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GENERAL INTRODUCTION 

Hereditary colorectal cancer (CRC) syndromes account for 5-15% of colorectal 

cancers. Hereditary CRCs are often divided into two major categories: Hereditary 

polyposis syndromes and non-polyposis syndromes. 

Lynch syndrome, an autosomal dominant non-polyposis syndrome, is the most 

common form of hereditary CRC, responsible for 3-5% of all CRC cases. It is 

characterized by high risks of developing colorectal and endometrial cancer as 

well as cancer of urinary tract, stomach, small intestine and other cancers.1 

Hereditary polyposis syndromes are a group of syndromes characterized by the 

development of  multiple colorectal polyps and/or histopathologically specific 

polyps and a high risk of developing colorectal cancer at an early age.2 Familial 

adenomatous polyposis (FAP) is the most common polyposis syndrome 

responsible for 1% of all CRC cases.3 Other less common polyposis syndromes 

include: MUTYH-associated polyposis (MAP), Juvenile polyposis syndrome (JPS), 

Peutz-Jeghers syndrome (PJS), PTEN hamartoma tumor syndrome and 

Constitutional mismatch-repair deficiency syndrome (CMMRD). More recently, 

next-generation sequencing has identified novel genetic causes of hereditary 

polyposis syndromes such as polymerase proofreading-associated polyposis 

(POLD1- and POLE-associated polyposis) and NTHL1- associated tumor 

syndrome.2 

 

PART I: APC-ASSOCIATED POLYPOSIS/FAMILIAL ADENOMATOUS 
POLYPOSIS (FAP) & MUTYH-ASSOCIATED POLYPOSIS (MAP) 
 
A. APC-ASSOCIATED POLYPOSIS / FAMILIAL ADENOMATOUS POLYPOSIS (FAP)  

APC-associated polyposis is an autosomal dominant cancer predisposition 

syndrome caused by a germline pathogenic variant in the APC gene. About one 

third of cases are due to de novo germline APC.  It is estimated that 20% of the 

de novo cases of FAP have somatic mosaicism.4,5 

Colonic manifestations of FAP include the development of hundreds to 

thousands of adenomatous polyps. Approximately 50% of FAP patients develop 

adenomas by age 15 and 95% by age 35.6 CRC develops a decade after the 

appearance of polyps and without intervention, the risk is almost 100% by the 
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age of 50.7  Attenuated FAP (AFAP) is observed in 8-10% of cases and is 

characterized by a milder colonic phenotype with <100 adenomatous polyps 

developing at a more advanced age.2 Besides the colonic phenotype, patients 

present with other manifestations including duodenal adenoma and cancer, 

desmoid tumor and extraintestinal malignancies. 

The discovery of the APC pathogenic variants as the cause of FAP, have enabled 

the identification of FAP in pre-symptomatic individuals. The implementation of 

surveillance programs and preventive surgical intervention improved the life-

expectance of these patients considerably. Due to colorectal surveillance, a shift 

was observed in the causes of death with less deaths due to CRC and more deaths 

due to desmoid tumors and duodenal cancer.8–10  

 

Genetics 

APC is a tumor suppresser gene located on chromosome 5q21-22. The gene 

consists of 15 exons which encodes a 2843-amino acid protein.11,12 The APC 

protein is a component of the Wnt/β-catenin signaling pathway. APC complexes 

with glycogen synthase kinase-3 (GSK3) and axin and negatively regulates β-

catenin by promoting the phosphorylation and ubiquitination. In APC mutation, 

accumulated β-catenin interacts with T-cell factor (TCF) transcription factor 

which leads to transcriptional activation of specific genes involved in 

proliferation, differentiation, migration, apoptosis, and cell-cycle 

progression.13,14 

 

