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G e n e r a l  i n t r o d u c t i o n

G E N E R A L  I N T R O d u C T I O N

Many adults will have a relative, friend, neighbor or colleague affected by colorectal cancer 

(CRC). This is not surprising, as CRC is among the most commonly diagnosed types of cancer 

worldwide and in a Western population the lifetime risk of developing CRC is approximately 

5%.1, 2 CRC arises from precursor lesions, mostly adenomatous polyps.3, 4 Early detection of 

advanced adenomas and cancer (together referred to as advanced neoplasia) by colonoscopy 

can reduce both the incidence and mortality of CRC.5-7  

Of all CRC cases, an estimated 15-20% is related to familial or hereditary factors.8-10 The majority 

of cases with multiple first- and second-degree family members with CRC are classified as Familial 

CRC (FCC), in whom no underlying genetic cause has been identified so far. Approximately 

3-6% of all CRCs have a well-defined inherited genetic predisposition.11 FCC and hereditary CRC 

syndromes can be classified as either diseases that are characterized by the presence of only one 

or several polyps (non-polyposis) and those with multiple colorectal polyps (polyposis) (Table 1). 

The diagnosis of FCC is made when there is a relative risk of three or more for developing CRC 

compared with the general population, without a known genetic mutation.12 This risk is based 

on the number and age of first- and second-degree relatives with CRC. 

The most prevalent hereditary CRC syndrome is Lynch syndrome (comprising 2-4% of CRC 

cases).11, 13 This syndrome is caused by a germline mutation in one of the genes involved in 

the DNA mismatch repair system. These patients are at a very high risk to develop CRC (25-70% 

depending on the genotype) and several extra-intestinal malignancies, such as endometrial, 

gastric, and ovarian cancer, usually at a young age.12, 14 

The occurrence of tens to thousands of adenomatous polyps may be caused by familial 

adenomatous polyposis (FAP) and a less profound phenotype is seen in attenuated FAP (AFAP) 

and MUTYH-associated polyposis (MAP). Not as frequent are the more recently discovered 

syndromes, such as polymerase proofreading associated polyposis (PPAP).15 

The diagnosis of FAP can be made clinically, by the detection of more than 100 colorectal 

adenomas, or genetically by the presence of a germline APC gene mutation. In contrast, 

the  diagnosis of AFAP, MAP and PPAP are usually only made when a genetic mutation is 

identified in the APC, MUTYH or POLE/POLD1 gene, respectively. The remaining group of 

patients with an attenuated phenotype (10-99 adenomas) in whom no germline mutation is 

detected, are referred to as patients with Multiple ColoRectal Adenomas without a germline 

mutation (MCRA).16 MCRA might have an exogenous origin, but it could potentially also be 

explained by unclassified or unrecognized mutations in polyposis-associated genes, mutations 

in unidentified polyposis-associated genes or mosaicism.17 Until more is known, these patients 

are clustered together under the definition of MCRA. 
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Besides the well-known adenomatous polyposis syndromes, also a number of non-adenomatous 

polyposis syndromes are known. These include hamartomatous polyposis syndromes, caused 

by a mutation in the STK11, SMAD4, BMPR1A or PTEN gene (depending on the syndrome)  and, 

the most common, the serrated polyposis syndrome.18 The latter is based on the presence of 

multiple serrated polyps and defined by the WHO criteria.19 In those patients, a genetic cause 

has not yet been identified and familial occurrence is rare.20 

Diagnosing FCC and hereditary CRC syndromes is important for several reasons. Surveillance 

colonoscopies can reduce CRC incidence and mortality importantly.21-23 These patients are also 

advised to inform their relatives on their risk, who can subsequently consult a clinical geneticist 

or gastroenterologist for evaluation and surveillance recommendations. In patients with 

CRC who have  a hereditary syndrome, treatment may be adjusted to their increased risk of 

metachronous CRC.12 As patients might also have an increased risk for extra-colonic cancers, 

surveillance of other organs, such as the endometrium, may also be indicated and preventive 

hysterectomy is sometimes suggested.12, 24 

Table 1. Familial colorectal cancer and most common hereditary colorectal cancer syndromes 
subdivided into polyposis and non-polyposis 

