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General introduction
and thesis outline

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 nonmetastatic 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
10
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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 extraperitoneal 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
12
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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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PART I
Intensified use of diagnostic tools in high-risk patients

CHAPTER 1
Consensus and controversies regarding follow-up after treatment
with curative intent of nonmetastatic colorectal cancer:
a synopsis of guidelines used in countries represented
in the European Society of Coloproctology

Vivian P. Bastiaenen*, Ida Hovdenak Jakobsen*, Roberto Labianca, Anna Martling,
Dion G. Morton, John N. Primrose, Pieter J. Tanis, Søren Laurberg,
on behalf of the Research Committee and the Guidelines Committee
of the European Society of Coloproctology (ESCP)
* Vivian P. Bastiaenen and Ida Hovdenak Jakobsen contributed equally.
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ABSTRACT
Aim It is common clinical practice to follow patients for a period of years after
treatment with curative intent of nonmetastatic colorectal cancer, but follow-up
strategies vary widely. The aim of this systematic review was to provide an overview
of recommendations on this topic in guidelines from member countries of the
European Society of Coloproctology, with supporting evidence.
Methods A systematic search of Medline, Embase and the guideline databases
Trip database, BMJ Best Practice and Guidelines International Network was
performed. Quality assessment included use of the AGREE-II tool. All topics with
recommendations from included guidelines were identified and categorized. For
each subtopic, a conclusion was made followed by the degree of consensus and the
highest level of evidence.
Results Twenty-one guidelines were included. The majority recommended that
structured follow-up should be offered, except for patients in whom treatment
of recurrence would be inappropriate. It was generally agreed that clinical visits,
measurement of carcinoembryonic antigen and liver imaging should be part of
follow-up, based on a high level of evidence, although the frequency is controversial.
There was also consensus on imaging of the chest and pelvis in rectal cancer, as well
as endoscopy, based on lower levels of evidence and with a level of intensity that was
contradictory.
Conclusion In available guidelines, multimodal follow-up after treatment with
curative intent of colorectal cancer is widely recommended, but the exact content and
intensity are highly controversial. International agreement on the optimal follow-up
schedule is unlikely to be achieved on current evidence, and further research should
refocus on individualized ‘patient-driven’ follow-up and new biomarkers.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer worldwide, with an
incidence of nearly 1.4 million cases in 2012.1 The last decades have shown extensive
improvements in the treatment of patients with CRC, illustrated by a decreasing
number of recurrences and improved survival rates.2,3 After treatment with curative
intent, it is common clinical practice to follow patients for a certain period of time.
The purpose of follow-up is primarily to detect any curable malignancy, either local
recurrence, distant metastasis or second primary cancer. Secondly, follow-up aims
to identify and handle late adverse effects after treatment.
However, the ideal follow-up schedule is unclear. Recent randomized trials have
compared follow-up strategies with different intensities and combinations of
methods.4-7 A Cochrane review, which included some of these trials, concluded that
there was no improvement in overall survival with intensive follow-up after CRC,
although intensive follow-up had a beneficial effect on the chance of having salvage
surgery with curative intent.8
Currently, recommendations for follow-up after curatively treated CRC are described
in several national and international clinical practice guidelines and consensus
papers. These documents cover topics ranging from diagnostic imaging, blood tests
and endoscopy, to symptom management and screening for late adverse effects. In
anticipation of more evidence, several topics in the guidelines remain controversial,
and there is a need for clarification of the levels of evidence for each intervention and
the recommendations included in the guidelines.
The European Society of Coloproctology (ESCP) Research Committee has encouraged
a systematic review of current guidelines of their members’ countries, resulting in a
synopsis of recommendations and evidence within this field. The aim of this study
was to provide an overview of the recommendations and evidence for follow-up
after treatment with curative intent of nonmetastatic CRC, as stated in national and
international guidelines used in ESCP member countries. Any controversies and lack
of evidence for different aspects of the follow-up were determined. These findings
are discussed in relation to ongoing research, and topics that require additional
evidence are identified.

METHOD
A systematic search was performed to identify national and international guidelines
and consensus documents regarding follow-up after treatment with curative intent
of patients with nonmetastatic CRC published up to 1 May 2017. With the assistance
of a clinical librarian, the search was carried out using the medical databases Medline
23
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(PubMed version) and Embase (Ovid version) and the guideline databases Trip
database, BMJ Best Practice and Guidelines International Network, with a time limit
set for publications between 2007 and 2017 and without language restriction. The
search terms included the following main themes: colorectal cancer, follow-up and
guideline/consensus. Details of the search are provided in Supplementary Appendix
1 and Supplementary Table 1 in the online Supporting Information. Additionally,
websites of national health authorities, as well as surgical and oncological societies,
were searched, and a letter of request for national guidelines was sent twice to all
ESCP national representatives. The search results were imported into Covidence
for further selection.9
After removal of duplicates, two reviewers (VPB and IHJ) independently performed
every step in the selection process. Guidelines and consensus documents were
included if they presented recommendations on follow-up after treatment with
curative intent of nonmetastatic CRC. Eligible documents should have been
developed by authors considered to be an acknowledged working group and should
be used in countries represented in the ESCP. Papers overlapping or presenting the
same guideline or consensus document were excluded. In case of disagreement,
discussion took place until consensus was reached. A cross-reference search was
performed for all included papers. In order to identify potential updated versions
of included guidelines, a restricted search was performed on 15 January 2018. The
translation of non-English guidelines and consensus documents was performed with
the help of native speakers.
All topics followed by recommendations in the included guidelines and consensus
documents were categorized into main topics. If relevant, the main topics were split
into subtopics. Recommendations from the included documents were presented per
(sub)topic. In case of difficulties with interpretation or understanding of elements
in the guidelines, the authors or national ESCP representatives were consulted.
Relevant exceptions or deviations for certain patient groups (e.g. tumour stage)
were explicitly mentioned. A conclusion was made for each (sub)topic, followed by a
statement on whether consensus was reached or if this was controversial. Consensus
was reached when at least half of the included guidelines mentioned a topic, and at
least two-thirds of these made a similar recommendation for the topic. In all other
cases the conclusion was regarded as controversial. Guidelines that consisted of two
separate documents for patients with colon and rectal cancer are referred to as one
guideline in the text, but any difference related to a (sub)topic is included separately.
In the classification of consensus/controversy, the two related documents are always
counted as one guideline.
For each conclusion, the source reference with the highest level of evidence referred
to in the guidelines and consensus documents was cited. The level of evidence was
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classified according to the Oxford Centre for Evidence-based Medicine Levels of
Evidence 2009.10 If not reported in this format, the evidence level was manually
reassigned. A level of evidence ≥3b was regarded as insufficient.
The quality assessment of the guidelines and consensus documents included the
following parameters: year of publication, adequate guideline development group,
type of evidence, usage of adequate grading system, and The Appraisal of Guidelines
for Research and Evaluation II (AGREE-II) instrument. A guideline development
group was considered adequate if it consisted of at least one surgeon, one radiologist
and one medical oncologist since these health professionals are the most important
for the follow-up of CRC patients. Information about the professional representation
in guideline development groups is provided in Supplementary Table 2. A grading
system was considered adequate if it considered both the quality of evidence and the
strength of the recommendations. The AGREE-II instrument was used to estimate
the AGREE score.11 Two investigators (VPB and IHJ) independently scored the included
papers according to the six domains of AGREE-II (Scope and Purpose, Stakeholder
Involvement, Rigour of Development, Clarity of Presentation, Applicability, Editorial
Independence). Finally, the authors commented on the quality of the guidelines and
consensus documents (Supplementary Table 3). This was a subjective parameter
based on the above-mentioned components of the quality assessment.

RESULTS
Guidelines
Search and selection
The search of medical and guideline databases retrieved 3857 references after
removal of duplicates. This search resulted in final inclusion of three references.
Additionally, a total of 21 eligible references were identified from the web search
and after the request addressed to ESCP representatives. Together with the three
references from the database search, the final number of included references was
24 (Figure 1).
Included guidelines
The included references covered both guidelines and consensus papers. However,
in this paper they will all be referred to as guidelines. In three cases, there were
guidelines that consisted of two separate documents for colon and rectal cancer
patients, and these are thus referred to as one guideline. The final number
of guidelines was 21, including 15 national guidelines and 6 guidelines from
professional societies. The guideline from the American National Comprehensive
Cancer Network (NCCN) is utilized as national recommendations in Egypt; thus, it
was included as one of the national guidelines. Quality assessment of the included
guidelines is summarized in Table 1.
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References identified by manual
search in surgical/oncological
societies, and request to ESCPrepresentatives
(n = 25)

References identified through electronic search of databases*
(n = 4485)

Duplicate references removed
(n = 628)

References for initial
screening
(n = 3857)

References excluded based
on title & abstract
(n = 3802)

References for full text
review
(n = 55)

References excluded based
on full text review
(n = 49)
- Papers overlapping or presenting the same
guideline/consensus statement (n = 24)
- No guideline or consensus statement (n = 18)
- Not used in an ESCP member country (n = 4)
- Not describing follow-up after treatment
with curative intent (n = 2)
- No full text available (n = 1)

References potentially
appropriate for review
(n = 6)

References excluded
(n = 4)
- Regarded as one guideline (n = 4)

References excluded
(n = 3)
- Regarded as one guideline (n = 1)
- Not from an acknowledged development
group (n = 1)
- No guideline or consensus statement (n = 1)

References included for review
(n = 24)

References excluded
(n = 4)
- Regarded as one guideline (n = 4)

Final number of included guidelines
(n = 21)

Figure 1 Selective process for guidelines for follow-up after curative intent treatment of CRC.
* PubMed, EMBASE, Tripdatabase, BMJ Best Practice, Guidelines International Network.
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Analysis of topics
Part 1: general aspects of follow-up
Criteria for offering patients structured follow-up. Considerations regarding the
patients who should undergo structured follow-up were mentioned in 12 guidelines
(57%).14,15,17-21,24-27,31,32,39-41 All of these guidelines stated that follow-up should only be
offered to patients who are able to receive further treatment if recurrence is detected.
This was further elaborated in five guidelines18,19,27,31,39, which all recommended that
(biological) age or life expectancy should be considered in addition to the patient’s
general condition in the decision whether or not to offer structured follow-up. The
German guideline19 added that the patient’s willingness to undergo revisional surgery
should be taken into account.
Conclusion: structured follow-up should only be offered to patients who are able
to receive further treatment if recurrence is detected.
Consensus [recommended in 12 (100%) of the 12 guidelines that discussed this topic].
Highest level of evidence referred to in the guidelines: ≥3b. No references were
mentioned in the guidelines; all recommendations were based on expert opinion.
Intensity of follow-up. The intensity of the follow-up programme was mentioned
in 16 guidelines (76%).12-17,19-21,24-27,31-41 Four of these recommended intensive followup14,15,20,21,33,34,37,38, but a uniform definition of intensive follow-up was lacking. In
the ESMO33,34 and SEOM37,38 guidelines, this recommendation only applied to colon
cancer patients and Stage II-III CRC patients, respectively. The NCCN24,25 and
EURECCA35,36 guidelines did not recommend intensive follow-up, but only suggested
a more intensive follow-up for patients with advanced CRC compared with low-stage
CRC patients. The Danish16 and the Swedish31 guidelines recommended less intensive
follow-up pending more solid evidence that proves a survival benefit from intensive
follow-up. In the remaining eight guidelines12,13,17,19,26,27,32,39-41, the inconclusive
evidence regarding intensive versus less intensive follow-up was discussed without
giving any explicit recommendation or statement.
Conclusion: it is unclear whether (selected high-risk) CRC patients should
receive intensive or less intensive follow-up, and also a uniform definition of
intensive or less intensive follow-up is lacking.
Controversy [intensive follow-up is recommended in four guidelines (25%), which is less
than two-thirds of the guidelines that discussed this topic].
Highest level of evidence referred to in the guidelines: 1a.42,43 The evidence shows an
overall survival benefit for patients undergoing more intensive follow-up.
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Termination of proposed follow-up. Criteria for ceasing follow-up were mentioned in
four guidelines (19%).14,15,17,26,32 The Dutch guideline17 recommended that the duration
of follow-up should be discussed by the physician and the patient. In the Belgian
colon cancer guideline14, it was stated that follow-up should no longer be performed
when the likely benefits no longer outweigh the disadvantages of further tests (i.e.
costs, time spent for the patient, false-positive results and patient distress). The
NICE26 and ACPGBI32 guidelines combined these two criteria; in these guidelines
it is recommended that follow-up is ceased when the patient and healthcare
professional have discussed and agreed that the likely benefits no longer outweigh
the disadvantages of follow-up.
Conclusion: follow-up could be terminated if the patient and healthcare professional have discussed and agreed that there is no longer likely to be any potential benefit.
Controversy [only mentioned in four guidelines (19%), which is less than half of the included
papers].
Highest level of evidence referred to in the guidelines: ≥3b. No references were
mentioned in the guidelines; all recommendations were based on expert opinion.
Coordination of follow-up. Considerations regarding the coordination of follow-up
were mentioned in six guidelines (29%).14-18,27,39 The recommendations varied with
regard to the person that should be designated to this coordinating role. The Danish
guideline16 stated that the surgeon should be the coordinator; the French guideline18
recommended that the follow-up should be performed by the general practitioner,
alternating with the specialized team; the Norwegian guideline27 stated that followup should be performed by the general practitioner, except for the first postoperative
visit and for selected rectal cancer patients; the SGG guideline39 recommended that
follow-up be locally coordinated by one of the specialists who would regularly involve
other relevant physicians (surgeon, family physician, gastroenterologist, radiologist,
etc.). The Belgian14,15 and Dutch17 guidelines did not specify the health professional
who should coordinate the follow-up. Three of these guidelines explicitly mentioned
that the follow-up plan should be communicated to the patient.14-17
Conclusion: a health professional could be designated as the coordinator for the
follow-up, depending on the local healthcare infrastructure.
Controversy [only mentioned in six guidelines (29%), which is less than half of the included
papers].
Highest level of evidence referred to in the guidelines: ≥3b. No references were
mentioned in the guidelines; all recommendations were based on expert opinion.

