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GENERAL INTRODUCTION AND THESIS OUTLINE

For many decades, the use of diagnostic tools in medical care has been based on 
a one-size-fits-all approach, applying standardised care to patients with the same 
diseases. Recently, the concept of precision medicine has emerged, which aims to 
tailor medical decisions, practices and interventions to the individual patient based 
on their predicted risk or response of disease. The work in this thesis discusses 
two contrasting concepts of risk-stratified use of diagnostic tools in patients who 
underwent abdominal surgery, which will be introduced and elucidated below.

Part I: Intensified use of diagnostic tools in high-risk patients
Colorectal cancer is the third most common cancer and second leading cause of 
cancer-related mortality worldwide.1 In the Netherlands, nearly 15,000 patients 
are newly diagnosed every year.2 Over the past decades, the introduction of the 
screening program and improved treatment strategies have resulted in a reduced 
number of recurrences and improved survival rates.3-7 After completion of curative 
intent treatment, it is common clinical practice to follow patients for several years, 
aiming to improve survival by detecting recurrence or second primary cancer in 
a curable stage. Despite this widespread practice, the exact content and intensity 
of follow-up regimens are highly controversial. Chapter 1 provides an overview of 
recommendations and evidence on follow-up after curative intent treatment of non-
metastatic colorectal cancer as described in national and international guidelines. 
We aimed to determine consensus and controversy on this topic in relation to 
existing and emerging evidence.

Recent meta-analyses of randomised clinical trials comparing different follow-up 
strategies could not demonstrate a significant survival benefit of intensive follow-up.8,9 
However, the data suggests that there might be a small risk reduction in mortality, 
and definitive conclusions cannot be drawn based on the presently available data. 
This may be the result of a dilution effect due to the high number of low-risk patients 
included in these studies. Intensive follow-up may improve survival in patients who 
are at high risk of developing recurrence. Besides the liver and lungs, a common 
site of recurrence in patients with colorectal cancer is the peritoneum. Several 
studies have identified locally advanced disease (T4) as an independent risk factor 
for the development of metachronous peritoneal metastases (PM), with reported 
incidences of up to 30%.10,11 Peritoneal dissemination was formerly considered a 
terminal condition with a median survival ranging from five months if untreated 
to 24 months with modern systemic therapy regimens with or without biological 
agents.12-16 Currently, the only curative treatment option consists of cytoreductive 
surgery (CRS) followed by hyperthermic intraperitoneal chemotherapy (HIPEC). 
Both the effectiveness and morbidity of CRS/HIPEC highly depend on the extent 
of peritoneal disease, which is regularly assessed with the peritoneal cancer index 
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(PCI).17-25 This therapy is therefore restricted to patients in good clinical condition 
with a relatively limited extent of peritoneal disease, and with no or limited extra-
peritoneal metastatic localisations. Unfortunately, due to low sensitivity of imaging 
modalities and the absence of early symptoms, PM are often detected in a relatively 
late stage, and only approximately a quarter of these patients are eligible to undergo 
CRS/HIPEC.

Between April 2015 and February 2017, the COLOPEC multicentre, randomised 
controlled trial (NCT02231086) investigated the effect of HIPEC in the adjuvant 
setting on the development of PM in patients with T4 or perforated colon cancer.26 
Before the primary endpoint was reached, the COLOPEC trial revealed that PM 
were already detected in 9 of 100 patients (9%) in the experimental arm during the 
surgical re-exploration right prior to the planned adjuvant HIPEC procedure, which 
was performed within only two months after primary resection. Eight of these nine 
patients (89%) were treated with CRS/HIPEC. This finding led to the hypothesis 
that early detection of PM may improve survival by increasing the proportion of 
patients eligible for curative intent treatment. A new diagnostic strategy aiming 
at detection of PM in a curable stage is investigated in the COLOPEC 2 trial, of 
which the study protocol is described in chapter 2. The objective of this multicentre, 
randomised clinical trial is to determine the value of a more intensive follow-up 
regimen including one or two diagnostic laparoscopies for early detection of occult 
PM in patients with histopathologically proven T4 (pT4) colon cancer.

