete colonoscopy is regarded as the gold standard. Colonoscopy also allows the possibility of taking biopsies for histological diagnosis as well as performing polypectomy. In case of pathological findings during colonoscopy, a location classification according to endoscopic-anatomical structures or diphanoscopy are insufficient; a statement of distance from the anus in cm should only be used for lesions in the rectum and lower sigma. With findings that are unclear or have a clear surgical indication labeling using a clip (only at a time close to surgery) or India ink should be performed in order to make reidentifying the lesion later on possible. 
	For patients with stenotic tumors or incomplete colonoscopies for other reasons, in case series proximal tumors or polyps were detected using CT or MR colonography [424-427].
	6.1.1. Sigmoidoscopy Versus Colonoscopy 

	4. 6.
	Recommendation
	2008
	Grade of Recommendation
	A
	In case of a positive FOBT, suspicion of a tumor, or sigmoidoscopic evidence of neoplastic polyps a full colonoscopy has to be performed.
	Level of Evidence
	2b
	Strong consensus 
	Background
	Work-up of a positive FOBT test and/or suspicion of tumor requires a complete colonoscopy, because this method is able to detect adenomas and cancer in the right hemicolon. Relevant neoplastic lesions proximal to the sigma are found in 25-55% of cases. Screening studies showed that in 30 to 46% of cases with proximal advanced neoplasias in the right hemicolon the rectosigmoid is free of adenomas [107, 127].
	A sigmoidoscopy should only be performed as an exception when a complete bowel preparation is not possible. A complete colonoscopy is possible in a high percentage of cases and can also be conducted among older patients with a low rate of side effects [428, 429]. Sigmoidoscopy plays no significant role in Germany as a screening test.
	6.1.2. Chromoendoscopy

	5. 6.
	Recommendation
	2008
	Grade of Recommendation
	0
	Chromoendoscopy can be performed in patients with inflammatory bowel disease and HNPCC for improved detection of neoplastic lesions. It can in addition be used for a better demarcation of flat and sunken lesions before endoscopic therapy.
	Level of Evidence
	1b
	Strong consensus 
	Background
	Among patients with CED or HNPCC an increased detection rate of neoplastic lesions using chromoendoscopy has been shown [430-432]. In studies on patients without hereditary tumor diseases or IBD, a higher detection rate of mostly small adenomas was found [433-435]. However, this was not confirmed in another study [436].
	It is currently unclear whether the recognition of an increased rate of primarily smaller lesions is useful for the patient and justifies the greater amount of time required for the examination. 
	Employing chromoendoscopy with indigo carmine or methylene blue enables a better delimitation of flat and sunken lesions from the surrounding healthy mucosal tissue [437-442]. Chromoendoscopy can, therefore, be used before the endoscopic removal of flat adenomas.
	6.1.3. Magnifying Endoscopy 

	6. 6.
	Recommendation
	2008
	Grade of Recommendation
	0
	The use of magnifying endoscopy with evaluation of lesions according to the “pit pattern” classification is not a standard procedure at this time.
	Level of Evidence
	2b
	Strong consensus 
	Background
	The goal of magnifying endoscopy is to differentiate between hyperplastic and neoplastic lesions without histology using the “pit-pattern” classification, and to decide which lesions have to be removed. In some studies this was possible with high sensitivity [434, 443, 444]. In other studies, however, the specificity was not sufficient with 75% [439, 441, 445, 446]. Magnifying endoscopy does not replace histology at this time. It is helpful in the evaluation of polypoidal and flat lesions before polypectomy, but cannot at this time be recommended as a standard procedure. 
	Procedures such as narrow-band imaging (NBI) or Fuji intelligent chromoendoscopy (FICE) represent further methods for the evaluation of neoplastic lesions. In uncontrolled studies NBI was helpful in the detection of flat adenomas, the detection of intraepithelial neoplasias in patients with ulcerative colitis, as well as differentiating benign and malignant lesions [447-449]. For FICE there are currently no comparable data available. Confocal laser microscopy is a diagnostic procedure that should be further evaluated in clinical trials [450].
	6.2. Polypectomy
	6.2.1. Removal of Polyps by Snare Versus Forceps


	7. 6.
	Recommendation
	2008
	Grade of Recommendation
	A
	Polyps should be removed and retrieved with exact recording of the localization of the polyp. In case of multiple polyps the removal of polyps can be performed in more than one session.
	Level of Evidence
	1c
	Strong consensus 
	Background
	In order to allow an exact classification, polyps should be individually retrieved for histological processing and their localization recorded. With several polyps in one segment, combined retrieval of these polyps is justified. With this, however, the oncological resection borders must be respected; labeling the colon segment where the polypectomy has been performed can be useful.
	The following endoscopic procedures are available:
	* Polypectomy with a snare 
	* Endoscopic mucosa resection (EMR)
	Alternative procedures to remove polyps (open or laparoscopic resection, rendezvous procedures, TEM, trans-anal removal) may be considered in individual cases. New therapeutic procedures, such as endoscopic submucosal dissection (ESD) to reach an en-bloc resection are currently being tested. Removed flat and sessile polyps should be marked with the use of a pin or dye. Fixing on a cork plate has also proved to be useful. 
	A requirement and limitation for an endoscopic removal of larger polyps are the realistic chance of a complete removal of the polyp with low bleeding and perforation risks. The experience of the endoscopist and the localization of the polyp can also be limiting factors. Other factors that should be considered include the increasing rate of cancer with increasing size of neoplastic polyps (up to 15%), the polyp characteristics (sessile or flat vs pedunculated), the general status of the patient, as well as the increased risk of perforation in the proximal colon [451-455]. Flat lesions can be removed using an endoscopic mucosectomy (EMR) [455-457]. Exclusively depressed, flat lesions (IIc) should as a rule be treated surgically and not endoscopically, because most of these lesions do not present so-called ‘early invasive T1 cancer’ and complete endoscopic removal (R0) is seldom possible. Evidence of this is a non-lifting sign. Independent factors in relation to the risk of perforation are polyp size over 1 cm as well as localization in the right colon, for the risk of bleeding only a polyp size of > 1 cm [458]. The risk of severe bleeding (requiring transfusion, surgical intervention, recurrent bleeding) is 0.9%; risk of perforation in the right colon 1.2%, in the left colon 0.4%. A prophylactic injection of NaCl or adrenalin into the base or the shaft of the polyp or the use of an endoloop reduces early-onset bleeding with the removal of larger polyps >1 cm [459-462]. However, the rate of late-onset bleeding is not reduced [368]. 
	A polypectomy can also be carried out in patients who are taking a platelet-aggregation inhibitor [464-466], the combination of aspirin and clopidogrel, however, increases the risk of bleeding and should be avoided [467]. The complete removal of a polyp is always required, because the remaining rest of an incompletely removed polyp can still contain a high-grade intra-epithelial neoplasia or a cancer. The size of the removed polyp, the histological type of adenoma, and the degree of severity of the intraepithelial neoplasias specifies the degree of risk for local recurrence and metachronous polyps. With polyps >2 cm the local recurrence rate is 8-20% [468]. The recurring polyp can as a rule also be removed endoscopically. 
	If surgical treatment is expected to be necessary or possible, pre-operative labeling of the polyp area with clips or ink must be performed to help localize the lesion (exception: coecum and distal rectum). An alternative to find the polyp or removal site is an intra-operative colonoscopy. In cases of difficult localization (with a decreased chance of finding the area again during repeated or surveillance examinations) a polypectomy area should also be marked after endoscopic interventions.
	8. 6.
	Recommendation
	2008
	Grade of Recommendation
	A
	To obtain a representative histological specimen and achieve a definitive therapy, polyps >5 mm should be completely removed using a snare. Polyps ≤5 mm should be completely removed, in general with biopsy forceps. 
	In general, diagnostic colonoscopies should only be performed if the possibility of performing a polypectomy using a snare is given.
	Level of Evidence
	3b
	Strong consensus 
	Background
	To prevent double examinations, a colonoscopy should only be performed if the possibility of performing interventions is given. If the removal of a lesion is not possible or does not make sense (risk situation in an out-patient setting, inadequate expertise with larger polyps), the lesion should be marked and the patient should be referred to an expert center. A biopsy of polyps does not make sense if removal is technically possible. In addition, the result of such a biopsy is unreliable [469]. Furthermore, extensive biopsies can cause scarring which can make it more difficult to perform subsequent endoscopic removal. Biopsies are obligatory when clear malignancy criteria are met with a primary indication for surgery. For polyps ≤5 mm adenomas with invasive cancer are rarely seen, with polyps ≤1 cm the rate is <1%. The goal of a colonoscopy must be to achieve a polyp-free colon (clean colon). For polyps ≤5 mm a complete removal using biopsy forceps is required in order to histologically classify the lesion. Small (≤5 mm) polyps in the rectum with typical macroscopic appearance of hyperplastic polyps do not have to be removed. In recent years evidence has accumulated that, in addition to the adenoma-carcinoma sequence, a further pathway to colorectal cancer the so-called “serrated pathway” exists (see below).
	In case of a diagnosis of a so-called hyperplastic polyposis, the suspected higher colorectal cancer risk should be considered when determining the surveillance intervals. 
	Hyperplastic polyposis is defined (according to the WHO) by: 
	 at least 5 hyperplastic polyps proximal to the sigmoid colon, whereby two should be larger than 1 cm; 
	 the appearance of hyperplastic polyps proximal to the sigmoid colon, independent of the polyp number and size, if a first-degree relative (parents, children, siblings) has been diagnosed with a hyperplastic polyposis; 
	 if more than 30 hyperplastic polyps of any size appear proximal to the sigmoid colon [470-476].
	6.3. Histologic Examination

	9. 6.
	Recommendation
	2008
	Grade of Recommendation
	A
	The histological examination of each polyp is obligatory. The histological reporting of polyps should follow WHO criteria [477] with a statement about the completeness of the removal. Conventional adenomas are classified according to histological type of growth (tubular, tubulovillous, and villous) and the level of intra-epithelial neoplasia (low- and high-grade intra-epithelial neoplasias); serrated lesions are subclassified as hyperplastic polyps, sessile serrated adenomas, mixed polyps (with IEN grade) and traditional, serrated adenomas (with IEN grade) [478, 479].
	Level of Evidence
	3b
	Strong consensus 
	Background
	About 8% of the polyps classified as hyperplastic are sessile serrated adenomas (SSA) according to new findings. These adenomas possess a potential to progress to cancer, especially if their size is greater than 1 cm and they are located on the right side of the colon. Also mixed mucosal polyps (mixed polyps) may occur. In addition, 2% of all colorectal polyps are traditional serrated adenomas (TSA). All of these variants demonstrate a similar molecular pathway on their progression to cancer. 
	10. 6.
	Recommendation
	2008
	Grade of Recommendation
	A
	In case of a cancer, the histology report has to contain the following characterizations [480]:
	 a measure of the depth of infiltration (pT category), with sessile polyps the invasion measurement in µm, 
	 the histological differentiation grade (grading), 
	 presence or absence of lymph vessel invasion (L classification), and
	 the judgment of the resection borders (R classification with regard to the local removal in healthy tissue (for depth and on the sides). 
	Level of Evidence
	2b
	Strong consensus 
	11. 6.
	Recommendation
	2008
	Grade of Recommendation
	A
	Because of the therapeutic consequences for completely removed pT1 cancer, a classification into “low-risk” (G1, G2, and no lymph vessel invasion (L0)) or “high-risk” (G3, G4, and/or lymph vessel invasion (L1)) should be performed.
	Level of Evidence
	2b
	Strong consensus 
	Background
	The necessity of a statement on the distance of the tumor from the lateral resection margin in patients with pT1 cancer is unclear.
	6.4. Approach for pT1 Cancer 

	12. 6.
	Recommendation
	2008
	Grade of Recommendation
	A
	In the context of an endoscopically R0-removed polyp with a pT1 cancer, no additional oncological resection should be performed if there is a low-risk situation with a cancer-free polyp base (R0) [481-484]. In the high-risk situation, radical surgical therapy is required, even if the lesion has been completely removed.
	Level of Evidence
	3a
	Consensus 
	13. 6.
	Recommendation
	2008
	Grade of Recommendation
	A
	With incompletely removed low-risk pT1 cancer, a complete endoscopic or local surgical removal has to follow [485]. If an R0 situation cannot be achieved or it is doubtful that a pT1 situation exists, an oncological-surgical resection is necessary.
	Level of Evidence
	3a
	Strong consensus 
	Background
	The prognosis of pT1 cancer can vary widely. The major determinant of a risk stratification is the probability of lymph node metastases. Overall the group of T1 cancer shows a lymph node metastasis rate (N+) of 0-20% [482, 486-488]. For the estimation of the rate of lymph node metastases, there are qualitative and quantitative prognostic criteria [488, 489].
	Qualitative criteria are: Grading (G1—well differentiated, G2—moderately differentiated, G3—poorly differentiated, G4—undifferentiated) and the invasion of lymph vessels (L classification) of the polyps. Quantitatively, the submucosal invasion of the surgical and endoscopically removed specimen can be measured. A proven method involves differentiating the submucosa into three layers. In case of endoscopic removal of a sessile polyp the measurement of the submucosal invasion depth in µm makes more sense, because the submucosa is not available as a total layer and/or no muscularis propria is present. The so-called early invasion forms (sm1, sm2, and/or submucosa invasion ≤ 1000 µm) have a low N+ risk of 0-6% [489, 490]. In contrast, the risk of lymph node metastasis for sm3 cancer is about 20% [490, 491]. Cave: The measurement of submucosal thickness for stalked polyps in µm is not helpful and/or can lead to false conclusions, because the submucosal thickness depends upon the length of the stalk; this means that the stalk is always level sm1. The presence of vein invasion (V classification) should be mentioned, but the value for local therapy is currently unknown.
	Additional comments: 
	As a rule endoscopic cancer therapy in the context of a polypectomy is performed without prior knowledge of the cancer diagnosis. Care should be taken with sessile lesions if a diagnosis of cancer was made by biopsy. Frequently in this case a situation is present in which the lesion cannot be treated adequately using endoscopic means.
	Warning signs are: presence of ulcerations, depressed lesions, contact bleeding, and the lack of a lifting sign when injecting under the lesion. Proof of having achieved a R0 situation is mandatory; the necessity of a safety margin of 1mm from the base is controversial [489]. An endoscopic removal as an en-bloc resection is optimal. Removal using a piecemeal technique appears adequate. With this, evaluation of lateral R0-margins is done macroscopically during endoscopy, evaluation of vertical infiltration and complete removal is performed histologically (basal R0). In any case, an early (2-6 months) endoscopic re-examination of the resection site is necessary. According to available data in a low-risk situation [482, 484, 488-490, 492], the post-interventional rate of metastases and/or local recurrence is 0-5%, whereby the concept of early invading submucosal cancer is only addressed in the newer studies. Local endoscopic therapy of early colorectal malignant neoplasias is a safe and effective therapy in specialized centers, and is considered to be the standard procedure if all low-risk criteria are present. In this situation a radical surgical resection according to oncological criteria is not necessary.
	14. 6.
	Recommendation
	2008
	Grade of Recommendation
	A
	After complete removal (R0) of low-risk (pT1, low-grade (G1, G2, L0)) cancer, endoscopic surveillance examinations of the local resection site should be performed after six months and after two years.
	Level of Evidence
	4
	Strong consensus 
	Background
	The recommendations are made to enable the recognition of local recurrences, and consist of inspection of the former lesion site. A colonoscopy of the whole colon for the early detection and treatment of recurrences should be performed according to the recommendations for adenoma surveillance.
	6.5. Polyp Management (Follow-Up)

	15. 6.
	Recommendation
	2008
	Grade of Recommendation
	B
	After removal of small single, non-neoplastic polyps, there is no necessity for endoscopic surveillance.
	Level of Evidence
	3b
	Strong consensus 
	Background
	Patients with small (<1 cm) hyperplastic polyps and negative family history, do not seem to have an increased colorectal cancer risk. Here the general recommendations for CRC screening apply, i.e. a screening colonoscopy every 10 years. Exceptions are non-neoplastic polyposis syndromes (hyperplastic, juvenile, Peutz-Jeghers) with an increased CRC-risk [496].
	16. 6.
	Recommendation
	2008
	Grade of Recommendation
	B
	After complete removal of neoplastic polyps (adenomas), a surveillance endoscopy is necessary. The time point of the surveillance endoscopy should depend on the number, size, and histology of the removed adenomas. For patients with 1 or 2 adenomas <1 cm without high-grade intra-epithelial neoplasia a surveillance colonoscopy after five years is sufficient. 
	Level of Evidence
	2b
	Strong consensus
	17. 6.
	Recommendation
	2008
	Grade of Recommendation
	B
	For patients who have 3-10 adenomas, or at least one adenoma that is 1cm or larger, or an adenoma with villous histology, the first control colonoscopy should follow after 3 years.
	Level of Evidence
	1b
	Strong consensus
	18. 6.
	Recommendation
	2008
	Grade of Recommendation
	B
	For patients with adenomas with high-grade intra-epithelial neoplasia and histologically-confirmed complete removal, a surveillance colonoscopy after three years is sufficient.
	Level of Evidence
	1b
	Strong consensus
	19. 6.
	Recommendation
	2008
	Grade of Recommendation
	B
	With histologically non-confirmed complete removal, even if macroscopically the removal was complete, an early (2-6 months later) control should be performed.
	Level of Evidence
	3b
	Strong consensus
	20. 6.
	Recommendation
	2008
	Grade of Recommendation
	B
	In case of more than 10 adenomas, the control interval should be shorter than 3 years and should be defined under consideration of individual criteria (family history).
	Level of Evidence
	3b
	Strong consensus
	21. 6.
	Recommendation
	2008
	Grade of Recommendation
	B
	After removal of large, flat, or sessile adenomas in piecemeal technique, a short-term control of the removal area should follow after 2-6 months.
	Level of Evidence
	3b
	Strong consensus
	22. 6.
	Recommendation
	2008
	Grade of Recommendation
	B
	After an unremarkable surveillance endoscopy, further controls are indicated every five years. After complete removal of a traditional serrated adenoma, mixed mucosal membrane polyps, or a sessile serrated adenoma, due to the potentially increased risk of cancer and independent of an IEN grade, a control surveillance should follow after three years.
	Level of Evidence
	4
	Strong consensus
	Background
	The recommendations for post-polypectomy management should be influenced by the individual risk of the respective patients (family history, comorbidities, diverticulosis [497]) and the cleanliness of the colon during the last colonoscopy. The recommendations made above rely on a high-quality baseline colonoscopy (see above). After diagnosis and removal of adenomas, interval cancer are diagnosed in 0.7 to 0.9% of patients within 3 years [415]. This is caused by missed lesions (miss rate), incomplete polypectomies, as well as the occurrence of tumors with a faster progression rate [410, 411, 413, 498]. An underlying principle for the establishment of surveillance recommendations after polypectomy is a patient risk stratification according to the low-/high-risk adenoma concept. The patients are classified into these risk groups according to the number, size, and histology of the removed adenomas during the baseline colonoscopy. 
	According to this classification, a low-risk adenoma situation is defined as follows: 1-2 tubular adenomas, each <1cm, only LGIEN, exclusion of HGIEN, and villous components. 
	A high-risk adenoma situation (so-called advanced adenomas) is defined as follows: ≥3 tubular adenomas, ≥ 1 adenoma with ≥1 cm, adenoma with tubulovillous or villous structure, ≥ 1 adenoma with HGIEN, ≥10 adenomas independent of size or histology [499].
	Flat or sessile adenomas which were removed using the piecemeal technique also belong to this high-risk group. 
	A surveillance interval of five years for the so-called low-risk adenoma group seems reasonable. If no adenomas are detected during the surveillance colonoscopy the colonoscopy should be repeated after 5 years. 
	For the so-called high-risk adenoma groups, the control interval should be three years provided that there is histological proof of complete removal of the lesion. If the surveillance colonoscopy is without adenoma detection, the next colonoscopy can follow after 5 years.
	After removal of flat or sessile adenomas in piecemeal technique, the recurrence rate is significantly increased, especially with larger adenomas (9-28%) [468, 500-503]. The use of argon plasma coagulation to remove remaining tissue to ensure complete removal can be helpful [501, 503]. In this case, however, a complete histological examination cannot be done. The special group of patients with removal of flat or sessile adenomas using the piecemeal technique should undergo surveillance colonoscopies after a short period of time (2-6 months), due to the higher rate of metachronous lesions. Later the monitoring should be after three years and then after five years; in some cases, if necessary, even sooner. In cases of larger ≥1 cm and especially right-sided sessile serrated adenomas (earlier classified as hyperplastic polyps), a potentially accelerated progression risk for cancer appears to be established (via the serrated pathway), so that in these cases a complete removal and a short control interval are recommended (according to the current level of understanding, after three years). 
	Also after the removal of TSA, which predominantly occurs in the left colon and has an increased risk of progression, surveillance in the same way as SSA is indicated.
	For recommendations for surveillance of patients with HNPCC, FAP, and CED see Section 10.6. 
	6.6. Medical Secondary Prevention of Adenomas

	23. 6.
	Recommendation
	2008
	Grade of Recommendation
	B
	Medical secondary prophylaxis should not be given after polypectomy, except in the context of clinical studies.
	Level of Evidence
	1b
	Strong consensus 
	Background
	Even though a small preventative effect has been demonstrated for aspirin in several prospective randomized studies with high levels of evidence (1b) [504, 505], it cannot be recommended due to the small effect (reduction of the recurrence rate by a maximum of 35%) and its known side effects [506]. The same is true for COX-2 inhibitors, for which a reduction in the adenoma recurrence rate of 24 to 45% has been shown [79-81]. They are associated, however, with a significantly increased rate of cardiovascular side effects [507, 508] which outweigh their potential benefit [509]. The reduction of the adenoma recurrence rate of 12% with calcium appears to be too low to recommend long-term administration for this indication [510].
	7. Pre-operative Diagnostics and Surgery
	7.1. Introduction

	In the following the general principles of diagnosis and therapy will be shown in a summary fashion for both entities, as long as they apply to both colon and rectal cancer. Unique diagnostic and therapeutic aspects will be listed separately. 
	The therapy of colorectal cancers should always be planned on the basis of a histopathological examination.  A colorectal cancer is defined by atypical epithelial formations infiltrating the submucosa (pT1 or more). Not included are the so-called mucosal cancer or intraepithelial cancer (pTis) that have no metastatic potential and can be treated by local excision alone. 
	7.2. Definition of Colon and Rectal Cancer

	The border between the colon and rectum has been defined differently. The intra-operative assessment using the end of the taeniae or the peritoneal fold is different for each individual and depends upon age, sex, and other factors. The pre-operative determination of the distal tumor margin with a flexible endoscope is unreliable. This is done more reliably by rigid rectoscopy. The anocutaneous line serves as the distal reference point. According to the international documentation system [511, 512] rectal cancer have aboral borders of 16cm or less from the anocutaneous line as measured by rigid rectoscopy. 
	According to UICC 2003, rectal cancer are subdivided according to the distance from the anocutaneous line into cancer of the upper rectal third (12-16cm), the middle rectal third (6-<12 cm), and the lower rectal third (<6cm) [513].
	In contrast, in the US [514, 515], colon cancer have by definition a distal margin of more than 12 cm and rectal cancer a distal margin of less than 12 cm from the anocutaneous line. This is based on the significantly higher local recurrence rate of tumors with less than 12cm distance from the anocutanoeus line [516].
	7.3. Definition Interdisciplinary Tumor Conference

	1. 7.
	Consensus-based Recommendation
	2013
	GCP
	All CRC patients should be presented in an interdisciplinary tumor conference after they have completed their primary therapy (e.g. operation, chemotherapy).
	Patients with the following constellations should already be presented before therapy:
	- every rectal cancer
	- every stage IV colon cancer
	- metachronic distant metastases
	- local recurrence
	- before every local ablative procedure, e.g. RFA/LITT/SIRT
	Consensus
	Background
	Because of the complexity of the colorectal cancer therapy, patients should be discussed in an interdisciplinary tumor conference. Members of the conference should include the following experts: a gastroenterologist, a hematologist/oncologist, a visceral surgeon, a radiotherapist, a radiologist, and a pathologist. To evaluate the primary or secondary resectability of liver metastases, an experienced liver surgeon should be consulted. If one is not available on site, an external second opinion by an expert should be sought. 
	In certain cases, a presentation at the tumor conference is necessary before therapy has been initiated. For example, for patients with rectal cancer it must be decided upon whether a neoadjuvant therapy should be performed. A study showed that the presentation at a tumor conference and the interdisciplinary determination of a therapy concept significantly reduced the rate of involved circumferential resection margins in the surgical specimen [517]. If distant metastases are present, it must be determined whether a purely palliative concept should be followed or whether the patient can be cured by primary or secondary resection of metastases (especially liver metastases). The frequent presentation of patients with stage UICC IV at the tumor conference has led to an increase in metastasis surgery [518].
	Also patients with distant metastases or local recurrences during the disease course should be presented first to the conference to decide on further concepts. Patients with a planned local ablative procedure should also be presented to discuss alternative treatment options. 
	For colon cancer without distant metastases, an oncologic resection of the cancer is usually done as primary treatment. In this case a pre-operative presentation is not necessary. 
	A presentation is necessary for all patients after therapy has been completed e.g. following a colorectal cancer operation to discuss the indication for adjuvant therapy. In a British study this procedure led to a higher rate of adjuvant chemotherapy and a significant increase in patient survival [519].
	Also patients with distant metastases who have begun primary chemotherapy should be presented again to a tumor conference (with consultation of an experienced liver or lung surgeon) during the course of therapy. A possible secondary resectability should be discussed. 
	7.4. Pre-Operative Evaluation

	Table 8: Staging of Colorectal Cancer
	Examination
	ColonCa
	Rectal Ca
	Complete colonoscopy
	X
	X
	CEA
	X
	X
	Abdominal ultrasound
	X
	X
	Chest x-ray
	X
	X
	Rigid rectoscopy
	X
	Pelvis MRT (CT) with statement on distance between tumor and mesorectal fascia
	X
	Rectal endosonography for localized tumors
	X
	7.4.1. Endoscopic Diagnostics

	2. 7.
	Recommendation
	2008
	Grade of Recommendation
	The following examinations should be obligatory components of a pre-operative evaluation of patients with colorectal cancer:
	Level of Evidence
	Evidence basis
	B
	 Digital-rectal examination
	5
	[520-522]
	A
	 Complete colonoscopy with biopsy
	4
	[520-522]
	A
	 In the case of an endoscopically non-transversible stenosis, complete colonoscopy 3-6 months postoperatively
	3b
	[520-522]
	Strong consensus each
	Background
	The digital-rectal examination allows an initial judgment of the sphincter function as well as the depth of infiltration with deep-localed rectal cancer and allows an assessment of the possibility of sphincter retention.
	Before therapy of a patient with a colorectal cancer, a colonoscopy with a biopsy has to be performed. In up to 5% of colorectal cancer synchronous tumors are present. Since these can be missed during intra-operative evaluation, a colonoscopy of the entire colon should be performed [520-522]. If for technical reasons a complete colonoscopy is not possible, an alternative radiological procedure should be used (see Chapter 6.1).
	Relevance of Virtual Colonoscopy (for stenosing tumors and incomplete colonoscopies)
	3. 7.
	Recommendation
	2008
	Grade of Recommendation
	0
	If a colonoscopy is not complete due to stenosing tumors additionally, a CT- or MRcolonography can be performed pre-operatively. A complete colonoscopy should be performed postoperatively. 
	Level of Evidence
	4
	[426]
	Strong consensus
	4. 7.
	Recommendation
	2008
	Grade of Recommendation
	B
	If the colonoscopy is incomplete for other reasons (e.g. adhesions), a CT- or MR-colonography should be performed.
	Level of Evidence
	4
	[426]
	Strong consensus
	Background
	In this case a virtual colonography is a promising alternative [426]. If a complete colonoscopy is not possible due to a stenotic process, a colonoscopy should be done 3 to 6 months after resection. A pre-operative colon contrast enema is of little value and in the case of stenoses has the danger of causing an ileus. Therefore, it is not recommended.
	7.4.2. Imaging Procedures
	7.4.2.1. The Relevance of Individual Imaging Procedures (except PET) for the Evaluation of Distant Metastases in the Primary Treatment of CRC


	5. 7.
	Consensus-based Recommendation
	2013
	GCP
	An abdominal ultrasound and a conventional chest x-ray in 2 levels should be the basic examination for pre-operative staging of CRC.
	If the result is not clear or if distant metastases or infiltration of adjacent organs or structures is suspected, a multi-slice CT of the abdomen and pelvis should be performed. If lung metastases are suspected, a CT of the chest should be performed. 
	Consensus
	Background
	The goal of pretherapeutic imaging is to clarify whether distant metastases are present. At the time of initial diagnosis of colon cancer, 25% of patients have distant metastases: in 13% limited to one organ (M1a), in 12% more than one organ or in the peritoneum are involved (M1b). Liver metastases are found in 19%, lung metastases in 3%, and peritoneal metastases in 9%. Other distant metastases located in non-regional lymph nodes (2%), the skin (2%), the ovaries (1%), the bones (<1%), or other locations (2%) are rare. 
	The incidence of distant metastases for rectal cancer at first diagnosis is 18%: in 12% limited to one organ (M1a), in 6% more than one organ or in the peritoneum are involved (M1b). Distant metastases in the liver are found in 15% and lung metastases in 4%. Other distant metastases are in the peritoneum 3 %, in non-regional lymph nodes 2 %. Distant metastases in skin, bone, brain, ovaries, or other locations are found in less than 1% of patients [Data from the Clinical Cancer Registry of the Surgical University Clinic Erlangen-Nürnberg].
	A primary abdominal ultrasound should be used to evaluate the presence of liver metastases (sensitivity 63-86%, specificity 98%) [523-525]. If the results are suspicious, if the liver can only be poorly evaluated, or if there is clinical suspicion of liver metastases, a multi-slice CT of the abdomen should be performed (sensitivity 75-83%, specificity 95-98%) [523, 526]. A multi-slice CT is also best to attribute metastases to the liver veins, the hilus structures, as well as the vena cava. This is necessary to evaluate the resectability of liver metastases (see Chapter 7.7.5). The extent of liver metastases can be best assessed using MRI (sensitivity and specificity: MRI 80-88% and 93-97%, CT 74-84%, and 95-96%) [523, 526].
	Contrast-enhanced sonography of the liver and MRI have nearly equal performance characteristics (sensitivity 83-86%, specificity 94-98%). However, it requires adequate quality standards (technical equipment and experience of the examiner) [524, 525, 527].
	Since the multi-slice CT also gives information on the local tumor extension (see below), there is a tendency to implement a primary abdominal CT instead of or in addition to an abdominal ultrasound. However, studies show that only few patients with colon carcinoma who routinely had pre-operative abdominal CTs had a change in further procedures [528, 529].
	7.4.2.2. Relevance of Pre-Operative Local Staging Using CT (MRI) for Colon Cancer with Regard to Local Spread