30

Follow-up after colorectal cancer treatment

Part 2: clinical visits
Role. The role of clinical visits, including medical history with or without physical
examination, during the follow-up of CRC patients was mentioned in 18 guidelines
(86%). Sixteen guidelines12-15,17-25,27-29,31,33,34,37-41 recommended that clinical visits should
be routinely performed. In five guidelines this recommendation did not apply to
Stage I CRC19,24,25,27,39 or patients with Stage I colon cancer40,41 patients. In four
guidelines14,15,18,28,29,39, digital rectal examination was recommended for patients with
rectal cancer. The NICE guideline26 stated that one clinical visit at 4-6 weeks after
curative treatment should be offered, but nothing was mentioned about clinical
visits thereafter. During the EURECCA35,36 consensus conference, no consensus was
reached about the statement that clinical visits could be considered during follow-up.
Conclusion: clinical visits should be part of routine follow-up after CRC. Physical examination is not routinely recommended, but digital rectal examination
could be included for patients with rectal cancer.
Consensus [recommended in 16 (89%) of the 18 guidelines that discussed this topic].
Highest level of evidence referred to in the guidelines: 1a.42 The evidence does
not support the conclusion. No effect from clinical visits on survival or time to
recurrence is observed. The effect on quality of life and functional outcome has not
been studied.
Time schedule. Fifteen guidelines (71%)12-15,17-25,27-29,33,34,37-41 mentioned a time schedule
for clinical visits in their recommendations (Table 2). In all of these guidelines, a
higher-frequency regimen was suggested within the first 2-3 years after surgery
compared with the years thereafter, except for the ESMO rectal cancer guideline34
that recommended clinical visits to be performed only during the first 2 years after
primary surgery. Thirteen guidelines12-15,17-21,23-25,27,33,34,37-41 recommended that clinical
visits should be performed until 5 years after primary surgery. The time schedule of
the different guidelines is displayed in Table 2.
Conclusion: clinical visits should be performed until 5 years after surgery with a
more frequent regimen in the first 2 to 3 years.
Consensus [recommended in 13 (87%) of the 15 guidelines that discussed this topic].
Highest level of evidence referred to in the guidelines: ≥3b. No references were
mentioned in the guidelines; all recommendations were based on expert opinion.
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x

TNCD guideline

21

x

x

x

SGG guideline39

20

x

x

12
x

9

x

6

No recommendation for time schedule

3

b Rectal cancer41

SEOM-SERAM consensus
paper*,‡,37,38

<4-6 weeks

a Colon cancer40

EURECCA

19

35,36

34

b Rectal cancer

a Colon cancer*,33

ESMO guideline

18

17

Guideline

Table 2 Continued.