Familial colorectal cancer & Hereditary colorectal cancer syndromes

Non-polyposis Involved genes

Familial colorectal cancer (FCC) -

Lynch syndrome MLH1, MSH2, MSH6, 
PMS2, EPCAM

Polyposis Involved genes

Adenomatous 
polyposis

Familial adenomatous polyposis (FAP) APC

Attenuated familial adenomatous polyposis (AFAP) APC

MUTYH-associated polyposis (MAP) MUTYH

Polymerase proofreading adenomatous polyposis (PPAP) POLE, POLD1

Multiple colorectal adenomas without a known germline 
mutation (MCRA)*

-

Hamartomatous 
polyposis

Peutz-Jeghers syndrome STK11

Juvenile polyposis SMAD4, BMPR1A

Cowden syndrome PTEN

Serrated polyposis Serrated polyposis syndrome* -

* Officially not inherited as a genetic cause has not yet been identified 
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Both non-polyposis Lynch syndrome as well as FCC do not have a specific endoscopic 

appearance. Consequently taking a detailed assessment of the family history for CRC in all 

patients presenting with CRC can help to identify the increased risk in these persons. In case 

of a positive family history, referral criteria for genetic counseling should be applied, such as 

the Amsterdam II and the revised Bethesda criteria. Thereafter, recommendations about CRC 

screening and surveillance need to be given.12, 24, 25  

However, in daily practice many physicians do not or do not adequately explore family history. 

This can be attributed in part to insufficient knowledge of the criteria for assessing familial risk 

and of surveillance strategies.26-28 In addition, most patients with CRC and their relatives do 

not themselves have sufficient knowledge to assess their potentially increased risk for CRC 

and eligibility for surveillance and genetic referral.29, 30 As a consequence, only approximately 

15% to 30% of CRC patients and their relatives who would qualify for referral are appropriately 

referred.10, 26, 31, 32 These delays in detecting and managing cancer can lead to unnecessary 

morbidity and mortality. 

Identification barriers are less of an issue in polyposis syndromes. These syndromes are more 

easily recognized, as the physician is usually alerted by the number or type of polyps. The risk of 

CRC in these syndromes is well described and, consequently,  clear screening and surveillance 

recommendations for CRC exist.12, 24, 25 However, of concern are manifestations outside the 

colon. The risks of extra-colonic manifestations are increased but less well reported.16, 33-37 More 

knowledge is needed to determine if, how, and when screening and surveillance of extra-

colonic manifestations in those syndromes is indicated. 

The studies in this thesis investigated methods to improve the identification of patients with 

FCC and hereditary CRC syndromes and aimed to increase the knowledge on extra-colonic 

manifestations in patients with adenomatous polyposis syndromes. 

O u T L I N E  O F  T h I S  T h E S I S

Part I Identification of familial colorectal cancer and hereditary colorectal cancer 

syndromes

The first part of this thesis focuses on identifying persons with a hereditary CRC syndrome and 

FCC. A complete family history collection combined with an adequate application of referral 

criteria for genetic counseling and surveillance colonoscopies in all patients presenting with 

CRC is crucial. In Chapter 2, we describe the validation of an online patient-administered 

questionnaire on the family history of cancer, which could facilitate the identification of persons 

with a hereditary CRC syndrome or FCC. The questionnaire was created in such a manner 
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that completed questionnaires could be easily held against the nationwide referral criteria 

for genetic counseling in case of suspected Lynch syndrome and the criteria for surveillance 

colonoscopies in case of FCC, the two most commonly missed syndromes.10, 26-32 

After validation, the questionnaire was implemented at the multidisciplinary clinic for CRC 

patients in five hospitals, to help identify CRC patients at risk of a hereditary CRC syndrome or 

FCC. For this purpose, the questionnaire was combined with an automated risk assessment, to 

be used by health care providers, thereby avoiding the need for a manual comparison against 

referral criteria. This prospective, multicenter trial with a stepped-wedge design is described 

in Chapter 3. 

Data on family history of CRC may also be of use in screening a general population for CRC. 