To identify patients at high risk of developing metachronous PM, a thorough 
understanding of the process of peritoneal dissemination is required. It is often 
hypothesised that the development of PM is a multistep process, starting with the 
detachment of cancer cells from the primary tumour. The exfoliated cells then need 
to gain motility and evade apoptosis, followed by migration and adherence to the 
peritoneal lining to ultimately invade the peritoneum. Finally, the malignant cells 
have to survive in the new tumour microenvironment and form PM.27 To gain insight 
in the molecular mechanisms driving the formation of PM, in vivo models mimicking 
(part of) the peritoneal dissemination process are required. One complicating factor 
is the high heterogeneity that is observed among colorectal cancer patients, both in 
tendency to form PM, as in extensiveness and preferred localisation in case PM evolve. 
In chapter 3, an experimental mouse model reflecting this interpatient heterogeneity 
was created to further unravel the pathophysiological mechanisms of the metastatic 
cascade that result in PM. Using 15 well-characterised human colorectal cancer cell 
lines in combination with the lentiviral gene ontology (LeGO) labelling method, 
we aimed to identify subgroups with differential ability and patterns of peritoneal 
outgrowth, as well as to investigate clonal dynamics in the formation of PM.28,29
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As in the COLOPEC 2 trial, other ongoing trials focusing on early detection or 
prevention of outgrowth of PM often include patients with locally advanced colon 
cancer.26,30,31 Approximately 10-15% of patients with colon cancer has T4 disease at 
the time of diagnosis.32-34 As new diagnostic and therapeutic strategies are often 
costly and invasive, identification of risk factors for metachronous PM within this 
heterogeneous T4 subpopulation has become increasingly important. This would 
enable tailoring of these strategies to the patients at highest risk, and thereby reducing 
costs and overtreatment. According to the 8th edition of the TNM classification, T4 
is defined as a tumour penetrating all layers of the bowel wall. This includes the T4a 
category, referring to tumours penetrating the visceral peritoneum, and the T4b 
category defined as tumours directly invading other organs or structures.35 Previously 
published studies investigating risk factors for peritoneal recurrence found PM to 
be more common in patients with pT4a colon cancer as compared to patients with 
pT4b colon cancer, although small sample sizes impeded statistical significance.10,36-38 
In chapter 4, we assessed the impact of pT4a versus pT4b subcategory on the risk of 
developing metachronous PM and other oncological outcomes in an international, 
multicentre study including 852 patients.

Part II: Reduced use of diagnostic tools in low-risk patients
Appendectomy and cholecystectomy for presumed benign diseases (i.e. appendicitis, 
cholecystitis, and gallstone disease) are among the most common procedures in 
surgical practice. In the Netherlands, approximately 16,000 appendectomies and 
22,500 cholecystectomies are performed every year. Since the American College of 
Surgeons stated in 1926 that all tissues removed at operations should be examined 
by a pathologist, all appendiceal and gallbladder specimens are routinely submitted 
for histopathological examination.39 The main purpose of this policy is to obtain 
a definitive diagnosis and to avoid the risk of missing unexpected pathology 
with clinical consequences for the patient. The increasing burden on pathology 
departments and high healthcare costs, combined with the rarity of unforeseen 
clinically relevant findings in appendectomy and cholecystectomy specimens, has 
fuelled an ongoing discussion regarding the necessity of this routine policy for several 
decades.

Selective histopathological examination encompasses that surgeons perform a 
macroscopic assessment of the appendix or gallbladder and select specimens that 
require further evaluation by a pathologist. Such a strategy would likely reduce costs 
and diminish the workload of pathologists, but also induces a risk of diagnoses being 
missed with potential disadvantageous consequences for the patient. However, it 
is hypothesised that tumours not detected during macroscopic assessment are of 
early stage. These missed tumours are likely to be clinically inconsequential, as 
the performed appendectomy or cholecystectomy already suffices.40-47 During the 
past few years, numerous studies have summarised the histopathological findings 
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found in appendiceal and gallbladder specimens examined in their pathology unit. 
Chapter 5 consists of a systematic review and meta-analysis of studies reporting 
on histopathological findings in appendices removed for suspected appendicitis. 
We aimed to determine whether routine histopathological examination following 
appendectomy is still necessary by investigating the incidence of aberrant findings, 
the ability of surgeons to identify unexpected pathology intraoperatively, and 
the impact of unexpected pathology on postoperative management. In chapter 
6, a similar systematic review and meta-analysis provides an overview of recent 
literature regarding the incidence and clinical consequences of incidental gallbladder 
malignancies.

Due to the lack of prospective studies confirming safety of a selective policy following 
appendectomy, it is still standard practice in the Netherlands to send all appendices 
for histopathological examination.48 In contrast, based on two retrospective studies 
and a systematic review, the Dutch guideline for gallstone disease was updated in 2016 
stating that histopathological examination of macroscopic normal gallbladders can 
be omitted.44,47,49 However, results of a national survey recently showed that less than 
half of hospitals adopted this selective policy, and the need for more evidence on its 
safety was expressed.50 Taken together, these observations encouraged us to conduct 
a nationwide prospective study to draw firm conclusions regarding oncological safety 
and potential cost savings of selective histopathological examination following 
appendectomy and cholecystectomy. In chapter 7, the study protocol and statistical 
analysis plan of the multicentre, prospective, cross-sectional FANCY study are 
presented. Chapter 8 reports the clinical endpoints of the appendix part of the 
FANCY study, including 7339 appendectomised patients from 59 Dutch hospitals. 
Chapter 9 describes the clinical outcomes of the gallbladder part of the FANCY study, 
in which a total of 42 Dutch hospitals took part resulting in the inclusion of 10,041 
patients who underwent a cholecystectomy. Finally, chapter 10 provides the results 
of the economic evaluation performed alongside the FANCY study.
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