Follow-up after colorectal cancer treatment

1

33

Chapter 1

Part 3: laboratory tests
Carcinoembryonic antigen.
Role. The role of carcinoembryonic antigen (CEA) during the follow-up of CRC
patients was discussed in 20 guidelines (95%).12-34,37-41 The Danish16 and SIGN30
guidelines state that more evidence on the role of CEA is required and, therefore,
routine estimation of CEA is not recommended. According to the French18 and
TNCD 40,41 guidelines, CEA measurement is optional. The other 16 guidelines
recommended that CEA should routinely be measured during follow-up. In three
guidelines, the recommendations did not apply to Stage I CRC patients.19,24,25,27 The
Dutch17 and SGG39 guidelines recommend that CEA is not included in routine followup of pT1N0 CRC patients.
Conclusion: measurement of CEA should be routinely performed during follow-up, but might be restricted to Stage II and III CRC.
- Stage I CRC patients: controversy [recommended in 11 (T1N0) and 13 (T2N0) guidelines
(55% and 65%, respectively), which is less than two-thirds of the guidelines that discussed
this topic].
- Stage II and III CRC patients: consensus [recommended in 16 (80%) of the 20 guidelines
that discussed this topic].
Highest level of evidence referred to in the guidelines: 1a.42,43 Two systematic
reviews differ in their conclusions about routine CEA measurement. No significant
differences regarding mortality and recurrence were found between routine CEA
and no CEA measurement in Jeffery et al.42, while Tjandra et al.43 demonstrated
a significant impact of regular surveillance with CEA on mortality and curative
reoperation rate.
Time schedule. All guidelines that recommended routine CEA measurement
during follow-up included a time schedule in their recommendations. In 13
guidelines12-15,17,19-25,27-29,33,34,37-39 a higher-frequency regimen was suggested within
the first 2-3 years compared with the years thereafter. In all these guidelines, except
for the Hungarian guideline22, time schedules for CEA determination were within
the range of every 3-6 months within the first 2-3 years and every 6-12 months until
5 years after surgery. In the ESMO guideline33,34 this only applied to colon cancer
patients. The time schedules of the different guidelines are displayed in Table 3.
Conclusion: CEA should be measured every 3-6 months during the first 2-3
years, and thereafter every 6-12 months until 5 years after surgery.
Consensus [recommended in 12 (92%) of the 13 guidelines that discussed this topic].
Highest level of evidence referred to in the guidelines: 1b.4 The evidence does not
support the conclusion, as it suggests a more frequent timing for CEA measurement.
In the CEA watch trial, recurrences were detected earlier, and significantly more
recurrences were available for treatment with curative intent when using a high
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frequency for CEA testing (every 2 months), compared with the usual frequency
(every 3-6 months) in the first 3 years.4
Faecal occult blood test. Four guidelines (19%)14,15,19,22,30 discuss the faecal occult blood
test (FOBT) as part of routine follow-up, of which only the Hungarian guideline22
recommends that FOBT be performed in the routine follow-up of CRC patients.
Conclusion: FOBT should not be routinely performed during follow-up.
Controversy [only mentioned in four guidelines (19%), which is less than half of the included
papers].
Highest level of evidence referred to in the guidelines: ≥3b.44 The evidence supports
the conclusion. It shows that FOBT is a poor marker for colorectal neoplasia since
most cancers will be missed.
Other laboratory tests. Eight guidelines (38%)14,15,19,22,23,28,29,33-36,40,41 discussed other
laboratory tests as part of routine follow-up. The Italian guideline23 recommended
that blood cell count should routinely be performed in contrast to the Belgian15,
German19 and EURECCA35,36 guidelines that discouraged this. The same guidelines, as
well as the TNCD guideline41, advised against routine measurement of liver function
tests. The Belgian15 guideline also discouraged the use of tumour markers other
than CEA. The Hungarian guideline22 recommended the measurement of gamma
GT, CA-50 and CA 19-9, the latter also being advised by the Russian guideline28,29 if
it was increased before. The ESMO guideline33 stated that no laboratory tests other
than CEA should be part of routine follow-up.
Conclusion: laboratory tests other than CEA should not be part of follow-up.
Controversy [only mentioned in eight guidelines (38%), which is less than half of the
included papers].
Highest level of evidence referred to in the guidelines: ≥3. No references were
mentioned in the guidelines; all recommendations were based on expert opinion.
Part 4: imaging
Chest imaging.
Role. The role of chest imaging during follow-up of CRC patients was mentioned in
all guidelines. Nineteen guidelines12-16,18-29,31-41 recommend that chest imaging should
be routinely performed. The German19 and EURECCA35,36 guidelines stated that only
rectal cancer patients should undergo routine chest imaging. In some guidelines,
chest imaging is not recommended for certain patient groups: Stage I and II rectal
cancer35,36, Stage I CRC24,25,27, Stage I colon cancer39-41, Stage I rectal cancer19, pT1N0
colon cancer14 and pT1N0 rectal cancer after radical resection.39
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* The least frequent timing from the recommendation is stated.
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‡ For rectal cancer patients: every 3-6 months for 3 years, then every 6 months until 5 years.
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The Dutch guideline17 only states that chest imaging may be considered for rectal
cancer patients, except for patients with pT1N0 rectal cancer. Similarly, the SIGN
guideline30 states that chest imaging may be of value, but more evidence on the
optimum approach is required.
Conclusion: chest imaging should be routinely performed during follow-up of
CRC, but might be omitted in Stage I colon cancer.
- Stage I colon cancer: controversy [recommended in 12 (T1N0) and 13 (T2N0) guidelines
(57% and 62% respectively), which is less than two-thirds of the guidelines that discussed
this topic].
- Stage II-III colon cancer and Stage I-III rectal cancer: consensus [recommended in at
least 14 (67%) of the guidelines that discussed this topic].
Highest level referred to in the guidelines: 2b.45 The evidence does not support the
conclusion. In the RCT of Schoemaker et al.45 no survival benefit was found from
adding chest imaging to routine follow-up.
Modality. In 16 guidelines (84%)12-16,18,20,21,23-27,31-41, it was recommended to use CT, whether
or not alternating with X-ray, for the detection of lung metastases. In the German19,
Hungarian22 and Russian28,29 guidelines, radiography was the preferred modality.
Conclusion: CT, whether or not alternating with X-rays, is the preferred modality for the detection of lung metastases.
Consensus [recommended in 16 (84%) of the 19 guidelines that recommended chest
imaging].
Highest level referred to in the guidelines: ≥3b. No references comparing different
modalities were mentioned in the guidelines; all recommendations were based on
expert opinion.
Timing. All 19 guidelines that recommended chest imaging also proposed a
time schedule. In 13 of these12-15,18-21,23-25,27-29,35-41, a regimen within the range of
every 3 to 12 months for at least 5 years after surgery was recommended. In four
guidelines12-15,33,34,40,41, a different timing was proposed for colon and rectal cancer
patients (Table 4).
Conclusion: the time schedule for chest imaging should be within the range of
every 3-12 months for at least 5 years after surgery.
Consensus [recommended in 13 (68%) of the 19 guidelines that recommended chest
imaging].
Highest level referred to in the guidelines: ≥3b. No references comparing
different time schedules for chest imaging were mentioned in the guidelines; all
recommendations were based on expert opinion.
Liver imaging.
Role. The role of liver imaging during the follow-up of CRC patients was mentioned
in all guidelines. The SIGN guideline30 stated that liver imaging may be of value,
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but more evidence on the optimum approach is required. The remaining 20
guidelines recommended routine performance of liver imaging during follow-up.
In the EURECCA consensus paper35,36, liver imaging was only recommended for
rectal cancer patients. Some guidelines state that certain patient groups should not
undergo routine liver imaging: Stage I and II rectal cancer35,36, Stage I CRC19,24,25,27,
Stage I colon cancer39-41, pT1N0 CRC17, pT1N0 colon cancer14,15 and pT1N0 rectal
cancer after radical resection.39
Conclusion: liver imaging should be routinely performed during follow-up, but
might be omitted in pT1N0 colon cancer.
- pT1N0 colon cancer: controversy [recommended in 12 guidelines (57%), which is less
than two-thirds of the guidelines that discussed this topic].
- pT2N0 and Stage II-III colon cancer and Stage I-III rectal cancer: consensus
[recommended in at least 14 (67%) of the 21 guidelines that discussed this topic].
Highest level referred to in the guidelines: 1a.42 The evidence supports the conclusion,
since it states that the use of liver imaging seems to be associated with improved survival.
Modality. In 16 guidelines (84%)12-16,18,20,21,23-27,31-41, it was recommended that imaging
of the liver should be performed with CT, alternating, or not, with ultrasound. In four
guidelines17,19,22,28,29, ultrasound was the preferred modality to detect liver metastases,
although the Dutch guideline17 proposed CT as an alternative for patients at high
risk of recurrence, due to its higher sensitivity.
Conclusion: CT, whether or not alternating with ultrasound, is the preferred
modality for the detection of liver metastases.
Consensus [recommended in 16 (80%) of the 20 guidelines that recommended liver
imaging].
Highest level referred to in the guidelines: ≥3b. No references comparing different
modalities were mentioned in the guidelines; all recommendations were based on
expert opinion.
Timing. All 20 guidelines that recommended liver imaging also proposed a time
schedule (Table 5). Ten of these12-15,17-21,23,27,37,38,40,41 recommended liver imaging
for at least 5 years with a more frequent regimen in the first 2 to 3 years. In four
guidelines12-15,33,34,40,41, a different timing was proposed for colon and rectal cancer
patients.
Conclusion: liver imaging could be performed for at least 5 years with a more
frequent regimen in the first 2-3 years.
Controversy [only recommended in 10 (50%) of the 20 guidelines that recommended liver
imaging].
Highest level referred to in the guidelines: ≥3b. No references comparing
different time schedules for liver imaging were mentioned in the guidelines; all
recommendations were based on expert opinion.
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Nonendoscopic pelvic imaging.
Role. The role of nonendoscopic pelvic imaging during follow-up was
mentioned in 16 guidelines (76%).14-18,22,24-30,32,34,35-41 Although pelvic imaging
aims to identify pelvic recurrences after rectal cancer, guidelines covering
colon cancer follow-up also mentioned imaging of the whole abdomen,
including the pelvis, and recommended this in some cases. The Danish
guideline16 did not recommend routine performance of nonendoscopic pelvic
imaging, while the SIGN guideline30 stated that pelvic imaging may be of
value but that more evidence on the optimum approach is required. The other
14 guidelines recommended that nonendoscopic pelvic imaging should have
a role in the follow-up of CRC patients after treatment with curative intent.
The recommendations in the Hungarian22, Norwegian27, ESMO34 and SGG39
guidelines only applied to rectal cancer patients. In some of these guidelines,
the recommendations did not apply to the following patient groups: Stage
I CRC24,25, Stage I colon cancer40,41, Stage I rectal cancer14,15,27, T1N0 colon
cancer14,15 and T1N0 rectal cancer after radical resection.39 The Dutch17
and EURECCA35,36 guidelines recommended pelvic imaging only after local
excision for rectal cancer.
Conclusion: nonendoscopic pelvic imaging should have a role in follow-up after CRC, but could be restricted to pT2N0 and Stage II-III rectal
cancer.
- Stage I-III colon cancer and pT1N0 rectal cancer: controversy [recommended in
at most eight (53%) of 15 (colon) and 10 (63%) of 16 (pT1N0 rectal) guidelines
that discussed this topic, which is less than two thirds of the guidelines].
- pT2N0 and Stage II-III rectal cancer: consensus [recommended in at least 11
(73%) of the 15 guidelines that discussed this topic].
Highest level referred to in the guidelines: ≥3b. No references were mentioned
in the guidelines; all recommendations were based on expert opinion.
Modality. Out of the 14 guidelines with recommendations for pelvic imaging,
1114,15,18,22,24-27,32-34,37-41 stated that nonendoscopic pelvic imaging should be
performed with CT, either alone or in combination with other modalities.
The three remaining guidelines recommended MRI17,35,36 and ultrasound28,29,
rather than CT.
Conclusion: CT, whether or not in combination with other methods, is
the preferred modality for the detection of pelvic recurrence.
Consensus [recommended in 11 (79%) of the 14 guidelines that discussed this topic].
Highest level referred to in the guidelines: ≥3b. No specific references for
different modalities were mentioned in the guidelines; all recommendations
were based on expert opinion.
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Timing. A time schedule was proposed in 12 of the 14 guidelines that recommended
pelvic imaging. There was great variation in the proposed time schedules, which are
displayed in Table 6.
Conclusion: the optimum time schedule for pelvic imaging is unclear.
Controversy (no consensus on a specific time schedule).
Highest level referred to in the guidelines: ≥3b. No references comparing different
time schedules for nonendoscopic pelvic imaging were mentioned in the guidelines;
all recommendations were based on expert opinion.
Endoscopic ultrasound.
Role. The use of endoscopic ultrasound in routine follow-up was mentioned in nine
(43%) of the included guidelines. Seven guidelines14,15,23,31,35-41 recommended that
endoscopic ultrasound of the rectum should be part of follow-up of selected rectal
cancer patients. The guidelines listed different selection criteria for endoscopic rectal
ultrasound, including: rectal cancer patients, except for pT1N0 rectal cancer patients
who underwent TME39; after local excision/TEMS or Stage I rectal cancer14,15,35,36 or
T1N0 rectal cancer23; T1sm2-3 and T2 rectal cancers31; rectal cancer patients with
high risk (local excision of T2 or poorly differentiated tumours, those with positive
margins (≤1 mm) and those with T4 or N2 rectal cancer)37,38; and patients who did
not have an abdominoperineal excision.40,41 The Danish16 and German19 guidelines
recommended that endoscopic ultrasound is not used for routine follow-up.
Conclusion: endoscopic rectal ultrasound could be considered as part of follow-up for a selected group of rectal cancer patients.
Controversy [only mentioned in nine guidelines (43%), which is less than half of the included
papers].
Highest level of evidence referred to in the guidelines: ≥3b.46 The evidence supports
the conclusion. It showed that endoscopic ultrasound-guided biopsy improved the
accuracy of detecting local recurrences after rectal cancer.
Time schedule. Five of the guidelines that mentioned the topic recommended a
timing schedule for endoscopic ultrasound.14,15,23,31,37-39 All five schedules differed.
Conclusion: the optimum time schedule for endoscopic ultrasound is unclear.
Controversy (no consensus on a specific time schedule).
Highest level of evidence referred to in the guidelines: ≥3b. No references comparing
different time schedules for endoscopic pelvic imaging were mentioned in the
guidelines; all recommendations were based on expert opinion.
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Full body imaging. Positron emission tomography (PET)-CT imaging was
mentioned in 14 guidelines (67%).14-16,18-25,27,31,33-38,40,41 In all of these guidelines, it
was recommended that PET-CT should not be routinely performed during followup. Eight guidelines14,18,22,23,31,33,34,37,38,40,41 stated that PET-CT can be used in case of
suspicion of recurrence.
Conclusion: PET-CT should not be routinely performed during follow-up after
CRC.
Consensus [recommended in 14 (100%) of the 14 guidelines that discussed this topic].
Highest level referred to in the guidelines: 1b.47 The evidence does not support the
conclusion. It states that PET-CT as part of a routine follow-up strategy may lead to
earlier detection of recurrent CRC.
Part 5: endoscopy
Perioperative colonoscopy.
Role. The role of perioperative colonoscopy of CRC patients was mentioned in all
guidelines, except for the Hungarian one22. In all the other 20 guidelines it was
recommended that a complete colonoscopy should be performed after surgery, if this
was not done at the time of diagnostic work-up (notably for an emergency/obstructing
cancer). In the NCCN24,25 and Norwegian27 guidelines this recommendation only
applied to Stage II and III CRC patients. The Dutch guideline17 stated that a complete
colonoscopy should not be performed in cases where the colon segment proximal of
the malignancy was also resected.
Conclusion: a complete colonoscopy should be performed after surgery, if this
was not done preoperatively.
Consensus [recommended in 18 (90%) (Stage I CRC) or 20 (100%) (Stage II-III CRC) of the
20 guidelines that discussed this topic].
Highest level of evidence referred to in the guidelines: ≥3b. No references
specifically about perioperative colonoscopy were mentioned in the guidelines; all
recommendations were based on expert opinion.
Timing. Fifteen guidelines14,15,17-21,23-25,27-29,32-41 suggested a specific timing for
postoperative complete colonoscopy. All of these guidelines recommended that the
colonoscopy is performed within 3-6 months after surgery. The ESMO guideline33,34
stated that in rectal cancer patients the colonoscopy can be postponed to 1 year
after surgery. In the Dutch17, German19, NCCN24,25 and SEOM37,38 guidelines, it was
explicitly stated that if a complete colonoscopy has been performed postoperatively
it replaces the surveillance colonoscopy at 1 year.
Conclusion: complete colonoscopy should be performed within 3-6 months of
surgery if this was not done at the time of diagnostic work-up.
Consensus [recommended in 15 (100%) of the 15 guidelines that discussed this topic].
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Highest level of evidence referred to in the guidelines: ≥3b. No references comparing
different timings for the perioperative colonoscopy were mentioned in the guidelines;
all recommendations were based on expert opinion.
Surveillance colonoscopy.
Role. Surveillance colonoscopy was mentioned in all guidelines. All guidelines
recommended that surveillance colonoscopy should be routinely performed during
the follow-up of CRC patients.
Conclusion: surveillance colonoscopy should be routinely performed during the
follow-up after CRC.
Consensus [recommended in 21 (100%) of the 21 guidelines that discussed this topic].
Highest level of evidence referred to in the guidelines: 2b.48 The evidence supports the
conclusion, since it shows that endoscopic surveillance is associated with improved
survival.
Timing. A time schedule for surveillance colonoscopy was mentioned in all
guidelines, but the proposed regimens varied widely (Table 7). Thirteen guidelines
recommended that after one or two clean colonoscopies within the first 5 years after
surgery, the interval of performing a surveillance colonoscopy should be extended
to 5 years.15,17-21,23-25,28,29,31-34,37-39 In six guidelines, a recommendation was made about
when to cease the surveillance colonoscopy. The Danish16 and ESMO guidelines33,34
stated that surveillance colonoscopy should be performed until the age of 75,
although this only applied to rectal cancer patients in the latter guideline. Other
reasons to cease surveillance colonoscopy were poor general condition17, a reasonable
age18, the presence of comorbidity30 and a life expectancy of less than 10 years.40,41
Conclusion: the optimum time schedule for surveillance colonoscopy is unclear,
as is the duration of endoscopic surveillance.
Controversy (no consensus on a specific time schedule).
Highest level of evidence referred to in the guidelines: 1b.49 In a prospective
randomized controlled trial published by Wang et al.49, it was shown that intensive
colonoscopic surveillance (3-monthly intervals for 1 year, 6-monthly intervals for the
next 2 years and once a year thereafter) did not improve overall survival compared
with routine colonoscopic surveillance (colonoscopy at 6, 30 and 60 months
postoperatively). They recommend that colonoscopy should be performed at 1 and
2 years after surgery, and the interval should be extended to 3 or 5 years thereafter.
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Additional surveillance of the anastomosis after resection of rectal cancer.
Role. Endoscopic inspection of the anastomosis after resection of a rectal neoplasm
in addition to surveillance colonoscopy was mentioned in eight guidelines
(38%).16,19,22,23,27,37-41 All of them, except for the Danish16 and the TNCD40,41 guidelines,
recommended endoscopy as part of routine follow-up. The German guideline19
restricted the eligible patient group to Stage II and III rectal cancer patients who
had not received neoadjuvant or adjuvant radiochemotherapy. The Norwegian 27
recommendation only applied to rectal cancer patients who underwent a low anterior
resection.
Conclusion: endoscopic inspection of the anastomosis after resection of rectal
cancer in addition to surveillance colonoscopy could be routinely performed
during follow-up.
Controversy [only mentioned in eight guidelines (38%), which is less than half of the
included papers].
Highest level of evidence referred to in the guidelines: ≥3b.50 It concludes that
endoscopic surveillance of the rectum is not effective in identifying local recurrences
of rectal cancer. Thus it does not support the conclusion.
Timing. Five of these guidelines22,23,27,37-39 suggested a specific timing for endoscopic
surveillance after surgical resection of rectal cancer, but no regimen was the same.
In the Italian guideline23, the proposed timing was stage dependent: a more frequent
endoscopic examination was recommended for Stage II and III rectal cancer patients.
The SEOM recommendation37,38 was risk dependent: a more frequent endoscopic
surveillance was recommended for rectal cancer patients with high risk of local
recurrence (positive circumferential resection margin, T4 or N2 cancers, and rectal
cancer patients who had not received pelvic radiation).
Conclusion: the optimum timing for endoscopic surveillance of the anastomosis
after rectal cancer resection is unclear.
Controversy (no consensus on a specific time schedule).
Highest level of evidence referred to in the guidelines: ≥3b. No references were
mentioned in the guidelines; all recommendations were based on expert opinion.
Inspection of the scar after polypectomy and rectal-preserving treatment.
Role. All seven guidelines that mentioned this topic also recommended that
endoscopic inspection of the scar should be part of routine follow-up after
polypectomy of pT1 colon cancer.16,17,19,22,27,31,39 Similarly, all 10 guidelines16,17,19,22-25,31,35-39
that mentioned endoscopic inspection of the scar after rectal-preserving treatment
for rectal cancer, also recommended that it should be part of routine follow-up.
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Conclusion: endoscopic surveillance of the scar could play a role in follow-up after polypectomy of pT1 colon cancer and after rectal-preserving
treatment of rectal cancer.
- pT1 colon cancer: controversy [only mentioned in seven guidelines (33%), which
is less than half of the included papers].
- Rectal-preserving treatment of rectal cancer: controversy [only mentioned in
ten guidelines (48%), which is less than half of the included papers].
Highest level of evidence referred to in the guidelines: ≥3b. No references
were mentioned in the guidelines; all recommendations were based on expert
opinion.