The fecal immunochemical test (FIT), a test that is used for CRC screening in many European 

countries, has a high participation rate but suboptimal sensitivity for detecting advanced 

neoplasia.38 To increase the performance of FIT-based screening, FIT could be combined with 

other risk factors, such as family history of CRC.39 In Chapter 4, we report on an evaluation of 

the performance of a hypothetical, combined CRC screening strategy, in which colonoscopy is 

offered to those with a positive FIT as well as to those with one or more first-degree relatives 

with CRC. We evaluated the incremental yield of this combined strategy relative to FIT-only 

screening, in terms of number of cases with advanced neoplasia detected in screening 

participants, in a post-hoc analysis of data collected previously in a colonoscopy screening trial. 

Part II Etiology, characteristics and surveillance in adenomatous polyposis syndromes

In the second part of this thesis we zoom in on the subgroup of patients with an adenomatous 

polyposis syndrome. As mentioned above, a germline mutation cannot be identified in all 

patients with adenomatous polyposis.40 It is questionable whether these patients have a true 

hereditary CRC syndrome and therefore other causes should be explored. One of these 

potential non-hereditary causes is described in Chapter 5. We report a case series of three 

patients with intestinal polyposis, which might be a late effect of abdominal irradiation that 

they received for varying cancers. 

A wide range of manifestations outside the colon can be identified in adenomatous polyposis 

syndromes, including duodenal adenomas. Prevalence data and management recommendations 

for duodenal adenomas in patients with FAP are well known, but only limited data on duodenal 

polyposis in patients with MCRA and MAP are available.16, 33, 35 This makes the development of 

evidence-based recommendations on upper gastrointestinal screening and surveillance for 

these patients challenging. We report on the frequency and features of duodenal adenomas in 

patients with MCRA in Chapter 6, and for patients with MAP in Chapter 7. Our findings can be 

the basis for development of strategies for upper gastrointestinal surveillance in these patients. 
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How should we identify these upper gastrointestinal lesions in polyposis patients? Most 

guidelines recommend to perform a gastroduodenoscopy with a forward-viewing lens.12, 24, 25, 41 

Yet, due to the tangential location of the ampulla of Vater, an additional side-viewing endoscopy 

is generally advised to visualize this high-risk location.12, 24, 25, 41 This extra endoscopic procedure 

is time-consuming, burdensome for the patient and not all endoscopists are qualified to 

perform this procedure.42 To avoid the need for this additional investigation, we prospectively 

evaluated the efficacy of a cap-assisted forward-viewing endoscopy to visualize the duodenum 

and the ampulla of Vater in patients with FAP. The findings are reported in Chapter 8.   

Based on limited data, FAP patients might also have an increased risk for adrenal lesions.34, 36, 

37 However, the exact prevalence and clinical course of these lesions is unknown and neither 

do we know their prevalence in AFAP and MAP. As a result, current guidelines do not provide 

screening and surveillance recommendations. In Chapter 9 we report on the frequency, 

characteristics and clinical course of adrenal lesions in patients with FAP, AFAP and MAP. 

In the final Chapter 10 we summarize our findings and discuss future perspectives for 

the identification of patients with an increased risk of hereditary CRC or FCC. We also provide 

screening and surveillance recommendations for patients with adenomatous polyposis 

syndromes. 

R E F E R E N C E S
1. Ferlay J, Parkin DM, Steliarova-Foucher E. Esti-

mates of cancer incidence and mortality in 

Europe in 2008. Eur J Cancer. 2010;46:765-781.

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 

2016. CA Cancer J Clin. 2016;66:7-30.

3. Jass JR. Classification of colorectal cancer based on 

correlation of clinical, morphological and molec-

ular features. Histopathology. 2007;50:113-130.

4. Brenner H, Hoffmeister M, Stegmaier C, Brenner 

G, Altenhofen L, Haug U. Risk of progression of 

advanced adenomas to colorectal cancer by age 

and sex: estimates based on 840,149 screening 

colonoscopies. Gut. 2007;56:1585-1589.

5. Brenner H, Chang-Claude J, Jansen L, Knebel P, 

Stock C, Hoffmeister M. Reduced risk of colo-

rectal cancer up to 10 years after screening, 

surveillance, or diagnostic colonoscopy. Gastro-

enterology. 2014;146:709-717.

6. Nishihara R, Wu K, Lochhead P, et al. Long-term 

colorectal-cancer incidence and mortality after 

lower endoscopy. N Engl J Med. 2013;369:1095-

1105.