	6. 7.
	Consensus-based Statement
	2013
	GCP
	A pre-operative staging CT can differentiate between tumors that are limited to the bowel wall and those that have penetrated the wall. However, the evaluation of the nodal status is significantly less reliable. The best results are achieved with multi-slice CTs (MSCT).
	Consensus
	Background
	Neoadjuvant therapy for colon cancer without extensive distant metastases is currently only considered in exceptional cases (e.g. distal sigmoid cancer with very extensive regional lymphogenic metastazation or deep tumorinfiltration reaching the probable conceivable resection margins). However to optimize the therapy algorithm for patients, the use of corresponding pre-operative imaging procedures is increasingly being discussed, e.g. selection for laparoscopic resections or transferal of patients with predictable multi-visceral resections to experienced centers.
	The validity of pre-operative abdominal ultrasound examinations is insufficient in this respect. Data on the sensitivity of CTs for local colon cancer staging do not exist. The modern multi-slice CT (MSCT) reaches a high sensitivity (86%) and specificity (78%) with regard to local tumor expansion. However, the detection of local lymph node metastases is much less sensitive (70%) with the same specificity (78%) [530].
	7.4.2.3. Relevance of PET-CT
	7.4.2.3.1. For Primary Diagnosis of Colorectal Cancer


	7. 7.
	Statement
	2013
	Level of Evidence
	2b
	PET/PET-CT has no relevance in the diagnostic work up of newly diagnosed CRC.
	De Novo: [531-546]
	Strong consensus
	Background
	15 prospective and 5 retrospective cohort studies and case series were identified in the literature search. 13 Studies included patients with colon and rectal carcinomas and 7 trials only rectal carcinoma patients. 14 studies included all patients, 2 retrospective studies only patients with locally advanced rectal cancer, and 1 study included only patients with increased CEA or inconclusive CT imaging. In the studies that were included 10 cases used PET, 6 PET-CT, and 4 PET-CT with CT-colonography. PET was compared to CT +/- other modalities in 14 studies, and with MRI in 3 studies. In 4 studies there was no comparison. 18 cases used histology and clinical course as references and in 2 cases clinical staging was done using the examinations that had been performed.
	The sensitivity of PET for distant metastases was high (75-100%) and in a number of cases superior to the method that it was compared [531, 536]. In some cases it was not better [532-534, 539]. The quality of the method used for comparison is not known. In recent studies with multidector spiral CT there was no significant detectable difference [532, 533].
	The sensitivity for lymph node metastases was mainly low (29-85%), in 2 retrospective rectal cancer studies 44 and 85% and not better than comparison studies (CT or MRI) [531-539].
	In the studies the use of PET or PET-CT led to changes in therapeutic procedures in 2-27% of the cases [532, 533, 536, 539-546].
	Overall, the data show no conclusive additional benefit of PET for the primary diagnosis of CRC.
	7.4.2.3.2. Before Resection of Colorectal Liver Metastases

	8. 7.
	Recommendation
	2013
	Grade of Recommendation
	0
	A PET-CT can be performed in patients with resectable liver metastases of CRC to avoid an unnecessary laparotomy.
	Level of Evidence
	2b
	De Novo: [547, 548]
	Consensus
	9. 7.
	Recommendation
	2013
	Grade of Recommendation
	A
	A PET-CT shall not be performed within 4 weeks after systemic chemotherapy or antibody therapy, because it this significantly reduces its sensitivity. 
	Level of Evidence
	2b
	De Novo: [549-551]
	Strong consensus
	Background
	A preliminary report on the benefit of PET/PET-CT for relapse diagnostics and relapse staging in CRC patients was presented by the IQWIG (Institute for Quality and Economics in Health Care) in August 2011 [552]. Aside from the evaluation of the patient relevant benefit, a systematic evaluation of the prognostic and diagnostic quality of the PET/PET-CT was done. The literature search included a period up to August 2009. More recent publications were mentioned in the text. The guideline recommendations given here are based on the evidence evaluation of the IQWIG report. The Grade of Recommendation was developed under additional inclusion of the clinical evaluation of the procedure. Furthermore, in a more recent literature search from August 2009 – December 2011, a RCT in abstract form [548], 2 systematic reviews [553], [526], a prospective case control study [549], and a retrospective case series [551] were identified. They were also included in the evaluation (for details see evidence report). The previous recommendation of Grade B from the last guideline update in 2008 (9.1.2.1) for PET/PET-CT examinations before resection of colorectal liver metastases with a FONG score > 2 was changed, because the study that led to this recommendation has still not been published as a full article [554].
	So far, a RCT as a full publication and 1 RCT in abstract form have been published on the issue of patient-relevant benefit of PET/PET-CT. For patients before resection of CRC liver metastases, a supporting PET/PET-CT has no effect on disease-free or total survival of the patient. Whether supplemental PET-CT examinations help to avoid futile laparotomies as clinical endpoints is not completely resolved. The consensus recommendation here is especially supported by the full published study by Ruers [547] which has, however, methodological weaknesses. In this study 150 patients with colorectal liver metastases who were planned to undergo resections were randomized to 2 study arms (CT or CT plus 18F-FDG PET). The primary study objective was reported in the publication as rate of futile laparotomies that were avoided as a result of the PET examination. This endpoint is relevant for the patient. The study reported no significant difference in survival in the PET-arm. However, a significantly reduced number of "futile laparotomies“ was seen in this study arm. The rate of futile laparotomies was 45% in the control arm and 28% in the PET-arm. This corresponded to a risk reduction of 38% with a very large confidence interval (95% CI, 4-60%, p=0.042). The authors concluded that in one in six patients a laparotomy can be avoided with an additional PET before liver metastasis resection. The secondary endpoint DFS and OS were as follows: DFS: 35.5% versus 29.8 % (p-value = 0.194); OS: 61.3% versus 65.8 % (p-value = 0.378). The study's evidence level was downgraded by the consensus conference (see also IQWIG-report, degrading from Ib to II), because the primary study endpoints mentioned in the study plan were different from the ones in the publication (original endpoint: rate of patients who were disease-free after 9 months).
	Another multicenter randomized study that has so far been published as an abstract at the ASCO annual meeting 2011 also investigated this issue [548]. Endpoint of this study was the change in patient management after PET-diagnostics (no operation because of additional results or expansion of surgery compared to the intention without/before PET-diagnostics) in a 2:1 randomization design in CRC patients who seemed suitable for liver resection for liver metastases. 404 patients were randomized (270 patients in the PET/CT-arm, 134 patients without PET). There was no difference in management change between both study arms. Thus, the endpoint was not reached. However, as far as could be deduced from the presentation, about 70% of patients had chemotherapy before PET diagnostics. This significantly reduces the sensitivity of the examination method (see below). It should also be critically noted that the endpoint "change in patient management" in contrast to "reduction of futile operations" was not considered patient relevant. 
	Several studies point out that the sensitivity of PETs is significantly reduced if they are done within 4 weeks after chemotherapy (evidence level IIa-III). Therefore, a PET is not recommended during this time, because too many false negative cases occur. The issue was not evaluated by the IQWIG report. A larger case control study without randomization was published in 2010 which investigated the sensitivity of PET after chemotherapy [549]. The study found a negative predictive value of only 13.3% and a positive predictive value of 94% with a specificity of 22.2% at an accuracy of 85% if the PET was done within 4 weeks after the end of chemotherapy. The authors concluded that diagnostic PET examinations shortly after chemotherapy administration are not useful. A retrospective study from Australia evaluated PET-results of patients with liver metastases before liver resection [555]. This study was small and heterogeneous. 21 patients were systematically treated before surgery, 53 were not. Correct results were determined using PET for 29% of patients after chemotherapy and 53% without chemotherapy. Underestimated results were observed in 52% in the chemotherapy group and only 34% in the group without chemotherapy. This study underscores that PET examinations shortly after chemotherapy are not useful. Another prospective trial [550] and a retrospective study [551] reached similar results.
	7.4.3. Tumor Markers

	10. 7.
	Consensus-based Recommendation
	2013
	GCP
	The CEA-value should be assessed pre-operatively.
	Strong consensus
	11. 7.
	Consensus-based Statement
	2013
	GCP
	CA 19-9 does not increase the conclusiveness of a relapse compared to determining only the CEA-value. 
	Strong consensus
	12. 7.
	Consensus-based Statement
	2013
	GCP
	The relevance of CA 125 to diagnose ovarian metastases and as a course parameter for further treatments of confirmed peritoneal carcinosis is unknown. 
	Strong consensus
	Background
	In about 30% of all CRCs the tumor marker CEA is increased at the time of first diagnosis [data from the Clinical Cancer Registry of the Surgical University Clinic Erlangen-Nürnberg]
	This tumor marker is especially reliable as an indicator for tumor relapse. It is also an independent prognostic factor for liver metastases. 
	Other tumor markers under discussion are CA 19-9 and CA 125, the latter being a marker for peritoneal cancer [556-558].
	The detection of circulating DNA and so-called circulating tumor cells in peripheral blood as well as bone marrow has no consequences.
	7.4.4. Specific Diagnostics for Rectal Cancer

	13. 7.
	Consensus-based Recommendation
	2013
	GCP
	The prediagnostic work up of a patient with rectal cancer should include a rigid rectoscopy with a statement on the distal tumor or margin.
	Strong consensus
	Background
	Rigid rectoscopy allows an exact determination of the distance of the distal tumor margin from the dentate line and is of major importance for determining further therapy.
	14. 7.
	Recommendation/Statement
	2013
	Grade of Recommendation
	B
	Local staging of rectal cancer should preferably be performed using MRI. If a T1-cancer is suspected, an endoscopie ultrasound should be performed.
	Level of Evidence
	2b
	De Novo:[559-567]
	Strong consensus
	15. 7.
	Statement
	2013
	Level of Evidence
	3
	CT is not suitable for staging ofT1-cancer.
	De Novo:[559-567]
	Strong consensus
	16. 7.
	Statement
	2013
	Level of Evidence
	2b
	The accuracy of all imaging procedures for the evaluation of the lymph node status is very questionable.
	De Novo:[561, 562]
	Strong consensus
	17. 7.
	Recommendation
	2013
	GCP
	The report should include information on the distance of the tumor to the mesorectal fascia. 
	Strong consensus
	Background 
	In rectal cancer local staging is essential for further therapy planning. While local removal is sufficient for low-risk T1-carcinomas, for high-risk T1 and T2-cancers a resection according to oncologic criteria is necessary. In Germany, neoadjuvant therapy is recommended if tumor infiltration in the mesorectum (T3) has been identified. If neighboring organs have been infiltrated (T4), neoadjuvant radiochemotherapy is recommended. For T3-cancers there are data which indicate that the extent of the mesorectual infiltration especially the distance from the mesorectal fascia are of important prognostic relevance [559]. This level is the circumferential resection margin (CRM) in the TME. If the mesorectal fascia is infiltrated by the tumor or the distance between the tumor and the fascia is less than 1 mm (CRM+), the local recurrence risk is significantly increased [560]. Another prognostic factor is affected lymph nodes [559].
	A number of studies on the value of different methods for local staging of rectal cancer had to be excluded in the literature search, because study collectives also included patients who had had radio-or radiochemotherapy. For further details see the evidence report.
	The accuracy of individual diagnostic methods depends on the technical characteristics of the equipment (e.g. multidetector spiral-CT vs. single-slice CT) and the local expertise. An endosonography is often technically not possible if high-grade stenoses are present or the tumors are localized in the proximal rectum. 
	A meta-analysis which analyzed data on endosonography, MRI, and CT up to 2002 showed that endosonography demonstrated the highest accuracy for T1-cancers [561]. Its high sensitivity and specificity was confirmed in a more recent meta-analysis [562]. MRIs with endorectal spools are a possible alternative for EUS. However, they are more costly, are considered unpleasant by patients, and are established at very few sites. CTs are not suited for diagnosing T1-cancers. 
	However, to differentiate T2 and T3-cancers, the endosonography was more sensitive than MRI and CT with comparable specificity [561]. For T4-cancers the meta-analysis showed no significant differences between the procedures. Recent individual cohorts demonstrated a higher sensitivity for MRI and occasionally spiral-CT for tumors with mesorectal infiltration (> T2) [563-567]. However, the accuracy of the CT was significantly lower in the lower third than in the upper two thirds [568]. If it is necessary to show the mesorectal fascia and its association with the tumor, the MRI is currently the most sensitive method [563]. The fascia cannot be demonstrated by endosonography.
	When evaluating lymph nodes the sensitivity (55-73%) and specificity (74-78%) of all methods are currently insufficient [561, 562]. The reasons include, on the one hand, reactive lymph node enlargement and, on the other hand, lymph nodes 5mm and smaller that may contain metastases. Therefore, the indication for neoadjuvant therapy should be made very carefully if it is solely based on suspected lymph nodes seen in pretherapeutic imaging. 
	Furthermore, it must be considered that the accuracy of the individual methods depends greatly on the local expertise. This is especially true for CTs. 
	Considering especially the possibility of depicting the mesorectal fascia, many experts currently prefer MRIs for local staging of rectal cancers (with the exception of early cancers).
	Excluding short term radiation, neoadjuvant therapy impairs the accuracy of individual diagnostic procedures (see evidence report).
	18. 7.
	Recommendation/GCP
	2008
	Grade of Recommendation
	In individual cases the following examinations may be useful:
	Level of Evidence
	0
	 Sphincter manometry
	4
	GCP
	 Gynecologic examination
	GCP
	 Cystoscopy
	Strong consensus each
	Background
	In general, sphincter manometry has no relevance for therapy decisions beyond the result of the rectal-digital examination and the differential medical history. In unclear cases , it can make the decision on sphincter retention easier.
	If bladder infiltration is suspected, a cytoscopy can be helpful. If the infiltration of the vagina, uterus, or adnexa is suspected, a gynecologic exam should be done. In contrast to the previous guideline, a urine sediment is no longer recommended for rectum or sigma cancers, because the test is too unspecific. 
	7.5. Surgical Therapy with Curative Intention
	7.5.1. Intraoperative Staging


	19. 7.
	Consensus-based Recommendation
	2013
	GCP
	An intraoperative inspection and, in case of open surgery, palpation of the liver should be performed in every case, i.e. also in case of an inconspicious preoperative evaluation. 
	If the pre-operative diagnostics are sufficient, the diagnostic benefit of intra-operative ultrasound to look for further metastases does not justify its effort.
	Consensus
	Background
	Due, nowadays, to the quality of magnetic resonance imaging and computer tomography, during a laparotomy usually only subserosal liver metastases (< 2mm) are additionally detected by intra-operative inspection and palpation. 
	However, the sensitivity and the positive predictive value of the intra-operative ultrasound examination with contrast medium is very high (in a single series with 24 patients at 100 % each) [570].
	7.5.1.1. Intra-Operative Pathological Examination

	In general, rapid sections should be used only if this has direct consequences. The most frequent indication is the evaluation of metastatic spread, e.g. in the peritoneum, in the liver, or in non-regional (e.g. peri-aortal) lymph nodes.
	With local surgical excision (full wall excision), the important question is whether a cancer proven by previous biopsy was excised with tumor-free margins. 
	However, this cannot be adequately determined intra-operatively using rapid sections.
	In the case of a deep-seated rectal cancer, rapid section examination of the aboral resection margin can help to decide whether total rectal extirpation should be performed. 
	With segmental resections of large colon polyps, especially of villous histology, in which pre-operative evaluation failed to confirm an invasive neoplasm, an assessment of malignancy using rapid section is frequently not possible due to technical reasons (examination of multiple tissue blocks!). Therefore in these cases, the use of standard oncological resection is recommended.
	In case of adherence of a tumor to neighboring organs it is not possible to determine macroscopically whether an infiltration of the neighboring organs or only a peritumorous inflammatory reaction is present. In such cases, biopsies with rapid sections should be strictly avoided, because of possible local tumor cell dissemination, which can be associated with reduced survival [571]. This is the reason for the en-bloc resection in all cases of tumor adherence to neighboring organs or other structures (see section 7.7.2 on therapy and multivisceral resection). 
	20. 7.
	Consensus-based Recommendation
	2013
	GCP
	If the etiology of a focal liver lesion remains unclear, histological examination should be performed. 
	Consensus
	Background
	In case of unclear liver lesions (see below) with therapeutic consequences , a histologic work up preferably with a needle biopsy passing through the healthy liver parenchyma should be performed.  Incision biopsies should be strictly avoided. Smaller lesions can be completely excised in form of an excision biopsy.
	21. 7.
	Consensus-based Statement
	2013
	GCP
	The sentinel-node-biopsy has no relevance for CRC.
	Consensus
	Background
	In malignant melanomas and breast cancers sentinel-node-biopsies are performed. This is done to avoid more extensive dissection that would result in increased morbidity rates in patients with histologically negative sentinel lymph nodes.
	With the introduction of laparoscopic surgery methods, it was discussed whether limited resection methods can also be used for CRC if the sentinel-node-biopsy was negative. 
	In addition, it was questioned whether ultra-staging (immunohistochemical preparation) of the sentinel lymph node would change the tumor stage with the corresponding need for adjuvant therapy [572, 573].
	7.5.2. Radical Surgical Therapy of Colon Cancer
	7.5.2.1. Extent of Lymph Node Dissection:


	If there is lymphogenic metastazation of the colon cancer, it occurs according to a regular metastazation pattern. At first, it metastasizes longitudinally to both sides of the tumor into the paracolic lymph nodes, then to the intermediary lymph nodes along the radial arteries to the central lymph nodes at the origin of the supplying arteries. The paracolic metastazation never exceeds a distances of more than 10 cm [574-576].
	The extent of the colon resection is defined by the transsection of the central arteries. Cancer lymph node metastases at the terminal ileum on the right side, however, seldom occur and if so, only in very advanced cancer [577]. Therefore, a resection of the terminal ileum of maximally 10 cm is sufficient for right hemicolectomies. 
	Oncologic Principles
	In colon cancer surgery, the lymph node yield also correlates with the prognosis in nodal negative cancer (UICC II) [578, 579].
	Resection of cancers of the Coecum and the Ascending Colon 
	Cancers in this area metastasize centrally via the ileocolic artery and the right colic artery. Accordingly, both vessels must be centrally ligated. However, a real colic artery originating from the superior mesenteric artery is present in less than 15 % of all cases [580]. Accordingly if the vessel ist not present, branches leading to the right from the origin of the middle colic artery are centrally ligated. Parts of the major omentum only have to be resected if there is direct tumor contact. 
	Resection of cancers of the Right Colonic Flexure and Proximal Transverse Colon 
	For the extended hemicolectomy, the ileocolic artery , the right colic artery (if present), and the middle colic artery are centrally ligated. Accordingly, the distal resection margin is in the area of the left transverse colon. In this tumor localization a lymphogenic metastazation also takes place via the major omentum in the direction of the gastric antrum and on to the pancreatic head [575]. Thus, aside from skeletonizing the greater gastric curvature and resecting the gastroepiploica-dextra-arcade and, thus, parts of the right-sided omentum, the lymph nodes cranial of the pancreatic head should also be dissected. 
	Resection of cancers of the Middle Transverse Colon 
	These tumors metastasize via the middle colic artery centrally toward the superior mesenteric artery , and via the left colic artery toward the inferior mesenteric artery. A transverse colon resection includes both colon flexures. If metastazation towards the greater gastric curvature via the major omentum has occurred, a omentum resection corresponding to the tumor site as well as skeletonizing of the greater gastric curvature with removal of these lymph nodes must also be performed. The arcade principle must be observed for the omentum resection (inclusion of the omentum artery within an arcade of 10 cm to both sides of the cancer).
	Resection of cancers of the Distal Transverse Colon and Left Colonic Flexure 
	Here the tumor metastasizes to the right via the middle colic artery and to the left via the left colic artery. Thus, the middle colic artery is centrally ligated and the left colic artery is cut descending from the inferior mesenteric artery . An advantage of the greater radicality of removing the inferior mesenteric artery has not been confirmed. An ascendo-sigmoideo-stomy can be done to restore the continuity. Due to metastazation via the major omentum towards the greater gastric curvature, the left sided parts of the omentum with dissection of the arcade at the greater gastric curvature must also be removed. If the tumor is advanced in this region, the lymph nodes at the left pancreas lower margin may also be affected. These must also be dissected from the isthmus to the pancreas tail. 
	Resection of cancers of the Colon Descendens
	In this case a left hemicolectomy with central ligature of the inferior mesenteric artery is necessary. The distal resection margin lies in the upper third of the rectum, the proximal one in the left flexure region. Accordingly, it may be necessary to resect possible adherent parts of the omentum. 
	Resection of cancers of the Sigmoid Colon
	These tumors metastasize via the sigmoid branches to the origin of the inferior mesenteric artery . The proximal transsection of the bowel is performed in the descending colon with central ligation of the inferior mesenteric artery. For the distal bowel dissection the guidelines for rectal cancers in the upper third of the rectum also apply. However, a distal safety distance of at least 5 cm distal safety distance from the tumor margin must be observed .
	Background: For 2 - 4 % of patients lymph node metastases are found close to the origin of the inferior mesenteric artery [581, 582].
	7.5.2.2. Complete Mesocolic Excision (CME)

	22. 7.
	Consensus-based Recommendation
	2013
	GCP
	Surgical therapy for colon cancers should include the complete mesocolic excision. 
	Consensus
	Background
	Analogous to the mesorectum, a mesocolon exists which covers the lymph nodes of the supplying arteries like envelopes.
	Analogous to TME for rectal cancer, CME is used for colon cancer surgery. This is done to achieve maximal local radicality with the greatest possible lymph node yield by preparation in predefined anatomical layers with central ligation of the supplying vessels without breaching of the visceral fascia layer. .
	For colon cancer a complete mesocolic excision is suitable to achieve maximal local radicality with high lymph node yield. 
	It leads to high quality preparations [583, 584]. The higher radiality does not seem to be associated with an increased complication rate [585]. Previous data indicate an improvement of survival rate if CME is consistently performed [583].
	The morphometric examination of the colon specimen can be used in the future to objectively evaluate colon cancer specimen. 
	7.5.2.3. Local Ablative Therapies for Liver Metastases
	7.5.2.3.1. Radio-Frequency Ablation (RFA)


	23. 7.
	Recommendation
	2013
	Grade of Recommendation
	0
	An RFA can be performed if non-resectable liver metastases are present or if the general health of the patient does not allow resection, especially following previous liver resection. 
	Level of Evidence
	3a
	De Novo: [586-588]
	Strong consensus
	Background
	The present evidence on the safety and efficacy of radio frequency ablation for colorectal liver metastases is sufficient to recommend this method for patients who either have non-resectable liver metastases, whose health status does not allow resection, or who have previously had a liver resection [586].
	The RFA can also primarily be performed in combination with surgical resection.
	Recent studies suggest that solitary liver metastases <3cm can be treated using RFA with similarly good results as with resections [587, 588]. However, present data on this subject are contradictory and comparative controlled randomized studies still do not exist.
	7.5.2.3.2.  Selective Internal Radiation Therapy (SIRT)

	24. 7.
	Recommendation
	2013
	Grade of Recommendation
	B
	SIRT to treat disseminated liver metastases of CRC should only be performed in patients who have no other therapy option and only as part of a clinical study. 
	Level of Evidence
	2a
	De Novo: [589, 590]
	Consensus
	Background
	Patients with absent or limited extrahepatic metastazation, and without options of further systemic chemotherapies show a prolonged median survival and longer interval to progression of liver metastases in individual studies using SIRT (also called radioembolization). There are too few data for a conclusive evaluation especially on survival and quality of life. Therefore, patients who are eligible for SIRT should only be treated as part of clinical studies [589, 590]. 
	7.5.2.3.3. Laser Induced Interstitial Thermotherapy (LITT)

	25. 7.
	Recommendation
	2013
	Grade of Recommendation
	B
	A LITT for the treatment of CRC liver metastases should only be performed as part of a clinical trial. 
	Level of Evidence
	4
	De Novo: [591, 592]
	Strong consensus
	Background
	The interstitial laser thermo-ablation was a safe and effective method in individual case-series for patients with inoperable CRC liver metastases [591, 592]. Data comparing it to percutaneous radiofrequency ablation do not exist. The data are not sufficient for conclusive evaluation especially of survival and quality of life. Therefore, patients who are eligible for LITT should only be treated as part of clinical studies. 
	7.5.3. Radical Surgical Therapy of Rectal Cancer 

	As a general rule the curative therapy of rectal cancers requires, in addition to the complete resection of the primary tumor, the partial or total removal of the mesorectum including the regional lymph drainage area (so-called radical resection according to the international documentation system for colorectal cancer) [511, 512]. Only in strictly selected cases a curative resection is possible using local measures. The following operative procedures are considered equivalent the criteria of oncological surgery are taken into account. The individual indication is dependent on tumor localization, especially the relation to the dentate line and the levator muscle, the depth of infiltration and the anal sphincter function:
	 (deep) anterior rectal resection 
	 abdominoperineal rectal extirpation 
	 intersphincteric rectal resection (also described as an abdominal-perianal rectal resection). This operation requires special experience. 
	It must be noted that for the deep anterior rectal resection an intersphincteral preparation is also frequently necessary to achieve a sufficient safety distance to aboral. This operation method should, however, not be confused with an abdominal peranal preparation.
	If at all possible, a continence-preserving procedure should be chosen with regard to the future quality of life. With poor sphincter function, instead of a deep resection a permanent colostomy should be preferred which depending on the safety margin to the pelvic floor should be performed in form of a rectal exstirpation or preserving the pelvic floor. 
	7.5.3.1. General Oncologic Principles

	Surgical therapy should adhere to the following principles: 
	Removal of the regional lymph drainage areas with resection of the inferior mesenteric artery at least distal to the origin of the left colic artery.  The central dissection of the inferior mesenteric artery close to its origin has no prognostic significance; however, it is often necessary due to technical reasons for the mobilization of the left hemicolon used for reconstruction [593]. However, anatomical studies show that in many cases a deep anastomosis is also possible without central ligation [594]. A benefit of lymph node dissection at the origin of the inferior mesenteric artery proximal to the exit of the left colic artery has not been shown (level of evidence: 2b) [595-598].
	 The complete removal of the mesorectum for cancers in the middle and lower part of the rectum and the partial mesorectal excision for cancers in the upper third of the rectum through sharp dissection along the anatomical structures between the fascia pelvis visceralis and parietalis (total mesorectal excision TME) [599, 600].
	 The observance of an appropriate safety distance (see below). 
	 As a rule, the en-bloc resection of tumor-adhering organs (multivisceral resection) to prevent local tumor cell dissemination [601].
	 Protection of the autonomic pelvic nerves (hypogastric nerves, inferior and superior plexus [602, 603].
	26. 7.
	Recommendation
	2013
	Grade of Recommendation
	A
	The systematic dissection of lateral lymph nodes along the internal iliac artery and its branches should not be done without justified suspicion of metastases. It increases the perioperative morbidity without confirmed oncologic benefit.
	Level of Evidence
	1b
	De Novo: [604-607]
	Strong consensus
	7.5.3.2. Approach to Tumors of the Upper Third of the Rectum

	27. 7.
	Recommendation
	2013
	Grade of Recommendation
	B
	With tumors of the upper third of the rectum, resection of the rectum with partial mesorectal excision 5 cm distal to the macroscopic tumor border, measured in-vivo should be performed. The mesorectum should be dissected horizontally without proximal thinning (no coning).
	Level of Evidence
	3b
	De Novo: [599, 608-612]
	Strong consensus
	Background
	The reason for this procedure [611, 612] is that with T3 and T4 tumors rarely satellite nodes or lymph node metastases occur up to 4 cm distal to the macroscopic tumor margin as measured using the histological slice after fixation of the non-stretched surgical specimen preparation.
	7.5.3.3. Approach to Tumors of the Middle and Lower Third of the Rectum

	28. 7.
	Recommendation
	2008
	Grade of Recommendation
	A
	With tumors of the middle and lower third of the rectum, a total mesorectal excision (TME) should be performed up to the pelvic floor, preserving the superior and inferior hypogastric plexus and the hypogastric nerves. 
	Level of Evidence
	1b
	[602, 613, 614]
	Strong consensus
	29. 7.
	Recommendation
	2008
	Grade of Recommendation
	B
	For low-grade tumors with high or moderate differentiation in the lower third of the rectum, a safety margin of 1-2cm in-situ is sufficient. With high-grade tumors (G3/4), a larger safety margin must be attempted.
	Level of Evidence
	2b
	[600, 615-618]
	Strong consensus
	30. 7.
	Recommendation
	2013
	Grade of Recommendation
	B
	After neoadjuvant radiochemotherapy, an aboral distance of 0.5cm may also be acceptable to avert an otherwise necessary extirpation. Intraoperative frozen sections should confirm that the aboral resection margin is tumor-free.
	Level of Evidence
	2b
	de Novo: [619, 620]
	Consensus
	Background
	For cancers of the lower third (as an alternative to the otherwise recommended rectal extirpation) an intersphincteric rectal resection can be performed (also called the abdominal-perianal rectal resection), if - under observance of the above-mentioned safety margins - the puborectal loop is not infiltrated. This operation requires special experience.
	7.5.3.4. Reconstruction After Total Mesorectal Excision

	After total mesorectal resection with an anastamosis near the anal sphincter, significant functional disorders can occur. These are dependent on the choice of the reconstruction method. Some possibilities available include:
	 a straight colo-anal anastomosis
	 a colon-J-pouch
	 a transverse coloplasty
	 a side-to-end anastomosis
	31. 7.
	Recommendation
	2013
	Grade of Recommendation
	A
	For reconstruction after deep anterior resection, a straight colo-anal anastomosis should usually not be used (if anatomically possible) because of the better functional results. 
	Level of Evidence
	1a
	de Novo: [621]
	Strong consensus
	32. 7.
	Statement
	2013
	Level of Evidence
	1a
	Of the different reconstruction forms, the advantages of the functional results of a colon-J-pouch are best confirmed.
	de Novo: [621, 622]
	Majority consensus
	33. 7.
	Statement
	2013
	Level of Evidence
	1b
	Under functional aspects, the transverse coloplasty is inferior to the colon-J-pouch. 
	de Novo: [622, 623]
	Majority consensus
	34. 7.
	Statement
	2013
	Level of Evidence
	2a
	The side-to-end anastomosis may be as good as the colon-J-pouch.
	de Novo: [624]
	Strong consensus
	Background
	The disadvantages of a straight colo-anal anastomosis have been clearly shown. Especially in the first two postoperative years, they result in an increased stool frequency as well as poor continence and quality of life [621]. When constructing a J-pouch the loop length should not exceed 6 cm to prevent emptying problems [625]. The only larger prospective randomized study on the differential use of different reconstructions shows that a J-pouch construction was technically possible in 74% of patients. Compared to a transverse coloplastic, the J-pouch in this study was better with respect to stool frequency and incontinence score. Although a meta-analysis including the Fazio-study put the conclusion on stool frequency into perspective, it considered neither the long-term results of the Fazio-study nor the data on incontinence [623]. Since studies with sufficient case numbers are still missing, definite conclusions on the role of side-to-end anastomosis cannot be made [624].
	7.5.3.5. Decision to Preserve the Sphincter

	35. 7.
	Consensus-based Recommendation
	2013
	GCP
	Even in cases in which sphincter preservation was initially regarded as impossible, a sphincter preserving rectal resection may become possible using neoadjuvant radiochemotherapy. Therefore, a re-evaluation should be performed no earlier than 6 weeks after completion of radiochemotherapy. 
	Strong consensus
	Background
	A reduction of tumor mass especially for low tumors is one important aspect for sphincter preservation. There seems to be an advantage for neoadjuvant radiochemotherapy. However, its effects do not become identifiable until several weeks after completion. This means that the surgery method cannot be chosen until the time of surgery after neoadjuvant radiochemotherapy has been completed [626]. Imaging procedures are not helpful in evaluating the response [627].
	7.5.3.6. Approach in Case of Complete Response after Neoadjuvant Therapy