1

Timing of surveillance after polypectomy for pT1 colon cancer. Six out of
seven guidelines suggested a specific timing for endoscopic surveillance. Four
guidelines recommended inspection of the scar within the first 3 months after
polypectomy.16,17,27,39 In the German guideline19, it was stated that the first
endoscopic inspection should be performed 6 months after polypectomy. The
Hungarian guideline22 recommended endoscopic surveillance 3 years after
polypectomy. There was a substantial variation in the guidelines for timing
of the endoscopic surveillance after this first inspection.
Conclusion: the first endoscopic inspection of the scar in pT1 colon
cancer patients should be performed within the first 3 months after
polypectomy.
Consensus [recommended in four (67%) of six guidelines].
Highest level of evidence referred to in the guidelines: ≥3b. No references
were mentioned in the guidelines; all recommendations were based on expert
opinion.
Timing of surveillance after rectal-preserving treatment for rectal cancer. All
10 guidelines suggested a specific timing for endoscopic surveillance in rectal
cancer patients who underwent rectal-preserving treatment. In all guidelines,
except for the Hungarian 22, it was recommended to perform endoscopic
inspection of the scar within the first 6 months after surgery. There was
a substantial variation in the guidelines for timing of the endoscopic
surveillance after this first inspection.
Conclusion: the first endoscopic inspection of the scar after rectal-preserving treatment of rectal cancer should be performed within the first 6
months.
Consensus [recommended in 10 (100%) of 10 guidelines].
Highest level of evidence referred to in the guidelines: ≥3b. No references
were mentioned in the guidelines; all recommendations were based on expert
opinion.
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Part 6: survivorship after CRC - supportive care and handling of late effects
The issues of supportive care and handling of late effects were addressed in 12
guidelines (57%).12,13,16-19,24-27,30-34 Late effects mentioned in the guidelines were bowel
dysfunction (low anterior resection syndrome, chronic diarrhoea), stoma problems,
anastomotic stenosis, adhesions, urinary and sexual problems, pain, neuropathy,
fatigue, lymphoedema, cognitive dysfunction, insomnia, psychosocial problems,
body image issues and fear of recurrence. Five guidelines17-19,26,27 had specific
recommendations for the handling of late effects, whereas the ACPGBI guideline32
had recommendations regarding supportive care in general. Proposed initiatives were
structured stoma care, treatment of low anterior resection syndrome (loperamide,
fibre supplementation, irrigation, pelvic physiotherapy, neurostimulation), nutritional
education, referral to urologist/sexologist/pelvic physiotherapist, occupational
reintegration and psychosocial interventions such as treatment of fear of cancer
recurrence. Five guidelines suggested that structured preventive care with healthpromoting initiatives should be part of supportive care to CRC survivors.18,19,24,25,31,32
The need for structured planning and implementation of initiatives for supportive
care and handling of late effects was mentioned in all guidelines, although not
explicitly stated in the German19 and the SIGN30 guidelines. Five guidelines proposed
the utilization of a written survivorship care plan.18,24,25,31-34 Although the topic was
mentioned in half of the guidelines, there was a great variation in the extent, level
of detail and focus for the mentioned recommendations and interventions within
this field.
Conclusion: handling of late effects could be part of follow-up.
Controversy [recommended in 4 (33%) of the 12 guidelines that mentioned handling of
late effects].
Highest level referred to in the guidelines: 2c.51

DISCUSSION
This synopsis included 21 guidelines that covered follow-up after nonmetastatic CRC
used in countries represented in the ESCP. The analysis of the recommendations
showed that it is common practice to perform routine follow-up, and that several
combinations of methods, modalities and time schedules are used. Consensus
was reached for half of the subtopics. The evidence for approaches, methods and
frequency was scarce; sufficient evidence (< 3 according to the Oxford Centre
for Evidence-based Medicine Levels of Evidence 200910) was available for only 10
subtopics (Table 8). In the following, the results will be discussed in relation to
existing and emerging evidence, and subjects for further research will be pointed out.
The main focus of this synopsis was routine follow-up with the overall purpose of
improving survival after treatment of CRC with curative intent. The hypothesis that
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routine follow-up, as compared with no follow-up, improves survival is based on the
assumption that surveillance leads to early detection of recurrence at a stage when
recurrent disease is still eligible for treatment with curative intent. Colonoscopic
surveillance may also detect synchronous/metachronous disease. However, whether
a certain increase in intensity of follow-up still results in improvement of survival is
controversial. Two meta-analyses could not demonstrate any impact on survival from
intensive follow-up.42,43 The first study, a Cochrane review, included eight randomized
controlled trials comparing intensive follow-up with regular or minimum followup. A significant effect from intensive follow-up on overall survival was found,
but without differences in the absolute number of recurrences or disease-specific
survival.42 The same accounts for the meta-analysis performed by Tjandra et al.43
Despite a higher rate and earlier detection of asymptomatic recurrence, resulting
in an increased re-resection rate for recurrent disease, no improvement in cancerrelated mortality was found. The main limitations of these meta analyses are
the poor statistical power of the included trials and the clinical heterogeneity of
follow-up strategies used among the different trials. Moreover, as techniques and
indications to detect and treat recurrent disease have changed, and continue to
change, only recent studies should be included in meta-analyses. Following this,
an optimum follow-up strategy has been difficult to determine. This has led to the
onset of several large randomized controlled trials comparing follow-up regimens
of different intensity. Four of these have published results, and a brief overview is
presented in Table 9. Results from the PRODIGE-trial are awaited.52
The inconclusive research on the effect of intensive follow-up on survival was
reflected in this synopsis, where the issue was mentioned and discussed in 16
guidelines, without an explicit recommendation on the preferred intensity in eight
of them. An updated version of the Cochrane review (2016) included 15 studies
including the FACS and GILDA trials.8 Although 10 of the guidelines in this synopsis
were published or updated in 2016 or 2017, none of them referred to this version.
This might be explained by the lengthy development process of a guideline, and
the systematic search is likely to have taken place months or years prior to the
publication date. Contrary to the previous Cochrane review, the beneficial effect
of intensive follow-up on overall survival was no longer found, and again no effect
of intensive follow-up on disease-specific survival was reported, despite a higher
rate of salvage surgery with curative intent. Similarly, based on pooled data from
seven randomized trials published from 1995 to 2016 comparing more intensive
follow-up with contemporary follow-up, Mokhles et al. (2016) concluded that despite
earlier detection of recurrence, a more intensive follow-up strategy did not result
in a survival benefit.53 These findings will most certainly have an impact on the
development of future guidelines. A possible explanation of this finding might be
a dilution of a potential survival impact of surveillance if the majority of included
patients had low-risk CRC. In addition, improved preoperative work-up resulting
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in more accurate staging might have led to more metastases being detected in the
preoperative phase, rather than postoperatively during follow-up. This would suggest
that future studies should focus on a more tailored approach in high-risk patients,
for example patients with T4 or N2 disease. On the other hand, the FACS trial
showed that although recurrence in early stage cancer was less frequent the benefit
of revisional surgery was higher than in more advanced stages.6
The components of follow-up strategies are commonly investigated in combined
programmes. This hampers the ability to identify and evaluate the effect of isolated
aspects of follow-up on the detection of recurrence and survival. This is illustrated
by the lack of sufficient evidence for more than half of the subtopics in this synopsis,
especially for the preferred modality and timing.
Table 8 Subtopics, consensus/controversy and highest level of evidence for the subtopics.
Main topic

Subtopic

Consensus/
Controversy

Highest level of evidence
referred to in the
guidelines

General aspects

Criteria for
offering patients
structured
follow-up

Consensus

≥3b (no references)

Intensity of
follow-up

Controversy

1a42,43

Individual
termination of
follow-up

Controversy

≥3b (no references)

Coordination of
follow-up

Controversy

≥3b (no references)

Should play a
role in follow-up

Consensus

1a42

Time schedule

Consensus

≥3b (no references)

Role

Consensus
(stage II-III
CRC)

1a42,43

Time schedule

Consensus

1b4

FOBT

Role

Controversy

≥3b44

Other laboratory tests

Role

Controversy

≥3b (no references)

Clinical visits

Laboratory tests
CEA
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Table 8 Continued.
Main topic

Subtopic

Consensus/
Controversy

Highest level of evidence
referred to in the
guidelines

Role

Consensus
(stage II-III CC
and stage I-III
RC)

2b45

Modality

Consensus

≥3b (no references)

Time schedule

Consensus

≥3b (no references)

Role

Consensus
(stage II-III CC
and stage I-III
RC)

1a42

Modality

Consensus

≥3b (no references)

Time schedule

Controversy

≥3b (no references)

Role

Consensus
(stage II-III RC)

≥3b (no references)

Modality

Consensus

≥3b (no references)

Time schedule

Controversy

≥3b (no references)

Pelvic imaging
(endoscopic)

Role

Controversy

≥3b46

Time schedule

Controversy

≥3b (no references)

Full body imaging

Role

Consensus

1b47

Perioperative
colonoscopy

Role

Consensus

≥3b50

Time schedule

Consensus

≥3b (no references)

Surveillance
colonoscopy

Role

Consensus

2b48

Time schedule

Controversy

1b49

Additionalsurveillance
(rectal resection)

Role

Controversy

≥3b50

Time schedule

Controversy

≥3b (no references)

Inspection of the scar
(polypectomy or rectal
preserving)

Role

Controversy

≥3b (no references)

Time schedule

Consensus

≥3b (no references)

Controversy

2c51

Imaging
Chest imaging

Liver imaging

Pelvic imaging (nonendoscopic)

1

Endoscopy

Supportive care

CEA, carcinoembryonic antigen; FOBT, faecal occult blood test; CC, colon cancer; RC,
rectal cancer.
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Minimum follow-up
· Clinical visits and CEA every 4 months for 2 years, then
every 6 months for 2 years and then annually for 1 year
· Liver ultrasound at 4 (colon cancer) or 8 (rectal cancer) and
16 months
· Colonoscopy at 12 and 48 months
Additional for RC patients: proctoscopy at 4 months, chest
X-ray at 12 months

Recurrence was detected in 250 patients (20.4%)
A significant difference in mean disease-free survival between
the intensive and minimum follow-up groups was found (5.9
months, 95% CI 2.71–9.11)
No significant difference in overall survival between the
intensive and minimum follow-up groups was found
Health-related quality of life scores did not differ between the
groups

Intensive follow-up
· Clinical visits, FBC, CEA and CA 19-9 every 4 months for 2
years, then every 6 months for 2 years and then annually for
1 year
· Chest X-ray and colonoscopy annually for 5 years
· Liver ultrasound at 4, 8, 12, 16, 24, 36, 48 and 60 months
Additional for RC patients: proctoscopy at 4 and 8 months, CTscan of the abdomen and pelvis at 4, 12, 24 and 48 months

GILDA5
(n = 1228)

·

·

·
·

Recurrence was detected in 199 patients (16.6%) of which 71
were treated with curative intent
Surgical treatment of recurrence with curative intent was 2.3%
in the minimum follow-up group. Compared with minimum
follow-up, the absolute difference in the percentage of patients
treated with curative intent was:
o 4.4% in the CEA group (adjusted OR 3.00; 95% CI 1.23–7.33)
o 5.7% in the CT group (adjusted OR 3.63; 95% CI 1.51–8.69)
o 4.3% in the CEA + CT group (adjusted OR 3.10, 95% CI
1.10–8.71)
The number of deaths was not significantly different in the
more intensive follow-up groups compared with minimum
follow-up

Main results

1. CEA follow-up: CEA every 3 months for 2 years, then every ·
6 months for 3 years, with a CT scan of the chest, abdomen,
and pelvis at 12-18 months if requested at study entry by ·
hospital clinician
2. CT follow-up: CT scan of the chest, abdomen, and pelvis
every 6 months for 2 years, then annually for 3 years, and
colonoscopy at 2 years
3. CEA and CT follow-up: both CEA and CT follow-up as
described above, and colonoscopy at 2 years
4. Minimum follow-up: no scheduled follow-up except a single
CT scan of the chest, abdomen, and pelvis at 12-18 months ·
if requested at study entry by the hospital clinician

