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General introduction and outline of the thesis

INTRODUCTION
 Colorectal cancer (CRC) is one of the most frequent cancers in the Western 
world, with an incidence of 12,000 and annual mortality rate of 5,000 in the Nether-
lands.1 Forty-five percent of symptomatic patients have metastatic disease.2 
 The overall prevalence of adenoma in an asymptomatic population is 25-30% at 
the age of 50 years and approximately two-thirds of all colonic polyps are adeno-
matous.3 Around 95% of CRCs evolve from an adenomatous polyp or sessile serrated 
lesion (SSL). However, despite its dysplastic character, only 5% of all adenomatous 
polyps progress to CRC.3-8 
 To reduce both the incidence and mortality rate of CRC, the Dutch Minister of 
Health, Welfare and Sport (VWS) decided to implement a national bowel screening 
program in January 2014.1,9 Individuals aged between 55 and 75 years are now of-
fered biennial colorectal testing using an immuno-faecal occult blood test (I-FOBT) 
and participants with a positive I-FOBT are referred for colonoscopy.9-11 

 

In 10 to 15% of cases, CRC is caused by a combination of hereditary and environ-
mental factors. In 3 to 5%, CRC is due to a hereditary CRC syndrome such as Lynch 
syndrome (LS) or one of the polyposis syndromes. Around 100,000 people in the 
Netherlands are thought to have familial CRC but unfortunately most of these pa-
tients remain unrecognized.12,13 
 A mismatch repair deficiency (dMMR) is present in more than 95% of Lynch 
syndrome (LS)-associated colorectal carcinomas and in 15% of sporadic colorec-
tal cancer (CRC).14-16 LS patients have a lifetime CRC risk of approximately 50%, 
depending on the underlying gene defect, even with active preventative measures 
such as surveillance colonoscopy and polypectomy.17 In LS, a pathogenic germline 
mutation in one of the DNA mismatch repair (MMR) genes (MLH1, MSH2, MSH6 or 
PMS2) causes genomic instability in the tumour. This is referred to as microsatel-
lite instability (MSI) and is the hallmark of LS.18,19 Tumours with either MSI or loss of 
MMR protein expression are designated MMR-deficient. Besides identification of LS 
patients and their families, MMR deficiency testing has additional implications. The 
outcome of MMR deficiency testing can be important in surgical decision making, as 
extended colectomy is recommended in young LS patients with CRC.20 Tumours with 
MMR deficiency are associated with better overall survival.21 Moreover, dMMR sta-
tus has consequences for the choice of adjuvant chemotherapy as MMR-deficient 
CRC is resistant to 5-fluorouracil (5-FU) monotherapy.22-26
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 Patients with Lynch syndrome (LS) also show increased risk for other LS-associ-
ated tumours, including gastric cancer.27-29 The Prospective Lynch Syndrome Data-
base (PLSD) shows a cumulative incidence of 5.3% to 7.7% for gastric cancer at the 
age of 75, depending on the underlying gene defect. When diagnosed under the age 
of 65 years, the 5-year survival rate for gastric cancer is only 61%.30 In 2013, a group 
of European experts (the Mallorca group) published revised guidelines for the clini-
cal management of Lynch syndrome.31 Due to the low risk of gastric cancer and the 
lack of established benefits, endoscopic surveillance of the upper gastrointestinal 
(GI) tract was not recommended. However, screening MMR mutation carriers for the 
presence of H. pylori infection was recommended, as H. pylori is an important risk 
factor for gastric cancer in the general population and eradication reduces risk.32 A 
recommendation that Dutch physicians screen for H. pylori has been in place since 
2010.33 
 