	36. 7.
	Consensus-based Recommendation
	2013
	GCP
	In rare cases in which after neoadjuvant radiochemotherapy a tumor is no longer detectable clinically, endoscopically, or with imaging procedures (endosonography and MRI, alternatively also CT), it can be considered not to perform a resection. Detailed information on the poor validation of this approach and the willingness of the patient undergo regular follow up at short intervals to have very close knit follow-ups for at least 5 years is required.
	Consensus
	Background
	A Brazilian study in 265 patients with rectal cancer showed that after neoadjuvant therapy a tumor was no longer detectable in 26.8% of the patients. These patients had no surgery and underwent follow-ups [628]. After a median follow-up of 57.3 months, two patients (2.8%) had an endoluminal relapse and in three patients (4.8%) systemic metastases were found. The authors postulated that for patients with complete response after neoadjuvant radiochemotherapy a follow-up without surgery may be sufficient. However, it must be considered that this was not a randomized study. Furthermore, it is not known if these results can also be achieved outside of Brazil. 
	7.5.3.7. Rectal-Exstirpation

	37. 7.
	Recommendation
	2013
	Grade of Recommendation
	B
	For low tumors with infiltration of the anal canal/sphincter which cannot be operated with sphincter preservation, an abdomino-perineal extirpation in the form of "cylindrical" resection including the levator ani should be performed.
	Level of Evidence
	3b
	de Novo: [584, 629, 630]
	Consensus
	Background
	In rectal-exstirpation the preparation rate with insufficient lateral safety margins is classically increased [629]. The oncologic results are poorer compared to sphincter preserving interventions with comparable tumor stages [630]. The extralevatoric "cylindrical“ resection leads to better safety margins and should be viewed as the superior method even without randomized studies [584].
	38. 7.
	Recommendation
	2013
	Grade of Recommendation
	O
	After neoadjuvant radio-(chemo-)-therapy and/or with larger perineal defects, perineal wound healing disorders can be reduced using primary plastic reconstruction with a myocutaneous flap.
	Level of Evidence
	3b
	de Novo: [631]
	Consensus
	Background
	The rate of perineal wound healing disorders is high especially after neoadjuvant radiation and with larger defects. However, the use of different plastic reconstruction methods remains an individual decision, which must take the special anatomical availability, the chance of secondary morbidity of the donor site defect, the surgical complexity, and the available surgical expertise into consideration [631].
	7.5.4. Stoma-Construction

	39. 7.
	Consensus-based Recommendation/ Consensus-based Statement
	2013
	GCP
	A temporary deviation stoma should be performed for radical surgery of rectal cancer with TME and deep anastomosis.
	Strong consensus
	40. 7.
	Consensus-based Statement
	2013
	GCP
	Colostomies and ileostomies are equally good as deviation stomas.
	Strong consensus
	Background
	A protective stoma can reduce the morbidity especially of clinically relevant anastamosis insufficiencies and urgent relaparotomies [632]. If primary deviation stomas are avoided, the long-term rate of permanent stomata is by no means lower [633]. There are arguments for both types of protective stomas, even if recent meta-analyses favor ileostomies [634, 635].
	41. 7.
	Consensus-based recommendation
	2013
	GCP
	Stoma construction should be discussed and planned with the patient as early as possible before the operation.
	Strong consensus
	42. 7.
	Recommendation
	2013
	GCP
	The stoma position should be marked pre-operatively.
	Consensus
	43. 7.
	Recommendation
	2013
	GCP
	An ileostomy should be constructed prominently (> 1 cm). A colostomy should be constructed with slight elevation.
	Strong consensus
	Background
	The pre-operative information on the stoma construction should be given by the treating physician and a correspondingly trained nurse (stoma therapist). A meeting with an affected person from a self-help group - if available - should be offered. The stoma marking can be done by a trained nurse/stoma therapist. However, the doctor is responsible for the correct marking of the stoma and, thus, the correct construction. To determine the best position, it is necessary to mark the stoma position while lying down, sitting, and standing.
	A postoperative stoma therapy should ensure that patients or if they are not able, their family or caregivers can independently perform the stoma care (base plate change, stoma bag emptying and change), that the supply with stoma material is ensured, and that if necessary, a stoma therapist is available. An irrigation should be offered to the colostomy carrier. In individual studies pre-operative stoma marking and the implementation of stoma therapists reduced the postoperative stoma complication rate [636, 637]. Furthermore, a prospective study reported that pre-operative stoma counseling makes postoperative care easier [638].
	7.5.5. Local Excision of Rectal Cancers

	44. 7.
	Statement
	2008
	Level of Evidence
	1b
	Local surgical excision of rectal cancers (full wall excision) as the only treatment is only recommended for pT1 cancers with a diameter up to 3cm, good or moderate differentiation, without lymph vessel invasion (low-risk histology). However, complete resection (R0) is required.
	[639-642]
	Strong consensus
	Background
	Also in low-risk cases, the risk of local recurrence is higher compared to radical surgery, but local therapy is associated with reduced morbidity, mortality, and better functional results is higher compared to radical surgery. Therefore, the risk-benefit must be considered individually for each patient [643, 644]. There is much to suggest that for local excision the transanal endoscopic microsurgical methods are superior to open transanal excision using a spreader [645, 646].
	There was no agreement on the relevance of sm-classifications to assess "low-risk“ or "high-risk“. T1-cancers with deep submucosal infiltration (sm3, according to some series even sm2) are considered by other authors and guidelines as high-risk constellations that should be treated with radical surgery [647-650]. 
	45. 7.
	Recommendation
	2008
	Grade of Recommendation
	B
	With T1 high-risk cancers (G3/4 and/or lymph vessel invasion) and with T2 cancers, the probability of lymphatic spread is around 10-20%, so that in general local excision alone cannot be recommended. (see also section 6.4)
	Level of Evidence
	3b
	[647, 651]
	Strong consensus
	Background
	If a "high-risk“ constellation is known before treatment, the primary operation should be radical. If a high-risk constellation does not become apparent until transanal full wall resection, the secondary radical revision surgery within one month is not associated with a poorer prognosis than with a primary radical procedure [647, 651]. If the patient refuses radical revision surgery in this situation, an adjuvant radiotherapy may be considered. 
	7.6. Laparoscopic Surgery 

	46. 7.
	Recommendation
	2013
	Grade of Recommendation
	A
	Laparoscopic colon and rectal cancer resections can be performed with comparable results to open surgical techniques if the surgeon has appropriate expertise and the selection is appropriate. 
	Level of Evidence
	1a
	de Novo: [652-656]
	Strong consensus
	47. 7.
	Consensus-based Recommendation
	2013
	GCP
	The quality of the surgical specimen should be documented by the pathologist. 
	Strong consensus
	Background
	Even if laparoscopic colorectal resections take more time to perform, numerous randomized studies indicate that in the short-term peri-operative surgical morbidity is lower than after conventional operations with unchanged overall morbidity and mortality [652]. In the incisional hernias, adhesion-related revision operations, or regional and systemic tumor relapses [653, 654]. Systematic reviews and meta-analyses show equivalent oncologic long-term results especially for colon cancer. The data on rectal cancer were still insufficient. However, in the meantime, robust long-term results of the British CLASICC-study have been published despite initial problems with surrogate-parameters in the rectal cancer subgroup [655]. This study demonstrates oncologic safety of laparoscopic surgery for both colon and rectal cancer [656]. No strict criteria have been validated for defining special laparoscopic expertise that is without doubt necessary.
	48. 7.
	Consensus-based Recommendation
	2013
	GCP
	Recent operation procedures (e.g. robotics, NOTES) cannot be recommended, because of insufficient data outside of studies. 
	Strong consensus
	Background
	The DaVinci-telemanipulation-system - the only "robot" established in clinical routine - has been used in several series for laparoscopic total mesorectal excisions [657, 658]. Since neither short-term benefits nor long-term oncologic equivalency have been proven, this method must still be viewed as experimental. The same is true to an even greater extent for transgastral, transvaginal, or transanal access and specimen extraction.
	7.7. Special Situations
	7.7.1. Surgical Therapy of Peritoneal Carcinomatosis


	49. 7.
	Recommendation
	2013
	Grade of Recommendation
	0
	For patients with isolated and limited peritoneal carcinosis a cytoreductive operation with subsequent hyperthermal intraperitoneal chemotherapy (HIPEC) can be performed done if the following criteria are fulfilled:
	- PCI (peritoneal cancer index) < 20 
	- No extraabdominal metastases
	- Possibility of macroscopic complete removal or destruction of all tumor manifestations
	- Therapy at a specialized center
	These procedures should preferably be performed as part of a trial
	Level of Evidence
	2a
	de Novo: [659-662]
	Strong consensus
	Background
	So far, there is only one completed randomized study comparing systematic chemotherapy and cytoreductive surgery with HIPEC [660]. This study demonstrated also long-term that surgical therapy of peritoneal carcinosis leads to significantly better disease-specific survival [661]. If macroscopic tumor eradication was achieved, the 5-year-survival was 45%. It must be noted that the control arm only received a 5-FU-based systemic therapy. Thus, despite numerous non-randomized studies [662] with promising results, it has not been conclusively defined which patients benefit from surgical therapy with HIPEC compared to modern systemic polychemotherapy. 
	7.7.2. Multivisceral Resection

	In the case of adherence of a tumor to neighboring organs it is not possible to determine macroscopically whether an infiltration of the neighboring organs or only a peritumorous inflammatory reaction is present. In such cases, biopsies and frozen sections should be strictly avoided, because of the possibility of local tumor cell dissemination, which can be associated with reduced survival [571]. This is the basis for performing an en-bloc resection in all cases of tumor adherence to neighboring organs or other structures (multivisceral resection). In the case of rectal cancer total pelvic exenteration can be necessary.
	7.7.3. Multiple Cancers of the Colon and Rectum

	In these cases a colectomy should not always be performed, instead the procedure should take into account the requirements of each individual tumor. This might require the construction of several anastomoses.
	7.7.4. Emergency Surgery

	In the setting of ileus, tumor perforation, or colorectal perforation with a stenotic tumor the procedure performed depends on the individual situation. If possible, the preferred surgical option is a radical resection according to the standard oncological procedures. In appropriately selected cases of ileus due to colorectal cancer, the placement of an endoluminal stent can be discussed [663]. An ileus usually accompanies a rectal cancer only in very advanced cases, so that nearly always a neoadjuvant radio/chemotherapy should be undertaken. Therefore, in this situation a colostoma of the right transverse colon is often constructed. Tumor-associated bleeding is only rarely relevant for further decisions regarding therapy.
	7.7.5. Resection of Liver Metastases 

	50. 7.
	Consensus-based Statement
	2013
	GCP
	Compared to a two-stage procedure, the simultaneous resection of liver metastases most likely does not have an influence on the long-term survival if suitable patients are selected.
	Strong consensus
	51. 7.
	Consensus-based Statement
	2013
	GCP
	In case of certain comorbidities and older age (>70 years), the simultaneous resection of the primary tumor and liver metastases may lead to higher postoperative mortality.
	Consensus
	52. 7.
	Recommendation
	2013
	GCP
	A multimodal two-stage procedure should be chosen in case of multiple synchronic liver metastases.
	Consensus
	Background
	The decision to perform simultaneous resection of liver metastases on top of resection of the primary tumor must be considered under several aspects: 
	 If it is a right-sided colon resection, the liver is usually easily accessible due to the positioning of the patient and the incision path (except for very obese patients, a very large fatty liver). In case of a left-sided colon and rectal operation with the according patient positioning the liver access is much more difficult. 
	 Resection of individual peripheral metastases may also be performed without substantial difficulty if the patient is positioned as done for left-sided resections. Especially formal right-sided resections (e.g. right hemihepatectomy) are only acceptable with right-sided resections, because of the corresponding access. 
	 Especially small individual metastases are often followed by an advanced metachronic metastazation. Therefore, it is also justified, despite technical resectability, to wait and see if liver metastazation progresses and if necessary to perform systemic chemotherapy in the meantime.
	Furthermore for rectal cancer, individual surgeons advocate the concept of primary liver resection without resection of the primary tumor or other preceding procedures such as neoadjuvant chemotherapy or neoadjuvant radiochemotherapy.
	7.7.6. Extensive Distant Metastazation and Asymptomatic Primary Tumor

	53. 7.
	Recommendation
	2013
	Grade of Recommendation
	0
	Stage IV patients with extensive liver metastazation ("metastasis liver") and asymptomatic primary tumor (no stenosis symptoms, no bleeding that needs transfusions) may undergo primary chemotherapy without resection of the primary tumor. 
	Level of Evidence
	4
	de Novo: [664, 665]
	Strong consensus
	Background
	Extensive non-resectable distant metastases usually determine the prognosis of patients with this type of metastazation. If ileus symptoms are present due to the primary tumor or if transfusions are necessary due to bleeding, prompt resection of the primary tumor (with few exceptions) is essential. If the primary tumor is asymptomatic it is, however, still not clear whether resection has a benefit for the patient. The start of chemotherapy has to be postponed because of the operation. A meta-analysis of 8 retrospective descriptive studies (from 1985-2005) showed prolonged survival for patients with resection of their primary tumor in 7 studies [664]. However, these studies were not randomized i.e. the reason for the allocation of patients to primary surgery or primary chemotherapy groups remains unknown. Furthermore, the median survival of 6 months found in some chemotherapy groups seems lower than would be expected with the chemotherapy protocols available today. The risk that during the course of primary chemotherapy surgery due to ileus or perforation becomes necessary is small according to current data (about 7%) [665]. The initiation of chemotherapy with retention of the asymptomatic primary tumor with extensive distant metastazation, thus, seems justified. The role of resection of primary tumors with extensive distant metastazation is currently being studied in a randomized study (Synchronous-study, study number ISRCTN30964555).
	7.7.7. Patients with HNPCC (Hereditary Non-Polyposis Colorectal Cancer)

	54. 7.
	Consensus-based Recommendation
	2013
	GCP
	Prophylactic colectomy or proctocolectomy in HNPCC mutation carriers shall not be performed.
	A subtotal colectomy in patients with a cancer should not generally be done, but should be discussed individually with the patient. 
	Strong consensus
	55. 7.
	Recommendation
	2008
	Grade of Recommendation
	A
	After cancer resection in addition to the usual follow-up-colonoscopic must be performed in the same interval as preoperatively. (see also Chapter 5.2.2.1)
	Level of Evidence
	2a
	Evidence from update literature search:[272, 273, 287-290]
	Strong consensus
	Background
	Since regular screening nearly always detects cancers in stage UICC I/II or even as premalignant adenomas [272, 273] and there is incomplete penetrance of the disease, a prophylactic colectomy or proctocolectomy is not recommended.
	If a cancer is detected, patients will have oncologic resections. The risk of CRC in the remaining colon and the risk of extracolic neoplasia is, however, increased. Thus, these patients must undergo an intensive postoperative follow-up. The usual follow-up for sporadic CRC should be combined with a HNPCC-specific prevention program for CRC and extracolic tumors. It is currently not known whether an extended prophylactic resection for the prevention of metachronic CRC is better than continuous surveillance. Previous data from retrospective case series are insufficient and due to national differences in screening intervals not applicable to Germany (for further information see Chapter 5.2.2.1).
	7.7.8. Cancers in Familial Adenomatous Polyposis (FAP)

	56. 7.
	Recommendation
	2008
	Grade of Recommendation
	B
	The procedure of choice for FAP patients is a proctocolectomy with ileo-anal pouch including a lymph node dissection depending on the localization of the carcinoma and the resulting consequences (e.g. radial vessel cutting, total mesorectal excision). Depending on anal sphincter function or an incurable tumor stage, a proctocolectomy or a limited resection can be carried out. 
	In attenuated FAP with only minimal involvement of the rectum, an ileorectostomy is recommended (see also 5.2.2.2)
	Level of Evidence
	3b
	[305]
	Strong consensus
	7.7.9. Cancers in Ulcerative Colitis

	57. 7.
	Statement
	2008
	Level of Evidence
	3b
	The preferred procedure is a proctocolectomy with an ileo-anal pouch (IAAP), if sensible according to oncological or functional considerations.
	Strong consensus
	For further recommendations and information e.g. on the procedures for surveillance colonoscopies, see the S3 Guideline Diagnostics and Therapy of Ulcerative colitis [396].
	7.8. Postoperative Histopathological Examination

	58. 7.
	Recommendation
	2008
	Grade of Recommendation
	The following data are obligatory components of the pathology report:
	Level of Evidence
	A
	Tumor type according to WHO classification
	1c
	 Tumor invasion depth (pT-classification)
	1c
	 Regional lymph node status (pN classification)
	1c
	 Number of lymph nodes examined
	2a
	 Minimum number of lymph nodes to be examined:12
	2a
	 Grading
	2a
	 Distance from the resection margins (with rectal cancer, circumferential)
	2a
	 R-Classification
	1c
	Sources for all specifications: [477, 579, 666-678]
	Background
	Increasingly and especially after neoadjuvant radiochemotherapy, the degree of remission achieved is histologically classified according to Dworak [678].
	59. 7.
	Consensus-based recommendation
	2008
	GCP
	Testing for microsatellite instability may be performed in case of suspected HNPCC.
	7.8.1. Cancer-Grading Based on MSI-H

	60. 7.
	Consensus-based recommendation
	2013
	GCP
	Poorly differentiated adenocarcinomas including mucinous adenocarcinomas and undifferentiated cancers should be tested immunohistochemically for the expression of hMLH1 and hMSH2. If there is no hMLH1 or hMSH2 expression, they should be classified as low-grade.
	Consensus
	Background
	CRCs with high-grade microsatellite instability (MSI-H) have a significantly better prognosis and lower distant metastazation rate than CRC with microsatellite stability (MSS) or low-grade microsatellite instability (MSI-L) [679-682]. Furthermore, it was shown that poorly differentiated (G3) adenocarcinomas and also mucinous adenocarcinomas which have been graded as G3 have a significantly better prognosis if MSI-H is present than if MSS or MSI-L are found [683, 684]. Therefore, if there are indications for MSI-H, poorly differentiated adenocarcinomas including mucinous adenocarcinoma and undifferentiated colon cancer should not be graded as high-grade but as low-grade. 
	The immunohistochemical evidence of lack of hMLH1 or hMSH2 expression is as important for the prognosis as MSI-H [685]. Due to its sensitivity and specificity, it can be used as a simple and inexpensive substitute for molecular MSI testing for MSI-associated prognosis evaluations [686-689]. The immunohistochemistry for hMLH1 and hMSH2 detects sporadic MSI-H-carcinomas and some of the MSI-H-carcinomas in Lynch-syndrome. The connection of CRC with Lynch-syndrome cannot be reliably assessed with this test and requires additional testing. 
	7.8.2. Number of LN to be Removed

	61. 7.
	Consensus-based Statement
	2013
	GCP
	12 or more lymph nodes shall be removed and examined. 
	Strong consensus
	62. 7.
	Recommendation
	2013
	GCP
	The ratio of tested and affected lymph nodes should be documented. 
	Strong consensus
	63. 7.
	Consensus-based Statement
	2013
	GCP
	The greater the number of affected and examined lymph nodes, the better the prognosis of patients with CRC UICC-stage II and III.
	The number of affected and examined lymph nodes can be used as a surrogate marker for the quality of treatment.
	The size of a lymph node does not correlate with the probability of metastazation. 
	Strong consensus
	Background 
	The number of affected and examined lymph nodes depends not only on the tumor biology, but also on the surgeon and pathologist. The 7th edition of the UICC-TNM-classification 2010 specifies that for category „pN0“ a regional lymphadenectomy and histological examination of usually twelve or more lymph nodes should be done.
	Although the quality of studies on the number of lymph nodes is poor, it is still true that patients with a larger number of removed and examined lymph nodes have a better prognosis in UICC-stage II and III. The correlation has been repeatedly demonstrated in cohort studies such as in 3411 stage II and III patients of the so-called intergroup-trials [579]. The so-called INTACC-study with 3491 patients also showed that the prognosis correlates with removed/examined lymph nodes [690]. However, not only the number of lymph node metastases is important, but also the number of lymph nodes in general. Both studies showed a prognostic effect even for nodal negative tumors which correlated with the number of removed/examined lymph nodes [691].
	This effect was demonstrated in numerous cohorts [692-695].
	The number of lymph nodes can be used as a surrogate marker for the treatment and diagnosis quality of the surgeon as well as the pathologist. 
	The "optimal number" of lymph nodes to be removed/examined for correct staging is controversial in the literature. However, it is definite that twelve lymph nodes are not sufficient. The sole histopathological examination of the largest lymph nodes in the preparation is not sufficient, because the lymph node size does not correlate with the probability of metastazation. 
	In the literature it is suggested to report the ratio of examined to affected lymph nodes [696-698].
	For patients who have had pre-operative radiochemotherapy for locally advanced rectal cancer the number of lymph nodes is smaller. An analysis of 615 patients who were operated for primary rectal adenocarcinoma showed that 33% fewer lymph nodes were found if a neoadjuvant therapy had been performed pre-operatively [699].
	7.8.3. Relevance of Distance Between the Tumor Margin and Resection Area of the Mesocolon in Colon Cancer

	64. 7.
	Consensus-based Recommendation
	2013
	GCP
	Analogous to the quality evaluation of the resection in rectal cancer, the quality of the colon cancer resection should also be categorized as follows:
	Grade 1 (good): intact mesorectum
	Grade 2 (moderate): mesorectal surface irregularities
	Grade 3 (poor): defects down to the muscularis propria or the tumor
	These assessments should be made by a pathologist.
	Consensus
	Background
	There are no data comparable to rectal cancer on the circumferential safety margins of primary tumors in colon cancer. In addition, in colon cancer the chance of reaching a sufficient circumferential safety margin to adjacent structures or organs is much more frequent despite extensive deep-infiltration of the primary tumor. In rare cases this is not possible (e.g. for sigma-carcinoma, which is located on the iliacal vessels). 
	Therefore, when appropiate, analogous to rectal cancer, the circumferential safety margin should be documented. 
	However in the meantime, publications analogous to those for rectal cancer on the quality of the evaluation of colon cancer resections have become available. Similar to rectal cancer, it has been confirmed that tears down to the muscularis propria or reaching the tumor lead to a poorer survival rate (a 15% lower 5-year-survival rate with tears muscularis propria vs. mesorectum). In the case of lymph node metastases (UICC stage III) the difference is more pronounced (27% higher survival rate after 5 year follow-up) than if lymph node metastases are absent [700, 701].
	7.8.4. Relevance of Distance From the Circumferential Resection Margin (CRM-Classification) with Colon and Rectal Cancer

	65. 7.
	Consensus-based Recommendation
	2013
	GCP
	The circumferential safety margin is negative if it measures 1mm or more (R0 "wide“). A circumferential safety margin is positive if the circumferential safety margin is less than 1mm (R0 "close“) or if tumor tissue reaches it directly (R1). The distance should be documented quantitively. 
	Strong consensus
	Background
	According to the official definition of the AJCC, the residual tumor is defined as R1 if the cancer actually histologically reaches the resection margin (RR). /
	However, especially publications from The Netherlands and Great Britain have shown that a circumferential safety margin of less than 1mm also significantly increases the local recurrence risk for rectal cancer (3-year local recurrence rate: 6% for CRM- and 17% for CRM+ ; 3-year tumor-free survival rate 79% for CRM- and 50% for CRM+ [560, 702].
	Whether a safety margin of less than 2mm leads to a poorer prognosis is controversial [703, 704].
	7.8.5. Relevance of Documenting the Quality of the TME-Preparation

	66. 7.
	Consensus-based Recommendation
	2013
	GCP
	Since the quality of the surgical resection specimens according to the abovementioned categories allows conclusions on the prognosis of local recurrence, it must be described in the pathohistological report as follows: 
	The quality of the resection specimens is graded by the integrity of the mesorectal fascia in 3 categories:
	In case of rectal extirpation, preparation irregularities and tumor positive circumferential safety margins are not as frequent with a complete resection of the levator musculature. [705]
	Therefore, the pathohistological report must describe the radicality in the levator musculature region. The following categories should be used: 
	Consensus
	Background
	The quality of the rectal resection specimen significantly influences the local recurrence rate. If the mesorectum remained intact, the 5-year tumor-free survival was 65% compared to 47% with a defective mesorectum (P<0.05) [706]. After a 3 year follow-up, the local recurrence rate with intact mesorectal fascia was 4% (3–6%), 7% (5–11%) with intramesorectal tearing, and 13% (8–21%) if tearing had reached the muscularis propria-layer [702].
	For the evaluation of preparations after rectal extirpation a distinction is made between cylindrical and standard excisions. Following a cylindrical excision, the circumferential resection margin is not as frequently affected and perforations are also significantly less frequent [700, 705]. To date, data on the effect on the local recurrence and survival rate do not exist. 
	The quality evaluation of the surgical specimen should be performed according to the abovementioned criteria by a pathologist and not the surgeon. 
	7.9. Psychooncological Aspects

	67. 7.
	Recommendation/ GCP
	2013
	Grade of Recommendation
	B
	Psychooncological care should be included in the overall therapy concept. 
	Level of Evidence
	1b
	[708-735]
	68. 7.
	Recommendation/ GCP
	2013
	GCP
	All patients should be informed early by a physician about the possibilities of psychooncological support. 
	Background
	Throughout the course of cancer, psychological burden and disorders requiring treatment occur with a frequency of 20 – 35% (cancer patients with any tumor location and stage). Most common are adaptive (F 43.12), next acute stress (F 43.0), followed by depressive disorders (major depression 8-20%, dysthymia 5-15%) [710-713]. For the CRC patient group the numbers are similar [714, 715]. Advanced disease stage, marked functional impairment, and high somatic discomfort are associated with a high risk of psychological disorders [716]. The additional creation of colostomies is usually an invasive change for affected patients. Its acceptance is harder the more impairing the functional limitations are and the more massive the physical disfigurement is perceived. The patient's self-esteem can be greatly reduced as a result of a stoma, so that physical, sports, and social activities as well as going back to work are experienced as difficult and burdening. This can lead to psychological impairments. Especially the external physical change that can be seen as a result of the stoma makes adjustment difficult and leads to self-esteem and adaptive disorders up to depression [715, 717]. For many affected patients the feelings of shame and disgust as well as the fear of filth and smell become a great psychological burden so that the need for intimacy is of secondary importance. Thus, stoma carriers often feel that their sex life is negatively affected [718]. 
	A large proportion of psychological disorders in tumor patients is not correctly diagnosed and is insufficiently treated [712, 719, 720]. This results in negative affects on patients' physical wellbeing, functional status, symptoms (pain, nausea, fatigue), and quality of life. Therefore, the patient's psychological health should be assessed regularly during the course of the illness i.e. in all crisis phases and at times of expected high burden. Recent studies argue for the efficacy of prevention/follow-up-based psychosocial interventions for tumor patients [711, 721, 722]. Prevention/follow-up measures include the answering of some simple targeted questions by the patient either in personal contact or with the help of questionnaires. Different screening procedures are available for the identification of patients with high psychological burden or comorbidities that require treatment. An overview of different screening methods can be found in [723], which can be obtained online under www.pso-ag.de .
	Professional psychological support/co-therapy should be available to all patients and their families. It can be performed by psychosomatic or psychiatric counseling/liaison services, by psycho-oncologic staff in organ and onocologic expert centers, or by including practicing physicians or psychological psychotherapists with psycho-oncologic qualification [724-726]. It should be done in close cooperation and with feedback to the treating physicians and nurses. 
	All CRC patients should be informed by their medical therapist (doctors and nurses) about the professional psychological support that is available. 
	The efficacy of different psycho-educative and psychotherapeutic interventions in tumor patients for symptom reduction (depression, anxiety, pain, fatigue), disease processing, and improvement of the quality of life has been confirmed [709, 720, 727-735]. 
	In addition, look at the S3-Guideline Psychooncology, completion expected in 2013.
	8. Adjuvant and Neoadjuvant Therapy
	8.1. Adjuvant Therapy of Colon Cancer
	8.1.1. Indications for Adjuvant Therapy of Colon Cancer


	A requirement for adjuvant therapy in colon cancer is a R0-resection of the primary tumor. Basis for the indication for adjuvant therapy after tumor resection is a histopathological stage determination, especially the determination of the pN status. To determine a pN0 status, at least 12 regional lymph nodes should be examined (UICC 2002). Immunocytological detection of isolated tumor cells in bone marrow biopsies or lymph nodes as well as cytological tumor cell findings in peritoneal lavages do not serve as indications for adjuvant therapy outside of clinical trials.
	Adjuvant therapy is not indicated for patients with curatively resected stage I colon cancer. Patients with UICC stage II and III should, if possible, be enrolled in controlled clinical trials in order to obtain data concerning indications and optimal adjuvant therapy. By means of quality control, the clinical course of patients being treated outside of clinical trials should be documented with regard to disease recurrence, survival rate, and side effects. Applying adjuvant chemotherapy requires considerable experience, and especially knowledge of relevant dose reduction schemes which must be followed when toxicity occurs.
	 Contra-Indications for Adjuvant Chemotherapy of Colon Cancer
	 Performance status worse than 2 (WHO)
	 Uncontrolled infection
	 Liver cirrhosis Child B and C
	 Severe coronary heart disease, cardiac insufficiency (NYHA III and IV)
	 Preterminal and terminal kidney insufficiency
	 Limited bone marrow function
	 Other comorbidities affecting life expectancy
	 Inability to attend regular control examinations
	8.1.2. Age Limitations for Conducting Adjuvant Chemotherapy

	1. 8.
	Evidence -based Recommendation
	2008
	Grade of Recommendation
	A
	There is no age limitation for performing adjuvant chemotherapy; general contraindications (see above) should be considered.
	Level of Evidence
	1
	Strong consensus
	Background
	Randomized studies concerning the effect of adjuvant chemotherapy on colon cancer outcome had an under representation of older patients. Among other reasons, this was due to an age limitation as part of the inclusion criteria in most of these studies. A prospective cohort study including patients with colon cancer who were at least 67 years old showed that also at older age patients have a significant survival benefit from adjuvant chemotherapy in comparison to surgery alone [736]. Additionally, a retrospective study consisting of a smaller number of patients revealed that no significant differences in survival time were found depending upon age [737]*. This result was confirmed by a pooled analysis of seven studies with a total of 500 patients age 70 years or older [738]. In this study occurrence of gastrointestinal side effects did not depend upon age. However, leucopoenia was found more often among older patients. In another study, stomatitis was the only side effect seen more often in the group with age over 70 years [739]. Hence, in most cases adjuvant chemotherapy seems to be tolerated well by older patients. Furthermore, a subgroup analysis of the MOSAIC study revealed that the benefit of additional adjuvant therapy with oxaliplatin was not dependent on age [740]. The age of a patient, therefore, has no sole predictive relevance [741].
	8.1.3. UICC Stage III

	2. 8.
	Evidence -based Recommendation
	2008
	Grade of Recommendation
	A
	For patients with R0 resected stage III colon cancer, adjuvant therapy is indicated.
	Level of Evidence
	1a
	Strong consensus
	Background
	Various randomized studies have demonstrated a significant survival benefit for patients with stage III colon cancer due to adjuvant chemotherapy [742, 743]. Meta-analyses and pooled analyses (e.g.Gill et al) including 3,303 patients with stage II and III colon cancer unequivocally showed that, compared to surgery alone, adjuvant chemotherapy is associated with a significant improvement of prognosis for patients with lymph node positive disease (stage III) [738, 744-746]. 
	8.1.4. UICC Stage II