6

FACS
(n = 1202)

Intervention/comparison

Table 9 Overview of recent major randomized trials regarding intensive versus less intensive follow-up after treatment of CRC with curative intent.
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Minimum follow-up
· CT-thorax and abdomen at 12 and 36 months after surgery
· CEA at 12 and 36 months after surgery

Intensive follow-up
·
· CT-thorax and abdomen at 6, 12, 18, 24 and 36 months after
surgery
· CEA at 6, 12, 18, 24 and 36 months after surgery

Control group
· CEA every 3-6 months for 3 years, then annually for 2 years
· Outpatient clinic visit, liver ultrasound and chest X-ray every
6 months for 3 years, then annually for 2 years
No significant difference between the two groups in 5-year
overall mortality rate (P = 0.43), 5-year colorectal cancer–
specific mortality rate (P = 0.52) and colorectal cancer–specific
recurrence rate (P = 0.15)

Recurrence was detected in 243 patients (7.5%)
In the experimental group (compared with the control group):
o a higher proportion of recurrences was detected (OR 180,
95% CI 1.33–2.50)
o a higher proportion of recurrences that could be treated
with curative intent was detected (OR 2.84, 95% CI 1.38–
5.86)
o a shorter time to detection of recurrence was shorter (HR
1.45, 95% CI 1.08–1.95)
No significant difference in disease-specific or overall survival
was found between the two groups

Main results

Experimental group
·
· CEA every 2 months for 3 years, then every 3 months for 2 ·
years
o Repeated at 1 month if the absolute CEA value was
>2.5 ng/mL and increased by 20% since the previous
measurement
o If a consecutive rise was observed, a CT scan of chest and
abdomen was advised
· Outpatient clinic visit, imaging of the chest and abdomen
annually for 3 years
·

Intervention/comparison

CA, cancer antigen; CEA, carcinoembryonic antigen; CI, confidence interval; CT, computed tomography; FBC, full blood count; HR, hazard
ratio; OR, odds ratio; RC, rectal cancer.

COLOFOL7
(n = 2509)

CEA Watch
(n = 3223)
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Medical history with or without physical examination is in general considered
an integrated part of routine follow-up. This was reflected in the synopsis by the
substantial consensus for recommending regular clinical visits during the first 5
years after surgery. The highest level of evidence cited for this recommendation was
the Cochrane review42, which comprised two sub-analyses of the role and frequency
of clinical visits, respectively. None of these sub-analyses showed a beneficial effect
from clinical visits on recurrence or overall survival. The substantial consensus
found in our synopsis suggests that there are additional reasons for physicians
to regularly see the patients in the outpatient clinics. These could be to reassure
and comfort the patient and to evaluate the quality of treatment and care, besides
financially related reasons depending on the local healthcare system. No separate
analysis of clinical visits was reported in the updated version of the Cochrane
review.42 A recently published nonrandomized study reported that patient-initiated
follow-up with no prescheduled visits could be an acceptable alternative to regular
outpatient visits, when measured by patient satisfaction, quality of life and costs.
However, survival and time to recurrence were not assessed as outcome measures.54
Emerging alternative approaches will probably add new perspectives to this issue.
The guidelines showed consensus for including CEA in routine follow-up of Stage
II-III patients, and consensus was also reached for a minimum range of timing for
CEA measurements. However, the high-level evidence referred to in the guidelines did
not substantiate these conclusions.4,42,43,55 An association between CEA monitoring
and improved overall survival has previously been shown in two small randomized
trials.56,57 More recent research with greater statistical power has not been able to
demonstrate this association, yet CEA seems to have a beneficial effect on time to
recurrence and proportion of resectable recurrences.4,6 Another Cochrane review set
out to determine the diagnostic meaning of different blood CEA levels in monitoring
for CRC recurrence.55 The authors concluded that CEA is insufficiently sensitive
to be used alone, even with a low threshold. The ongoing PRODIGE trial aims at
evaluating the utility of CEA versus no CEA in the follow-up of resected Stage II-III
CRC patients. Results are expected by the end of 2018, and the primary outcome is
overall survival.52
There was no consensus for including FOBT or other laboratory tests (except CEA)
in routine follow-up. Research looking into this topic is scarce, and mainly consists
of old, low-evidence studies.44,58,59 Promising results have emerged from more recent
research into the field of circulating tumour cells or circulating tumour DNA as
biomarkers for the risk of recurrent CRC.60,61 This could yield a new method for riskstratified surveillance of CRC in future follow-up programmes, yet further research
results are required.
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In this synopsis, consensus was found for including chest imaging in routine followup for all rectal cancer patients and Stage II-III colon cancer patients, with CT as
the preferred modality. The suggested time schedules differed, yet imaging at least
annually for the first 5 years after surgery was recommended. Recent research
supports these conclusions62,63, even though more evidence is required in order to
substantiate firmer conclusions regarding the modality and timing of chest imaging
for the detection of pulmonary metastases.
Except for the SIGN guideline, all guidelines recommended the inclusion of liver
imaging in routine follow-up. The evidence supporting this recommendation was
the Cochrane review from Jeffery et al.42, which found a beneficial effect from liver
imaging on overall survival (OR 0.64, 95% CI 0.49-0.85). The updated version of the
Cochrane review8 did not report a significant difference on survival between more
or less liver imaging. A limitation for conclusions regarding the independent role
and timing of liver imaging is that liver imaging in these larger trials is combined
with chest and pelvic imaging. The guidelines showed consensus for recommending
CT as the preferred modality for detecting liver metastases. Although high-level
evidence for this recommendation was lacking in the guidelines, more recent
research supports this conclusion.64,65
There was consensus for recommending nonendoscopic pelvic imaging as part
of routine follow-up after resection for pT2N0 and Stage II-III rectal cancer. No
evidence explicitly supported the recommendation in the guidelines. Research into
this field does not clearly substantiate the role of routine pelvic imaging in followup.66 A nonsystematic review looking into imaging methods for detection of locally
recurrent rectal cancer suggested a more risk-stratified approach to pelvic imaging,
along with more research into this topic.67 Only a few guidelines mentioned and
recommended routine endoscopic rectal imaging for selected rectal cancer patients.
This recommendation was supported by an observational, noncontrolled study46, and
is further substantiated by evidence suggesting that endoscopic ultrasound should
be offered to high-risk rectal cancer patients.68-70
Full-body imaging was mentioned in 14 guidelines, yet none of them recommended
it as part of routine follow-up. Even although PET-CT is considered to entail
high sensitivity for detecting CRC recurrence71,72, evidence is inconclusive for
incorporating the method in routine follow-up.73
Convincing consensus for the recommendations on perioperative colonoscopy
was reached, and all guidelines recommended it as part of routine follow-up. This
is presumably because of the well-demonstrated benefits of adenoma removal
in preventing further colorectal cancer and death from colorectal cancer.74 The
specific evidence for perioperative colonoscopy is less convincing. The highest level
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of evidence referred to was one randomized controlled trial and one observational
follow-up study.48,49 The observational study found that surveillance colonoscopy
within 1 year after surgery was associated with improved survival.48 The randomized
controlled trial compared an intensive colonoscopy follow-up-timing with less
intensive colonoscopy surveillance, and concluded that there was minimal effect
on survival from the intensive follow-up.49 Some of the more recent trials have also
included colonoscopy as part of the investigated follow-up programmes, although
none of these concluded any beneficial effect on survival.5,6 This paucity of evidence
presumably explains why there was no consensus for a specific follow-up schedule.
No consensus was reached on the topics regarding endoscopic inspection of the
scar after polypectomy and rectal-preserving treatment, neither for the role or the
timing of such surveillance. Controversy in all these cases was due to the small
number of guidelines mentioning the topic (<50%), and there were no references
related to these recommendations. Even if there is extensive evidence for followup regimens following polypectomy in general, only a few studies have looked
into endoscopic surveillance after removal of malignant polyps (pT1 cancer) in
the colon.75 A little more attention has been paid to the issue of follow-up after
locally excised rectal cancer, due to the relatively high risk of local recurrence70,76,
and more frequent endoscopic surveillance has been suggested.76 The same risk of
recurrence is not observed after surgical resection of rectal cancer, and the evidence
supporting any value of routine rectoscopy besides routine surveillance colonoscopy
is sparse. The guidelines included in this synopsis did not result in consensus for
recommending routine rectoscopy, even though six guidelines did recommend it.
A recent retrospective study revealed no effect from frequent rectoscopy on the
detection of local recurrences from resected rectal cancer.50
The management of late effects and delivery of supportive care as part of routine
follow-up was mentioned in half of the guidelines. However, there was a great
variation in the recommendations, probably reflecting that this is an emerging topic
within follow-up strategies. Several studies suggest that late effects following CRC
have a negative impact on quality of life77-79 and can lead to psychological distress and
poor survival.80-82 This calls for the implementation of specific recommendations for
late effects and survivorship care in the guidelines for follow-up.
This guidelines synopsis does have some limitations. There was substantial variation
in the quality of the guidelines, with AGREE scores ranging from 0.08 to 0.92. Also
the other quality parameters showed variation. However, none of the guidelines
were excluded, as the aim of this synopsis was to display an actuarial, not a selected,
overview of current recommendations. Furthermore, the synopsis was challenged by
the heterogeneity in the guidelines when it came to displaying and distinguishing
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between recommendations for colon and rectal cancer follow-up. This has possibly
led to a less transparent presentation of the results than wished for.
Notwithstanding, this synopsis does present a comprehensive analysis, based on a
methodology and structure known from previous guidelines synopses.83-86 Moreover,
it was performed in collaboration with ESCP representatives, helping to retrieve, and
in some cases translate or interpret, the content in the guidelines. In conclusion, in
currently available guidelines, consensus on the follow-up after treatment of CRC
with curative intent is regularly lacking and the evidence for the different methods
and associated modalities and time schedules is restricted. Upcoming results from
ongoing trials regarding the utility of imaging, CEA and other biomarkers might
elucidate these topics further, but it is unlikely that international agreement on an
optimum follow-up schedule will eventually be achieved. An overall survival impact
of multimodality follow-up of a certain intensity could still not be found in the most
recent meta-analysis. As a consequence, this indicates the need for a more tailored
and individualized approach to those patients who could potentially benefit the
most. Cost-effectiveness might also be optimized by reducing hospital visits with a
more patient-led follow-up.
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SUPPLEMENTARY MATERIAL
Appendix 1 Search protocol
Search strategy
The search will be structured with the stated purpose as the pivot. Thus search topics will
include the following main themes: guidelines/consensus, follow-up and primary colorectal
cancer (see Supplementary Table 1). The initial systematic search will be performed to identify
regional, national and European guidelines and consensus documents regarding follow-up
after rectal cancer treatment in the medical databases PubMed and Embase. Furthermore, the
search will be extended into guideline databases, including Tripdatabase, BMJ Best Practice
and Guidelines International Network. Finally, websites of national health authorities, as
well as surgical and oncological societies will be searched. The three mentioned main themes
will be combined by Boolean operators: “OR” (within themes), and “AND” (between themes)
(See Supplementary Table 1). The search will be limited to publication date: no older than
01.01.2007.
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Guideline
Practice Guideline
Consensus Development Conference, NIH
Guidelines as Topic
Health Planning Guidelines
Consensus
Consensus Development Conferences, NIH as topic
Evidence-Based Medicine
Consensus
Evidence Based Medicine
Guideline*
Best practice*

’Practice guideline’/exp
’Consensus’/exp
‘Consensus Development’/exp
‘Evidence based medicine’/exp

PubMed
[Publication Type]

PubMed [MeSH]
The search for MeSH-terms was
performed on March 16, 2017.

PubMed Title and Abstract [tiab]

Embase
(Emtree)
The search for terms in Emtree was
performed on March 17, 2017

Theme 1 Guidelines

Supplementary Table 1 Search strategy for medical and guideline databases.