Genotype phenotype studies 

Several studies have reported an association between the location of mutation 

on the APC gene and the severity of colonic disease reflected by the number of 

polyps and age of onset.15,16 Correlations between attenuated FAP (AFAP) and 

mutations before codon 157, after codon 1595 and in the alternatively spliced 

region of exon 9 are described. Severe polyposis (>1000 adenomas) is correlated 

with mutations between codons 1250 and 1464 and mutations in the remainder 

of the APC gene are responsible for an intermediate colonic phenotype.15 
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In addition, attempts have been made to correlate extracolonic features with the 

site of APC mutation. An association between congenital hypertrophy of the 

retinal pigment epithelium (CHRPE) and desmoid tumors was observed with 

mutations between codons 311 and 1444 and after codon 1444, respectively.15 

 

Modifier genes in FAP 

Phenotypic variability within FAP families with the same APC mutation suggests 

that besides genotype, other factors play a role in severity of polyposis and risk 

of CRC. Several modifier genes have been investigated and some genes were 

found to influence disease severity in FAP.17–20 

The phenotypic variability among different inbred strains of the Apc (Min) mouse 

model also highlights the importance of modifier alleles in FAP and several 

modifiers of Min (Mom) loci associated with the Apc (Min) mutation have been 

identified to date.21–23 These modifiers such as Mom1 (modifier of Min 1) and 

Mom5 which alter tumor phenotypes have also been studied extensively.24–26 

In the general population, environmental and genetic factors influence risk of 

CRC.27 In addition, several single nucleotide polymorphisms (SNPs) identified by 

genome-wide association studies (GWAS) show an association with sporadic 

CRC.28 Chapter 2 describes a research project that studies the influence of CRC-

associated SNPs on disease phenotype in patients with a germline pathogenic 

variant in APC. 

 

Extracolonic manifestations 

Besides colorectal polyposis, many extracolonic manifestations, including benign 

and malignant features, are observed in FAP patients. Benign extracolonic 

manifestations include congenital hypertrophy of retinal pigment epithelium 

(CHRPE), fundic gland polyps, epidermal cysts, dental anomalies and adrenal 

masses. Duodenal adenoma is found in 80-90% of patients and the risk of 

duodenal cancer is 5-15%. Other less frequently observed extracolonic 

neoplasms include cancers of thyroid, brain, stomach, pancreas, liver and 

desmoid tumors.20,29 
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Substantial decrease in mortality due to CRC has increased the life expectancy of 

FAP patients. As a consequence, more patients die from other causes including 

extra-colonic cancers. 6,30,31 The risk of extracolonic cancers such as thyroid, liver 

and pancreatic cancer in FAP reported in the literature varies widely which led 

to different opinions regarding the need of surveillance. In chapter 3, the 

occurrence of extracolonic malignancies and the causes of death in a large series 

of adenomatous polyposis coli (APC) mutation carriers is evaluated and the 

option of additional surveillance for these cancers is discussed. 

 

B. MUTYH-ASSOCIATED POLYPOSIS 

MUTYH-associated polyposis (MAP) is an autosomal recessive cancer 

predisposing syndrome found in 10-20% of patients with polyposis. The MUTYH 

gene is located at chromosome 1 locus, lp34 and has 16 exons. MUTYH is a base-

excision repair gene involved in oxidative DNA damage repair.  

Patients with MAP have a variable colonic phenotype but usually present with 

mild polyposis in the third and fourth decade of life. Hyperplastic polyps and 

sessile serrated adenomas also occur in MAP. The risk of CRC in MAP is 

significantly increased (75.4% and 71.7% for males and females, respectively).32-

36 

Gastric and duodenal polyps are found in 11% and 17% of MAP patients, 

respectively, and the life time risk of duodenal cancer is estimated around 4%. In 

addition, an increased risk has been reported for various cancers including 

ovarian, bladder, breast and endometrial cancer. Sebaceous gland tumors 

(adenomas, epitheliomas and carcinomas) are found in about 2% of MAP 

patients. In addition, benign adrenal lesions, thyroid nodules, jawbone cysts, and 

congenital hypertrophy of the retinal pigment epithelium have been reported.35–

37 

Recently, a study revealed a high frequency of Barrett's esophagus (BE) in 

patients with FAP.38 BE is characterized by replacement of the normal squamous 

epithelium with columnar epithelium and is the only known precursor lesion of 

esophageal adenocarcinomas which is associated with gastro-esophageal reflux 

disease (GERD) and an increased incidence of colorectal adenomas.39–42 It is 
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unknown whether BE is also more frequent in MAP patients. In chapter 4, we 

therefore studied the prevalence of BE in a large cohort of patients with MUTYH-

associated polyposis and APC-associated adenomatous polyposis. 