	3. 8.
	Recommendation
	2008
	Grade of Recommendation
	0
	For patients with curatively resected stage II colon cancer, adjuvant therapy can be performed.
	Level of Evidence
	1b
	Strong consensus
	Background
	The absolute benefit of adjuvant therapy in UICC stage II without risk factors is between 2 and 5%. Studies and pooled analyses of trials of patients with stage II colon cancer did not show a significant survival benefit from postoperative adjuvant chemotherapy. A pooled analysis of 7 randomized studies which compared adjuvant chemotherapy to sole operation with regard to stage II colon cancer, merely demonstrated a significant improvement of disease-free five-year-survival (DFS) (72 vs. 76%, p=0.049) in the univariate analysis. This benefit could not be shown for five-year overall survival (80 vs. 81%; p=0.1127). Furthermore, the individual studies differed concerning therapy modalities and included low patient numbers [745]. The British QUASAR study is the largest individual randomized trial published concerning this issue [751]. In this study after a median observation period of 5.5 years, the relative risk for death from whatever cause was significantly lower in the adjuvant therapy group than in the observation group (HR 0.82; 95% CI: 0.70-0.95, p=0.008), resulting in an absolute survival benefit of about 3.0% (95% CI: 1.0-6.0). However, this study also showed methodological weaknesses due to its heterogeneous study group (71% colon cancer, 91% Dukes’ stage B) and the heterogeneous therapy protocols containing 5-FU (with or without Levamisol, different dosing of folinic acid). Considering the isolated subgroup of stage II colon cancer, the relative risk was not significantly reduced; the effect, however, was the same throughout all subgroups leading to the assumption of a survival benefit for all prognosis groups. Considering the significance of this study with regards to the so-defined “high-risk-situation” (see below), no recommendations can be derived, since data on T-category and/or vascular invasion are merely available for about 20% of all patients. Out of the collective of these 20%, only very few patients actually showed T4- or V1-status. At this time, there is no convincing data available concerning usage of Oxaliplatin in stage II: At the ASCO 2007 [752]* the effect of adjuvant postoperative chemotherapy (FOLFOX4 versus LV5FU2) in stage II was reported in a subgroup analysis. Regarding stage II colon cancers, there was neither a significant improvement of disease-free survival (HR 0.84; 95% CI: 0.62-1.14; p=0.258) nor an overall survival benefit (HR 1.0; 95% CI: 0.71-1.42) for those patients being treated with Oxaliplatin combination therapy and having a stage II tumor. Taking all currently available randomized and controlled studies into account, a recommendation for an obligatory use of adjuvant chemotherapy in stage II cannot be given [753-755]. However, due to the positive results of the currently largest trial, the QUASAR study, a benefit of adjuvant therapy in stage II without risk factors cannot completely be excluded – regardless of methodological problems of this study. For this reason, therapy should at least be taken into consideration at this stage [751], potential benefits and risks of such a therapy should always be discussed with the patient.
	8.1.5. UICC Stage II with Risk Factors

	4. 8.
	Recommendation
	2008
	Grade of Recommendation
	B
	In stage II, adjuvant chemotherapy should be taken into consideration in selected risk situations (T4, tumor perforation/tears, surgery under emergency conditions, number of examined lymph nodes too small).
	Level of Evidence
	3
	Strong consensus
	Background
	The factors listed above have been identified as prognostically unfavorable. Thus, it appears to be possible that patients with these risk factors may benefit from adjuvant chemotherapy in stage II cancers. Nonetheless, there are no prospective data available concerning the association of these risk characteristics and the benefit of adjuvant chemotherapy. Therefore, a thorough discussion with the patient about advantages and disadvantages of adjuvant chemotherapy in this indication should be carried out in this subgroup. 
	Several studies found that poor prognosis was associated with certain risk situations such as T4 tumor, tumor perforation, operation under emergency conditions, and/or too few examined lymph nodes [756, 757]. A recent retrospective trial including 1,306 patients with a stage II tumor revealed in multivariate analysis that T4-category was associated with poor disease-free survival (HR 1.75) [758]. In the study by Moertel (n=318), T4-category in stage II had no additional prognostic relevance [753]. However, in a study by Burdy (n=108) [759], in the Erlanger analysis (n=305) [547], and in the published meta-analysis by Gill [756] such a prognostic relevance was demonstrated. 
	After emergency surgery a significantly lower five-year survival rate was observed, absolute numbers being 29.8% versus 52.4% (p<0.001). This difference was seen in stage I/II as well as in stage III [760]. Cancer-specific survival after five years was reduced from 74.6% to 60.9% with evidence of anemia, to 51.6% with evidence of stenosis, and to 46.5% with evidence of perforation (p<0.001) [761]. In several studies, the number of examined lymph nodes was also found to be an independent prognostic factor [579, 762]. In 222 patients with CRC stage II a five-year survival rate of 49% was found for patients who had 6 or fewer lymph nodes examined compared to 68% for patients with 7 or more examined lymph nodes [762]. Le Voyer (INT-0089, n=3,411) examined patients in Dukes’ stage B2 or C receiving adjuvant therapy with 5-FU, folinic acid (FA), and/or Levamisol. A prognostic relevance depending on the number of lymph nodes removed was found not only for N0-, but also for N1- and N2-status. Patients with tumors of N0-status showed the best overall survival if more than 20 lymph nodes were analyzed [579]. In a study of 3,592 cases of colorectal cancer an English group [763] found a significant survival benefit for each subgroup of patients depending on the number of lymph nodes identified (0-4 lymph nodes, 5-10 lymph nodes, > 10 lymph nodes). This effect was demonstrated for every tumor stage. In the multivariate analysis, the number of examined lymph nodes was shown to be an independent prognostic factor. An analysis of the SEER database [764] correlated the number of examined and/or removed lymph nodes with long-term survival.
	In the multivariate analysis a reduction of cancer mortality by 20.6% was found if more than 15 lymph nodes were examined compared to patients for whom only 1-7 lymph nodes were examined. This result was independent of tumor stage and other patient or tumor characteristics. Even if study results are heterogeneous regarding the exact number of lymph nodes to be examined, it is the opinion of experts that at least 12 lymph nodes should be analyzed, regardless of the fact that this number cannot be achieved at all times. In this context, please also take note of the scheduled revision of the topic “Surgical treatment of colorectal cancer”.
	A study in which patients with stage II tumors and high-risk characteristics were represented in a small subgroup showed no benefit of adjuvant chemotherapy compared to sole operation [743]. In contrast, the MOSAIC study included a high-risk population consisting of patients with stage II tumors with T4-status, tumor perforation, ileus, blood vessel invasion, and/or less than 10 lymph nodes examined; for this high-risk population postoperative adjuvant FOLFOX4 chemotherapy tended to result in an improvement of disease-free survival by 7.2% (HR 0.74; 95% CI: 0.52-1.06) in comparison to 5-FU/FA chemotherapy. However, possibly due to the small number of patients, a significant improvement of overall survival could not be shown [752]*.
	5. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	At this time, additional parameters (e.g. level of CEA-protein, level of differentiation of the tumor, 18q loss, isolated tumor cells in lymph nodes or in bone marrow, microsatellite status, DNA ploidy and TS/p53 expression, lymph and blood vessel invasion) should not be used as an indication for adjuvant chemotherapy.
	Level of Evidence
	4
	Strong consensus
	Background
	It has been demonstrated in some, but not in all studies that certain parameters have a prognostic relevance for colorectal cancer. Yet, there are no prospective studies available on the benefit of adjuvant chemotherapy with the presence of one or more of these factors. In some studies level of differentiation was shown to be an independent prognostic factor in stage III [670, 765] as well as in stage II and III [745]. In contrast, an analysis by Hermanek demonstrated that the level of differentiation only has prognostic significance in a certain subgroup of stage III (any T N2 M0) [766].
	In several studies, loss of 18q-allele was shown to have an independent prognostic role in stage II cancers [767-771].
	Regardless of this, a study of patients with stage II colorectal cancer (n=70) came to the conclusion that 18q loss did not have any prognostic significance [772]. Moreover, it is unclear whether tumors showing 18q loss might respond poorer to chemotherapy.
	In 10-15% of all sporadic colorectal cancer microsatellite instability (MSI) can be detected. Microsatellite instability is caused by defects of the DNA-mismatch-repair-(MMR)-system (MMR-system) caused by an inactivation of the MLH 1, MSH 2, MSH 6, and PMS 2 genes. The results of a study of 718 patients in Italy indicate that patients with MMR protein-negative tumors have a better long-term prognosis than patients with MMR protein-positive cancer. This positive prognostic effect was seen in stage II as well as stage III. Adjuvant chemotherapy led to an improvement of prognosis for patients who had MMR protein-positive tumors [773]. A study by Sinicrope demonstrated that microsatellite instability and DNA diploidy were also associated with a better prognosis [774].
	A recently published meta-analysis clearly proved a negative prognostic significance of DNA aneuploidy. Patients with aneuploidic colorectal cancer had a significantly higher mortality rate five years after their operation than patients with diploid tumors. This applied to all subgroups analyzed and in particular for stage II [775].
	Among 570 patients in stage II (55%) and stage III (45%) analyzed together in the IMPACT study, adjuvant chemotherapy led to an improvement in survival; with existence of higher-grade microsatellite instability, however, it resulted in a decreased survival [776]. A study of 876 patients with stage III tumors revealed that microsatellite status had no prognostic relevance for the group that had not received adjuvant chemotherapy (5-year survival rate: 43 vs. 36%). However, for the group treated with chemotherapy a significantly better survival rate was demonstrated for patients with MSI-positive tumors [777]. None of these studies were designed in a prospective manner to investigate prognostic and predictive parameters.
	8.1.6. Chemotherapy Protocols
	8.1.6.1. Stage III


	Oxaliplatin in Combination with 5-FU/Folinic Acid (FA)
	6. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	For adjuvant chemotherapy of colon cancer in stage III, a therapy containing Oxaliplatin should be given.
	Level of Evidence
	1
	Strong consensus
	FOLFOX (LV5FU2 + Oxaliplatin):
	e.g. FOLFOX4: Folinic acid (FA) (200 mg/m2 as a 2-hour infusion, day 1 and 2) plus 5-FU (400 mg/m2 as a bolus, then 600 mg/m2 as a 22-hour infusion; day 1 and 2) in combination with Oxaliplatin (85 mg/m2 as a 2-hour infusion; day 1), repeated on day 15. 1 cycle lasts 2 weeks, 12 cycles total.
	Background
	Several randomized studies demonstrated a significant reduction of disease recurrence rate as well as total survival rate when a combination of 5-FU and folinic acid was administered [742, 743, 746].
	The MOSAIC study (2,246 patients) compared adjuvant chemotherapy consisting of 5-FU/FA (LV5FU2) with a FOLFOX4 scheme (LV5FU2 + Oxaliplatin 85 mg/m2) every 2 weeks for 12 cycles. With regard to the total study population, the FOLFOX4 chemotherapy demonstrated a significant improvement in disease-free survival compared to LV5FU2 chemotherapy (73.3 vs. 67.4%, p=0.003) [752, 778]*. When focusing on stage III only, FOLFOX4 chemotherapy demonstrated a difference in disease-free survival of 7.5% (HR 0.78; 95% CI: 0.65-0.93; p=0.005). Overall survival was also significantly improved by FOLFOX4 chemotherapy in stage III reflected by an increase of 4.4% (p=0.029). Four years after therapy, occurrence of peripheral-sensory neuropathy was found at a rate of 12% (grade I), 2.8% (grade II), and 0.7% (grade III) [752, 778].
	The NSABP study C-07 included 2,407 patients with stage II (28.6%) or stage III tumors who received either the Roswell-Park-scheme with a weekly administration of 5-FU/FA as a bolus (3 cycles, 8 weeks each) or the same 5-FU/FA scheme with Oxaliplatin 85 mg/m2 in weeks 1, 3, and 5 in an eight-week schedule (FLOX scheme). Patients in the FLOX group showed 20% fewer recurrences (p<0.04).
	Disease-free survival after four years was 73.2% for the FLOX group and 67.0% for the group of patients treated with 5-FU/FA [779]. When choosing between 5-FU and an Oxaliplatin-containing regimen, the side effects of the individual protocols should be considered. Due to the higher cumulative dose of Oxaliplatin in the MOSAIC study, a slightly lower rate of level 3-4 neuropathies was observed in the NSABP study (12.4 vs. 8.4%). However, level 3 and 4 diarrhea was observed more often in the bolus FLOX than in the infusional FOLFOX4 protocol (38 vs. 10.8%). In the NSABP study, five patients (0.4%) died within the first 60 days after beginning chemotherapy due to a chemotherapeutically-induced enteropathy [779]. While showing comparable effectiveness, the toxicity of the FLOX protocol is not acceptable in comparison to that of the FOLFOX4 protocol. Hence, the FLOX protocol should not be used in adjuvant situations. Internationally, at this time the modified FOLFOX6 scheme, which consists of a 46-hour continuous infusion of 5-FU after an initial 5-FU bolus on day 1, is preferred; this scheme represents the control arm of international studies. This way, the patient avoids the 5-FU bolus and changing of the pump on day 2 of therapy (dose: Oxaliplatin 85 mg/m2 IV, folinic acid 400mg/m2 + 5-FU 400 mg/m2 bolus, then 2400 mg/m2 continuously IV for 46 hours every 2 weeks). So far, for the combination of Capecitabin and Oxaliplatin in comparison to different bolus regimes of 5-FU/FA only toxicity data exist [780].
	Adjuvant therapy with protocols including Irinotecan cannot be recommended on the basis of the available phase III study data [781-783].
	Monotherapy with Fluoropyrimidines
	7. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	In case of contraindications against Oxaliplatin-containing regimes, a monotherapy with fluoropyrimidines should be given. Here oral fluoropyrimidines should be preferred over infusional schemes. Bolus regimes should no longer be used due to higher toxicity.
	Level of Evidence
	1
	Strong consensus
	Oral 5-FU Prodrugs:e.g. Capecitabine 2x 1250 mg/m2 body surface p.o. day 1-14, every 3 weeks for 8 cycles.
	Background
	1,987 patients with stage III colon cancer were randomized to either the Mayo Clinic scheme (983 patients) or were given Capecitabine as monotherapy (1004 patients) over a period of 24 weeks each (X-ACT study). The primary aim of the study was achieved by proving that Capecitabine was at least equivalent to the Mayo scheme with regard to disease-free survival. The analysis showed a trend towards an improved disease-free survival with Capecitabine (HR 0.87; 95% CI: 0,75-1,00; p=0.05). Furthermore, overall survival also did not show a significant difference. However, again a trend towards superiority of Capecitabine was found (81.3 vs. 75.6%; p=0.05) [784].
	Even though a randomized study with UFT + folinic acid versus 5-FU/FA [576] did not detect a difference in overall and disease-free survival and a Japanese meta-analysis of 3 studies even found a significant improvement of overall and disease-free survival [786], UFT is currently not recommended, because it has not been approved for adjuvant chemotherapy of colon cancer in Germany.
	Infusional 5-FU/Folinic Acid:
	 LV5FU2e.g. folinic acid (FA) (200 mg/m2 as 2-hour infusion, day 1 and 2) plus 5-FU (400 mg/m2 as bolus, then 600 mg/m2 as 22-hour infusion; day 1 and 2)    1 cycle lasts 2 weeks, 12 cycles total
	 5-FU/folinic acid schemee.g. folinic acid (FA) (500 mg/m2 as 1-2-hour infusion) plus 5-FU (2600 mg/m2 as 24-hour infusion) 1x per week over a period of 6 weeks (day 1, 8, 15, 22, 29, 36). Repetition of therapy in week 9 (day 50). 2 cycles total.
	 Protracted venous 5-FU infusion (PVI)e.g. 5-FU as long-term infusion over 12 weeks total (300 mg/m2/day)
	Background
	Compared to bolus schemes, several therapeutic studies with different types of infusional application show no difference to giving 5-FU/FA as a bolus in relation to disease-free and overall survival. However, the noticeably better toxicity profile obviously speaks in favor of infusional application [787, 788]* [789, 790]. A comparison of a 12 week therapy with the "protracted venous infusion" (PVI) of 5-FU (300 mg/m2/day) versus a 6-months Mayo scheme showed no significant difference in recurrence-free survival (RFS) and in overall survival while demonstrating lower toxicity for PVI 5-FU [791]. Beginning of adjuvant chemotherapy within a period of 8 weeks after surgery showed a significant survival benefit [792]. Optimal duration of chemotherapy was 6 months [789, 793, 794].
	8.1.6.2. Stage II

	8. 8.
	Recommendation
	2008
	Grade of Recommendation
	0
	If patients with stage II tumors have adjuvant chemotherapy, fluoropyrimidines can be administered as monotherapy.
	Level of Evidence
	1
	Strong consensus
	Background
	see Chapter 8.1.4 UICC-Stage II.
	8.2. Perioperative Therapy of Rectal Cancer
	8.2.1. Indications for Perioperative Radiotherapy or Radiochemotherapy
	8.2.1.1. Stage I



	9. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	Perioperative therapy is not indicated for stage I tumors.
	Level of Evidence
	5
	Strong consensus
	Background
	Cancer of the rectum in UICC stage I (T1/2 N0) show a low rate of local recurrence and distant metastasis when the treatment consists of a sole radical operation with en-bloc dissection of lymph nodes and total mesorectal excision (TME) for tumors in the lower (up to 6 cm from the anocutaneous line) and middle third of the rectum (> 6-12 cm from the anocutaneous line) or a partial mesorectal excision (PME) for tumors in the upper third of the rectum (> 12-16 cm from the anocutaneous line) [795]. For this reason, this tumor stage has been excluded from early American studies as well as from modern trials looking at the role of neoadjuvant radiochemotherapy [796].
	Nevertheless, Swedish and Dutch studies on pre-operative short-term pre-radiation with 5x5 Gy versus an operation alone included tumor stage I. A subgroup analysis performed in a more recent Dutch study showed no significant difference in local recurrence rate between sole TME and additional radiotherapy for tumors in UICC stage I [795, 797]. The older Swedish study demonstrated a significant benefit of additional radiation for stage I, but here the concept of TME had not yet been implemented [798].
	The relevance of radio(chemo)therapy before or after local excision of a T1 high-risk cancer (G3/4, L1, V1, diameter larger than 3 cm, R1 resection) is not verified [799]. A radical tumor excision including lymph node removal should be performed within 4 weeks for patients showing incomplete resection (R1) or risk-constellations (see above). For patients with T1 high-risk cancers localized in the lower part of the rectum or T2-N0-tumours in UICC stage I who refuse an extirpation, pre-operative radio(chemo)therapy followed by local excision can be an option [800]. This, however, is a procedure that has not been validated.
	8.2.1.2. Stage II/III

	10. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	For UICC stages II and III neoadjuvant radiotherapy or radiochemotherapy is indicated. cT1/2 cancers with questionable lymph node involvement are an exception; here, primary surgery (if necessary followed by adjuvant radiochemotherapy in the presence of pN+) is a possible therapeutic option.
	Level of Evidence
	1b
	Strong consensus
	Background
	Meta-analyses show an improved effectiveness of pre-operative radiation in comparison to postoperative radiation [801, 802]. An early randomized study on pre- versus postoperative sole radiation showed a significantly lower rate of local recurrences in the pre-operative arm [803]. A German study on adjuvant and neoadjuvant radiochemotherapy (RCT) of rectal cancer in UICC stages II and III (CAO/ARO/AIO-94) also demonstrated a significant reduction of the rate of local recurrences in the neoadjuvant arm [804]. The rate of postoperative complications was not increased for preoperative RCT in comparison to immediate operation; acute and chronic toxicity overall were significantly lower in the preoperative RCT-arm. For deep-seated tumors for which the surgeon had assessed an obligatory indication for extirpation prior to randomization, the rate of sphincter-retaining operation procedures was doubled by pretreatment in comparison to immediate surgery. A problem of every neoadjuvant therapy is the potential “overstaging” and, thus, the resulting “overtreatment” of patients for whom, falsely, a wall-penetrating (T3) or lymph node positive tumor (N+) has been diagnosed. Since sensitivity and specificity are limited especially for the evaluation of lymph node involvement, for T1/2 tumors showing questionable N+ status in imaging techniques the primary operation is considered an advisable option.
	Several centers and study groups have stated – taking into account the chronic side effects associated with radiotherapy [805, 806] – further selection criteria for primary operations. These are T3 tumors infiltrating the mesorectal fatty tissue by not more than 5 mm as well as tumors showing a distance of more than 1 mm to the mesorectal line of resection (MRI diagnosis is obligatory) [807, 808]. These selection criteria have to be evaluated further in clinical trials.
	11. 8.
	Recommendation
	2008
	Grade of Recommendation
	0
	The relevance of radiation therapy for cancers in the upper third of the rectum is considered controversial. Adjuvant therapy as for colon cancer or perioperative radio(chemo)therapy as for rectal cancer can be performed.
	Level of Evidence
	3a
	Strong consensus
	Background
	The following arguments speak in favor of treating the upper third of the rectum (> 12-16 cm from the anocutaneous line, measured with a rigid rectoscope) in the same way as colon cancer:
	 Data from American studies on adjuvant therapy which established radiochemotherapy for treatment of rectal cancer, were based exclusively on rectal tumors showing a margin of up to 12 cm in between the distal edge of the tumor and the anocutaneous line.
	 The Dutch TME study showed no significant improvement of the local disease-recurrence rate by additional radiotherapy for tumors of the upper third of the rectum (here defined as: 10-15 cm from the anocutaneous line) [797].
	The following arguments speak in favor of treating the upper third of the rectum in the same way as rectal cancer:
	 The analysis of the Dutch TME study represents the results of an explorative subgroup analysis. Thus, the authors of the trial did not conclude that patients with tumors in the upper third of the rectum do not require radiotherapy.
	 The British MRC-CR07 study, which so far has only been published in abstract form, has shown a significant advantage of general pre-operative short-term radiotherapy versus selective postoperative radiochemotherapy for all rectal thirds only if the circumferential resection margin was affected [809]*.
	 A current subgroup analysis of the German CAO/ARO/AIO study 94 found no significant difference in the local disease-recurrence rate for tumors in the middle and upper third of the rectum.
	 In contrast to the Dutch TME study, in Germany tumors in the upper third of the rectum are treated with a partial mesorectal excision (PME). This procedure is possibly associated with an increased rate of local disease-recurrence. The GAST-05 study led by Prof. Becker and Dr. Liersch will examine the question of whether tumors in the upper third of the rectum require a TME.
	12. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	In situations in which a downsizing of the tumor is attempted (T4 tumors, insufficient safety margin to the mesorectal fascia in thin-layer MRI – margin of 1 mm or less – or desired sphincter retention for tumors in the lower third), pre-operative radiochemotherapy should be preferred over short-term radiotherapy. For cT3 tumors or cN+ tumors for which downsizing is not attempted, pre-operative therapy can be conducted in form of either radiochemotherapy or short-term radiation.
	Level of Evidence
	3b
	Strong consensus
	Background
	For pre-operative radiotherapy, two radiation schemes are principally available: Short-term radiation with 25 Gy in single doses of 5 Gy over five consecutive days directly followed by the operation and conventionally fractionated radiation up to a total reference dose of 45 to 50.4 Gy in 25-28 fractions followed by the operation after 4-6 weeks. A randomized Polish study found that in comparison to short-term radiation conventionally fractioned neoadjuvant radiochemotherapy was associated with a significantly superior result in relation to downsizing and downstaging as well as with a significantly lower rate of R1 resections [810]. Nevertheless, the rate of sphincter-preserving surgical procedures (primary endpoint) as well as local control (secondary endpoint) showed no significant difference in both arms [811]. To maximize tumor shrinkage prior to operation, conventionally fractionated radiochemotherapy should be preferred over short-term radiation for those indications listed above. With the latter no relevant tumor shrinkage is achieved due to the short duration of therapy and the directly following surgery [812].
	13. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	Neoadjuvant radiochemotherapy should include 5-Fluorouracil monochemotherapy with or without folinic acid.
	Level of Evidence
	1b
	Strong consensus
	Background
	The value of combining conventionally fractionated pre-operative RT with a 5-FU/folinic acid chemotherapy conducted simultaneously was analyzed in the EORTC-22921- as well as in the FFCD-9203-study (the EORTC-study additionally analyzed the relevance of adjuvant chemotherapy [813, 814]). The essential result of both studies was the significant reduction of local disease-recurrence rate by pre-operative radiochemotherapy in comparison to solitary radiotherapy. In the German CAO/ARO/AIO-94 study, 5-FU was administered in the first and fifth week of radiation with a dose of 1000 mg/m²/day as a 120-hour infusion. In the EORTC-22921 and the FFCD-9203 study, patients received 5-FU at a dose of 350 mg/m²/day and folinic acid at a dose of 20 mg/m²/day in the first and fifth week of radiation over a period of 5 days each.
	Neoadjuvant radiochemotherapy including new substances and combinations (Capecitabine, Oxaliplatin, and Irinotecan) showed complete remission rates of up to 30% in several phase II studies [815]. The value of these combination therapies is currently being tested in phase III studies.
	8.2.2. Adjuvant Therapy
	8.2.2.1. Adjuvant Therapy After Primary Surgery (without neoadjuvant therapy)


	14. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	In stage I, adjuvant therapy is not indicated after a R0-resection.
	Level of Evidence
	1b
	Strong consensus
	Background
	In all randomized studies of adjuvant therapy, patients with UICC stage I were excluded due to an altogether low rate of local disease-recurrence and distant metastases.
	15. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	Patients with UICC stage II and III, who have not undergone neoadjuvant radiochemotherapy or short-term radiotherapy, should receive adjuvant radiochemotherapy.
	Level of Evidence
	1b
	Strong consensus
	Background
	The addition of chemotherapy to postoperative radiation reduced not only the rate of local disease-recurrence, but also improved overall survival in comparison to (conventional) operations only [816, 817]. Data on the use of adjuvant radiochemotherapy after pathologically confirmed adequate excision of the mesorectum and a distance of more than 1 mm between the tumor and the circumferential resection margin are not yet available. The rates of local disease-recurrence, even without an additional adjuvant therapy, are specified here with a total less than 10%. However, for subgroups such as tumors in the lower third of the rectum, they might be higher. Patients with tumors in UICC stage II and III should be included in randomized studies. This would clarify whether after quality-assured surgery certain subgroups of patients exist (e. g. pT3N0-tumours with little infiltration of the perirectal fatty tissue or pT1/2-N+-tumours), whose disease-recurrence risk is comparable to that of patients in UICC stage I and who, therefore, do not benefit from adjuvant radio- and chemotherapy [818, 819]. Concerning the question of tumor therapy in the upper third of the rectum see Chapter 8.2.1.2.
	The British MRC-CR07 study, which until now has only been published as an abstract, has shown that a risk-adapted algorithm (postoperative radiochemotherapy only for patients with positive circumferential resection margins after TME) is significantly inferior to a general pre-operative radiotherapy with 5x5 Gy for all cancers of the rectum with regard to local control and disease-free survival [809].
	16. 8.
	Recommendation
	2008
	Grade of Recommendation
	B
	After a R1-resection or intraoperative tumor tears, a postoperative radiochemotherapy should be conducted unless neoadjuvant radio(chemo)therapy has been performed previously.
	Level of Evidence
	4
	Strong consensus
	Background
	R1-resections and intraoperative tumor tears are associated with a high risk of local disease-recurrence and justify a postoperative RCT. An unplanned subgroup analysis of the Dutch TME study showed no significant improvement in the rates of local disease-recurrence if a solitary postoperative radiotherapy with up to 50.4 Gy was conducted [820].
	17. 8.
	Recommendation
	2008
	Grade of Recommendation
	B
	Adjuvant therapy should begin 4-6 weeks after the operation.
	Level of Evidence
	3a
	Strong consensus
	18. 8.
	Recommendation
	2008
	Grade of Recommendation
	0
	Radiation therapy can take place at the same time as the first and second chemotherapy cycle or as the third and fourth cycle.
	Level of Evidence
	2a
	Strong consensus
	19. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	Radiation therapy should be combined with 5-FU monochemotherapy.
	Level of Evidence
	1b
	Strong consensus
	Background for the last 3 recommendations:
	According to the “NCI scheme”, adjuvant therapy begins 4-8 weeks after surgery by administration of two chemotherapy courses of 5-FU at a dose of 500 mg/m² body surface per day as a bolus application for five consecutive days (day 1 to 5 and 36 to 40). Radiotherapy begins on day 63. The pelvic area of lymphatic drainage should receive a total dose of 45 Gy by applying a single dose of 1.8 Gy five days a week over five weeks followed by a low-volume dose saturation of up to 50.4 Gy in the area showing the biggest risk of local disease-recurrence. During the first and fifth week of radiation, patients receive simultaneous 5-FU chemotherapy in the same dose and application form as for the two initial courses, however, only over a period of three days. After completion of the radiotherapy, two additional courses of chemotherapy should follow (day 134-138 and 169-173), however, only in a reduced dose of 450 mg 5-FU/m² body surface per day over a period of five days [514].
	According to study results published by O’Connell et al., during the entire period of radiation a low-dose 5-FU long-term infusion can be given with a dose of 225 mg/m² body surface per day instead of applying 5-FU in bolus form [821]. The Intergroup-0144 study, however, has not confirmed superiority of 5-FU long-term infusional programs in comparison to biochemically (folinic acid/levamisole) modulated 5-FU bolus applications [822]. In a four-arm American intergroup-study (0114), modulation of 5-FU bolus applications with leukovorin and/or levamisole was not superior to the sole administration of a 5-FU bolus [823].
	A further possible modification of the NCI scheme involves the time period between the operation and radiotherapy. Tumor and radiation biological reasons speak for a short time interval until the operation is performed. First analyses of a Korean study gave evidence that an early beginning of radiotherapy simultaneously to conducting the first 2 postoperative chemotherapy courses results in a significantly better disease-free survival rate [824]. This, however, was not confirmed by a long-term follow-up [825]*. The postoperative arm of the German CAO/ARO/AIO-94 study can be recommended as an alternative to the NCI scheme (start of RCT 4 weeks after surgery, 1000 mg/m²/day of 5-FU as a 120-hour long-term infusion in the first and fifth week of radiation, 4 courses of adjuvant chemotherapy, 5-FU bolus at a dose of 500 mg/m²/day over 5 days, 3 week break).
	20. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	The standard for adjuvant therapy of rectal cancer is a combined radiochemotherapy.
	There is no indication for sole (adjuvant) chemotherapy or radiotherapy for rectal cancer. An exception is only in case of contraindication against one or the other forms of therapy.
	Level of Evidence
	1a
	Strong consensus
	Background
	Sole postoperative radiotherapy reduces the rate of local disease recurrence, but has – in contrast to the combination of radio- and chemotherapy – no influence on overall survival [826]. Contraindications for radiotherapy are prior radiations in the pelvis as, for instance, in prostate or cervical cancer treatment. Sole chemotherapy reduces the rate of disease recurrence. However, a combination with radiotherapy was shown to be superior to chemotherapy alone [514]. A recently published Japanese phase III study showed a survival benefit for patients in UICC stage III by applying a sole postoperative chemotherapy with Uracil-Tegafur after TME and selective lateral lymph node dissection [827].
	8.2.2.2. Adjuvant Therapy After Neoadjuvant Radiotherapy or Radiochemotherapy