’Aftercare’/exp
’Case Management’/
exp
‘Follow up’/exp

Aftercare
After Care
Follow Up Care
Case Management
Follow up
Routine control
Control programme

Aftercare
Case Management

Theme 2 Follow-up

‘Colorectal cancer’/exp

Colorectal Neoplasm*
Colorectal Tumor*
Colorectal Tumour*
Colorectal Carcinoma*
Colorectal Cancer*
Rectal Neoplasm*
Rectum Neoplasm*
Rectal Tumor*
Rectal Tumour*
Cancer of Rectum
Rectum Cancer*
Rectal Cancer*
Cancer of the Rectum
Neoplasm of the Rectum

Colorectal Neoplasms
Rectal Neoplasms

Theme 3 Colorectal cancer
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70
Practice Guideline
Guideline*
Health Planning Guidelines
Consensus
Consensus Development
Evidence Based Medicine
Best practice*

Free-text search: ‘Guidelines colorectal cancer follow-up’
Free-text search: ‘Follow-up colorectal cancer’
Free-text search: ‘Follow-up colorectal cancer’

Embase - freetext(.ti,ab,kw)

Tripdatabase

BMJ Best Practice

Guidelines International Network

Supplementary Table 1 Continued.
Aftercare
After Care
Follow Up Care
Case Management
Follow up
Routine control
Control programme

Colorectal Cancer*
Colorectal Carcinoma*
Colorectal Neoplasm*
Colorectal Tumor*
Colorectal Tumour*
Colon Tumor*
Colon Carcinoma*
Colon Cancer*
Rectum Tumor*
Rectum Carcinoma*
Rectum Cancer*
Rectal Neoplasm*
Rectal Tumor*
Rectal Tumour*
Rectal Cancer*
Cancer of Rectum
Cancer of the Rectum
Neoplasm of the Rectum
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Greek and Cypriot guideline20,21

Hungarian guideline

Italian guideline†,23

NCCN guideline*,24,25

26

German guideline19

NICE guideline (UK)

Norwegian guideline27

Russian guideline28,29

SIGN guideline (Scotland)30

Swedish guideline31

ACPGBI guideline32

ESMO guideline
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7
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9

10

11
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13

14
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b Rectal cancer34
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No authors specified
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a Colon cancer*,33
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French guideline

5
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18
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Dutch guideline*,17
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x
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x
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Danish guideline16

3

b Rectal cancer

x

x

x

x

15

Belgian guideline

2

a Colon cancer14

Austrian guideline
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12,13

Medical
oncologist

Surgeon

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Radiation
oncologist

Oncologist

Supplementary Table 2 Professional representation in the guideline development groups.
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x

x

x

Belgian guideline

2

Dutch guideline*,17

French guideline

German guideline19

Greek and Cypriot
guideline20,21

Hungarian guideline22

Italian guideline†,23

NCCN guideline

NICE guideline (UK)26

Norwegian guideline

4

5

6

7

8

9

10

11

12

*,24,25

27

Danish guideline

3

18

16

15

b Rectal cancer

a Colon cancer14

Austrian guideline12,13

1

Guideline

x

x

x

x

x

x

x

x

x

x

Clear scope and presentation of recommendations. No description of search strategy and selection process

Well described methodology, recommendations and evidence. Although lack of implementation strategy.

Well described methodology, recommendations and evidence. Although lack of implementation strategy.

Clear presentation of recommendations. Deficient description of scope and methodology.

Clear scope and presentation of recommendations. Deficient description of the methodology.

Clear presentation of recommendations. No description of search strategy and selection process.

Well described scope and methodology. Clear presentation of recommendations and accordingly evidence.

Clear presentation of recommendations. No description of selection of literature and grading system.

Well described scope, recommendations and applicability. No specified search strategy and selection process

Clear scope, and brief presentation of recommendations. Deficient description of the methodology.

Well described methodology, recommendations and evidence. Although lack of implementation strategy.

Well described scope and methodology. Clear presentation of recommendations and accordingly evidence.

Brief, although a clear presentation of recommendations. No link to evidence. No description of scope and methodology.

Author comments

Supplementary Table 3 Authors’ comments on the quality of the included guidelines.

x

TNCD guideline

21
x

SGG guideline39

20

x

b Rectal cancer41

SEOM-SERAM consensus paper

19

*,‡,37,38

a Colon cancer40

EURECCA 35,36

18
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ESMO guideline

17

Clear presentation of recommendations. Adequate, but not transparent, search strategy and selection process. No
implementation strategy.

SEOM-SERAM
consensus paper*,‡,37,38

SGG guideline39

TNCD guideline

19

20

21

41

b Rectal cancer

a Colon cancer40

EURECCA

18

35,36

Clear presentation of recommendations and grading the evidence. No clear description of search strategy and selection process.

Clear presentation of recommendations. Systematic search strategy, but weak description of methodology in general.

Clear scope and presentation of recommendations. Poor description of methodology. No implementation strategy.

Clear scope and presentation of recommendations. Poor description of methodology. No implementation strategy.

Clear scope. Adequate, but not transparent presentation of recommendations. Poor description of methodology.

Clear presentation of recommendations. Adequate, but not transparent methodology. No implementation strategy.

ACPGBI guideline32

16

Well described scope and economic evaluation. No description of search strategy and selection process, unclear
presentation of recommendations.

Clear presentation of recommendations. Adequate, but not transparent methodology. No implementation strategy.

Swedish guideline31

15

Clear description of scope and methodology, except for the selection process. Sufficient, but not really specified,
description of recommendations.

b Rectal cancer34

SIGN guideline
(Scotland)30

14

Clear presentation of recommendations. Deficient description of scope and methodology.

a Colon cancer*,33

Russian guideline28,29

13
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ABSTRACT
Background Approximately 20-30% of patients with pT4 colon cancer develop
metachronous peritoneal metastases (PM). Due to restricted accuracy of imaging
modalities and absence of early symptoms, PM are often detected at a stage in which
only a quarter of patients are eligible for curative intent treatment. Preliminary
findings of the COLOPEC trial (NCT02231086) revealed that PM were already
detected during surgical re-exploration within two months after primary resection in
9% of patients with pT4 colon cancer. Therefore, second look diagnostic laparoscopy
(DLS) to detect PM at a subclinical stage may be considered an essential component
of early follow-up in these patients, although this needs confirmation in a larger
patient cohort. Furthermore, a third look DLS after a negative second look DLS might
be beneficial for detection of PM occurring at a later stage.
Methods The aim of this study is to determine the yield of second look DLS and
added value of third look DLS after negative second look DLS in detecting occult PM
in pT4N0-2M0 colon cancer patients after completion of primary treatment. Patients
will undergo an abdominal CT at 6 months postoperative, followed by a second look
DLS within 1 month if no PM or other metastases not amenable for local treatment
are detected. Patients without PM will subsequently be randomized between routine
follow-up including 18 months abdominal CT, or an experimental arm with a third
look DLS provided that PM or incurable metastases are absent at the 18 months
abdominal CT. Primary endpoint is the proportion of PM detected after a negative
second look DLS and will be determined at 20 months postoperative.
Discussion Second look DLS is supposed to result in 10% occult PM, and third look
DLS after negative second look DLS is expected to detect an additional 10% of PM
compared to routine follow-up alone in patients with pT4 colon cancer. Detection
of PM at an early stage will likely increase the proportion of patients eligible for
curative intent treatment and subsequently improve survival, given the uniformly
reported direct association between the extent of peritoneal disease and survival.
Trial registration ClinicalTrials.gov: NCT03413254, January 2018.
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BACKGROUND
Colorectal cancer (CRC) is the third most common cancer worldwide, with an
estimated incidence of over 1.8 million in 2018.1 A common site of recurrence in
patients with CRC is the peritoneum, which is the sole site of recurrence in up to
25%.2 Peritoneal dissemination of colorectal origin largely depends on clinical stage
and histological subtype and was formerly considered a terminal condition with
dismal prognosis. Median survival is only about 5 months if untreated and ranges
between 5.2 and 12.6 months if treated with 5-fluorouracil and leucovorin-based
systemic chemotherapy.3-5 Modern systemic therapy regimens have significantly
improved patient outcomes. Patients with isolated, resectable peritoneal metastases
(PM) have median survival of up to 24 months with oxaliplatin/irinotecancontaining combinations with or without biological agents.6-9 However, systemic
treatment results in lower survival benefit in PM as compared with non-peritoneal
metastases, and long-term survival remains limited with 5-year survival probability
of only 13%.6,9,10
Currently, the only curative option for PM is cytoreductive surgery (CRS) followed
by hyperthermic intraperitoneal chemotherapy (HIPEC). The purpose of this
multimodal approach is to surgically remove all visible peritoneal tumour deposits
and to eradicate microscopic residual disease with intraperitoneal administration
of heated chemotherapy.11 Previous studies have shown that CRS/HIPEC improves
survival in comparison with systemic chemotherapy alone.3,6,12-14 In a systematic
review including nineteen cohort studies and thirteen comparative studies published
between 2010 and 2015, the weighted median overall survival after treatment with
CRS/HIPEC was 31.6 months and the 5-year survival rate ranged between 22% and
51%.8
The efficacy of CRS/HIPEC highly depends on the extent of peritoneal involvement,
which is often assessed with the peritoneal cancer index (PCI) as proposed by Jacquet
and Sugarbaker.3,15-22 Patients with a low PCI (1-5) have reported median survival of
up to 81 months and 5-year survival rates exceeding 70%, whereas only about 10%
of patients with extensive PM (PCI ≥16) are alive at 5 years postoperative.23,24 Besides
a survival benefit, limited extent of peritoneal disease is also correlated with lower
postoperative morbidity following CRS.15,17,19,25 Furthermore, in patients with a low
PCI, less extensive surgery is required to achieve completeness of cytoreduction,
which is another important prognostic factor for survival.3,6,15-19,25-27
The availability of an effective therapy, and the fact that CRS/HIPEC yields better
survival rates and lower postoperative morbidity when the extent of peritoneal
disease is more limited, underline the importance of detection and treatment of
PM in its initial stages. However, early PM cannot be detected with clinical or
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radiological methods due to the absence of symptoms and restricted accuracy of
imaging modalities. Sensitivity of CT for the detection of PM ranges from 60 to
79%, but drops below 30% in case of peritoneal lesions smaller than 5 mm.28 As
a result, PM are often detected at a stage in which only about 20-25% of patients
can be treated with CRS/HIPEC. Therefore, new diagnostic strategies are urgently
required to detect PM at a clinically occult stage, which will probably result in a
higher percentage of patients eligible for intentional curative treatment. This is
supposed to translate into better survival, considering the direct association between
PCI and survival.
Currently, the only way to diagnose minimal PM is by re-exploration of the
abdominal cavity during second look surgery. The concept of second look surgery
was first described by Wangensteen in 1948 and is based on the systematic use of
planned reoperation in asymptomatic patients who are theoretically at risk for
developing recurrent or metastatic disease, despite initial curative resection of the
primary tumour.29 Since it is an invasive and costly procedure, second look surgery
should only be proposed to selected patients at high-risk of developing PM. An
advanced stage of colon cancer has been shown to be an important risk factor for
the development of PM.30,31 After curative resection of a pT4 primary tumour, the
risk of developing metachronous PM is approximately 30%.32
In 2017, our study group completed the accrual of 204 patients in the COLOPEC
randomized controlled trial (NCT02231086), which investigated the effect of
adjuvant HIPEC preceding routine adjuvant systemic therapy on the outgrowth of
PM after resection of pT4 or perforated colon cancer.33 In most patients, adjuvant
HIPEC was applied as a staged procedure 5-8 weeks after resection of the primary
tumour. As part of the trial, routine diagnostic laparoscopy (DLS) at 18 months was
performed in both arms to determine the effectiveness of adjuvant HIPEC based
on the 18 months peritoneal metastases free survival (PMFS, primary endpoint).
Results of the primary endpoint are expected at the beginning of 2019. However, PM
were already detected during surgical exploration, which was part of the planned
adjuvant HIPEC procedure, in 9% of patients (preliminary unpublished data). Based
on these findings and literature, a second look DLS to detect PM when the disease is
still potentially curable by CRS/HIPEC may be considered an essential component
of early follow-up of pT4 colon cancer patients. This finding needs confirmation in a
larger patient cohort before implementing this into routine practice. Some patients
develop metachronous PM at a longer interval (>12 months) from primary resection,
and those patients will be missed by a second look DLS.34 For this reason, there
might be benefit of a third look DLS after a negative second look DLS to detect occult
metachronous PM later on. In the COLOPEC trial, a quarter of detected PM among
both arms of the study were found at 18 months DLS after negative CT (preliminary
unpublished data). These findings will be further explored in the COLOPEC 2 trial.
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METHODS/DESIGN
This study protocol is written in accordance with the SPIRIT guidelines35,36. The
SPIRIT Checklist is provided in Supplementary Appendix 1.

Objectives
The primary objectives of this study are to determine the yield of second look
DLS and the added value of a third look DLS after a negative second look DLS in
patients who underwent resection of pT4a,bN0-2M0 colon cancer for the detection
of clinically occult PM which are amenable for curative intent treatment. Main
secondary objectives are to determine the 5-year peritoneal metastases free, diseasefree and overall survival.