7. Zauber AG, Winawer SJ, O’Brien MJ, et al. Colo-

noscopic polypectomy and long-term preven-

tion of colorectal-cancer deaths. N Engl J Med. 

2012;366:687-696.

8. Lynch HT, de la Chapelle A. Hereditary colorectal 

cancer. N Engl J Med. 2003;348:919-932.

9. de Jong AE, Vasen HF. The frequency of a positive 

family history for colorectal cancer: a popula-

tion-based study in the Netherlands. Neth J Med. 

2006;64:367-370.

10. Grover S, Stoffel EM, Bussone L, Tschoegl E, 

Syngal S. Physician assessment of family cancer 

history and referral for genetic evaluation in 

colorectal cancer patients. Clin Gastroenterol 

Hepatol. 2004;2:813-819.

11. Samadder NJ, Jasperson K, Burt RW. Hereditary and 

common familial colorectal cancer: evidence for 

colorectal screening. Dig Dis Sci. 2015;60:734-747.



1 4

C h a p t e r  1

1
12. Dutch Society For Clinical Genetics. CBO Guide-

line Hereditary Colorectal Cancer 2015.

13. Hampel H, Frankel WL, Martin E, et al. Feasi-
bility of screening for Lynch syndrome among 
patients with colorectal cancer. J Clin Oncol. 
2008;26:5783-5788.

14. Aarnio M, Mecklin JP, Aaltonen LA, Nystrom-
Lahti M, Jarvinen HJ. Life-time risk of different 
cancers in hereditary non-polyposis colo-
rectal cancer (HNPCC) syndrome. Int J Cancer. 
1995;64:430-433.

15. Spier I, Holzapfel S, Altmuller J, et al. Frequency 
and phenotypic spectrum of germline mutations 
in POLE and seven other polymerase genes in 
266 patients with colorectal adenomas and carci-
nomas. Int J Cancer. 2015;137:320-331.

16. Tieu AH, Edelstein D, Axilbund J, et al. Clinical 
Characteristics of Multiple Colorectal Adenoma 
Patients Without Germline APC or MYH Muta-
tions. J Clin Gastroenterol. 2015.

17. Mongin C, Coulet F, Lefevre JH, et al. Unex-
plained polyposis: a challenge for geneticists, 
pathologists and gastroenterologists. Clin 
Genet. 2012;81:38-46.

18. van Herwaarden YJ, Verstegen MH, Dura P, et al. 
Low prevalence of serrated polyposis syndrome 
in screening populations: a systematic review. 
Endoscopy. 2015;47:1043-1049.

19. Snover DC, et al. In Bosman T, et al. WHO Clas-
sification of Tumours of the digestive system 
2010;160–165.

20. IJspeert JE, Rana SA, Atkinson NS, et al. Clinical 
risk factors of colorectal cancer in patients with 
serrated polyposis syndrome: a multicentre 
cohort analysis. Gut. 2017;66:278-284.

21. Dove-Edwin I, Sasieni P, Adams J, Thomas HJ. 
Prevention of colorectal cancer by colonoscopic 
surveillance in individuals with a family history of 
colorectal cancer: 16 year, prospective, follow-up 
study. BMJ. 2005;331:1047.

22. Vasen HF, van der Meulen-de Jong AE, de Vos Tot 
Nederveen Cappel WH, Oliveira J, Group EGW. 
Familial colorectal cancer risk: ESMO clinical 
recommendations. Ann Oncol. 2009;20 Suppl 
4:51-53.

23. Winawer S, Fletcher R, Rex D, et al. Colorectal 
cancer screening and surveillance: clinical 

guidelines and rationale-Update based on new 
evidence. Gastroenterology. 2003;124:544-560.

24. Stoffel EM, Mangu PB, Gruber SB, et al. Heredi-
tary colorectal cancer syndromes: American 
Society of Clinical Oncology Clinical Practice 
Guideline endorsement of the familial risk-
colorectal cancer: European Society for Medical 
Oncology Clinical Practice Guidelines. J Clin 
Oncol. 2015;33:209-217.

25. Syngal S, Brand RE, Church JM, Giardiello FM, 
Hampel HL, Burt RW. ACG clinical guideline: 
Genetic testing and management of hereditary 
gastrointestinal cancer syndromes. Am J Gastro-
enterol. 2015;110:223-262; quiz 263.