	21. 8.
	Recommendation
	2008
	Grade of Recommendation
	A
	In patients with rectal cancer who have undergone neoadjuvant radiochemotherapy adjuvant chemotherapy is indicated after surgery regardless of the postoperative tumor stage (thus, being indicated also with complete remission or for UICC stages I and II).
	Level of Evidence
	1b
	Strong consensus
	Background
	The reason for this recommendation is that adjuvant chemotherapy was an obligatory component of the CAO/ARO/AIO-94 study as well as of the FFCD-9203 study after preoperative radiochemotherapy. The EORTC study (22921) randomized patients in a four-arm study and a “two-by-two factorial design” between the groups of postoperative chemotherapy and no postoperative chemotherapy after preoperative radiotherapy or radiochemotherapy. Postoperative chemotherapy did not lead to a statistically significant improvement of survival. Nonetheless, the survival benefit was 6% in absolute terms for progression-free survival and 4% for overall survival. This was attained by conducting a therapy with comparatively low toxicity [804].
	Subgroup analyses revealed that adjuvant chemotherapy showed a significant survival benefit especially for those patient groups whose histopathological status was ypT0/1/2 after preoperative therapy [804]. In studies on preoperative short-term radiotherapy with 5x5 Gy, generally no adjuvant chemotherapy was applied. In a current Dutch phase III study patients with rectal cancers treated by 5x5 Gy radiation and surgery are being randomized to adjuvant chemotherapy with Capecitabine and observation [813, 828].
	22. 8.
	Recommendation
	2008
	Grade of Recommendation
	B
	Adjuvant chemotherapy should either be conducted as a 5-FU monotherapy or as a combination with 5-FU/folinic acid.
	Level of Evidence
	1b
	Strong consensus
	Background
	In the CAO/ARO/AIO-94 study, 4 cycles of adjuvant chemotherapy with 5-FU at a dose of 500 mg/m² were administered as an IV bolus over 5 days every 4 weeks. In the EORTC-22921 and FFCD-9203 studies, patients received 4 cycles of adjuvant chemotherapy with 5-FU at a dose of 350 mg/m²/day and folinic acid at a dose of 20 mg/m²/day over 5 days each every 4 weeks.
	9. Management of Patients with Metastases and in the Palliative Situation
	The following part of the S3-guideline contains updated recommendations from 2007/2008 on tumor therapy of metastatic CRC, which particularly reflect study findings from 2003-2007. Primary resectable metastases will be discussed as well as the special situation of a secondary resectability in a therapy concept that is primarily palliative. Taking into account the availability of new biological substances, a detailed listing will be presented with comments on possible combinations depending on the goal of therapy and the individual situation of the patient. Dividing patients into subgroups should simplify decision-making.
	Definition of Subgroups According to Clinical Situations/Therapy Goals:
	1. Patients with primarily resectable liver- and/or pulmonary metastases
	2. Patients with indication for intensified systemic therapy
	2.1. Patients with liver- and/or pulmonary metastases, potentially resectable    after response to neoadjuvant therapy and clinically operable patients
	2.2. Patients with tumor-related symptoms, organ complications, or rapid progression
	3. Patients with possibility for a less-intensive therapy
	3.1. Patients with multiple metastases without an option of surgical resection after downsizing of metastases, patients without tumor-related symptoms or organ complications and/or severe comorbidities
	For synchronous as well as metachronous metastases of liver and/or lungs, complete surgical resection offers a chance of permanent cure for some patients. The evaluation of resectability is the first step in the decision-making process for the therapeutic management in patients with pulmonary and/or hepatic metastases (citation: NCCN 2007). In patients with R0-resectable metastases surgical resection should be the primary choice (see 9.1). Patients without a possibility for a primary surgical intervention should receive systemic chemotherapy. The choice of the chemotherapy regimen (crucially) depends upon the therapeutic goal. The therapeutic strategy for metastases in palliative situations should e.g. be determined in the context of interdisciplinary tumor boards. Patients have to be thoroughly informed about therapeutic options according to their individual needs and involved in decision-making. Aside from tumor therap which will be illustrated in the following, securing adequate analgesic therapy and nutrition, need-based psycho-social and psycho-oncological care, as well as supportive therapy schemes are integral parts of a palliative therapy concept (see topic-specific guideline at www.awmf-leitlinien.de (available sources, as of 8/07: Guidelines of the German Society for Nutritional Medicine/ESPEN Guidelines on Enteral Nutrition (www.awmf-leitlinien.de, register no. 073/006e and 073/005e); guideline “tumour pain” registered by DIVS and DKG, currently under development, planned to be published in 2008)). Concerning therapy goals in palliative situations, the disease- and therapy-related quality of life as an easily measurable parameter is now more frequently used as a secondary endpoint in studies. The wish of patients to be informed about all relevant and available measures (tumor-specific, supportive, psycho-social, psycho-oncological therapy options) and support offers (e. g. cancer counseling offices, self-help groups) has to be met. In addition, complementary/unconventional treatment methods should be discussed with the patient, also to avoid unfavorable interactions with other therapeutics.
	9.1. Primarily Resectable Liver and/or Pulmonary Metastases
	9.1.1. Primarily Resectable Pulmonary Metastases


	1. 9.
	Recommendation
	2008
	Grade of Recommendation
	A
	Resectable pulmonary metastases should be resected.
	Level of Evidence
	3a
	Strong consensus
	Background
	The indication for primary resection of pulmonary metastases depends on their number and localization, the level of potential pulmonary pre-damage, and the expected residual volume after resection. The premise for this is that a R0 resection seems generally possible. Resections should be performed parenchyma-preserving, whereby a sufficient degree of radicality should be guaranteed. Patients should be treated in specialized centers by surgeons who have considerable experience in this matter [829]. In a currently published systematic review by Pfannschmidt et al., a majority of the studies consulted agreed only on preoperative CEA tests as an independent prognostic factor, while data on the prognostic relevance of the preoperative number of metastases are inconsistent. However, they show a trend towards a survival benefit for patients with single metastasis (Table 9). Further possible influencing factors, such as the disease-free interval or the initial tumor stage have not been confirmed with regard to their prognostic significance [830-833].
	Table 9: Five-Year Overall Survival After R0 Resection of Pulmonary Metastases (according to Pfannschmidt et al. [833]).
	Reference
	N
	5-year survival rate
	Mean follow-up (mo)
	Level of evidence
	Lee 2007
	59
	50.3%
	34.7 
	III
	Pfannschmidt 2003
	167
	32.4%
	58.6 
	III
	Saito 2002
	165
	39.6%
	56.5 
	III
	9.1.2. Primarily Resectable Liver Metastases

	Definition [834]: Resectable liver metastases are present if
	 a non-resectable extra-hepatic tumor manifestation has been ruled out
	 less than 70% of the parenchyma are affected
	 less than 3 liver veins and less than 7 segments are involved
	 no liver insufficiency or Child B or C cirrhosis is present
	 no serious comorbidities are present
	2. 9.
	Recommendation
	2008
	Grade of Recommendation
	A
	R0-resectable metastases limited to the liver should be resected.
	Level of Evidence
	3b 
	Strong consensus
	Background
	The five-year survival rate after resection of colorectal liver metastases ranges from 25 to 40% [835-838].
	Table 10: Survival Rate After Resection of Colorectal Metastases
	Reference
	N
	Surgical mortality
	5-year-survival rate
	surgery
	5-year-survival rate
	no surgery
	p=
	Level of evidence
	Nordlinger 1996†
	1568
	2.3%
	28%
	---
	---
	III
	Fong 1997††
	456
	2.8%
	38%
	---
	---
	III
	Scheele 2001†††
	516
	83%
	38%
	---
	---
	III
	Kato 2003†††† 
	763 (585 OP vs 178 w/o surgery)
	n.a.
	39.2%
	3.4%
	<0.001
	III
	†    adjuvant therapy in 35 % of cases
	††   adjuvant therapy in 128 patients 
	†††  43 patients with different regimens of chemotherapy prior to resection of metastases, 26 patients received adjuvant 
	     treatment
	†††† adjuvant therapies among 54.5% of all cases without significant difference in the survival rate
	3. 9.
	Consensus-based Recommendation
	2008
	GCP
	The resectability of metastases should be evaluated by a surgeon with considerable experience in the surgery of liver metastases.
	Strong consensus
	Background
	The prognosis can be estimated preoperatively based on easily obtainable clinical criteria according to the so-called FONG score (Table 11). This preoperative prognosis score from the Memorial Sloan Kettering Cancer Center in New York was calculated based on a large number of patients and is internationally recognized.
	Prognostically unfavorable criteria [839]:
	 • nodal positive primary tumor
	 • disease-free interval <12 months
	 • size of metastases > 5 cm
	 • number of metastases > 1
	 • preoperative CEA > 200 ng/dl
	Patients with a score not greater than a maximum of 2 points have a good chance of long-term survival after primary liver resection:
	Table 11: Survival After Resection of Colorectal Liver Metastases (according to Fong et al. Annals of Surgery, 1999) [839]
	Score
	5-year survival
	0
	57%
	1
	57%
	2
	47%
	3
	16%
	4
	8%
	5
	0%
	9.1.2.1. Preoperative Imaging

	4. 9.
	Recommendation
	2013
	Grade of Recommendation
	0
	A PET-CT can be performed in patients with resectable CRC liver metastases. 
	Level of Evidence
	2b
	Consensus
	5. 9.
	Recommendation
	2013
	Grade of Recommendation
	B
	A PET-CT shall not be performed within 4 weeks after systemic chemotherapy or antibody therapy, because this significantly reduces its sensitivity. 
	Level of Evidence
	2b
	Strong consensus
	Background
	A preliminary report on the benefit of PET/PET-CT for relapse diagnostics and relapse staging in CRC patients was presented by the IQWIG (Institute for Quality and Economics in Health Care) in August 2011 [552]. Aside from the evaluation of the patient relevant benefit, a systematic evaluation of the prognostic and diagnostic quality of the PET/PET-CT was done. The literature search included a period up to August 2009. More recent publications were mentioned in the text. The guideline recommendations given here are based on the evidence evaluation of the IQWIG report. The Grade of Recommendation was developed under additional inclusion of the clinical evaluation of the procedure. Furthermore, in a more recent literature search from August 2009 – December 2011, a RCT in abstract form [548], 2 systematic reviews [553];[526], a prospective case control study [549], and a retrospective case series [551] were identified. They were also included in the evaluation (for details see evidence report). The previous recommendation of Grade B from the last guideline update in 2008 (9.1.2.1) for PET/PET-CT examinations before resection of colorectal liver metastases with a FONG score > 2 was changed, because the study that led to this recommendation has still not been published as a full article [554].
	So far, a RCT as a full publication and 1 RCT in abstract form have been published on the issue of patient-relevant benefit of PET/PET-CT. For patients before resection of CRC liver metastases, a supporting PET/PET-CT has no effect on disease-free or total survival of the patient. Whether supplemental PET-CT examinations help to avoid futile laparotomies as clinical endpoints is not completely resolved. The consensus recommendation here is especially supported by the full published study by Ruers [547] which has, however, methodological weaknesses. In this study 150 patients with colorectal liver metastases who were planned to undergo resections were randomized to 2 study arms (CT or CT plus 18F-FDG PET). The primary study objective was reported in the publication as rate of futile laparotomies that were avoided as a result of the PET examination. This endpoint is relevant for the patient. The study reported no significant difference in survival in the PET-arm. However, a significantly reduced number of "futile laparotomies“ was seen in this study arm. The rate of futile laparotomies was 45% in the control arm and 28% in the PET-arm. This corresponded to a risk reduction of 38% with a very large confidence interval (95% CI, 4-60%, p=0.042). The authors concluded that in one in six patients a laparotomy can be avoided with an additional PET before liver metastasis resection. The secondary endpoint DFS and OS were as follows: DFS: 35.5% versus 29.8 % (p-value = 0.194); OS: 61.3% versus 65.8 % (p-value = 0.378). The study's evidence level was downgraded by the consensus conference (see also IQWIG-report, degrading from Ib to II), because the primary study endpoints mentioned in the study plan were different from the ones in the publication (original endpoint: rate of patients who were disease-free after 9 months).
	Another multicenter randomized study that has so far been published as an abstract at the ASCO annual meeting 2011 also investigated this issue [548]. Endpoint of this study was the change in patient management after PET-diagnostics (no operation because of additional results or expansion of surgery compared to the intention without/before PET-diagnostics) in a 2:1 randomization design in CRC patients who seemed suitable for liver resection for liver metastases. 404 patients were randomized (270 patients in the PET/CT-arm, 134 patients without PET). There was no difference in management change between both study arms. Thus, the endpoint was not reached. However, as far as could be deduced from the presentation, about 70% of patients had chemotherapy before PET diagnostics. This significantly reduces the sensitivity of the examination method (see below). It should also be critically noted that the endpoint "change in patient management" in contrast to "reduction of futile operations" was not considered patient relevant. 
	Several studies point out that the sensitivity of PETs is significantly reduced if they are done within 4 weeks after chemotherapy (evidence level IIa-III). Therefore, a PET is not recommended during this time, because too many false negative cases occur. The issue was not evaluated by the IQWIG report. A larger case control study without randomization was published in 2010 which investigated the sensitivity of PET after chemotherapy [549]. The study found a negative predictive value of only 13.3% and a positive predictive value of 94% with a specificity of 22.2% at an accuracy of 85% if the PET was done within 4 weeks after the end of chemotherapy. The authors concluded that diagnostic PET examinations shortly after chemotherapy administration are not useful. A retrospective study from Australia evaluated PET-results of patients with liver metastases before liver resection [555]. This study was small and heterogeneous. 21 patients were systematically treated before surgery, 53 were not. Correct results were determined using PET for 29% of patients after chemotherapy and 53% without chemotherapy. Underestimated results were observed in 52% in the chemotherapy group and only 34% in the group without chemotherapy. This study underscores that PET examinations shortly after chemotherapy are not useful. Another prospective trial [550] and a retrospective study [551] reached similar results.
	9.1.2.2. Perioperative Therapy of Primarily Resectable Liver Metastases
	9.1.2.2.1. Neoadjuvant Therapy of Resectable Liver Metastases


	6. 9.
	Recommendation
	2008
	Grade of Recommendation
	0
	Neoadjuvant systemic therapy of resectable liver metastases can be considered in founded exceptional cases.
	Level of Evidence
	3
	Strong consensus
	Background
	Neoadjuvant therapy is intended to improve the results of a curatively intended surgical intervention and is, therefore, linked to the realistic option of subsequent R0 resection. To compare neoadjuvant (preoperative) or combined (perioperative) versus adjuvant (postoperative) strategy with regard to the target dimension of R0 resectability and long-term survival with primarily resectable liver metastases, there are no prospective, randomized studies available. In a currently published prospective randomized phase III study of the EORTC, the role of perioperative therapy with liver metastases primarily classified as R0 resectable was investigated. In relation to progression-free survival, the intention-to-treat analysis revealed no significant benefit for perioperative therapy with FOLFOX4 in comparison to a sole operation. The difference in progression-free 3-year-survival was 7.3% (28.1 to 35.4%) and just missed the level of significance (HR: 0.79; [0.62-1.02]; p=0.058) (see Table 12). Per protocol analysis, which only considered patients who were actually resected, showed that a significant prolongation of progression-free survival can be achieved with perioperative therapy (33.2 vs. 42.4%; HR: 0.73; 0.55-0.97; p=0.025). The possible benefit of perioperative therapy is in contrast to the significantly increased perioperative morbidity in the chemotherapy arm (25% vs. 16% with sole operation, p=0.04), whereas overall mortality showed no difference [841]. The decision for neoadjuvant therapy of liver metastasis should take into account that - aside from increased perioperative morbidity - perioperative chemotherapy might reduce therapeutic options for recurrent disease. In addition, there is a certain risk that the optimal time window for a resection might be missed, and that all combination protocols cause a significant amount of damage to healthy liver tissue (see section 9.2.1.2.2). A potential advantage is the possibility of an early treatment of micrometastases and the evaluation of response to chemotherapy, which can be helpful in postoperative planning and estimating prognosis [842]. The guideline of the US-American National Comprehensive Cancer Network (NCCN), therefore, recommends that for patients with synchronous, resectable metastases, aside from the sole adjuvant strategy, neoadjuvant therapy (plus adjuvant therapy postoperatively) should be considered as an option. For metachronous metastases, surgery is the primary recommendation if the patient has received chemotherapy within the past 12 months (National Comprehensive Cancer Network. Clinical Guidelines in Oncology: Colon Cancer V2.2007. Available at: "http://www.nccn.org" access on June 4, 2007).
	Taking into consideration the potential risks of neoadjuvant therapy, the restrictive recommendation and the striving for a timely resection appears to be justified.
	The concept of perioperative chemotherapy for primarily resectable liver metastases is currently being evaluated in on-going studies with chemotherapy regimens of different intensities.
	Table 12: Prospective Studies on Neoadjuvant Therapy of Patients with Resectable Liver Metastases.
	Reference
	N
	Therapy regimen
	Overall response rate (ORR)
	Resection rate (R0)
	Long-term survival
	Level of evidence
	Lorenz 2003 [843] †
	42
	FOLFOX
	47.7%
	80.9%
	---
	IIb – III
	Wein 2003 [844] ††
	20
	5FU /FS /OX
	100%
	80%
	2-y. tumor-related survival
	80%
	IV
	Gruenberger 2008 [845]
	56
	XELOX
	+ Bevacizumab
	73%
	93%
	---
	IIb
	Nordlinger 2008 [841] †††
	364
	FOLFOX 4
	pre- und postop.
	vs OP alone
	43%
	83.0% vs 84%
	3-y. PFS
	35.4% vs 28.1%
	HR:0.79(0.62-1.02) p=0.058
	Ib
	9.1.2.2.2. Adjuvant Therapy of Resectable Liver Metastases

	7. 9.
	Recommendation
	2008
	Grade of Recommendation
	0
	After R0 resection of synchronous or metachronous liver metastases, adjuvant chemotherapy can be considered.
	Level of Evidence
	2
	Strong consensus
	Background
	Despite R0 resection of liver metastases in the long term only approximately 30% of patients remain free of disease-recurrence. The rationale for systemic adjuvant therapy after resection of metastases is based on indirect evidence derived from studies which have demonstrated the effectiveness of adjuvant chemotherapy in stage III CRC. The available data for systemic adjuvant therapy after resection of metastases are, however, limited; there are no placebo-controlled/blinded studies available (also not for neoadjuvant settings).
	In two randomized studies and the following pooled analysis of the collected data the effectiveness of a 5-FU monotherapy was examined [846, 847]* [848] (see Table 13). Neither study accomplished sufficient recruitment to demonstrate a significant effect of chemotherapy on survival, and both studies were terminated early. An interim analysis of the study results showed a trend towards improvement of progression-free interval in one study and a borderline significant improvement of progression-free survival in the second study. The overall survival was not influenced by adjuvant therapy. It should be noted that both studies contained a chemotherapy regimen of low effectiveness (5-FU bolus application). A current study which compared a more effective protocol with sole operation was terminated early due to inadequate recruitment (ADHOC study). In the meantime, the widespread use of adjuvant therapy after metastasis resection, particularly in the US, means that the question whether a systemic chemotherapy offers a benefit for patients compared to surgery only can likely no longer be definitely answered. Evidence that supports the decision for systemic adjuvant therapy is given in the EORTC study which was cited in the previous chapter and from a retrospective analysis of the registry data of two reference centers (Memorial Sloan-Kettering Cancer Centre and the Royal Infirmary of Edinburgh). Over a period of 8 years (1991-1998) all patients who received a liver resection due to colorectal cancer metastases were registered there (n=792). A benefit for 5-FU-based adjuvant chemotherapy was found in comparison to surgery only with regard to overall survival (n=274 vs. 518; median survival 47 versus 36 months, 5-year survival rate 37% vs. 31%; p=0.007, respectively) [849]. The guidelines of the US-American National Comprehensive Cancer Network and the national guidelines of Australia recommend adjuvant chemotherapy after resection of metastases while pointing out the limited evidence resulting from the limited data available [National Comprehensive Cancer Network. Clinical Guidelines in Oncology: Colon Cancer V2.2007. Available at: www.nccn.org Accessed on June 4, 2007; Australian Cancer Network Colorectal Cancer Guidelines Revision Committee. Guidelines for the Prevention, Early Detection and Management of Colorectal Cancer. The Cancer Council Australia and Australian Cancer Network, Sydney 2005. Available at www.cancer.org.au Accessed on June 4, 2007].
	Table 13: Prospective Studies on Adjuvant Therapy After R0 Resection of Colorectal Liver Metastases.
	Reference
	N
	Therapy regimen
	Survival
	Median follow-up
	Level of evidence 
	Portier 2006
	173
	5-FU/FS vs observation
	DFS: 33.5 vs 26.7%(p=0.028) OS: 51 vs 41%(p=0.13)
	87 mo
	IIa
	Langer 2002 *
	129
	5-FU/FS vs observation
	DFS: 39 vs 20 mo(p=0.35)OS: 53 vs 43 mo(p=0.39)
	n.a.
	---
	Mitry 2006 *†
	302
	5-FU/FS vs observation
	PFS 2.2 vs 1.55 years(p=0.059)OS 5.09 vs 3.91 years(p=0.125)
	n.a.
	---
	Figueras 2001 [850]
	235
	especially 5-FU/FS
	DFS: 34 mo 5 y. OS 36%
	20 mo
	III
	Parks 2007††
	792
	5-FU based vs observation
	Improved survival with adjuvant CTX(p=0.007, log rank)
	1991 - 1998
	IIIb
	* Only available in abstract form; hence limited ability to judge the evidence.
	†  The summary in Mitry et al. is a pooled analysis of the studies by Langer and Portier.
	†† Limited validity of registry data.
	Clinical Groups II and III – Indications for Systemic Chemotherapy – General Recommendations
	8. 9.
	Recommendation
	2008
	Grade of Recommendation
	A
	Active systemic tumor therapy is generally indicated, because a survival benefit has been proven.
	Level of Evidence
	1a
	Strong consensus 
	Background
	At the beginning of the 1990’s, two prospective randomized studies with a total of 223 patients demonstrated a survival benefit of systemic chemotherapy compared to best supportive care (BSC). A prospective randomized comparison between best supportive care and chemotherapy with Cisplatin and bolus application of 5-FU/FA including 40 patients found a median overall survival of 5 months versus 11 months with the administration of chemotherapy (p=0.006) [851]. In the studies of the NGTACG the median survival rate was 14 versus 9 months in the control group (log rank p=0.13) [852].
	9. 9.
	Recommendation
	2008
	Grade of Recommendation
	A
	If an indication for tumor therapy with drugs is given, treatment should be initiated at the time of diagnosis of metastases independent of metastases-related symptoms. When determining indications, potential contraindications should be considered. Age per se is not a contraindication.
	Level of Evidence
	1a
	Strong consensus
	Background
	Even in situations not having a primarily curative intent it should be generally checked whether after medicinal pre-treatment a curative resection may be achieved. Therefore, chemotherapy is indicated independent of the presence of metastases-related symptoms. The choice of chemotherapy depends on the therapeutic aim, i.e. whether a secondary resectability seems achievable or a merely palliative/symptom-oriented therapy is intended. For patients with marginally resectable metastases, therapy should induce a high rate of remissions (the most effective available combination therapy). For patients with tumor-related symptoms, organ complications, or rapid progression should also be offered a highly effective therapy (see group 2). Patients without tumor-related symptoms or organ complications and/or with severe comorbidities (see group 3) can also be treated with a less intensive therapy. Monotherapy, e.g. with fluoropyrimidines, represents a possible option in this treatment situation. The primary aim of therapy is the prolongation of progression-free and overall survival with the best-possible quality of life.
	Most patients are older than 65 years when initially diagnosed. In spite of this fact, until a few years ago only few patients over the age of 70 years were recruited into randomized studies. Several studies of the past few years have dealt with the question of tumor therapy for older patients with CRC.
	It was shown for the FOLFOX regimen that older study patients benefited from an intensified therapy in the same way as younger patients with regard to remission rate and progression-free as well as overall survival. However, especially hemotoxicity was slightly increased (grade 3 neutropenia 43 vs. 49% p=0.04, thrombopenia 2 vs. 5%, p=0.04) [740]. Mattioli et al. showed a high efficacy for a bifractionated FOLFOX protocol with a patient group average age 75 years [853]. A phase II study by Feliu et al. analyzed the feasibility of CAPOX or Capecitabine mono as first-line therapy for patients who were older than 70 years [854]. A Spanish group treated a selection of patients older than 72 years with FOLFIRI [855]. An exploratory subgroup analysis of the BICC-C study on patients who were older than 65 years showed no difference in effectiveness and toxicity of an Irinotecan-containing protocol in comparison with younger patients [856]*. An analysis of randomized studies published in 2008 showed an improvement of response-rates with an Irinotecan-based chemotherapy for younger as well as for older patients (>70 years) (46.6 vs. 29.0%, p<.0001; and 50.5 vs. 30.3%, p<.0001). The same applied for PFS (HR, 0.77; 95% CI, 0.70-0.85; p<0.0001 for younger patients respectively HR 0.75; 95% CI, 0.61-0.90; p=.0026 for patients >70 years) and, with limitations, for overall survival, where a trend towards an improvement was observed for the older patients (HR, 0.83; 95% CI, 0.75-0.92; p=0.0003 und HR 0.87; 95% CI, 0.72-1.05; p=0.15 for patients > 70 years) [857]. For patients older than 80 years, the amount of data available is still scarce. Thus, older patients as well should receive chemotherapy when presenting with relevant indications. When choosing the appropriate therapy the change of organ functions with age, any possible comorbidities, as well as age-related limitations of functional status should be considered. 
	For tumor-specific palliative treatment with inoperable metastases surgical, interventional (endoscopic, radiologic), and radiotherapeutic methods are available in addition to chemotherapy. Their fields of application are discussed in greater detail in the corresponding chapters.
	10. 9.
	Recommendation
	2008
	Grade of Recommendation
	0
	If systemic therapy (e. g. inoperable liver/pulmonary filiae) is indicated, the primary tumor does not have to be resected. Exceptions can be symptomatic tumor stenoses and/or Hb-relevant bleeding.
	Level of Evidence
	4
	Strong consensus
	11. 9.
	Recommendation
	2008
	Grade of Recommendation
	A
	In general, patients should have access to all available drugs during the course of their therapy.
	Level of Evidence
	5
	9.2. Patients with an Indication for Intensified Systemic Therapy
	9.2.1. Patients with Potentially Resectable Metastases


	Definition: Defined by clinical criteria, patients in this group have liver and/or pulmonary metastases which are initially classified as irresectable or marginally resectable, and become resectable after response to neoadjuvant therapy.
	9.2.1.1. Management of Isolated Primarily Irresectable Pulmonary Metastases 

	12. 9.
	Recommendation
	2008
	Grade of Recommendation
	A
	For primarily irresectable pulmonary metastases, systemic chemotherapy should be conducted.
	Level of Evidence
	4
	Strong consensus
	9.2.1.2. Management of Isolated Primarily Irresectable Liver Metastases
	9.2.1.2.1. Systemic Neoadjuvant Therapy 


	13. 9.
	Recommendation
	2008
	Grade of Recommendation
	A
	For primarily irresectable liver metastases, systemic therapy should be initiated. It is important to perform regular evaluations of a possible secondary resectability after the induction of remission. If the goal of therapy is the induction of remission with secondary resection of metastases, then the most effective available systemic combination therapy should primarily be used (intensified therapy).
	Level of Evidence
	4
	Strong consensus
	Background
	About 35% of all patients with colorectal cancer present with metastases at diagnosis. 15-20% of the synchronous and metachronous metastases can be resected with curative intent. In most cases, however, the metastases are classified as primarily irresectable for various reasons. The possibility to achieve a downsizing of primarily irresectable liver metastases and, thus, a secondary resectability and potential cure with systemic chemotherapy was evaluated in several studies as primary/secondary endpoint and in the context of exploratory subgroup analyses of studies with primariy palliative intention (Table 14).
	A retrospective analysis by Giacchetti and Bismuth showed a five-year overall-survival of about 50% after neoadjuvant chemotherapy and subsequent resection. This is comparable to the long-term results after primary resection of liver metastases of patients with a FONG score of less than 3 [858].  For some chemotherapy regimens particularly good response and resection rates have been described. Falcone achieved a significant improvement of response rates (34 vs. 60%, p<0.001) and a R0 resection rate (6 vs. 15%, p=0.033) with FOLFOXIRI compared to FOLFIRI. This benefit was even more pronounced in patients with isolated liver metastases (12 vs. 36%, p=0.017) [859].
	The combination of FOLFIRI and the EGFR antibody Cetuximab achieved an ORR of 46.9% (vs. 38.7% for FOLFIRI alone) in a phase III design. The proportion of R0 resections as a secondary endpoint was increased in the experimental arm (4.3% vs. 1.5%) [860]*. The greatest benefit was achieved for patients who had a wild type k-ras expressing tumor. In this retrospective analysis, a statistically significant difference was seen for PFS in patients with k-ras wild type-expressing tumors who were treated with Cetuximab (p=0.0167; HR: 0.68 [95% CI: 0.051-0.934]), but response rates also were clearly improved (59.3% [Cetuximab + FOLFIRI] vs. 43.2% [FOLFIRI], p=0.0025) [861]*.
	A significant correlation between the remission rate and resection rate was found for patients with isolated liver metastases (r=0.96, p=0.002). Furthermore, in large studies with primarily palliative intent and an unselected collective of patients, the response rate also correlated with the resection rate (r=0.74, p<0.001). When interpreting study data one should take into consideration the patient selection and that between individual studies the definition of resectability was often not uniform [862].
	Table 14: Response Rates and Survival of Patients After Achieving Secondary Resectability (modified according to [862])
	Reference
	N
	Therapy
	regimen
	Response-rate (%)
	R0-Resection- rate (%)
	Long-termsurvival of pat. w/ resec.
	Level of evidence
	Falcone 2007 †
	244
	FOLFIRI vs. FOLFOXIRI
	34 vs 60
	(p<0.0001)
	6 vs 15
	(p=0.033)
	----
	Ib
	Van Cutsem 2007
	(CRYSTAL) ††
	1198
	FOLFIRI vs. FOLFIRI + Cetuxuimab
	38.7 vs 46.9
	(p=0.0038)
	1.5 vs 4.3
	(p=0.0034)
	----
	Ib
	Adam 2001  †††
	701
	Oxa +FU/FS (chron)
	pCR: 6.3
	13.5 
	5 –J surv: 35%
	IIb
	Giacchetti 2006
	††††
	564
	FOLFOX2 vs. LOHP 5FU FS chron.
	44 vs 42
	R0: 12.4 vs 13.1
	pCR : 1.1 vs 2.8
	----
	IV
	Tournigand
	2006 ††††
	620
	FOLFOX 4 vs. FOLFOX 7 +
	maintenance
	58.5 vs 59.2
	n.s.
	11.3 vs 9.4 
	38.9 vs 43 mo
	(p=0.93)
	IV
	Souglakos 2006 †††† [863]
	283
	FOLFOXIRI vs FOLFIRI
	43 vs 33.6
	(p=0.168)
	8.8 vs 3.4 
	----
	IV
	Saltz 2008 †††† [864]
	1401
	XELOX/FOLFOX 4+ Beva vs.
	XELOX/FOLFOX 4 + Placebo
	38 vs 38 
	(p=0.99)
	n.a.
	21.3 vs 19.9 mo
	(p=0.077)
	IV
	† Resection rate secondary endpoint, FOLFOXIRI as continuous infusion, higher dose chemotherapy in FOLFOXIRI - arm as in Souglakos et al.
	†† Resection rate secondary endpoint, benefit only treatment of patients with k-ras wild type tumors
	††† Prospective observational study, resection rate primary endpoint, potentially curative operated patients, R0 status not reported
	†††† Resection rate as a result of explorative subgroup analyses
	9.2.1.2.2. Chemotherapy Consequences on the Healthy Liver Tissue and Metastasis Localization