 

PART II: CONSTITUTIONAL MISMATCH REPAIR DEFICIENCY (CMMRD) 

Lynch Syndrome is an autosomal dominant disorder caused by a defect in one of 

the DNA mismatch repair genes, MLH1, MSH2, MSH6 and PSM2.43 Homozygous 

and compound heterozygous pathogenic variants in these genes result in a rare 

cancer predisposition syndrome called constitutional mismatch repair deficiency 

(CMMRD). 

 

Tumor spectrum  

Patients with CMMRD develop hematological malignancies and brain tumors in 

the first decade of life. Malignancies of the digestive tract including CRC and 

small bowel tumors as well as lynch syndrome tumors such as endometrial 

cancers and urinary tract malignancies are diagnosed in the second and third 

decade of life. Non-malignant lesions may include café-au-lait macules (CALMs), 

mild immunoglobulin deficiencies and congenital malformations.44,45 

 

Surveillance programs  

Surveillance protocols have been established which has resulted in improved 

care for patients with various hereditary CRC syndromes.46–48 Also, follow-up of 

a family with CMMRD over 10 years has proved to be effective and resulted in 

diagnosis of fifteen tumors.49 However, until recently, no formal guidelines for 

surveillance and management of CMMRD, were available.   

In 1968, a set of criteria was proposed by the WHO that should be met prior to 

the implementation of screening programs. These criteria include: (a) cancer 

should be a common problem in the target group of surveillance; (b) the natural 

course of the cancers should be known; (c) screening tests should be available 

with high sensitivity and specificity and the tests should be acceptable for the 

patients; (d) an effective treatment should be available after detection of the 

tumor; (e) there should be evidence that screening leads to diagnosis of cancer 
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at an early stage and to improvement of prognosis; (f) finally, the surveillance 

protocol should be cost-effective.50 

In chapter 5, we reviewed the literature and collected data on the tumor 

spectrum, the clinical presentation and the natural course of the most common 

cancers in CMMRD including brain tumors, digestive tract cancers and 

hematological cancers. We then evaluated whether surveillance for various 

cancers complied with the above-mentioned criteria. Based on this review and 

discussions among the members of the European collaborative group (Care for 

CMMRD (C4CMMRD)), we developed guidelines for surveillance and 

management of patients with CMMRD. 

The C4CMMRD group established a European CMMRD patient database at the 

Gustave Roussy Cancer Campus in Villejuif, France. The aim of this registry was 

collecting prospective data to evaluate the outcome and effectiveness of the 

surveillance protocol in CMMRD patients. In chapter 6, the results of surveillance 

of CMMRD patients that participated in the program are reported.  
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AIMS OF THIS THESIS 

• To assess whether known CRC-associated SNPs influence the disease 

phenotype in patients with a germline pathogenic variant in APC. 

• To investigate the occurrence of extracolonic malignancies and benign 

tumors in a large series of patients with FAP with a proven APC pathogenic 

variant known from the Dutch polyposis registry and to evaluate whether 

these extracolonic malignancies are an important cause of death. 

• To assess the prevalence of Barrett's esophagus and esophageal 

adenocarcinomas by reviewing the endoscopy reports in a large cohort of 

patients with FAP and MAP. 

• To develop a surveillance program to detect the most common cancers at an 

early or premalignant stage in patients with CMMRD 

• To assess the effectiveness of the C4CMMRD surveillance program and 

discuss possible improvements of the protocol. 
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