Design
This is a prospective multicentre randomized controlled trial of the Dutch Peritoneal
Oncology Group (DPOG) and Dutch Colorectal Cancer Group (DCCG) with a twoarmed parallel design and 1:1 allocation ratio. This study started in February 2018
and will be performed in approximately 30 Dutch hospitals, both HIPEC centres and
non-HIPEC centres. Eligible patients will undergo an abdominal CT at six months
postoperative. For patients who still have to finish adjuvant systemic chemotherapy,
a maximum delay of three months will be allowed for this CT scan. If the CT scan
is negative for peritoneal recurrence or other metastases that are not curable, a
second look DLS will be performed within one month from this CT scan. Patients
without PM during the second look DLS will subsequently be randomized to routine
follow-up including an abdominal CT at 18 months followed by third look DLS in
the experimental arm, or routine follow-up including an abdominal CT at 18 months
alone in the control arm (Figure 1). A maximum delay of one month is allowed for
the 18 months CT scan. The third look DLS in the experimental arm will not be
performed in patients with:
•
•
•

PM found during routine follow-up or on CT-imaging;
Non-peritoneal recurrence that would impede curative intent treatment of PM
if detected, according to the local multidisciplinary team.
Patients in whom PM are found at any time during follow-up will be treated
by CRS/HIPEC or alternative treatment (palliative systemic therapy or best
supportive care) according to the Dutch guideline and patient preferences.37

Study population
Patients who underwent intentional curative resection of pT4a,bN0-2M0 colon
cancer or rectosigmoid cancer above the peritoneal reflection, with or without
adjuvant systemic chemotherapy, will be considered for inclusion.
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—————————————————————————————
Registration phase

Curative intent treatment of pT4N0-2M0 colon cancer
(primary tumour resection with or without adjuvant systemic chemotherapy)
(according to the Dutch guidelines)

Registration cohort 1
Exclusion criteria:
- Histological type other than
(mucinous) adenocarcinoma or
signet-ring cell carcinoma
- Inadequate clinical condition to
undergo DLS or subsequent treatment of PM if detected
- Technical difficulty to
perform DLS
(Estimated 2%)

Inclusion
(n = 389)

—————————————————————————————
Abdominal CT
Early study treatment phase

(6-9 months after primary tumour resection)

Registration cohort 2
Drop-out:
- Peritoneal recurrence
- Non-peritoneal recurrence that
would impede curative intent
treatment of PM if detected
(Estimated 3%)

Second look DLS
(<1 month after abdominal CT)

Registration cohort 3
Drop-out:
- Second look DLS positive for PM
(Estimated 10%)

Randomization phase

—————————————————————————————

RANDOMIZATION
n = 338

Group A

Group B

Control arm

Experimental arm

(n = 169)

(n = 169)

Late study treatment phase

—————————————————————————————
Routine follow-up

Routine follow-up

(according to the Dutch guidelines)

(according to the Dutch guidelines)

Abdominal CT

Abdominal CT

(18-19 months after primary tumour resection)

(18-19 months after primary tumour resection)

Third look DLS
(<1 month after abdominal CT)

—————————————————————————————
Patients with peritoneal metastases (PM) found during follow-up will subsequently be treated with CRS/HIPEC or alternative
treatment (palliative systemic therapy or best supportive care) according to the Dutch guideline. It is expected that patients with
PM found during DLS have a low peritoneal cancer index (PCI), since no symptoms or signs on the preceding CT-scan were observed. Detection of PM at an early stage is supposed to translate into survival benefit, based on the observation that survival
rates after CRS/HIPEC are higher if the PCI is lower.

Figure 1 Flowchart.
CT, computed tomography; DLS, diagnostic laparoscopy; PM, peritoneal metastases.
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In order to be eligible to participate in this study, a subject must meet all of the
following criteria:
• Age between 18 and 80 years;
• Written informed consent.
A potential subject who meets any of the following criteria will be excluded from
participation in this study:
• Histological types other than adenocarcinoma, mucinous adenocarcinoma or
signet-ring cell carcinoma;
• Clinical condition that does not allow for second look surgery or subsequent
treatment of PM if detected;
• Second look surgery thought not to be technically possible (i.e. because of
extensive abdominal surgery / re-interventions).

Enrolment
Eligible patients will be approached for entry into the study at the first outpatient
visit after resection of the primary tumour. The rationale for the study will be
explained to the patient. A patient information sheet is provided and patients will
be given the opportunity to ask questions. After a sufficient reflection period, patients
are asked to sign the consent form. Written informed consent is taken by surgeons,
surgical registrars or trained research nurses prior to any study procedures. When
consent has been obtained, the original form is kept in the study file and a copy is
given to the patient. The study coordinator will register all included patients in a
registration module built with ALEA (FormsVision). Every registered patient will
be assigned a sequential subject number consisting of three digits. A notification
of the registration will be sent to the local investigator of the site where the patient
was included. A log of the assigned subject numbers will be maintained by each site.

Standard care between inclusion and randomization
Blood samples to determine carcinoembryonic antigen (CEA) levels are collected at 3,
6 and 9 months postoperative. At 6-9 months after resection of the primary tumour
with or without adjuvant systemic chemotherapy, CT imaging of the abdomen is
performed in all included patients who are in an adequate clinical condition to
undergo DLS. All patients without signs of PM or non-peritoneal recurrence that
would impede curative treatment of PM if detected on CT will undergo a second
look DLS. The surgical procedure is described below.

Randomization
Randomization will take place after the second look DLS. Patients without PM
during second look DLS will be randomized in a 1:1 ratio between routine follow-up
including an abdominal CT at 18 months followed by third look DLS (experimental
arm) and routine follow-up including an abdominal CT at 18 months alone (control
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arm). Randomization with permuted blocks of random sizes will be performed by
the study coordinator using the registration module built with ALEA (FormsVision).
The block sizes will not be disclosed to ensure concealment. Stratification factors
will be the surgical approach of the primary tumour resection (laparoscopy or open),
pathological nodal stage (N0 or N1-2), and adjuvant systemic chemotherapy (yes or
no, yes: at least four cycles of capecitabine and oxaliplatin (CAPOX) or six cycles of
5-fluorouracil, leucovorin and oxaliplatin (FOLFOX), allowing dose reduction and
omission of oxaliplatin, no: all other cases).30,31 In order to prevent caretakers from
being influenced by the assigned follow-up strategy, the randomization outcome
will remain unknown to participants and everyone involved in the patient’s care
until the 18 months CT scan of the abdomen is reported by the radiologist. Once the
radiology report of the abdominal CT is available, a notification with the assigned
allocation is sent to the local investigator of the site where the patient was included.

Standard care of the control arm
Follow-up following negative second look DLS will be performed routinely according
to the Dutch guideline.37 Patients visit the outpatient clinic twice a year during the
first two to three years and annually thereafter, until five years postoperative. CEAlevels are determined at 12, 15, 18, 21, 24, 30, 36, 48 and 60 months after primary
resection. Imaging of the liver using ultrasound or CT is performed at 12, 24, 36, 48
and 60 months postoperative. At 18 months postoperative, an abdominal CT is part
of the study protocol, but ultrasound of the liver is allowed for other time intervals
during follow-up. Colonoscopy is performed at 12 and 48 months postoperative. The
follow-up schedule is displayed in Table 1.

Standard care of the experimental arm
Follow-up in the experimental arm is similar to the control arm except for a third
look DLS following the abdominal CT at 18 months. Third look DLS is not performed
in patients with evidence of disease that is not curable, or in those already diagnosed
with PM in the preceding period.
Second and third look DLS
Surgeons experienced in performing DLS for the detection of PM will proctor the
procedure in the participating non-HIPEC centres. After proctoring, surgeons in the
participating non-HIPEC centres are asked to provide videos from their first three
individually performed cases in order to monitor their skills. The patient is placed
in French position on a bean bag under general anesthesia. Open introduction of
a 10-12 mm trocart is performed outside areas of expected adhesions (i.e. Palmer’s
point) and a CO2 pneumoperitoneum is created. Additional trocars of 5 mm are
placed under direct vision to allow for adequate adhesiolysis and inspection. All
regions of the abdominal cavity, including the local resection site, are systematically
and thoroughly inspected.
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Table 1 Routine follow-up schedule.
TIMEPOINT
Months after primary
resection

3

6

9

12

15

18

21

24

30

36

48

60

CEA

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Abdominal CT
Ultrasound / CT liver

x

Colonoscopy
Diagnostic laparoscopy

x

a

x

x
x

x

a

x
x

b

2

CEA, carcinoembryonic antigen; CT, computed tomography.
a
In case of delay related to adjuvant systemic chemotherapy.
b
According to randomization.

Adhesiolysis is performed if necessary, and extent of adhesiolysis should be
determined based on an optimal balance between improved visualization and
risk of (bowel) damage. Conversion to laparotomy if there is inadequate exposure
during DLS is prohibited, while this is considered to be too invasive for diagnostic
purposes in this trial setting according to the members of the research committee
of the DPOG. If adequate exploration of the abdomen appears not to be possible
by laparoscopy, the procedure has to be stopped. It is only allowed to convert to
laparotomy in case of an intra-operative complication that requires intervention by
an open approach. The PCI score is used to assess the extent of peritoneal disease if
present. Samples from lesions suspicious for PM are taken and sent to the pathology
lab. After inspection of the entire abdominal cavity, trocars are removed and port
sites are closed in standard fashion. Patients will be treated in an outpatient surgery
setting and will be discharged from the hospital if they meet all discharge criteria.
DLS is associated with a low risk of wound infection of the trocar sites, bleeding
from the abdominal wall or biopsy sites, and bowel injury related to adhesiolysis.
With an expected number needed to diagnose clinically occult PM of 10, DLS related
morbidity will probably not outweigh the potential survival benefit related to higher
proportions of curative intent treatment compared to detection at a clinically
apparent stage.

Outcomes
Primary study endpoint
The primary endpoint of the study is the proportion of PM detected after a negative
second look DLS. The primary endpoint will be determined at 20 months.
Secondary study endpoints
Secondary endpoints of the COLOPEC 2 trial are:
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•

•

•
•
•
•
•
•

•

•

•

Incidence of PM at second look DLS and at 20 months after curative resection
of the primary tumour, depending on pT4 subdivision, pathological nodal stage,
histology and receipt of adjuvant chemotherapy;
Proportion of PM at 20 months after curative resection of the primary tumour
that was detected with routine follow-up including abdominal CT at 18 months
in both arms and with third look DLS in the experimental arm;
Proportion of detected PM eligible for CRS+HIPEC at different follow-up
intervals;
Clinical manifestation of PM within 6 months of the second look DLS;
Sensitivity, specificity, positive predictive value (PPV) and negative predictive
value (NPV) of CT imaging to detect PM;
Thirty-day morbidity related to second/third look DLS;
Extent of adhesions assessed with the Zühlke score and need for adhesiolysis at
second/third look DLS38;
Peritoneal recurrence free survival rate at 5 years;
o In patients with a negative second look DLS;
o In patients with a negative 18 months abdominal CT at 18 months who did or
did not subsequently undergo third look DLS.
Disease-free survival rate at 5 years;
o In patients with a negative second look DLS;
o In patients with a negative 18 months abdominal CT who did or did not
subsequently undergo third look DLS.
Overall survival rate at 5 years;
o In patients with a positive second look DLS;
o In patients with a negative second look DLS;
o In patients with a negative CT-abdomen at 18 months who did or did not
subsequently undergo third look DLS.
Quality of life at 1 year and 2 years (CRC-29; EQ-5D-5L).

Sample size calculation
It is expected that 87% of included patients will have negative second look DLS
(Figure 1). These patients will be randomized. It is expected that about 5% will be
diagnosed with irresectable metastases located outside the peritoneum between
6 and 18 months postoperative, and another 2% will present themselves with
clinically manifest PM before the 18 months CT. The abdominal CT at 18 months
postoperative will presumably identify another 3% true positives (3.06% testing
positive; positive predictive value of CT: 0.98). Hence, it is expected that PM will
be detected in about 5% of patients in the control arm at 20 months. Assuming a
negative predictive value of the 18 months CT for PM of 0.89 and assuming that the
third look DLS followed by evaluation by the pathologist if biopsies were taken will
identify all CT false negatives, it is expected that, overall, PM will be detected in
approximately 15% of patients in the experimental arm. This results in an absolute
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difference of 10%, which is considered to be clinically relevant. If 320 patients (160
per group) with negative second look DLS are randomized, a Fisher's exact test for
two independent proportions with a 0.025 one-sided significance level will have 80%
power to detect an absolute difference of 10% in actual PM at 20 months (about 5%
under routine follow-up and approximately 15% under third look surgery at 18-20
months). Because of an expected dropout rate of 5%, 338 subjects will be randomized
to ensure that a minimum sample size of 320 patients is obtained. In order to achieve
this number of patients, 338/0.87, or 389 patients should initially be included. The
calculation was based on PASS 2005 software.