	14. 9.
	Recommendation
	2008
	Grade of Recommendation
	B
	The hepatotoxicity of the protocols listed above such as “blue liver”/chemotherapy-associated steatohepatitis (CASH) should be considered in differential therapeutic decision-making and planning of surgery.
	Level of Evidence
	3
	Strong consensus
	Background
	In the past few years, several groups have dealt with the question to what extent preoperative chemotherapy influences the risk of complications in partial liver resection. Aloia et al. examined a cohort of 303 patients for whom a partial liver resection was carried out due to colorectal liver metastases. 92 patients were randomly chosen, 75 had received preoperative chemotherapy, 17 patients had not. Those who had received preoperative chemotherapy required intraoperative transfusions significantly more often. The predominant histopathological changes in healthy liver tissue were vascular lesions in terms of sinusoidal obstruction syndrome (SOS) and – when appearing in a severe form – correlated positively with the need of intraoperative transfusions. Postoperative morbidity depended on the duration of the preoperative chemotherapy [865]. In another retrospective study, 61% of the examined patients received preoperative chemotherapy. Therapy with Oxaliplatin was more frequently associated with sinusoidal obstruction in healthy liver tissue without noteworthy mortality (1.6%). In contrast, Irinotecan-containing therapy was associated with steatohepatitis. Patients with steatohepatitis had a higher 90-day mortality than those without steatohepatitis (14.7% vs. 1.6%) [866].
	15. 9.
	Recommendation
	2008
	Grade of Recommendation
	B
	An intraoperative exploration of the liver should be performed based on the localization of metastases in initial imaging. If possible, a surgical resection of all previously known lesions should be performed.
	Level of Evidence
	3b
	Strong consensus
	Background
	Benoist et al. showed despite complete remission verified radiologically by CT according to RECIST criteria that in 83% of the cases residual tumor tissue was still found either macroscopically or microscopically or a disease-recurrence was seen in-situ within one year. 38 patients with a total of 66 liver metastases were included. Hence, the resection of metastases should be performed as early as possible if there is a possible option of a R0 resection, and should be guided by the primary borders of the lesions prior to therapy [867].
	9.2.1.2.3. Local ablative therapies for liver metastases

	Radio-Frequency-Ablation (RFA)
	16. 9.
	Recommendation
	2013
	Grade of Recommendation
	0
	A RFA can be performed if non-resectable liver metastases are present or if the patient's health status does not allow a resection, especially following previous liver resection. 
	Level of Evidence
	3a
	De Novo: [586-588]
	Strong consensus
	Background
	The current level of evidence on the safety and efficacy of radio-frequency-ablation for colorectal liver metastases is sufficient to recommend this method for patients who either have non-resectable liver metastases, whose health status does not allow a resection, or who have previously had a liver resection [586].
	A RFA can also be performed primarily in combination with surgical resection.
	Recent studies indicate that results with RFA for solitary liver metastases <3cm are as good as with resections [587, 588]. However, present data on this subject are contradictory and comparative controlled randomized studies still do not exist. 
	Selective Internal Radiation Therapy (SIRT)
	17. 9.
	Recommendation
	2013
	Grade of Recommendation
	B
	SIRT for the treatment of disseminated CRC liver metastases should only be performed in patients who have no other treatment option, and then only as part of a clinical study. 
	Level of Evidence
	2a
	De Novo: [589, 590]
	Consensus
	Background
	Patients with absent or limited extrahepatic metastazation, and without options of further systemic chemotherapies show a prolonged median survival and longer interval to progression of liver metastases in individual studies using SIRT (also called radioembolization). There are too few data for a conclusive evaluation especially on survival and quality of life. Therefore, patients who are eligible for SIRT should only be treated as part of clinical studies [589, 590]. 
	Laser-Induced Interstitial Thermotherapy (LITT)
	18. 9.
	Recommendation
	2013
	Grade of Recommendation
	B
	A LITT for the treatment of CRC liver metastases should only be performed as part of a clinical trial. 
	Level of Evidence
	4
	De Novo: [591, 592]
	Strong consensus
	Background
	The interstitial laser thermo-ablation was a safe and effective method in individual case-series for patients with inoperable CRC liver metastases [591, 592]. Data comparing it to percutaneous radiofrequency ablation do not exist. The data are not sufficient for conclusive evaluation especially of survival and quality of life. Therefore, patients who are eligible for LITT should only be treated as part of clinical trials. 
	9.2.2. Patients with an Indication for Intensified Palliative Therapy

	The management of this patient group matches for the most part the management described in section 9.2.1.
	19. 9.
	Recommendation
	2008
	Grade of Recommendation
	B
	Patients with tumor-related symptoms, organ complications, or rapid progression should receive the most effective combination therapy while taking the general condition of the patient into account (intensified therapy).
	Level of Evidence
	5
	Strong consensus
	9.3. Patients with the Option for Less Intensive Therapy

	Patients with multiple metastases without option for resection after regression of metastases, without tumor-related symptoms or organ complications and/or severe comorbidities.
	The primary goal of therapy in this group of patients is not the induction of remission but rather lengthening progression-free and overall survival with low toxicity and good quality of life.
	20. 9.
	Recommendation
	2008
	Grade of Recommendation
	0
	Patients with multiple metastases without option for resection after regression of metastases, without tumor-related symptoms or organ complications, and/or severe comorbidities can receive a monotherapy as first-line therapy.
	Level of Evidence
	1
	Strong consensus
	Background
	Several studies have dealt with the question of optimal sequence of the different chemotherapy protocols in the treatment of colorectal cancer. The CAIRO study investigated whether a sequential monotherapy is equivalent to an initial combination therapy in relation to overall survival. 
	820 patients were randomized to one of the two therapy arms and were either treated with sequential monotherapy (consisting of Capecitabine Irinotecan CAPOX) or with combination therapy (CAPIRI CAPOX). No significant difference in overall survival was found with comparable toxicities (16.3 vs. 17.4 months, p=0.3281) [868]. However, the results of this study should be critically examined with respect to study design and patient selection and are not transferable without limitation [869].
	The FOCUS trial, which was the largest single study on colorectal cancer with a total of 2,135 patients, demonstrated that a combination therapy as first- and/or second-line therapy is superior to a sequence of monotherapies (arm A). Starting with a 5-FU monotherapy followed by 5-FU in combination with either Oxaliplatin or Irinotecan (arm B) resulted in an overall survival of 15.2 and 15.0, respectively, vs. 13.9 months in arm A (p=0.24); with combination therapy as first- and second-line therapy (arm C) the benefit in overall survival reached statistical significance (FOLFOX 15.4 months, FOLFIRI 16.7 months vs. 13.9 months, p=0.02) [870]. Another reason contradicting the general use of monotherapy as first-line therapy has been shown by a currently published retrospective subgroup analysis of the N9741 study. In this study complete remission was found to be associated with an improved overall survival. The rate of complete remissions after 5-FU monotherapy was only about 1%, whereas after FOLFOX4 complete remission rates of 6.2% have been described [871]. In summary, it can be concluded that, as first-line therapy, a therapy as active as possible should be conducted. However, 5-FU monotherapy followed by combination therapy is an acceptable alternative in specific cases (e.g. group 3) and should, therefore, be discussed with the patient. Sequential monotherapy (e.g. 5-FU monotherapy followed by Irinotecan monotherapy) cannot be recommended based on these data. Therapy sequences of 5-FU bolus followed by 5-FU infusional protocols, without extension to a second or even third substance is obsolete. It appears important that patients have access to all active substances during the course of their therapy [872]. The relevance of biological substances within the respective oncological overall-concept will be discussed in the relevant sections.
	9.4. Chemotherapy Protocols
	9.4.1. First-Line Therapy


	The options for treating metastatic colorectal cancer have been drastically improved through the introduction of new chemotherapeutic drugs such as Irinotecan and Oxaliplatin, oral 5-FU pro-drugs, and later biological substances.
	Therapy options in first-line therapy are monotherapies and fluoropyrimidine-based combination therapies with Oxaliplatin and/or Irinotecan. For those patients with a necessity for intensified therapy and who qualify, monotherapy is not indicated at the beginning. The choice of a therapy regimen is driven by the goal of therapy, i.e. achieving good remission and possibly a secondary resectability or lengthening of progression-free survival and overall survival along with good quality of life. When making a decision, it is important to consider the specific side effect profile of the individual chemotherapeutic drugs as well as possible comorbidities (e.g. CHD, chronic diarrhea), but also the personal and occupational life situation of the patient. If toxicity occurs, the administration of the toxic agent should be interrupted in concordance with the usual proceedings in oncology. If an initial drug therapy has been de-escalated, for instance after achieving a “best response” or due to intolerable side effects, the initial therapy should be resumed with the appearance of progression, as long as toxicity is tolerable (e.g. analogous to the Optimox scheme). If this is not the case, an alternative therapy scheme should be employed. This applies for mono- as well as combination therapies. However, with progression under or relatively shortly after primary therapy, one should change to an alternative therapy protocol.
	9.4.1.1. Monotherapy (5-FU)

	21. 9.
	Recommendation
	2008
	Grade of Recommendation
	B
	If a fluoropyrimidine-monotherapy is conducted, oral administration of 5-FU should be preferred over intravenous administration. With the infusional protocols available, the de-Gramont scheme should be preferred over the AIO scheme, because the de-Gramont scheme puts less strain on the patient due to a 14-day application with probably similar efficacy.
	Level of Evidence
	4
	Consensus
	Background
	5-FU was the standard chemotherapeutic agent from the 1950’s onwards in treating colorectal cancer and led to remission rates of 10-15% and a median overall survival of about 6-9 months. At the end of the 1980’s, the combination of bolus 5-FU with biomodulators such as folinic acid resulted in remission rates of about 20% and a median survival time of about 12 months [873, 874]. Randomized studies which compared 5-FU bolus application with continuous administration until progression, showed higher response rates (7 vs. 30%, p<0.001) without effect on overall survival (10.3 vs. 11.3 months, p=0.379). The continuous administration showed higher incidence of hand-foot syndromes (23 vs. 0%, p<0.001) but less grade 3-4 neutropenia (1 vs. 22%, p<0.001). Four deaths due to neutropenic sepsis were documented in the bolus arm [875]. In 1997, de Gramont demonstrated a statistically significant improvement in response rates (32.6 vs. 14.5%, p=0.0004) and average progression-free survival (27.6 vs. 22 weeks, p=0.001) with a two-week infusional protocol while showing lower toxicity [876]. A meta-analysis from the same year confirmed this benefit in overall survival. Although the numbers were not statistically significant in the individual studies, the analysis of six studies with a total of 1,219 patients showed a significant difference in overall survival of 12.1 months with continuous 5-FU administration versus 11.3 months with bolus protocols (p=0.04) [877]. Oral fluoropyrimidines can increase the quality of life even more, since they allow out-patient therapy without port systems and pumps. These are associated with a complication rate of about 10% (thromboses, infection, dislocation) [878-880]. Furthermore, the costs are lower. The side effects of Capecitabine are mainly hand-foot syndrome, hemotoxicity, and diarrhea. Studies have shown that patients prefer oral administration, as long as effectiveness is not compromised [881, 882]. Twelves examined 97 patients with mCRC. In direct comparison with Capecitabine only the modified out-patient de Gramont scheme resulted in similar patient satisfaction. In fact, the gain in quality of life for the study patients was actually higher for the out-patient infusional scheme (p<0.05) [883]. The effectiveness of Capecitabine in comparison with a 5-FU protocol was studied in two randomized multicenter phase III studies. In both studies, the control arm consisted of a bolus 5-FU protocol (Mayo protocol) which at the time corresponded to the standard of therapy. Van Cutsem demonstrated response rates of 18.9% for Capecitabine and 15% for 5-FU/FA, median overall survival was 13.2 versus 12.1 months (p=0.33). The administration of Capecitabine led to a lower incidence of grade 3 and 4 stomatitis and neutropenia (p<0.00001), but more-frequent appearance of hand-foot syndromes (p<0.00001) [884]. Hoff demonstrated similar results in his study of 605 patients [885]. A pooled analysis of these two studies, published in 2004, included a total of 1,207 patients and demonstrated highly significant different response rates of 26% for those patients treated with Capecitabine versus 17% in the 5-FU arm (p<0.0002). Overall survival was not prolonged (12.9 versus 12.8 months) [886]. A direct randomized comparison of Capecitabine with an infusional 5-FU protocol is at this time only available in combination with Irinotecan/Oxaliplatin with or without Bevacizumab. Here, Capecitabine represents an effective and well-tolerated alternative to infusional 5-FU protocols (see Table 15).
	For patients who received a 5-FU/folinic acid-based therapy, favorable prognostic factors that have been identified are ECOG performance status (0-1), leukocyte count (<10 x 109/L), alkaline phosphatase (<300 U/l), and evidence of only one metastatic site [887].
	Table 15: Capecitabine (Cape) in Comparison to Bolus 5-FU/FA in First-Line Therapy
	Reference 
	N 
	Therapy
	regimen 
	Response- rate 
	TTP (mo)
	OS (mo)
	Level of evidence 
	Van Cutsem 2004
	1207
	Cape/Mayo
	26 vs 17 (p<0.0002)
	4.6 vs 4.7 (p=0.95)
	12.9 vs 12.8 (p=0.48)
	Ia
	Van Cutsem 2001
	602
	Cape/Mayo
	18.9 vs 15
	5.2 vs 4.7 (p=0.65)
	13.2 vs 12.1
	(p=0.33)
	Ib
	Hoff 2001
	605
	Cape/Mayo
	24.8 vs 15.5 (p=0.005)
	4.3 vs 4.7 (p=0.72)
	12.5 vs 13.3 (p=0.974)
	Ib
	9.4.1.2. Combination Therapy

	In recent years, a series of large phase III studies on first-line therapy of mCRC were published. In these studies patients were randomized to a group with a fluoropyrimidine-monotherapy or to a group with combination chemotherapy consisting of fluoropyrimidine and Irinotecan or Oxaliplatin. Combination therapy improved response rates and progression-free survival in all of these studies; in two of the three Irinotecan-based therapy studies a significant survival benefit was shown for combination therapy. However, the influence of second- and third-line therapies on overall survival should be considered when evaluating the importance of first-line therapy.
	Oxaliplatin + 5-FU/Folinic Acid
	Background
	The combination of infusional 5-FU/FA with Oxaliplatin resulted in a significant increase of progression-free survival as compared to the sole administration of an infusional 5-FU therapy (median PFS of 9 months versus 6.2 months for 5-FU/FA alone; p=0.0003) (see Table 16). Additionally, response rates were significantly better with the intensified therapy (50.7 vs. 22.3%, p=0.0001), although more grade 3-4 toxicities were observed. Especially neutropenias and neurological complications occurred significantly more often in the Oxaliplatin arm (p<0.001). Overall survival was not significantly longer (16.2 vs. 14.7 months, p=0.12) [888].
	Table 16: Oxaliplatin-Containing Protocols in First-Line Therapy – Phase III Studies
	Reference
	N
	Therapy
	regimen
	Response- rate (%)
	PFS (mo)
	OS (mo)
	Level of evidence
	de Gramont 2000
	420
	FOLFOX4 vs 5FU/FS
	50.7 vs 22.3
	(p=0.0001)
	9.0 vs 6.2
	(p=0.0003)
	16.2 vs 14.7
	n.s.
	Ib
	Giacchetti 2006 [889]
	564
	FOLFOX2 vs Oxaliplatin/5FU
	(chronomod.)
	44.3 vs. 42.0
	8.4 vs 8.4
	n.s
	18.7 vs 19.6    n.s
	Ib
	Giacchetti 2000 [890]
	200
	Oxaliplatin/5FU
	vs 5FU (both chronomod.)
	53 vs 16
	(p<0.001)
	8.7 vs 6.1
	(p=0.048)
	19.4 vs 19.9
	Ib
	Irinotecan + 5-FU/Folinic Acid (FA)
	Background
	The combination of Irinotecan and bolus 5-FU/FA (IFL) shows an unfavorable effect/side effect ratio and is, therefore, obsolete.
	The comparison of a 5-FU/FA monotherapy to a combination therapy consisting of infusional 5-FU/FA and Irinotecan revealed a significant benefit for the combination therapy; the decision whether the patients were treated according to the AIO scheme (weekly) or the de Gramont scheme (every two weeks) was made by the individual centers. A total of 387 patients were treated (see Table 17). The response rates were 35% for the Irinotecan-containing protocol and 22% for the 5-FU/FA monotherapy (p<0.005). Progression-free survival and overall survival were significantly prolonged (6.7 vs. 4.4 months, p<0.001 and 17.4 vs. 14.1 months, p=0.031, respectively).The spectrum of side effects included CTC-grade 3 and 4 diarrheas in 44.4% (versus 25.6% in the 5-FU monotherapy arm, p=0.055) and grade 3 and 4 neutropenias in 28.8% of the patients in the Irinotecan group (versus 2.4% in the 5-FU monotherapy arm, p=0.001) [891]. In another study in which 430 patients were treated with Irinotecan and a weekly 5-FU scheme (AIO scheme) at two different dose levels, the comparison with the AIO scheme alone also showed a benefit for combination therapy. The differences in response rates and progression-free survival were highly significant. However, overall survival, was not shown to be significantly longer [892]. Grade 3 and 4 toxicities in this study were especially diarrheas (29% for Irinotecan-containing protocols vs. 21% for 5-FU monotherapy). Saltz showed in his three-armed study that combination therapy consisting of bolus 5-FU and Irinotecan (IFL) also resulted in considerably improved response rates and significant prolongation of progression-free survival and overall survival in comparison to monotherapy consisting of either bolus 5-FU/FA or Irinotecan; the results for Irinotecan monotherapy and bolus 5-FU monotherapy were comparable. However, the bolus 5-FU arm had the highest rate of grade 3-4 neutropenias (66.2 vs. 53.8% with combination therapy, respectively, and 31.4% after Irinotecan monotherapy) and neutropenic complications in 14.6% (vs. 7.1 and 5.8%, respectively). Gastrointestinal toxicity with diarrhea and vomiting was higher in the combination arm [893]. Considering the different combinations of 5-FU/FA and Irinotecan, FUFIRI and FOLFIRI (infusional 5-FU) are of approximately equal effectiveness, although the rate of alopecia is probably lower in the weekly protocol. Irinotecan plus bolus 5-FU (Saltz protocol) shows the most unfavorable ratio of effect and side effects and should, therefore, no longer be used.
	Table 17: Irinotecan-Containing Protocols in First-Line Therapy – Phase III Studies
	Reference
	N
	Therapyregimen 
	Response- rate (%)
	PFS (Mo)
	OS (Mo)
	Level of evidence 
	Kohne 2005
	430
	AIO+CPT 11 vs AIO
	62.2 vs 34.4(p<0.0001)
	8.5 vs 6.4(p<0.0001)
	20.1 vs 16.9n.s.
	Ib
	Douillard 2000
	387
	FOLFIRI vs 
	5-FU/FS
	35 vs 22(p<0.005)
	6.7 vs 4.4(p<0.001)
	17.4 vs 14.1 (p=0.031)
	Ib
	Saltz 2000
	683
	IFL vs Mayo (vs CPT 11 mono)
	39 vs 21(p<0.001)
	7.0 vs 4.3(p=0.004)
	14.8 vs 12.6 (p=0.04)
	Ib
	Comparison of Irinotecan- Versus Oxaliplatin-Containing Combination Therapies
	Background
	If an indication for combination chemotherapy is given, FOLFOX or FOLFIRI can be employed in first-line therapy.
	In contrast to the Oxaliplatin-based protocols (see above), a survival benefit was demonstrated for two of the three Irinotecan-containing combination chemotherapies. However, in direct comparison, FOLFOX and FOLFIRI have been observed to be similarly effective [894]. Hence, the spectrum of toxicities should be especially taken into consideration when choosing between a fluoropyrimidine-based Irinotecan- or Oxaliplatin-containing combination. Colucci and colleagues documented the same efficacy of FOLFIRI and FOLFOX in direct comparison (see below) while observing different toxicities. The most frequently observed side effects were alopecia and those affecting the gastrointestinal tract in arm A (Irinotecan) and thrombocytopenia and neuropathies in arm B (Oxaliplatin). Grade 3 and 4 toxicities were observed in both arms (neutropenia (27 and 28%, respectively) and diarrheas (28%) especially for the Irinotecan-containing protocols and neuropathy (12%) for the Oxaliplatin-containing protocols) [895] (see Table 18).
	Table 18: Oxaliplatin- Versus Irinotecan-Containing Protocols in First-Line Therapy
	Reference
	N
	Therapy
	regimen 
	Response- rate (%)
	PFS (mo)
	OS (mo)
	Level of evidence 
	Tournigand 2004
	220
	FOLOFOX6 – FOLFIRI vs rev sequence
	54 vs 56 n.s.
	8.0 vs 8.5 n.s.
	20.6 vs 21.5n.s.
	Ib
	Goldberg 2004 [896]
	795
	FOLFOX vs IFL (vs IROX)
	45 vs 31 (p=0.002) (vs 35)
	8.7 vs 6.9 (p=0.0014) (vs 6.5)
	19.5 vs 15 (p=0.0001)(vs 17.4)
	Ib
	Goldberg 2006 [897]
	305
	rIFL vs FOLFOX
	32 vs 48(p=0.006)
	5.5 vs 9.7(p<0.0001)
	16.3 vs 19(p=0.026)
	Ib
	Colucci 2005
	360
	FOLFIRI vs FOLFOX
	31 vs 34(p=0.6)
	TTP : 7 vs 7
	14 vs 15
	Ib
	Comella 2005 [898]
	274
	OXAFAFU vs IRIFAFU
	44 vs 31(p=0.029)
	7 vs 5.8(p=0.046)
	18.9 vs 15.6 (p=0.032)
	Ib
	Capecitabine in Combination with Oxaliplatin or Irinotecan
	Oxaliplatin and Capecitabine
	Background
	Two large phase III studies with a total of 822 patients are available in which infusional 5-FU/FA was compared with the oral prodrug Capecitabine each in combination with Oxaliplatin. The Spanish group chose the FUOX regimen as the standard arm, the AIO study group employed a weekly infusional protocol of 5-FU/FA/Oxaliplatin (FUFOX) [899, 900]. The German study documented a progression-free survival of 7.1 months (versus 8 months in the FUFOX arm; HR: 1.17; 95% CI: 0.96-1.43; p=0.117) and an overall survival of 16.8 months (versus 18.8 months in the FUFOX arm; HR: 1.12; 95% CI: 0.92-1.38; p=0. 26) for the CAPOX arm. Response rates were 48% for CAPOX (95% CI: 41-54%) and 54% for the FUFOX regimen (95% CI: 47- 60%). The most frequent non-hematological side effect was polyneuropathy in 27% versus 25% of the cases, respectively; only the hand-foot syndrome in grades 2 and 3 was significantly more frequent in the CAPOX arm (p=0.028) [900]. 
	Study design and results were comparable in both studies and, therefore, both therapy regimens represent an active first-line therapy.
	Another large phase III study clearly showed the non-inferiority of Capecitabine and Oxaliplatin (in the XELOX protocol) in relation to progression-free and overall survival in comparison with FOLFOX4 (HR: 1.04; 97.5% CI: 0.93-1.16 for PFS and HR: 0.99; 97,5% CI: 0.88-1.12 for OS, respectively) [901] (see Table 19).
	Table 19: Capecitabine and Oxaliplatin Combinations in First-Line Therapy – Phase III Studies
	Reference
	N
	Therapy
	regimen 
	Response-rate (%)
	PFS (mo)
	OS (mo)
	Level of evidence 
	Cassidy 2008
	NO 16966
	2034
	XELOX vs FOLFOX4
	37 vs 37
	8 vs 8.5(HR: 1.04; 97.5% CI: 0.93-1.16)
	19.8 vs 19.6(HR: 0.99; 97.5% CI: 0.88-1.12); p=n.s.
	Ib
	Porschen 2007
	474
	CAPOX vs FUFOX
	48 vs 54
	7.1 vs 8.0(HR: 1.17; 95% CI: 0.96-1.43; p=0.117)
	16.8 vs 18.8 (FUFOX HR: 1.12; 95% CI: 0.92-1.38; p=0.26)
	Ib
	Diaz-Rubio 2007
	348
	CAPOX vs FUOX
	37 vs 46
	 n.s.
	8.9 vs 9.5 (p=0.153)
	18.1 vs 20.8 (p=0.145)
	Ib
	Irinotecan and Capecitabine
	Background
	The data currently available on efficacy and toxicity of Capecitabine and Irinotecan are less uniform than for the combination of Capecitabine/Oxaliplatin. Two studies analyzed the effectiveness of CAPIRI in comparison to an infusional 5-FU protocol. In the BICC-C study, CAPIRI was clearly inferior to FOLFIRI with regard to progression-free survival. The very high toxicity with nearly 50% of grade 3-4 diarrheas probably plays a crucial role here (2 x 1 g/m² Capecitabine/day 1-14, 250 mg Irinotecan/m² on day 1). Response rates and overall survival were not significantly different [902]. A study published in 2007 reported intolerable side effects of the CAPIRI regimen, which also led to early termination of the study (2 x 1 g/m² Capecitabine/day 1-15 and 22-36, 250 mg Irinotecan/m² day 1 + 22). In the CAPIRI group especially hemotoxic side effects in 61% of the cases made a dose reduction necessary, in the FOLFIRI arm only 7% dose reductions were necessary. Six of eight deaths occurred in the group treated with CAPIRI, three patients died of a thromboembolic event and three due to high-grade diarrheas [903]. With a total of 820 patients, the CAIRO study is so far the largest study on the combination of Capecitabine and Irinotecan. In this study, Capecitabine was administered at a dose of 2 x 1g/m²/day 1-14 along with Irinotecan 250 mg/m²/day 1 in a 3-week cycle. The frequency of grade 3-4 toxicities was not significantly different between the two groups, with the exception of the more frequent appearance of grade 3 hand-foot syndromes in the sequential treatment arm [868]. 
	In this study the rate of severe diarrhea was significantly lower than in the BICC and EORTC studies, which may be explained by the fact that the Dutch centers in the CAIRO study were specifically trained to execute the study and to manage possible side effects. Due to its toxicity, the CAPIRI regimen can currently not be considered as a standard therapy. Preliminary data from the AIO, however, indicate that with a dose-reduction (200 mg/m² Irinotecan day 1 + 2 x 800 mg/m² Capecitabine/day 1-14) CAPIRI can be administered with tolerable side effects. The most frequent CTC grade 3-4 toxicities were diarrhea in 17/15.5%, hand-foot syndrome in 5.9/2.7%, and neurotoxicity in 15.3/0% of all patients, respectively [904]* (Table 20).
	Table 20: Capecitabine in Combination with Irinotecan in First-Line Therapy – Phase III Studies
	Reference
	N
	Therapy regimen
	Response-rate
	(%)
	PFS (mo)
	OS (mo)
	Level of evidence
	Koopman2007 (CAIRO)
	820
	CAPIRI vs Cape mono 
	41 vs 20 (p<0.0001)
	7.8 vs 5.8 (p=0.0002)
	17.4 vs 16.3 n.s.
	Ib
	Fuchs 2007 (BICC-C)
	430
	FOLFIRI vs mIFL vs CAPIRI
	47 vs 43 vs 39 n.s.
	7.6 vs 5.9 vs 5.8 (p=0.004 and 0.015 resp.)
	23.1 vs 17.6 vs 18.9 n.s.
	Ib
	Kohne 2007(EORTC 40015)
	85
	CAPIRI vs FOLFIRI (+/- Celecoxib)
	48 vs 46
	5.9 vs 9.6
	14.8 vs 19.9
	IIb
	Irinotecan, Oxaliplatin + 5-FU as Combination Therapy – FOLFOXIRI
	Background
	In a phase III study published in 2006, no statistical superiority of the FOLFOXIRI regimen was demonstrated in comparison with the FOLFIRI regimen. Median overall survival was 21.5 vs. 19.5 months (p=0.337), response rates were 43 vs. 33.6% (p=0.168), respectively. The rate of side effects (alopecia, diarrhea, neurotoxicity) was significantly higher than in the FOLFIRI arm (p=0.0001 for alopecia and diarrhea and p=0.001 for neurotoxicity) [863]. Falcone et al., however, demonstrated a significant improvement of progression-free as well as overall survival with FOLFOXIRI. This survival benefit was accompanied by significantly more frequent grade 2-3 peripheral neurotoxicity and grade 3-4 neutropenias (0 vs. 19% and 28 vs. 50%, p<0.001 and p=0.0006, respectively) [859]. In both studies response rates were better in comparison to FOLFIRI alone; in Falcone’s study this benefit reached statistical significance. However, the results of the two studies are only partially comparable due to different protocols and study populations. Response rates and resection rates, which were the primary and secondary endpoints of the Italian study, were convincing, so that the FOLFOXIRI protocol should especially be considered for induction of remission and possible secondary resection of liver metastases (see also 9.2.1.2) (see Table 21).
	Table 21: FOLFOXIRI in First-Line Therapy
	Reference
	N
	Therapy regimen
	Response rate (%)
	PFS (Mm)
	OS (Mm)
	Level of evidence
	Falcone 2007 †
	244
	FOLFOXIRI vs FOLFIRI
	60 vs 34(p=0.0001)
	9.8 vs 6.9(p=0.0006)
	22.6 vs 16.7(p=0.032)
	Ib
	Souglakos 2006 ††
	283
	FOLFOXIRI vs FOLFIRI
	43 vs 33.6(p=0.168)
	8.4 vs 6.5(p=0.17)
	21.5 vs 19.5(p=0.337)
	Ib
	† 5-FU as continuous infusion
	†† 5-FU as bolus, protocol with reduced doses of Irinotecan and Oxaliplatin
	5-FU/Folinic Acid + Bevacizumab
	Background
	This combination is particularly suitable for patients who do not qualify for an Oxaliplatin-containing/Irinotecan-containing protocol or for patients for whom a prolongation of progression-free and overall survival along with good quality of life is the primary goal of therapy (matching group 3). In a prospective randomized placebo-controlled phase II study Kabinavaar et al. analyzed the effectiveness of a combination of Bevacizumab with a 5-FU/FA monotherapy according to the Roswell Park scheme in comparison with a sole 5-FU/FA monotherapy [905]. The results show a highly significant prolongation of progression-free survival in combination with Bevacizumab (9.2 vs. 5.5 months, respectively, p=0.0002) without achieving a significant improvement in response rates (26 vs. 15.2%, p=0.055). The difference in overall survival was also not significant (16.6 vs. 12.9 months, respectively, p=0.16). The therapy was well tolerated although this study involved a high-risk population (the median age was 72, the performance status was >0 for 72% of the patients).
	Oxaliplatin +5-FU/Folinic Acid + Bevacizumab
	Background
	The recently published randomized multi-center study NO16966 was initially designed as a two-armed study which examined the non-inferiority of Capecitabine and Oxaliplatin (as XELOX protocol) in comparison to FOLFOX4 [901]. After publication of data of the phase III study by Hurwitz (see below), which revealed a significant benefit by adding Bevacizumab, the original study protocol was expanded to a 2x2 factorial design and extended by Bevacizumab. The study showed a significant improvement of progression-free survival for the combination of chemotherapy and Bevacizumab (XELOX / FOLFOX +/- Bevacizumab). PFS as the primary endpoint was increased in median from 8.0 to 9.4 months (HR: 0.83; 97.5% CI: 0.72-0.95; p=0.0023) [864]. A possible explanation for this relatively small difference of only 1.4 months in PFS under a triple combination therapy could be that the average therapy duration in both arms was only about six months (190 days). The administration of the combination chemotherapy and Bevacizumab was then stopped, probably due to toxicity. In line with this, only 29% of the patients who were treated with Bevacizumab were treated until progression. A planned subgroup analysis of these patients indicates that continuing therapy up to progression could result in prolongation of the “time of tumor control.” Overall survival as a secondary endpoint was not significantly improved (21.3 vs. 19.9 months, HR: 0.89; 97,5% CI: 0,76-1,03; p=0.077), response rates were the same (38 vs. 38%, OR 1.00; 97.5% CI: 0.78-1.28, p=0.99). 59 patients (8.4%) in the Bevacizumab arm and 43 patients (6.1%) in the placebo arm were operated with curative intention; the effect on R0 resectability cannot yet be conclusively determined. Resectability was not defined as a secondary endpoint in this trial [864] (see also 9.2.1.2).
	Irinotecan + 5-FU/Folinic Acid + Bevacizumab
	Background
	The direct comparison of IFL plus placebo with IFL plus Bevacizumab showed a significant prolongation of overall survival from 15.6 months to 20.3 months (p<0.001), respectively. The median time until progression could also be extended from 6.2 months to 10.6 months by combination with the antibody (p<0.001). In the non-placebo group response rates were significantly higher with 44.8% compared to the placebo group (34.8%; p=0.004). The spectrum of toxicity included a grade 3 hypertension for 11% of the patients treated in the experimental arm in contrast to 2.3% in the standard arm. Further grade 3 and 4 toxicities were leucopenia in 37% and diarrhea in 32.4%. Since then, Bevacizumab has been approved for use in combination with 5-FU/FA with or without Irinotecan for first-line therapy of colorectal cancer [906]. A direct comparison of FOLFIRI plus Bevacizumab with mIFL plus Bevacizumab in the BICC-C study revealed a clear superiority for the 5-FU protocol in progression-free survival, overall survival (not yet reached vs. 19.2 months with mIFL + Bevacizumab, p=0.007). Response rates were not significantly different (57.9 vs. 53.3%, respectively) [902]. Also due to the more favorable toxicity profile, the infusional 5-FU protocol should be preferred over the IFL protocol.
	Oxaliplatin + Capecitabine + Bevacizumab
	Background
	The results of the N016966 study are presented in detail above. Both XELOX in combination with Bevacizumab and XELOX without the antibody are not inferior to the infusional protocol. The response rates which were acquired by an independent review committee were equal being 38% for both the FOLFOX and the XELOX arm. A predefined subgroup analysis indicates a benefit of 1.9 months in median progression-free survival for the combination of Bevacizumab with XELOX compared to XELOX alone (7.4 vs. 9.3 months, respectively, HR: 0.77; 97.5% CI: 0.63-0.94; p=0.0026). The availability of Bevacizumab in the FOLFOX arm did not result in prolongation of progression-free survival in this subgroup analysis (8.6 vs. 9.4, respectively, HR: 0.89; 97.5% CI: 0.73-1.08; p=0.1871) [864].
	5-FU-Folinic Acid + Oxaliplatin + Cetuximab
	Background
	A randomized multicenter phase II study from Europe analyzed the effectiveness of a combination of FOLFOX +/- Cetuximab (OPUS study). 337 patients were randomized. Response rates were 45.6% in the experimental arm and 35.7% in the standard arm, while showing comparable grade 3-4 toxicity. Survival data were not yet available at the time of the presentation in 2007. The most frequent side effects were neutropenia, diarrhea in both groups and acne-like skin rash in the group treated with Cetuximab [907]*.
	There are no phase III data that support a treatment of mCRC with a combination of FOLFOX and Cetuximab in first-line therapy.
	Hence, a general recommendation concerning the use of this combination cannot be given at this time.
	However, Cetuximab is permitted for first-line therapy of CRC in combination with Oxaliplatin for those patients who have wild type k-ras tumors.
	5-FU-Folinic Acid + Irinotecan + Cetuximab
	Background
	Until now, there are no phase III data available as fully published manuscripts concerning the use of Cetuximab in first-line therapy. The data of the phase III study (CRYSTAL) presented at ASCO in 2007 are promising and demonstrate a statistically significant increase in response rates and progression-free survival in comparison with FOLFIRI alone. The combination of FOLFIRI and Cetuximab resulted in a response rate of 46.9% (in comparison with 38.7% for FOLFIRI; p=0.005). The rate of R0 resections as a secondary endpoint was increased in the experimental arm as well [860]*. The high response rates from phase I/II studies (ORR 67%) which discussed an outstanding role for Cetuximab as a possible therapy for downsizing marginally resectable liver metastases [908], were not achieved.
	A retrospective analysis of the CRYSTAL study which was presented at ASCO showed that only patients with wild type k-ras tumors benefit from a therapy with Cetuximab [861]*.
	Cetuximab can be used according to its approval for this group of patients in combination with an Irinotecan-containing therapy as a first-line therapy of CRC.
	9.4.2. Duration of Therapy / Interruption of Therapy in First-line Therapy / Reinduction