Since the implementation of a nationwide colorectal screening program in the Neth-
erlands in 2014, the detection of advanced neoplasms (advanced adenomas and 
early-stage colorectal cancer (CRC)) as well as the number of patients referred for 
endoscopic or surgical treatment for these lesions has increased.34-36 
 The majority of advanced polyps can be safely removed with standard polyp-
ectomy, a well-established procedure for non-invasive colonic neoplasms.37 For 
more challenging neoplasms, advanced endoscopic techniques such as endoscopic 
submucosal dissection (ESD) and endoscopic full-thickness resection (eFTR) have 
improved complete en-bloc local resectability compared with standard polypec-
tomy.38-43 However, large sessile neoplasms situated at difficult locations in the 
colon can still be technically challenging to remove endoscopically and may require 
surgical removal.44 In a large population study, endoscopic resection of large colonic 
polyps (≥ 20 mm) was successful in 92% of cases, while the remaining 8% required 
surgery.8 Segmental colectomy is associated with significant morbidity (24%) and 
mortality (2%), independent of tumour stage.45 In the case of benign lesions, surgical 
treatment results in an overall complication rate of 25.5%, re-intervention rate of 
8.1% and a mortality rate of 0.9%.46 Fortunately, several methods can bridge the gap 
between endoscopic resection and major surgery.
 Recently, Lin et al. reported a CELS-full thickness excision (CELS-FT) procedure 
for the removal of challenging colonic polyps which combines endoscopic and lap-
aroscopic treatment. A circumferential incision is made in the seromuscular layer 
over the polyp using laparoscopy, which is subsequently marked with indigo carmine 
solution. The dissected area is then invaginated into the bowel lumen and a snare is 
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endoscopically introduced and looped around the polyp. Three patients underwent 
CELS-FT for problematic benign polyps with minimal blood loss and no perioperative 
complications. The average surgical time was 179 minutes. 47 

With the development of laparoscopic surgery, laparoscopic-assisted or laparoscop-
ic -monitored colonoscopic polypectomy for the treatment of complex colon polyps 
has also been described. 48-50 In 2011, Yan et al. reported that colonoscopic-assisted 
laparoscopic wall excision to remove polyps is also an important combined ap-
proach. In this procedure colonoscopy is used to locate the polyp and to monitor 
the surgical margin. A laparoscopic Endo-GIA stapler is then placed to excise a 
full-thickness resection of the colonic wall. Colonoscopy is also helpful when as-
sessing the bowel lumen for adequacy and patency. 51 To date, wedge resection has 
mainly been used in the caecum or ascending colon, a favourable location for use 
of a linear stapler.47,52 In 2015, we began performing colonoscopy-assisted wedge 
resection in the entire colon, using a linear stapler without forming an anastomosis. 
We modified the technique described by Yan et al. by placing a suture close to the 
polyp base to provide traction on the colon, enabling better positioning of the sta-
pler. A year later we published our first case series of 8 patients.52 

In more than half of diagnosed CRCs, the tumour is located in the left part of the 
colon.2 Around 1 to 7% of patients with CRC have a synchronous tumour, two thirds 
of which are located in the same surgical segment.53-56 Furthermore, 15 to 20% of all 
patients with CRC present with bowel obstruction. In these patients, colonoscopy 
might fail to diagnose synchronous tumours proximal to an obstructive cancer that 
requires secondary surgery.57-61 

Computed tomographic colonography (CTC) was developed as a non-invasive alter-
native to colonoscopy for the detection of CRC and polyps. In patients with obstruc-
tive CRC, Park et al. reported a 100% sensitivity of CTC in the detection of proximal 
synchronous CRC and moderate sensitivity (88.6%) in detecting proximal synchro-
nous adenomas, including advanced adenomas.60 In patients with stenosing CRC, 
most authorities recommend CTC before surgery to exclude synchronous CRC.62-65 
Two studies reported a change in primary surgical plan due to additional information 
from CTC (14 and 16%, respectively) in patients with stenosing CRC due to location 
errors, synchronous adenomas or synchronous carcinomas.66,67 However, in most 
cases of stenosing CRC the synchronous tumour is at an advanced stage (T-stage 3 
or 4) and therefore visible with regular staging CT, which is now performed in all CRC 
patients prior to surgery.
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Chemotherapy is used to treat colorectal carcinoma at multiple disease stages. It is 
considered a primarily neoadjuvant therapy in patients with locally advanced colon 
cancer (cT4bN0-2M0|), an adjuvant treatment in stage III disease and as a compo-
nent of chemoradiotherapy in patients with advanced rectal carcinoma. The goals 
are downstaging to enable an R0 resection in patients with locally advanced cancer, 
or an increase in disease-free survival in cases with high-risk stadium II-III or low-
risk stadium III colon carcinoma. Chemotherapy also has a place in the treatment of 
metastatic disease.68 