26. Dekker N, Hermens RP, Nagengast FM, van Zelst-
Stams WA, Hoogerbrugge N. Familial colorectal 
cancer risk assessment needs improvement 
for more effective cancer prevention in rela-
tives. Colorectal Dis. 2013;15:e175-185; discussion 
p.e185.

27. Schroy PC, 3rd, Barrison AF, Ling BS, Wilson S, 
Geller AC. Family history and colorectal cancer 
screening: a survey of physician knowledge 
and practice patterns. Am J Gastroenterol. 
2002;97:1031-1036.

28. van Dijk DA, Oostindier MJ, Kloosterman-Boele 
WM, Krijnen P, Vasen HF, Hereditary Tumor Study 
Group of the Comprehensive Cancer Centre W. 
Family history is neglected in the work-up of 
patients with colorectal cancer: a quality assess-
ment using cancer registry data. Fam Cancer. 
2007;6:131-134.

29. Metcalfe A, Werrett J, Burgess L, Chapman C, 
Clifford C. Cancer genetic predisposition: infor-
mation needs of patients irrespective of risk 
level. Fam Cancer. 2009;8:403-412.

30. Rubin DT, Gandhi RK, Hetzel JT, et al. Do colo-
rectal cancer patients understand that their 
family is at risk? Dig Dis Sci. 2009;54:2473-2483.

31. Staal-Rosier PM, Rabeling-Keus IM, Kruyt M. 
[Inadequate referral for genetic evaluations of 
patients with colorectal carcinoma]. Ned Tijdschr 
Geneeskd. 2009;153:124-128.

32. Wood ME, Kadlubek P, Pham TH, et al. Quality 
of cancer family history and referral for genetic 
counseling and testing among oncology prac-
tices: a pilot test of quality measures as part 
of the American Society of Clinical Oncology 



1 5

1

G e n e r a l  i n t r o d u c t i o n

Quality Oncology Practice Initiative. J Clin Oncol. 
2014;32:824-829.

33. Vogt S, Jones N, Christian D, et al. Expanded 
extracolonic tumor spectrum in MUTYH-associ-
ated polyposis. Gastroenterology. 2009;137:1976-
1985 e1971-1910.

34. Will OC, Hansmann A, Phillips RK, et al. Adrenal 
incidentaloma in familial adenomatous 
polyposis: a long-term follow-up study and 
schema for management. Dis Colon Rectum. 
2009;52:1637-1644.

35. Nielsen M, Franken PF, Reinards TH, et al. Multi-
plicity in polyp count and extracolonic manifes-
tations in 40 Dutch patients with MYH associated 
polyposis coli (MAP). J Med Genet. 2005;42:e54.

36. Marchesa P, Fazio VW, Church JM, McGannon 
E. Adrenal masses in patients with familial 
adenomatous polyposis. Dis Colon Rectum. 
1997;40:1023-1028.

37. Smith TG, Clark SK, Katz DE, Reznek RH, Phillips 
RK. Adrenal masses are associated with familial 

adenomatous polyposis. Dis Colon Rectum. 
2000;43:1739-1742.

38. Lee JK, Liles EG, Bent S, Levin TR, Corley DA. 
Accuracy of fecal immunochemical tests for 
colorectal cancer: systematic review and meta-
analysis. Ann Intern Med. 2014;160:171.

39. Ng SC, Ching JY, Chan V, et al. Diagnostic accu-
racy of faecal immunochemical test for screening 
individuals with a family history of colorectal 
cancer. Aliment Pharmacol Ther. 2013;38:835-841.

40. Grover S, Kastrinos F, Steyerberg EW, et al. 
Prevalence and phenotypes of APC and MUTYH 
mutations in patients with multiple colorectal 
adenomas. Jama. 2012;308:485-492.

41. Vasen HF, Moslein G, Alonso A, et al. Guidelines 
for the clinical management of familial adenoma-
tous polyposis (FAP). Gut. 2008;57:704-713.

42. Essink-Bot ML, Kruijshaar ME, Bac DJ, et al. 
Different perceptions of the burden of upper GI 
endoscopy: an empirical study in three patient 
groups. Qual Life Res. 2007;16:1309-1318.