	22. 9.
	Recommendation
	2008
	Grade of Recommendation
	B
	There is not sufficient evidence to justify stopping an initiated systemic chemotherapy before disease progression has occurred.
	Level of Evidence
	1b
	Consensus
	Background
	Overall survival and duration of tumor control can be considerably extended in each line of therapy with new chemotherapeutic agents and combination chemotherapies. Thus, the question of chemotherapeutic-associated side effects and the resulting quality of life are also becoming more and more important. As a result, studies have been performed that analyze the importance of a maintenance therapy with less-intensive therapy schemes (OPTIMOX 1) or a complete stopping of therapy after an induction phase in contrast to therapy until progression (OPTIMOX 2). The OPTIMOX 1 study analyzed the administration of FOLFOX4 up to progression in comparison to FOLFOX7 followed by a maintenance therapy with 5-FU/FA and reinduction of FOLFOX7 with the appearance of progression. The differences in progression-free and median survival were not significant, the rate of grade 3 neurotoxicities was more favorable (13 vs. 18%, p=0.12, respectively) [909]. Such a de-escalation strategy with reinduction of Oxaliplatin with documented progression should also be used in clinical routine and be discussed with patients as a possible option. The OPTIMOX 2 study examined the possibility of a complete halt of therapy in comparison to maintenance therapy as in OPTIMOX 1. With this study concept, median progression-free survival was significantly longer in the control arm (OPTIMOX 1) than in the experimental arm (8.3 vs. 6.7 months, respectively; p=0.04); median overall survival was considerably better as well (24.6 vs. 18.9 months, respectively; p=0.05). So far, the data are only available in abstract form and were not fully conclusive in the presentation [910]*. A recommendation for a planned complete interruption of therapy without maintenance therapy cannot be given on the basis of these data. The group around Maughan observed a considerably lower toxicity with an intermittent administration of a 5-FU-containing protocol with no clear survival benefit for the continuous administration (HR 0.87 for intermittent administration, 95% CI: 0.69-1.09; p=0.23) [911]. 
	Labianca found no difference in overall survival as the primary endpoint between an intermittent FOLFIRI protocol in comparison with a continuous administration up to progression while observing comparable toxicity (HR=1.11; 95% CI; 0.83-1.48) [912]*. 
	In contrast to a conceptual interruption of therapy, there are short-term interruptions in chemotherapy due to the patient's personal living situation (e.g. vacation). In this case, short-term interruptions of therapy are tolerable.
	Table 22: Studies Concerning the Question of Treatment Interruption/ Maintenance Therapy
	Reference
	N
	Therapy regimen
	Response-rate
	(%)
	PFS (mo)
	OS (mo)
	Level of evidence
	Labianca 2006
	336
	FOLFIRI intermitt vs cont.
	29 vs 35
	8.8 vs 7.3(HR: 1.00. 95% CI: 0.74-1.36)
	16.9 vs 17.6(HR: 1.11 95% CI: 0.83-1.48)
	Ib 
	Tournigand(OPTIMOX 1) 2006
	620
	Ctx bis PD vs maintenance with 5FU/FS
	58.8 vs 59.2 n.s.
	9 vs. 8.7n.s.
	19.3 vs 21.2n.s.
	Ib
	Maindrault 2007(OPTIMOX 2) 
	202
	Maintanence vs pause
	63 vs 61
	8.3 vs 6.7(p=0.04)
	24.6 vs 18.9 (p=0.05)
	Ib
	Maughan 2003
	354
	5-FU/FS12 w Ctx vs cont.
	21 vs 8
	3.7 vs 4.9(HR:1.295% CI: 0.96-1.49)
	10.8 vs 11.3(HR: 0.87; 95% CI: 0.69-1.09)
	IIb
	9.4.3. Chemotherapy Protocols in Second- and Third-Line Therapy

	Overall, studies on first-line therapy of mCRC show a high variability concerning overall survival ranging from 14.1 to more than 22 months. Assuming that there were no great differences in patient selection, the type of chosen second- and third-line therapy and certainly their different availability are possibly responsible for these discrepancies. The choice of second- and third-line therapy depends on previous therapies and the time interval without therapy as well as on the individual situation of the patient and the particular goal of therapy. Although in first-line therapy options are currently being taken into consideration concerning the reduction of the duration of therapy or “stop-and-go” strategies (see above), second- and third-line therapies should still follow the principle that therapy should be administered up to disease-progression.
	23. 9.
	Recommendation
	2008
	Grade of Recommendation
	A
	Due to the lack of sufficient evidence, none of the therapeutic agents described above should be continued after documented progression under therapy with the exception of fluoropyrimidines or the administration of Irinotecan in combination with Cetuximab after failure of an Irinotecan-containing therapy. This also applies to Cetuximab and Bevacizumab.
	Level of Evidence
	2
	Strong consensus
	Background
	The importance of an effective second-line therapy for overall survival has been analyzed in several phase III studies. Thus, a second-line therapy with Irinotecan after failure of Fluorouracil monotherapy resulted in a significant benefit in overall survival in comparison with BSC [913] or infusional 5-FU/FA [914]. 
	Combination therapy with Oxaliplatin and Fluorouracil after failure of an Irinotecan-containing protocol in first-line therapy was superior to 5-FU/FA and/or Oxaliplatin monotherapy with respect to the resulting response rates as well as in relation to the time until progression [915]. The combination therapy of 5-FU/FA with Oxaliplatin and/or Irinotecan, which shows response rates (CR + PR) of 40-55% in first-line therapy, achieves response rates of 4% (FOLFIRI) up to 15% (FOLFOX) and a progression-free survival of about 2.5-4.2 months in second-line therapy. The median survival of the patients was about 20 months each for both therapy sequences (FOLFOX  FOLFIRI and/or FOLFIRI  FOLFOX) [894]. The introduction of monoclonal antibodies such as Cetuximab, Bevacizumab, and Panitumumab has also extended the possibilities for second- and third-line therapy. The so-called BOND-1 study for the first time verified the effectiveness of Cetuximab in combination with Irinotecan as second-line therapy for advanced CRC’s after Irinotecan failure (RR 22.9%, overall survival 8.6 months) [916]. The so-called EPIC study showed that a combination of Cetuximab plus Irinotecan was also effective after a previously administered therapy containing Oxaliplatin, and in direct comparison was more effective than an Irinotecan-monotherapy [917].
	9.4.3.1. Combination Therapy in Second- and Third-line Therapy

	Background
	In his work published in 2004, Tournigand compared FOLFOX and FOLFIRI as first- and second-line therapy, respectively, and vice versa. Median survival of the respective sequences was not significantly different between the two arms (20.6 months for FOLFOX vs. 21.5 months for FOLFIRI in first line treatment) [894]. For response rate or progression-free survival also no significant benefit was shown for one sequence or the other (see Table 23).
	Oxaliplatin + Fluoropyrimidine
	Table 23: Oxaliplatin-Containing Protocols in Second-Line Therapy
	Reference
	N
	Therapy regimen
	Response-rate (%)
	PFS (mo)
	Level of evidence
	Giantonio 2007 [918]
	829
	FOLFOX 4 vs FOLFOX + Bevacizumab vs Bevacizumab mono
	8.6 vs. 22.7 (p<0.0001) vs 3.3
	4.7 vs 7.3 (p<0.0001) vs 2.7
	Ib
	Rothenberg 2007 [919]
	627
	XELOX vs FOLFOX
	n.a. 
	TTP:4.8 vs 4.7
	Ib
	Tournigand 2004
	220
	FOLFIRI FOLFOX 6 vs. rev. sequence
	4 vs. 15
	2.5 vs 4.2
	Ib
	Rothenberg 2003
	463
	FOLFOX 4 vs FS-5 FU(vs Oxaliplatin mono)
	9.9 vs 0 vs 0
	TTP: 4.6 vs 2.7 (p<0.0001)
	Ib
	Capecitabin und Oxaliplatin
	Background
	627 patients with progression under irinotecan-containing therapy were treated in second line either with XELOX or FOLFOX. The median time to progression was 4.8 months in the XELOX arm compared to 4.7 months in the FOLFOX arm.
	Grade 3/4 toxicity occurred in 60.1% of cases in the XELOX arm and in 72.4% of FOLFOX treated patients. These were mainly diarrhea (20 vs 5%), neutropenia in 5 and 35%, respectively, and nausea and vomiting in 5-6 % of patients [919].
	Irinotecan + Cetuximab
	Background
	In the BOND study, 329 patients who showed progression within three months after receiving Irinotecan-containing therapy were treated. The patients were either randomized to chemotherapy with Irinotecan and Cetuximab or to Cetuximab monotherapy. Compared to monotherapy, the combination treatment resulted in significantly higher response rates (22.9 vs. 10.8%, p=0.007, respectively). Progression-free survival was also significantly prolonged (4.1 vs. 1.5 months, p<0.001, respectively). Overall survival was 8.6 and 6.9 months, respectively (p=0.48) [916].
	The EPIC study analyzed the effectiveness of this combination with patients who had shown progression under treatment with an Oxaliplatin-based therapy. In this phase III study, patients were either treated with Cetuximab + Irinotecan (n=648) or with Irinotecan mono (n=650). Response rates were significantly improved with the administration of combination therapy (16.4 vs. 4.2%, p<0.0001). Median PFS was extended from 2.6 months to 4.0 months with the availability of Cetuximab (HR: 0.692, p<0.0001). Median overall survival as a primary endpoint was comparable in both arms, since after progression a “crossover” in the other study arm was permitted (10.7 vs. 10 months, respectively, hazard ratio for overall survival=0.975, 95% CI: 0.854 -1.114, p=0.71). An accompanying analysis of the quality of life showed an improvement of the general health status (p=0.047) and for functional and individual symptoms (fatigue, nausea/vomiting [p<0.0001], pain [p<0.0001]) in the combination arm, so that this combination can be considered for symptomatic patients [917, 920]*.
	Bevacizumab + 5-FU-Folinic Acid + Oxaliplatin
	Background
	The value of Bevacizumab in combination with Oxaliplatin and 5-FU/FA in second-line therapy after failure of an Irinotecan-containing therapy with patients who had not previously been treated with Bevacizumab was analyzed in a phase III study. 829 patients were randomized to one of the three therapy arms (FOLFOX-Bevacizumab or FOLFOX or Bevacizumab as monotherapy). The additional consideration of Bevacizumab resulted in a significant survival benefit of 2.1 months in comparison to FOLFOX alone (12.9 vs. 10.8 months, respectively, HR: 0,75; p=0.0011). Progression-free survival as well was significantly longer than in the solitary chemotherapy arm (7.3 vs. 4.7 months, respectively, HR: 0.61, p<0.0001). Bevacizumab alone had no clinical relevance. The combination with the VEGF antibody increased the rate of grade 3 and 4 toxicities by 14%. Bleeding, vomiting, and hypertension occurred significantly more often in the experimental arm. The fact that the risk of neuropathy was increased as well is most likely due to longer therapy duration in the combination arm (10 vs. 7 cycles in the FOLFOX arm). The follow-up period was 28 months [918]. 
	Mitomycin C + Fluoropyrimidine
	Background
	In a trial by Chong with 36 patients an objective response rate of 15.2% was achieved in third-line therapy. Median overall survival was 9.3 months. Data from phase I/II studies are encouraging; results from phase III studies are not available. Fluoropyrimidine and Mitomycin C can be used as a salvage therapy [921-924].
	9.4.3.2. Monotherapy with Biological Substances in Third-Line Therapy

	Cetuximab
	Background
	In 2006, Lenz published a large one-armed phase II study with 346 patients which also demonstrated a benefit of Cetuximab monotherapy for Irinotecan-refractory patients (response rate of 11.6%). More than half of the patients showed progression at the time of the first imaging (median progression-free survival: 1.5 months); overall survival was 6.6 months. The BOND study, which was already mentioned above, showed comparable response rates of about 10% in monotherapy. In the latter studies, again, the grade of skin rash correlated with effectiveness [916, 925]. A very recently published study which compared Cetuximab monotherapy with BSC achieved an overall survival of 6.1 months versus 4.6 months in the group with sole BSC [926]. Considering these data and the results of the BOND-1 study, Cetuximab monotherapy is especially recommended for patients who do not qualify for Irinotecan-containing therapy (Cetuximab can only be administered in monotherapy in this way, because approval is still missing).
	 Translational data on a heterogeneous patient collective indicate that for Cetuximab the k-ras mutational status is also an independent predictive factor. Thus, a k-ras mutation was found in 27% of the Irinotecan-refractory patients and was associated with a resistance against Cetuximab (0 vs. 40% responders among the 24 patients with k-ras mutation compared to 65 patients with k-ras wild type expressing tumors, p<0.001) as well as with a poorer survival (median PFS: 10.1 vs. 31.4 weeks for patients without mutation, p=0.0001; median OS: 10.1 vs. 14.3 months for patients without mutation; p=0.026) [927].
	As of August 2008, the k-ras mutation status is relevant for approval. Only patients with a wild type k-ras expressing tumor should receive Cetuximab.
	Panitumumab
	Background
	Panitumumab is the first fully human monoclonal antibody which binds to the epidermal growth factor receptor (EGFR). A phase II efficacy study including 148 patients with pre-treated metastasized colorectal cancer (dose of Panitumumab 2.5 mg/kg/week) showed a partial response to therapy in 9% of the cases; in 29% of the cases the disease remained stable. The average overall survival time was 9 months; the average time to progression was 14 weeks [928]. A subsequently performed randomized controlled multicenter phase III study included 463 patients with metastasized colorectal cancer after failure of cytostatic standard therapy with 5-FU/FA, Irinotecan, and Oxaliplatin. Patients were randomized to Panitumumab along with best supportive care (n=231) or to best supportive care only (n=232). With Panitumumab a significant improvement in progression-free survival was achieved (HR: 0.54; 95% CI, 0.44-0.66, p<0.0001). Median progression-free survival was 8 weeks for patients who were treated with Panitumumab, in contrast to 7.3 weeks for those who had only received best supportive care. 176 of the patients, who had primarily been assigned to best supportive care received Panitumumab by crossover after progression of their tumor [929]. For 168 patients k-ras mutation status was available, 20 patients (12%) showed response; with 32% the disease remained stable. The effectiveness of Panitumumab was limited to tumors that showed no k-ras mutations. These translational studies were published [930]. In the US, Panitumumab was approved in September 2006, in Europe in December 2007. The approval is limited to patients who have wild type k-ras gene expressing tumors and for whom chemotherapy regimens containing Fluoropyrimidine, Oxaliplatin, and Irinotecan have failed (third-line therapy).
	9.5. Procedure for Local Recurrence or for Non-hepatic and Non-pulmonary Distant Metastazation
	9.5.1. Local Recurrence


	For local recurrence of rectal cancer, which have not been pretreated (radio(chemo)therapy) in the context of the primary operation, this form of therapy should now be mainly preferred. For pretreated patients with the possibility for a R0 resection, surgery can primarily be performed [931]. For those pretreated patients with questionable R0 resectability of a relapse, multimodal surgical procedures must be considered individually and based on the intensity of pretherapy. For locoregional lymph node relapse in colorectal cancer, if possible, complete curative resection should be attempted [932].
	9.5.2. Non-Hepatic or Non-Pulmonal Distant Metastases

	24. 9.
	Recommendation
	2013
	Grade of Recommendation
	0
	For patients with isolated or limited peritoneal carcinosis cytoreductive surgery followed by hyperthermal intraperitoneal chemotherapy (HIPEC) can be performed if the following criteria are fulfilled:
	- PCI (peritoneal cancer index) < 20 
	- no extraabdominal metastases
	- Possibility of macroscopic complete removal or destruction of all tumor manifestations
	- therapy in a specialized center
	These procedures should preferably be performed as part of a trial. 
	Level of Evidence
	2a
	Strong consensus
	Background
	So far, there is only one completed randomized study comparing systematic chemotherapy and cytoreductive surgery with HIPEC [660]. This study demonstrated also long-term that surgical therapy of peritoneal carcinosis leads to significantly better disease-specific survival [661]. If macroscopic tumor eradication was achieved, the 5-year-survival was 45%. It must be noted that the control arm only received a 5-FU-based systemic therapy. Thus, despite numerous non-randomized studies [662] with promising results, it has not been conclusively defined which patients benefit from surgical therapy with HIPEC compared to modern systemic polychemotherapy. 
	For isolated bone metastases with pain symptoms local radiation therapy should be conducted. In this context, a meta-analysis showed that single, high-dose therapy is equally potent as fractionated therapy [933]. Single, high-dose therapy should, therefore, be preferred considering the overall oncologic concept. Biphosphonate administration can additionally follow. Surgery is indicated in case of an increased fracture risk and imminent paraplegia. With isolated brain metastases, if possible, a surgical resection should be performed [934]. If inoperable, radiation therapy, possibly as stereotactic radiation, are potential options [935].
	10. Follow-up Care
	After diagnosis and therapy of a colorectal cancer, adequate medical care is appropriate regardless of the tumor stage. After curative therapy of colorectal cancer, there is an increased risk for a local or locoregional recurrence (3-24%), distant metastases (25%), or a metachronous second tumors [936-945]. The risk is increased in case of a genetic predisposition [940] and with advancing tumor stages [946, 947]. This is the basic justification for providing regular follow-up for these patients.: a recurrence should be discovered so early that a second operation is possible with a curative intent. Follow-up should also enable the diagnosis and treatment of tumor and therapy related sequelae. Subjective goals of follow-up care are to improve a patient’s quality of life [948].
	An additional goal is quality control of the diagnostic and therapeutic measures which were carried out before. However, the effect of follow-up care seems marginal with a mean 1% improved survival for the whole group of treated patients [949]. Data from 267 articles relating to this topic were evaluated in a meta-analysis [950]. For long-term survival of one patient with colorectal cancer, 360 positive follow-up tests and 11 secondary operations were necessary. The remaining 359 follow-up tests and 10 operations resulted in either no therapeutic advantage or had negative consequences [950].
	A Cochrane review from 2008 which included 8 studies showed that with intensive follow-up the mortality was lower (OR 0.73 (95% CI 0.59 to 0.91) than if no or minimal follow-up was performed. 
	10.1. Follow-Up for Patients with UICC stage I 

	1. 10.
	Consensus-based Recommendation
	2013
	GCP
	A regular follow-up for patients with colorectal cancer and early tumor stage (UICC I) is not recommended after R0 resection considering the low rate of recurrence and the favorable prognosis. Colonoscopy follow-up should be performed according to Chapter 10.3.9.1 .
	Background
	Patients with UICC stage I have a good prognosis after a curative resection. In patients with pT2 tumors recurrence occurs more frequently (UICC Ib)(13%) than in those with pT1 tumors (UICC Ia)(4%) [951]. Altogether, the long-term survival of stage UICC I patients according to a prospective cohort study is very good with 86%, and a programmed follow-up is usually not necessary. Similar results were reported in a retrospective study with 541 patients with CRC stage 1. The pT1N0M0 (UICC Ia) tumors demonstrated 2.9% recurrences and pT2 cancer (UICC Ib) 5.6% recurrences [952]. In stage Dukes A, recurrences were only seen in patients with rectal cancer (11%, n=6/55), not in colon cancer [953].
	In individual cases, if a higher local recurrence risk is expected based on endoscopic, intraoperative (e.g. after intraoperative tumor opening), or pathological findings, a follow-up with shorter intervals may be necessary (e. g. higher risk for distant metastases with invasion of the periocolonic veins [954, 955], angiolymphatic invasion [956, 957], G3/G4 tumors or pT2 tumors) (see Chapter 8). Here the sole assessment of CEA was sufficient [952].
	Since patients in stage I also have a higher risk of developing metachronic secondary tumors, a colonoscopy follow-up according to Chapter 10.3 is reasonable.
	10.2. Follow-Up for Patients with UICC stage II and III

	2. 10.
	Recommendation/ Consensus-based Recommendation
	2008
	Grade of Recommendation
	A
	Following R0 resection of UICC stage II and III colorectal cancers, regular follow-up examinations are indicated (see recommendation 10.1.).
	Level of Evidence
	1a
	[949, 950, 958-967]
	Strong consensus
	3. 10.
	Recommendation
	2008
	GCP
	However, follow-up should only be performed if a recurrence would have therapeutic consequences.
	Strong consensus
	Background
	With advanced colorectal cancer (UICC stage II and III) the risk of recurrence is significantly higher [936-947]. There are 6 randomized controlled studies [962-967] on the relevance of follow-up of CRC-patients of which only 2 showed a positive effect on the five-year survival rate of an intensive follow-up in comparison to a "standard follow-up” [965, 967]. Nearly all studies also included patients with UICC stage I.
	Different meta-analyses of five of the randomized and controlled studies (1 positive, 4 negative) [949, 950, 958-961] demonstrated a small survival benefit when more tests were performed compared to fewer tests. Liver imaging was significantly better as part of follow-up. The significance was lost, however, if both results were calculated as risk differences and not as odds ratios [960]. An active follow-up led only to a slight survival benefit of 0.5 to 2% after five years [949]. 
	A recent Cochrane publication [968] included 3 other studies in this meta-analysis [967, 969, 970]. A survival advantage after 5 years was found for patients who had intensive follow-up care (OR 0.73; 95% CI 0.59-0.91). However, the absolute number of detected relapses was the same in both groups [30]. 
	A retrospective study compared the effect of regular follow-ups according to the ASCO-guidelines (>70% of follow-up appointments were visited) with few (<70%) and no follow-ups [971]. Compared to the other groups, regular follow-up led to a significantly better 5 and 10 year survival. This is also true for the prognosis of recurrences in these patients. In addition, a psychological benefit from the follow-up procedures can be derived for the affected patients [972]. 
	Unfortunately, the guidelines are not always followed. It has been observed that only 73.6 % of patients older than 65 years had the recommended colonoscopy and only 46.7 % CEA testing, whereas procedures such as CT and PET-CT were done in 48 % and 7 %, respectively [973].
	Definite recommendations on type and frequency of follow-up tests cannot be given, because good studies are missing [974-976]. Follow-ups adapted to the UICC stage or the effect of a complete waiver of follow-up exams have so far not been tested in prospective studies. 
	Because of the overall poor data available, the expert conference decided, despite the grade 1a of several existing meta-analyses, merely on a Grade of Recommendation B for programmed follow-ups of CRC UICC stage II and III.
	10.3. Role of Diagnostic Methods for Follow-up

	The following recommendations are given concerning diagnostic tests for follow-up:
	10.3.1. Medical History

	4. 10.
	Consensus-based Recommendation
	2008
	GCP
	A symptom-oriented medical history and physical examination are the principle components of follow-up.
	Strong consensus
	Background
	Medical history and physical examinations play a small role in the early detection of colorectal cancer. However, these basic medical measures should precede any further examinations [975, 977]. All participants of the consensus conference agreed on this.
	10.3.2. CEA Testing

	5. 10.
	Recommendation
	2008
	Grade of Recommendation
	B
	The testing of carcinoembryonic antigen (CEA) is recommended every six months for at least two years. An increased CEA value requires further workup, but does not justify the beginning of a systemic chemotherapy in case of suspicion of a metastasized tumor stage.
	Level of Evidence
	4
	[965, 978, 979]
	Strong consensus
	Background
	CEA was shown to be superior to colonoscopy, computer tomography, and ultrasound for the early detection of liver metastases [965, 978, 979]. A meta-analysis of 7 non-randomized studies showed a survival benefit of 9% for patients for whom the follow-up program included CEA [958]. Other studies showed no or only minimal benefit [963, 980]. CEA was not recommended for follow-up in a literature review [976]. However, American (ASCO) and European (EGTM, European Group on Tumor Markers) follow-up guidelines include the use of CEA [975, 977, 979]. Here the testing is recommended every 2-3 months in the first 2 years.
	Adjuvant therapy with 5-fluoruracil can lead to a false higher value. Thus, a sufficient interval to treatment should be observed [981]. 30% of all colorectal tumors do not release CEA [981, 982], while 44% of the patients with normal preoperative values show an increase postoperatively [983]. The further clarification of increased CEA values requires diagnostic imaging and if necessary, 18-fluorodeoxyglucose positron emission tomography [984, 985] 
	Due to the general controversial data for the use of CEA for the follow-up of colorectal cancer, the expert conference deviated from the recommendations of ASCO and EGTM and decided upon a biannual rather than three-month testing interval in the first two years and then annually over 3 years. 
	10.3.3. Other Laboratory Parameters

	6. 10.
	Recommendation
	2008
	Grade of Recommendation
	B
	The routine testing of laboratory values in the context of follow-up is not advisable.
	Level of Evidence
	3b
	[974, 977]
	Strong consensus
	Background
	In several studies the testing of liver enzymes was part of the follow-up program. However, a study showed that CEA and other imaging procedures became positive earlier than liver function tests [974]. For these reasons, a routine testing of these serum parameters is not advised. The same applies for complete blood count [977].
	10.3.4. FOBT

	7. 10.
	Recommendation
	2008
	Grade of Recommendation
	A
	The testing for occult blood in the stool is not appropriate for follow-up.
	Level of Evidence
	3b
	[982, 986]
	Strong consensus
	Background
	The testing of occult blood in the stool is not appropriate for follow-up. Only 12% of the local tumor recurrences led to a surface injury of the mucosal membrane [982]. Serial testing of 1,217 patients with curative resection of colorectal cancer showed a very low sensitivity and specificity of the test for recurrent tumors or polyps [986].
	10.3.5. Ultrasound

	8. 10.
	Recommendation
	2008
	Grade of Recommendation
	A
	Abdominal ultrasound is technically appropriate for the detection of liver metastases. Its routine use for follow-up of CRC is not assured by data. However, the expert committee assessed ultrasound as the simplest and least-expensive procedure and, therefore, recommends its use for the diagnosis of liver metastases.
	Level of Evidence
	5
	[960, 962, 976]
	Strong consensus
	Background
	The sensitivity of abdominal ultrasound for the detection of liver metastases varies widely between 53% and 82% [976]. In most studies it was not as accurate as computer tomography. In a controlled, randomized study [962] the inclusion of abdominal ultrasound and computer tomography had no influence on survival and resection rates of follow-up patients. In a meta-analysis of several randomized studies the use of an imaging test for the evaluation of the liver resulted in a statistically significant survival benefit [960]. If the calculation of these results was done as a risk difference and not as an odds ratio, this advantage was no longer detectable [960]. Because abdominal ultrasound is faster and less expensive than other imaging tests, the participants of the consensus conference recommended abdominal ultrasound for the detection of liver metastases as part of follow-up.
	10.3.6. Endoscopic Ultrasound