Fluoropyrimidine monotherapy is the recommended chemotherapeutic treatment 
for patients with metastatic colorectal cancer (mCRC) who may not tolerate more 
aggressive therapy.69-71 Oral capecitabine provides a convenient alternative to stan-
dard intravenous fluoropyrimidine and in clinical trials oral capecitabine mono-
therapy was shown to be as effective as intravenous 5-fluorouracil as a first-line 
treatment for mCRC. Oral capecitabine is generally associated with an improved 
safety profile, with lower rates of stomatitis, alopecia, diarrhoea, nausea and grade 
3/4 neutropenia.72-75 However, rates of hand-foot syndrome (HFS) are higher72,74-76 and 
data regarding adverse events following oral capecitabine monotherapy for mCRC 
are limited.

OUTLINE OF THE THESIS 
Part I – Management of hereditary colorectal cancer 
 In up to 15% of CRCs, hereditary and environmental factors play an important 
role. Lynch syndrome (LS) is responsible for 3 to 5% of cases and familial colorectal 
cancer (FCC) and other polyposis syndromes for the remaining cases. Identification 
of individuals at risk for LS or FCC is important because preventative strategies may 
improve the prognosis or even avert cancer development. 
 In CHAPTER 2 we describe a retrospective multicentre study. The aims of the 
study were to evaluate the proportion of individuals in the Dutch bowel screening 
program with a positive I-FOBT that fulfil criteria for LS and familial colorectal can-
cer (FCC) and to evaluate the proportion of participants that require genetic coun-
selling or colonoscopic surveillance.
 In CHAPTER 3 we present the results of a retrospective study of the consequenc-
es in clinical practice of testing for mismatch repair deficiency in colorectal cancer. 
The aims of the study were to evaluate whether MMR deficiency testing leads to (1) 
identification of Lynch syndrome, (2) a change in surgical treatment and (3) adjust-
ment of systemic therapy in patients with dMMR CRC. 
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 In CHAPTER 4 we present the results of a retrospective multicentre observation-
al cohort study. We aimed to assess the proportion of LS patients that was tested 
for H. pylori infection and address the question of whether H. pylori infection is more 
prevalent in LS families with known cases of gastric cancer.

Part II – Management of early colorectal neoplasms 
 The implementation of the national bowel screening program in 2014 led to an 
increased detection rate of polyps, which are generally removed endoscopically. 
However, if size and location of the polyp makes endoscopic removal technically 
difficult or if there is a suspicion for early (T1) cancer, surgical removal is preferred. 
An increasing number of patients are now treated with minimally invasive surgi-
cal procedures rather than segmental resection. To preserve as much of the colon 
as possible, we recently introduced a modified laparoscopic endoscopic-assisted 
wedge resection (LEAWR) for advanced polyps that are endoscopically challenging 
to remove.  
 In CHAPTER 5 we discuss a retrospective study to assess the number of referrals 
for surgery, the type of polyp surgery since the introduction of the national bowel 
screening program and the morbidity and mortality of conducted surgeries. 
 In CHAPTER 6 we present the results of the first cohort treated with limited 
endoscopy-assisted wedge resection (LEAWR). The aim of this cohort study was to 
report our experience with this new technique.
 In CHAPTER 7 we describe the results of a prospective multicentre LEAWR study 
in The Netherlands. The aim of this study was to evaluate the safety and efficacy of 
our modified endoscopy-assisted laparoscopic wedge resection procedure.  

Part III – Management of advanced colorectal neoplasms
 As a synchronous tumour is reported in 1 to 7 % of CRC patients, CT colonog-
raphy is recommended in patients with a stenosing colorectal tumour in order to 
exclude the presence of a CRC proximal to the primary tumour. In patients with met-
astatic CRC, palliative chemotherapy can be considered. Capecitabine monotherapy 
is a treatment option for selected patients with metastatic colorectal cancer (mCRC) 
and is administered in up to 17% of patients. 
 In CHAPTER 8 we present a retrospective single-centre study focussed on the 
yield and additional clinical implications of CT colonography in patients with stenos-
ing CRC.
 In CHAPTER 9 we describe a single-centre, retrospective study of patients treat-
ed at a large community hospital for mCRC. The aim was to provide data on adverse 
event rates and dose adjustments/discontinuations associated with capecitabine 
monotherapy in patients with mCRC. 
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