	9. 10.
	Recommendation
	2008
	Grade of Recommendation
	B
	Endoscopic ultrasound (EUS) is appropriate for the detection of local recurrences in rectal cancer, especially in combination with an EUS-guided biopsy. Currently, no recommendation can be given for routine primary use in follow-up. 
	Level of Evidence
	3b
	[987]
	Strong consensus
	Background
	In one study endoscopic ultrasound examinations were shown to be helpful for the detection of locoregional recurrences after sphincter-retaining rectal resection if this procedure was combined with a EUS-guided biopsy [987]. 68 perirectal lesions detected by EUS consisted of 36 actual local recurrences in a group of 312 patients. 12 recurrences were detected with a proctoscope. For 22 of the endosonographically detected lesions, the histology was positive. In 41 lesions histology was negative and in 5 inconclusive. In 18 of the 68 patients the endoscopic ultrasound influenced the further course [987]. EUS is not recommended as a primary diagnostic technique for follow-up due to its invasiveness when combined with a biopsy. It is, however, useful for the workup of suspected locoregional recurrences of rectal cancer that have been detected by other tests.
	10.3.7. Chest X-Ray 

	10. 10.
	Recommendation
	2013
	Grade of Recommendation
	0
	A chest x-ray can be performed annually for patients with stage II and III rectal cancer for five years. 
	Level of Evidence
	3b
	de Novo: [988]
	Consensus
	Background
	In a French cohort study 5.8 % of patients developed lung metastases within 5 years after curative resection of CRC [988]. The rate of lung metastases after 1 year was 0.9% and after 3 years 4.2%. The risk of lung metastases was significantly higher in patients with rectal cancer than colon cancer (OR 2.6 95CI 1.65-4.75). The 3-year survival after detection of metachronic lung metastases was 13.8%. After curative resection of these metastases, the relative 3-year survival was 59%. 
	A systematic literature search on the role of chest x-rays as follow-up examinations identified 18 studies on this topic. These showed that follow-up using chest x-ray detected 0.8 to 7.0% of lung metastases in all patients and between 3.4 and 29.4% of all recurrences. The rate of curative resection of the detected metastases in these studies was 0-100%. More detail on the effect of tumor localization and stage as well as the ideal interval of the x-ray testing is not possible based on the information given in these studies, their low case number, and their heterogeneity. 
	Overall, according to data by Mitry, the benefit of lung imaging seems to be higher in patients with rectal cancer. Thus, the follow-up of colon cancer patients is still not recommended due to the unknown benefit. 
	10.3.8. Computer Tomography

	11. 10.
	Recommendation 
	2013
	Grade of Recommendation
	B
	Computer tomography is technically appropriate for the detection of liver metastases, local recurrences, as well as lung metastases. The current data indicates that computer tomography should not be used routinely as part of follow-up.
	Level of Evidence
	1b
	Evidence from update literature search: [965, 966, 968, 989-991]
	Strong consensus
	Background
	In a randomized, controlled study, the use of computer tomography (CT) as part of follow-up had no influence on patient survival [966]. Liver lesions were found somewhat earlier (12 of 20 were asymptomatic), but CT did not increase the number of curative liver resections. In some studies CEA elevation detected a tumor recurrence earlier than regular CT examinations [965, 966, 991].
	An update of the ASCO guideline from 2005 led to the recommendation of annual abdominal CT examinations over 3 years [989]. The committee justified their decision to recommend the use of abdominal CTs in follow-up exams with the work of Chau et al. [990]. 154 tumor recurrences were retrospectively evaluated in 530 patients. The study was originally designed as a therapy study and not to investigate the role of CT in follow-ups. 65 recurrences were detected based on symptoms, 45 by repeated CEA-testing, and 49 using CTs 12 and 24 months after starting adjuvant chemotherapy. 14 of these patients also had an increased CEA and were present in both groups. Resections were performed more frequently in the CT-group (n=13, 26.5%) and the CEA-group (n=8, 17.8%). Two patients were operated in the symptomatic group (3.1%). These differences were significant. However, the importance of ultrasound in comparison to CT was not studied. More recent meta-analyses also do not allow conclusions on the type of method that should be used [968]. Therefore, currently no recommendation can be given on regular CT-examinations in asymptomatic patients as part of follow-up care. 
	10.3.9. Endoscopic Procedures 
	10.3.9.1. Colonoscopy


	12. 10.
	Recommendation
	2013
	Grade of Recommendation
	B
	Colonoscopy is appropriate to detect local recurrences or secondary tumors. All patients should have a complete colonoscopy preoperatively or within 6 months postoperatively. A colonoscopy should be performed after 1 year and subsequently, if negative, every 5 years to detect metachronic cancer or polyps. If a complete colonoscopy was done postoperatively within 6 months, the next one should be done after 5 years. 
	If neoplasia is detected during colonoscopy after 6 or 12 months, further follow-up should be performed according to Chapter 6.5. 
	Level of Evidence
	2b
	de Novo: [961, 992-995]
	Strong consensus
	10.3.9.2. Sigmoidoscopy

	13. 10.
	Recommendation
	2008
	Grade of Recommendation
	B
	Sigmoidoscopy is appropriate to detect local recurrences and secondary tumors in the areas within reach. Additional sigmoidoscopies should only be performed in patients with UICC stages II and III rectal cancer who have not received neoadjuvant or adjuvant radiochemotherapy.
	Level of Evidence
	4
	Strong consensus
	10.3.9.3. Rectoscopy

	14. 10.
	Recommendation
	2008
	Grade of Recommendation
	B
	A rigid rectoscopy is appropriate to detect local recurrences and anastomotic changes in patients with rectal cancer. It can be used as an alternative procedure to sigmoidoscopy.
	Level of Evidence
	4
	Strong consensus
	Background
	The aim of endoscopic follow-up care is to detect metachronic neoplasia and anastomotic recurrences in a curative stage. It should be considered that a meta-analysis of various randomized controlled studies showed that colonoscopic follow-up is less effective than the search for extramural recurrences [961]. Furthermore, colonoscopies are costly and there is a risk of complications (although small). 
	In the publications identified in the literature search (for details see evidence report) the rate of metachronic cancer varied between 0 and 6.4% and the anastomotic recurrence was between 0 and 12% during follow-up (24 to 94 months). In the studies that provided this information the calculated annual incidence of metachronic cancer was 0-2.3%. If the endoluminal anastomotic recurrences are also considered, the annual cancer incidence was 0 to 2.6%. The rate of advanced adenomas that were detected during follow-up was only reported in few studies and varied between 3.7 and 13%.
	The rate of curative resections of metachronic cancer and/or anastomotic recurrences was 27 to 100%.
	The necessary frequency of colonoscopies during follow-up was investigated in a study that compared intensive colonoscopic follow-up (in the first year every 3 months, in the second and third year every 6 months, and then annually) to a less intensive protocol (after 6, 30, and 60 months) [992]. Recurrences were found in 8.1% of the intensively followed patients and in 11.4% of the patients who had colonoscopies less often. Although the overall survival was comparable, asymptomatic recurrences were significantly increased and the prognosis was better for patients who had to be reoperated. The frequency of metachronic tumors was not mentioned in this study. The high frequency of colonoscopies did not have an effect on overall survival, and especially since most recurrences develop extraluminally a less burdensome protocol for the patients is sufficient. 
	A study reported 20 of 1002 patients (3.1 %) with secondary cancer of which 9 were detected within 18 months [993]. Advanced neoplasia (defined as adenoma >1 cm, villous histology, HGD, or cancer) was seen more often (15.5%) in colonoscopies after 36-60 months compared to an earlier examination within 18 months (6.9%). Although an early colonoscopy was not associated with a better survival during follow-up, the authors conclude that a first colonoscopy should be performed 12 months after surgery. This is useful to identify metachronic cancer in time that were possibly overlooked during the index examination. Based on these data, it is now recommended to have the first follow-up colonoscopy 12 months after the operation.
	Rex et al. also emphasize that the primary goal of colonoscopies during follow-up is not so much the identification of rare anastomotic recurrences, but the detection of metachronic neoplasia [994]. 2-7% of patients had at least one metachronic tumor. It cannot be concluded whether these were real metachronic lesions or whether they were synchronic cancers that were missed during the first colonoscopy. Nonetheless, the authors of this guideline also recommend that the first colonoscopy be performed 12 months after tumor resection. They justify this recommendation with a publication from 1993 from a tumor registry in Nebraska which reported an annual incidence of metachronic tumors of 0.35% [937]. Since the risk of metachronic tumors persists, a colonoscopic follow-up analogous to the screening of colon cancer is indicated [995].
	10.3.10. Colon Contrast Enema, Virtual Colonography, and PET

	15. 10.
	Recommendation
	2013
	Grade of Recommendation
	B
	Colon contrast enema, virtual colonography, PET, PET-CT, and PET-MRI should not be part of a follow-up program. 
	Level of Evidence
	4
	de Novo: [191, 996, 997]
	Strong consensus
	Background
	Only few data exist on the use of PET in follow-up care. The majority of studies includes only patients with suspected recurrence and investigates the role of PET. This procedure was not the goal of the literature search. Instead it was its use for asymptomatic patients without suspected recurrence. 
	A randomized study [996] with close follow-up examinations showed that recurrences were detected earlier when PET was used after 9 and 15 months and that these were more often R0-resections. 
	A prospective randomized study [191] was aimed at determining the role of PET-CT in the follow-up of CRC. In addition to a follow-up that included abdominal ultrasound, chest x-ray, tumor marker assessment, and abdominal CT, a PET-CT was performed after 9 and 15 months and compared to the control group. The recurrence rate was comparable in both groups. Tumors wre detected earlier in the PET-group by an average of 3.2 months. Although resections of the recurring tumors were performed more often in the PET-CT group (15 vs 2), conclusions on a better survival could not be made. This was because the study was discontinued early due the introduction of a new PET-CT generation. Also of concern is that in three cases false positive findings were generated by PET-CT which resulted in unnecessary diagnostic measures and surgical interventions.
	In a prospective case series including 31 patients [997] a PET was performed after 2 years. The patients had previously had regular CT/MRI and were considered recurrence-free. In 6 patients the PET was positive and in 5 patients recurrences were identified. The outcome of these patients remains unknown. Overall, the the participants considered the data insufficient to include PET/PET-CT/PET-MRI-examinations in routine follow-up care.
	Colon contrast enema and virtual colonoscopies have not been evaluated for follow-up and cannot replace the endoscopic methods in follow-up. 
	10.4. Time Course of Follow-up

	16. 10.
	Consensus-based Recommendation
	2013
	GCP
	The start of follow-up is calculated from the time of the operation. 
	Strong consensus
	Background
	80% of all recurrences are detected within the first two years after CRC operations,, whereas practically no new recurrences are detected after 5 years [998]. This also applies to rectal cancer, although with this tumor entity a few locoregional recurrences were observed after this period [943]. This, however, does not justify extending follow-up beyond five years.
	In most studies the follow-up interval in the first and second postoperative year was 3-months and shorter than in the following years [962, 963, 965, 966]. A 3-month interval was found to be superior to a 6-month interval in one study with otherwise similar examination methods [965]. However, the patients in the 3-month follow-up group received an additional annual CT, which in another study was not beneficial [966]. Due to the lack of clear data, the consensus conference decided on examination intervals of 6 months in the first 2 years. After 5 years, only colonoscopies should be performed to exclude secondary cancers.
	10.5. Age Limit for Follow-up

	In controlled studies of follow-up care, patients up to 87 years of age [962-967] were included. One cannot derive an age limit from these studies. It makes sense to adjust type and duration of follow-up according to operability, biological age, accompanying diseases, and the will to undergo surgery again if necessary.
	10.6. Special Cases

	17. 10.
	Recommendation
	2008
	Grade of Recommendation
	B
	After local removal of a pT1 low-risk cancer, local endoscopic examinations should be performed after 6, 24, and 60 months (see also Chapter 6.4).
	Level of Evidence
	4
	Strong consensus
	18. 10.
	Consensus-based Recommendation
	2008
	GCP
	After palliative tumor resection (R2 resection), programmed follow-up examinations are not necessary.
	Strong consensus
	19. 10.
	Consensus-based Recommendation
	2013
	GCP
	After curative therapy of metastases, stage IV patients should undergo a programmed follow-up. 
	Strong consensus
	20. 10.
	Recommendation
	2008
	Grade of Recommendation
	A
	For cancer patients with HNPCC who have had a hemicolectomy, colonoscopic examinations and after subtotal colectomy, rectoscopic examinations should be performed in annual intervals (see also recommendation 5.23.). 
	Level of Evidence
	2a
	Strong consensus
	21. 10.
	Recommendation
	2008
	Grade of Recommendation
	A
	For cancer patients with FAP who have undergone proctocolectomy, a pouchoscopy should be performed annually (see also recommendation 5.35.).
	Level of Evidence
	2a
	Strong consensus
	22. 10.
	Recommendation
	2008
	Grade of Recommendation
	A
	After iliorectostomy, a rectoscopy is necessary every 6 months (see also recommendation 5.35.).
	Level of Evidence
	2a
	Strong consensus
	10.7. Rehabilitation After Resection of Colorectal Cancer

	23. 10.
	Consensus-based Recommendation
	2013
	GCP
	After completing primary therapy, rehabiliation should be offered to all eligible patients. If rehabiliation is done directly after surgery, it must be guaranteed that an indicated adjuvant chemotherapy can be initiated timely. Alternatively, rehabilitation can be done after completing the adjuvant chemotherapy.
	Strong consensus
	Background
	The goal of rehabilitation is the elimination of cancer or therapy-related consequences as well as help of accepting remaining handicaps with the goal of an independent occupational, private, and social life. There is no evaluable literature on the relevance of rehabilitation measures for patients with colorectal cancer. Specific rehabilitation centers or clinics with gastroenterologic and oncologic expertise who implement quality assurance standards of the DRV and the requirements of colon centers should be preferred. 
	The need for rehabilitation after treatment of colorectal tumors is quite variable and significantly dependent on the type and amount of operative procedures as well as the consequences of therapy (continence problems, sexual function disturbances, stoma, etc.). 
	Psychosocial counseling and, if necessary, support is desirable in case of problems with psychological coping with the tumor disease, with the consequences of therapy, with social adjustment difficulties, and with professional reintroduction [972, 999, 1000].
	Contact with persons who have had similar experiences can be especially helpful for those affected who have to cope psychologically or adjust to the changed life situation. Those who have been affected by the same events can convince others that a high quality of life is possible. They can give own examples as well as experiences in everyday life with the disease and handicaps. Therefore, contacts should be arranged with patient organizations.
	In coordination with their familial environment, patients should always wait to start rehabilitation until after completing primary therapy. If rehabilitation measures are started before an indicated adjuvant chemotherapy, it must be guaranteed that therapy will be initiated during the rehabilitation process. Aside from the surgery report including the pathological assessment (tumor formula), the decision of the tumor board is also necessary and, therefore, should be made available to the rehabilitation facility.
	10.8. Tertiary Prevention
	10.8.1. Care Continuity and Continuation of the Health Promoting Activities after Acute Therapy and Rehabilitation 


	Even after the acute therapy phases and adjuvant chemotherapy, the patient should be counseled and followed by all professionals who participated in the treatment and follow-up care such as practicing physicians, nurses, or physical therapists. 
	10.8.1.1. Improvement of Care Continuity

	An important goal should be the improvement of care coordination to avoid early termination or delayed start of therapy after leaving the hospital or to avoid regional insufficient care due to gaps in the system. The transition management of patients between primary therapy, rehabilitation, and other support with respect to side effects and symptoms is still poor [1001, 1002]. Especially after being discharged from the hospital the ambulatory care by practicing physicians and other caregivers (such as psycho-oncology, physical therapy, ergotherapy) is poorly coordinated. Patients are often faced with a situation of competing and unconnected health professionals. "Access" and "support“ are especially poor in economically underdeveloped rural areas with low health care status [1003, 1004]. Studies confirm the advantage for patients of case management by concomitant professional steering of the treatment and follow-up course [1005]. Current systematic reviews show that health care continuity can be optimized especially by care interventions [1006, 1007]. An improved symptom control, an increased guideline compliance, an improved patient satisfaction, and an increased health associated quality of life can be achieved by multiprofessional treatment and follow-up steering [1005-1008].
	Patients should also be supported by multiprofessional case management at the beginning of adjuvant therapy to ensure care continuity. Old age, the presence of comorbidities, low socio-economic status, the quality of the primary care facility, and access or distance to specialists were identified as significant risk factors for irregular care during transition from primary surgical to adjuvant (radio)chemotherapy [1001].
	10.8.1.2. Continuation of Health Promoting Activities

	Patients should be encouraged to continue lifestyle activities (see Chapter 10.8.1.2) that improve their health and quality of life. Furthermore, studies confirm that patients benefit if they can take the management of their symptoms and side effects (nausea, vomiting, pain, fatigue, depression, stoma care etc.) into their own hands [1009, 1010]. This can be supported by simple measures such as follow-up by phone, written information, keeping a patient diary including outcome control ("patient reported outcomes“, PRO) [1005, 1007, 1008, 1011]. Cancer counseling centers and self-help groups play an important role in the realization of these measures. 
	10.8.2. Tertiary Prevention: Physical Activity, Nutrition, as well as Complementary and Alternative Therapy
	10.8.2.1. Physical Activity


	24. 10.
	Recommendation
	2013
	Grade of Recommendation
	B
	Cohort studies indicate a connection between physical activity and a reduced relapse rate and improved survival. Patients should be encouraged to exercise. 
	Level of Evidence
	2b
	Evidence from update literature search: [1012-1014]
	Consensus
	Background
	Three cohort studies [1012-1014] demonstrated that physical activity after curative CRC therapy reduces the relapse rate as well as the mortality. Exercise does not influence these parameters in untreated cancer. The positive effect of physical activity is also seen in overweight patients. However, merely losing weight has no effect on the prognosis. 
	A statistically significant risk reduction for disease-specific mortality is seen with a weekly physical exercise of 3 Met hours. 
	10.8.2.2. Nutrition

	There is no study on tertiary prevention from which specific nutrition recommendations for patients following curative treatment of CRC can be derived. 
	Recommendations of the German Society for Nutrition are valid for a healthy lifestyle. An increased BMI does not correlate with relapse rate or survival [1012]. Weight reduction in overweight patients does not reduce the relapse rate [1012]. However, if a patient is very overweight, weight reduction should be the aim for general prevention. 
	There are no indications that the use of food supplements (vitamins and trace elements) has a positive effect on the relapse rate [1015]. Vitamins and trace elements should only be substituted if a deficiency has been determined. 
	10.8.2.3. Complementary and Alternative Medicine

	Complementary procedures are based on different methods and substances which stem partially from natural medicine or in other ways from ideas of holistic therapy concepts. 
	They do not replace active antitumor or supportive therapy, but are complementary methods that allow patients to become independently active. 
	Complementary therapies can have side effects and interactions. Therefore, it is useful to have complementary medicine counseling by oncologically experienced physicians.
	The most frequently used complementary treatment is the mistletoe therapy. A review and the Cochrane-review [75,76] conclude that most of the studies published so far are of poor quality. The few methodologically well done studies show no positive effect on survival for various tumor types. For CRC there are two retrospective studies that show a survival benefit [1016, 1017]. However, both have definite methodological flaws. The Cochrane-review and the systematic review found only weak indications for an improvement of quality of life for mistletoe therapy. 
	A review on the influence of mistletoe therapy on the quality of life was last published in 2010. It included 10 non-randomized controlled studies [1018]. Improvements were reported especially for coping, fatigue, sleep, exhaustion, nausea, appetite, depression, and anxiety. However, the studies characterized in the review as methodologically good by the authors also have considerable shortcomings. 
	For several mainly herbal substances preclinical data exist which indicate an antitumor effect [1019, 1020]. Currently, they do not justify clinical use outside of studies. So far, two small studies on green tea extract after colon polyps or colon cancer [1020] have been published. Both studies demonstrated that in the therapy group the rate of adenomas or cancer recurrence was significantly reduced. 
	There are a number of publications on the use of medicinal mushrooms in curatively treated CRC patients [1021, 1022]. These studies are from China and Japan and have been published in the original language. It is not known whether the consistently positive effects on survival rate are scientifically valid. Due to rare, but dangerous side effects the use of preparations from medicinal mushrooms is not recommended. 
	In traditional Chinese medicine and Ayurveda herbal preparations from Asia traces of heavy metals, pesticides, and drug substances such as corticosteroids and coumarins were repeatedly found. The use is not recommended, because a benefit has not been proven. 
	A therapeutic benefit of homeopathy as supportive treatment in CRC has not been confirmed [1007, 1023]. A Cochrane-analysis [1023] included a very heterogeneous group of studies. The two studies that were rated as positive did not include homeopathy as such. Therefore, no study confirms the positive effect of homeopathy for tumor patients [1023].
	10.8.2.4. Alternative Healing Methods

	A number of "alternatives" to scientifically recommended therapies are offered. There is no rationale for their use. These include: Ukrain, vitamin B 17 (apricot pits, bitter almond), "insulin potentiated therapy", low-carbohydrate diet, "vitamin-rich according to Dr. Rath", "Neue Germanische Medizin®“, autologous blood cytokines, Zapper, "redifferentiation therapy“. It is important to shield patients by taking a clear position on such offers. 
	Table 24: Programmed Examination for the Follow-Up of CRC UICC II or III
	Examination
	Months
	3
	6
	9
	12
	15
	18
	21
	24
	36
	48
	60
	Medical history, phys. exam, CEA 
	X
	X
	X
	X
	X
	X
	X
	Colonoscopy
	X*
	X**
	X**
	Abdominal ultrasound***
	X
	X
	X
	X
	X
	X
	X
	Sigmoidoscopy (rectoscopy) ****
	X
	X
	X
	X
	Spiral computer tomography x
	X
	Chest x-ray *****
	X
	X
	X
	X
	X
	* if a complete colonoscopy was not done pre-operatively
	** if result is negative (no adenoma, no cancer), next colonoscopy after 5 years
	*** a meta-analysis showed a benefit for imaging procedures for the detection of liver metastases in follow-up care.         Therefore, the expert committee decided to use the simplest and cheapest method.
	**** only for rectal cancer without neoadjuvant or adjuvant radiochemotherapy
	***** only for rectal cancer an annual chest x-ray may be done
	x only for rectal cancer 3 months after tumor-specific therapy has been completed (operation or adjuvant radiotherapy/chemotherapy) as initial finding
	11. Quality Indicators
	Quality indicators are measured variables that serve the evaluation of the quality of structures, processes, or results they are based on. Their primary goal is the continuous improvement of care. Quality indicators as quality-associated indices, thus, are an important part of quality management. It must be considered, however, that individual indicators only look at individual aspects of the complex care. Therefore, the choice of suitable indicators is very important. 
	All strong recommendations (Grade of Recommendation A) as well as statements with high evidence level (LoE 1) were the basis for the quality indicators. Quality indicators were derived from the recommendations of this guideline according to the methodological specifications. These individual methodological steps can be found in the guideline report of this guideline.
	A total of 10 indicators were included (see Table 25). These should be understood as preliminary suggestions. A final evaluation cannot be made until a necessary pilot study with surveys has been done. 
	Table 25: Suggestions for Quality Indicators
	Quality indicator
	Reference recommendation
	Evidence basis/further information 
	QI 1: Report on distance from the mesorectal fascia
	Z: All patients with documented distance to mesorectal fascia in the report
	N: All patients with rectal cancer and MRI or thin-layer-CT of the pelvis 
	Recommendation 7.17. 
	The report should include information on the distance to the mesorectal fascia.
	GCP, strong consensus
	References:
	[559, 560] 
	QI 2: Lymph node examination
	Z: Number of patients with ≥ 12 pathologically examined lymph nodes
	N: All patients with CRC who have had a lymphadenectomy
	Recommendation 7.61.
	12 or more lymph nodes should be removed and examined.
	GCP, strong consensus
	References:
	[579, 690, 691]
	QI 3: Quality of TME
	Z: Number of all patients with good or moderate quality (grade 1: mesorectal fascia intact or grade 2: intramesorectal tears) TME 
	N: All patients with radically operated rectal cancer
	Recommendation 7.66.
	Since the quality of the surgical resection according to the abovementioned categories allows conclusions on the prognosis concerning the development of local recurrence, this must be described in the pathohistological report as follows: 
	The quality of the resection specimen is assessed by the integrity of the mesorectal fascia in 3 categories:
	mesorectal fascia is intact
	intramesorectal surface tears
	tears down to the muscularis propria or the tumor
	In case of rectal extirpation, preparation tears and tumor positive circumferential safety margins are not as frequent with a complete resection of the levator musculature.
	Therefore, the pathohistological report must describe the radicality in the levator musculature region. The following categories have to be used: 
	levator musculature included in resection, no opening of the intestine or tumor
	muscularis propria intact, no opening of the intestine or tumor
	parts of the muscularis propria are missing or opening of the intestine or tumor
	The analysis must be performed by a pathologist.
	GCP, strong consensus
	References:
	[584, 702, 705, 706]
	QI 4: Report on resection margin
	Z: Number of patients for whom the distance of the aboral tumor margin to the aboral resection margin and the distance of the tumor to the circumferential mesorectal resection layer has been documented in mm.
	N: All patients with rectal cancer whose primary tumor was resected in form of TME or PME.
	Recommendation 7.65.
	The circumferential safety margin is negative if it measures 1mm or more (R0 "wide“). A circumferential safety margin is positive if the circumferential safety margin is less than 1mm (R0 "close“) or if tumor tissue touches it directly (R1). The measured distance should be documented.
	GCP, strong consensus
	References:
	[560, 702-704]
	QI 5: Presentation in tumor conference
	Z: Number of patients who were presented in an interdisciplinary tumor conference before therapy. 
	N: All patients with rectal cancer and all patients with colon cancer stage IV. 
	Recommendation 7.1. 
	All CRC patients should be presented in an interdisciplinary tumor conference after they have completed their primary therapy (e.g. operation, chemotherapy).
	Patients with the following constellations should already be presented before therapy:
	- every rectal cancer
	- every stage IV colon cancer
	- metachronic distant metastases
	- local recurrence
	- before every local ablative procedure, e.g. RFA/LITT/SIRT
	GCP, consensus
	References:
	[517-519]
	QI 6: Adjuvant chemotherapy
	Z: Number of patients who have underdonge adjuvant chemotherapy.
	N: All patients with colon cancer UICC-stage III who have had an R0-resection of the primary tumor. 
	Recommendation 8.2.
	For patients with R0 resected stage III colon cancer, adjuvant therapy is indicated.
	Recommendation LoE 1a, strong consensus
	References: 
	[738, 742-746]
	QI 7: Neoadjuvant radiotherapy and radiochemotherapy
	Z: Number of patients who have undergone neoadjuvant radiotherapy or radiochemotherapy.
	N: All patients with rectal cancer of the middle or lower third and TNM-categories cT3, 4/cM0, and/or cN1, 2/cM0 who have had surgery (= clinical UICC-stage II u. III).
	Recommendation: 8.10.
	For UICC stages II and III neoadjuvant radiotherapy or radiochemotherapy is indicated. cT1/2 cancer with questionable lymph node involvement are an exception; here, primary surgery (if necessary followed by adjuvant radiochemotherapy in the presence of pN+) is a possible therapeutic option. 
	(LoE 1b, EG A) 
	Recommendation LoE 1b, strong consensus
	References:
	[801-803]
	QI 8: Anastomotic leakage in rectal cancer
	Z: Number of patients with anastomosic leakage grade B (with administration of antibiotics or interventional drainage or transanal lavage/drainage) or C ((re-)-laparotomy) after elective interventions.
	N: All patients with rectal cancer with creation of an anastomosis during elective primary tumor resection.
	Comment:
	The guideline committee has decided that not only quality goals based on structural issues, but also on results should be taken into consideration. Therefore, this QI is included in the guideline without strong consensus recommendation. 
	References:
	[1024]
	QI 9: Anastomosic leakage in colon cancer
	Z: Number of patients with anastomotic leakage requiring re-intervention after elective interventions.
	N: All patients with colon cancer who with creation of an anastomosis during elective tumor resection. 
	Comment:
	The guideline committee has decided that not only quality goals based on structural issues, but also on results should be taken into consideration. Therefore, this QI is included in the guideline without strong consensus recommendation.
	QI 10: Marking of stoma position
	Z: Number of patients with pre-operatively marked stoma position 
	N: All patients with rectal cancer who have had surgery with stoma construction 
	Recommendation: 7.42.
	The stoma position has to be marked pre-operatively.
	GCP, consensus
	References:
	[636, 637]
	12. Appendix
	12.1. UICC-Classification of Colorectal Cancer

	The UICC-stage classification was introduced by the "Union Internationale Contre le Cancer“ (UICC). It is based on statistical studies and gives information on the spread of cancer. The classification is the basis for prognosis and therapy plan preparation. 
	Table 26: UICC-Classification of CRC
	UICC 2010
	T
	N
	M
	Stage 0
	Tis
	N0
	M0
	Stage I
	T1/ T2
	N0
	M0
	Stage II
	IIA
	IIB
	IIC
	T3/ T4
	T3
	T4a
	T4b
	N0
	N0
	N0
	N0
	M0
	M0
	M0
	M0
	Stage III
	         IIIA
	         IIIB
	         IIIC
	every T
	T1/ T2
	T1
	T3/ T4
	T2/ T3
	T1/ T2
	T4a
	T3/ T4a
	T4b
	N1/ N2
	N1
	N2a
	N1
	N2a
	N2b
	N2a
	N2b
	N1/ N2
	M0
	M0
	M0
	M0
	M0
	M0
	M0
	M0
	M0
	Stage IV
	         IVA
	         IVB
	every T
	every T
	every T
	every N
	every N
	every N
	M1
	M1a
	M1b
	12.2. Amsterdam Criteria

	Amsterdam Criteria (AC)
	AC1=only CRC, AC2=also extracolonic manifestations [234, 1025]
	1.
	At least three family members with HNPCC-associated cancer (colon/rectum, endometrium, small intestine, urothelial (ureter/renal pelvis))
	2.
	At least two successive generations affected
	3.
	one first-degree family member affected
	4.
	A person with the disease at the time of the diagnosis who is younger than 50
	5.
	Exclusion of a familial adenomatous polyposis
	12.3. Revised Bethesda-Criteria

	Tumors from patients who fulfill one of the following criteria should be tested for microsatellite instability:
	Revised Bethesda-Criteria [246]
	Patients with CRC before age 50 
	Patients with syn- or metachronic colorectal or other HNPCC-associated tumors (colon, rectum, endometrium, stomach, ovaries, pancreas, ureter, renal pelvis, biliary system, brain (especially glioblastoma), skin (sebaceous gland adenomas and cancer, ceratoacanthomas, small intestine)) independent of age at diagnosis.
	Patients with CRC before age 60 with typical histology of MSI-H- tumors (tumor-infiltrating lymphocytes, Crohn‘s like lesions, mucinous or signet ring cell differentiation, medular cancer).
	Patients with CRC who have a 1st degree relative with CRC or HNPCC-associated tumor before age 50.
	Patients with CRC (independent of age), who have at least two 1st or 2nd degree relatives who have been diagnosed with CRC or HNPCC-associated tumors (independent of age).
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