Recruitment
The Dutch ColoRectal Audit (DCRA, former DSCA) revealed that in 2011
approximately 10.500 patients were diagnosed with colon cancer, of which 14%
presented with a pT4 stage colon carcinoma. Despite the introduction of bowel
cancer screening, this percentage has not decreased, probably due to better
histological diagnosis of peritoneal penetration related to more awareness of its
clinical consequences. In 2016, more than 1600 patients (15%) were diagnosed with
a pT4 stage colon tumour. Based on an estimated drop-out of 15% due to age older
than 80 years, the estimated number of eligible patients for the COLOPEC 2 trial
is about 1.350 each year. During the COLOPEC trial, a wide network of surgeons
throughout the Netherlands was built and patient accrual went faster than expected.
The COLOPEC 2 trial will be performed in the same centres as in the COLOPEC
trial, so the participating centres are familiar with performing randomized controlled
trials and the surgeons are aware of the risk of pT4 colon cancer patients to develop
PM. Therefore, it is expected that patient accrual can be completed in three years.

Data collection and data management
Data collection and data management will be performed by the Netherlands
Comprehensive Cancer Organization (IKNL). Their experience with continuous data
collection based on high quality electronic case report forms (eCRFs) guarantees
complete and timely recording, handling and storage of data and documents. All
local and central data managers are registered and the electronic database (TRIAS)
is ISO certified. Data will be documented in line with ‘Good Clinical Practice (GCP)’
and Dutch legal requirements. Major violations of the protocol will be recorded.
In all participating hospitals, one surgeon acts as local investigator who is primarily
responsible for practical execution of the trial in compliance with the study protocol.
The local investigators will be responsible for accuracy and completeness of data.
Data will be registered in the patient file by the treating physician. In every hospital,
a local data manager of IKNL is responsible for entering the data in the electronic
database. After inclusion, baseline characteristics including patient and tumour
characteristics will be retrieved from patients’ charts. During the DLS, information
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about the surgical procedure will be collected by the surgeon on a paper case record
form. During the 30-day postoperative period, adverse events will be reviewed and
documented. During routine outpatient clinic visits for oncological follow-up at 3,
6, 12, 18, 24, 36, 48 and 60 months, disease recurrence will be checked. Quality of
life assessments will be done with the CR-29 questionnaire and the EQ-5D-5L health
status questionnaire. In case a subject has withdrawn, the reason for withdrawal
will be documented and no further study assessments will be performed. Subjects
whom have been withdrawn from the study but are still willing to participate in the
routine follow-up will be followed according to the specifications of the patient. The
schedule for enrolment, interventions and assessments is summarized in Table 2.
The central data manager of IKNL develops the eCRFs including range checks for data
values, adds participating hospitals to the database, tests the database, and informs
the local datamanagers about how to use the database. The central datamanager
assures the progress of data collection, will maintain quality of documentation by
local data managers in the eCRF, and clarifies mistakes where necessary. In case of
uncertainties or questions in the eCRF, additional queries for the local data managers
may be formulated by the central datamanager.

Data analysis
All analyses described below will be performed in the newest SPSS-version at the
time of analysis. A p-value below 0.05 will indicate statistical significance in case
of formal testing of differences between diagnostic strategies. No correction for
multiple testing will be applied.
Primary study endpoint
Proportions of patients with detected PM following a negative second look DLS will
be reported per diagnostic strategy, including the 95% confidence intervals. The
difference in proportions between both diagnostic strategies will be tested with
the Fisher's exact test. Additional analyses by Cochran-Mantel-Haenszel testing
will be performed to account for the stratification variables. Hardly any missing
primary outcome data are expected, e.g. the nationwide study design allows for study
continuation by patients if they happen to move to another region.
Secondary study endpoints
Incidences of PM at different time points, depending on pT4 subdivision, pathological
nodal stage, histological type and receipt of adjuvant chemotherapy will be descriptively
reported per diagnostic strategy as rates per 100 patients, along with their 95%
confidence intervals. Similar descriptive analyses will be applied to the (i) proportion
of PM at 20 months after curative resection of the primary tumour that was detected
with routine follow-up including abdominal CT at 18 months in both arms and with
third look DLS in the experimental arm, (ii) the proportion of detected PM eligible for
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curative intent CRS+HIPEC at different follow-up intervals; (iii) clinical manifestation
of PM within 6 months of second look DLS. No formal testing of differences between
diagnostic strategies will be applied to these incidence rates and proportions, but the
derived rate ratios will be reported along with the 95% confidence intervals to explore
how both diagnostic strategies perform in various subgroups of patients.
Using pathology results or clinical progression as the reference standard, the
sensitivity, specificity, PPV and NPV of CT for the diagnosis of PM will be calculated
and reported as proportions along with their 95% confidence interval. The 30-day
morbidity related to second/third look DLS will be tabulated as counts by type of
morbidity, allowing patients to contribute to different types of morbidity. In addition,
the distribution of the number of morbidities per patient will be reported. The extent
of adhesiolysis required at second/third look DLS will be reported in tabular format
as counts for the second as well as third look DLS.
Kaplan-Meier survival analyses for patients with negative second look DLS will
be applied to describe the time till disease recurrence and time till death for each
diagnostic strategy, censoring patients without disease recurrence, respectively still
alive at the end of follow-up (study closure or day of lost-to-follow-up). Differences
between diagnostic strategies in time till disease recurrence or time till death will
be assessed with the log-rank test. Similar Kaplan-Meier survival analyses will be
used for patients with a negative abdominal CT at 18 months as well as patients with
a positive second look DLS to describe the time till death.
Generalized linear mixed modelling will be applied to assess differences in quality
of life between both diagnostic strategies over time. Mixed models are considerably
robust against the presence of missing data.

Monitoring
No data and safety monitoring board (DSMB) will be assigned, since patients are
subjected to an intervention with a low postoperative morbidity that is already being
performed in routine clinical practice. No interim analyses will be performed.

Auditing
Independent monitoring of the study progress and study quality is performed by a
qualified monitor of IKNL. The monitor plan is based on the judgement of the IRB
that study participation is of moderate risk. Monitoring will be done by exploring
the electronic trial database and performing site visits. Each participating site will
be visited at least once, with repeat visits to sites where performance is a concern.
The quality assessment will focus on the safety, wellbeing and rights of the patients,
the quality of the documented data in the eCRF and their traceability to source
documents and the completeness of the regulatory binder. Furthermore, the trial
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5
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x

EQ-5D-5L questionnaire

x

CT, computed tomography.
a
In case of delay related to adjuvant systemic chemotherapy.
b
According to randomization.
c
Including peritoneal metastases assessment.

x
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x

11 12 13 14

a
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monitor checks if the study is executed according to the study protocol, GCP and the
declaration of Helsinki. After each monitor visit, the trial monitor reports feedback
to the project leader, study coordinator and local investigator.

Adverse events
All adverse events (AEs) and serious adverse events (SAEs) reported spontaneously
by the subject or observed by the investigator or his staff in the first 30 days after
second/third look DLS will be recorded. The study coordinator will report all SAEs
to the accredited Institutional Review Board (IRB) that approved the study protocol.
The clinical course of each AE will be followed until resolution, stabilization or
until it has been determined that study treatment or participation is not the cause.
SAE’s, which are still ongoing at the end of the study period, must be followed up to
determine the final outcome.

Ethics
The IRB of the Amsterdam UMC, location AMC, has approved the study protocol
(MEC 2017_134, NL61507.018.17). All amendments will require formal approval of
the IRB prior to implementation. This study will be conducted according to the
principles of the Declaration of Helsinki (Fortaleza, October 2013) and in accordance
with the Medical Research Involving Human Subjects Act (WMO) and other
guidelines, regulations and Acts. The study was registered at ClinicalTrials.gov before
recruitment of the first participant (NCT03413254, first posted in January 2018).
Communication about patients will occur with the assigned study number. The
full name and birth date of the patient will only be recorded on the informed
consent form. In order to maintain confidentiality during and for fifteen years
after completion of the study, all study-related information will be stored using the
assigned study number in a secure and accessible place and manner. Digital files will
be stored on password-protected computers in password-protected folders. Only the
project leader and study coordinator have full access to the complete final dataset.
The AMC Medical Research BV has an insurance, which is in accordance with the legal
requirements in the Netherlands (Article 7 WMO). This insurance provides cover for
damage to research subjects through injury or death caused by the study. The insurance
applies to the damage that becomes apparent during the study or within 4 years after.

Dissemination
The COLOPEC 2 trial is designed within the research networks of DPOG and
DCCG. The DPOG is a national multidisciplinary working group with the common
goal of improving the treatment of peritoneal malignancies by carrying out
multidisciplinary scientific research. Progress and final results of the study will be
discussed during the regular meetings of both research groups, and updates will
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be available on the website. The results of the COLOPEC 2 trial will be presented
at national and international congresses and submitted for publication to a peerreviewed scientific journal.

DISCUSSION
The use of second look surgery for detection of PM in pT4 colon cancer patients
There is no published trial on routine second look surgery in proven pT4 colon
cancer patients. The COLOPEC 2 trial has some overlap with a currently recruiting
Italian randomized trial investigating the role of second look surgery six months
postoperatively in mucinous CRC (NCT01628211). All other ongoing trials are
addressing the role of simultaneous prophylactic HIPEC in clinical T4 stage colon
cancer: the PROMENADE trial (NCT02974556), and an almost similar Spanish
multicentre study (NCT02614534). The inclusion criteria of these trials are essentially
different from the COLOPEC 2, because the COLOPEC 2 is based on pathological T4
stage, thereby also including pT4a tumours that are often missed based on clinical
staging. Furthermore, the COLOPEC 2 will investigate the impact of just DLS and
only CRS/HIPEC if PM are found. Finally the role of third look laparoscopy has
never been investigated. In the majority of other previously published and ongoing
clinical trials concerning the use of second look surgery for early detection of PM, the
patient group consists of patients with resected minimal synchronous macroscopic
PM, synchronous ovarian metastases or perforation of the primary tumour. In our
opinion, local peritoneal nodules that were resected at the time of primary surgery
and resected ovarian metastases should be considered as already proven PM instead
of risk factors for developing PM. According to the Dutch guideline, these patients
would not have been treated with systemic therapy first, but would routinely be
treated by upfront CRS/HIPEC immediately after the diagnosis of local peritoneal
nodules or ovarian metastases.
Selection of patients at high risk of developing PM, but who were never diagnosed
with PM, is another clinical scenario. Several studies have identified an advanced
tumour stage as an independent risk factor for the development of PM.30-32,39 Except
for a Chinese trial (NCT02179489) including both patients with proven PM as
well as patients at high risk of developing PM (i.e. pT4 colon cancer and/or tumour
perforation), studies regarding the impact of second look surgery in pT4 patients are
lacking. Therefore, we think the COLOPEC 2 trial has a unique trial design, which
essentially differs from previous and ongoing trials in this field.

Abdominal CT and second look DLS as standard components of follow-up
CT imaging of the abdomen at 6 and 18 months can be considered a standard
diagnostic tool according to the Dutch guideline, in which CT is recommended instead
of ultrasound of the liver in patients at high risk of developing recurrence at 6 months
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interval in the first 2 years and yearly until 5 years postoperatively.37 The second look
DLS is currently not included in the Dutch guideline. However, second look surgery
is increasingly applied in patients at high risk of developing PM in- and outside trial
setting. The preliminary findings of the COLOPEC trial and the increasing body of
literature on risk of developing PM justify the systematic performance of second look
DLS in this study. The results of this study will contribute to the evidence on second
look DLS as an essential component in the follow-up of patients with pT4 colon cancer.

Rationale for design; timing of DLS
According to the Dutch guideline, adjuvant systemic chemotherapy is indicated after
curative intent resection of all pT4 cancers, both stage II and stage III, and should
start preferably within 8 weeks and seems not beneficial if started after more than
3 months postoperatively.37 Standard duration of adjuvant chemotherapy is 3 to 6
months. A substantial number of patients with pT4 colon cancer will not receive
adjuvant systemic chemotherapy, because they experience complications or are unfit
to start adjuvant systemic therapy within 12 weeks postoperatively.34 Second look DLS
in the 2 months postoperative period as performed in the COLOPEC trial has the
disadvantage of delaying systemic chemotherapy. In the COLOPEC 2 trial, this delay
cannot be justified, since only 10% of patients will benefit from the second look DLS,
while the remaining 90% of patients might harm from the delay. Furthermore, such an
early DLS is not possible in patients with abdominal complications (i.e. anastomotic
leakage, abscess, fascial dehiscence), and might also be difficult after uncomplicated
resections because of fresh adhesions, for example after open multivisceral resection.
Finally, one might hypothesize that patients with rapid disease progression even before
start of chemotherapy or during adjuvant treatment are probably beyond any curative
intent treatment and will therefore not benefit from early detection. Therefore, DLS
between 6 and 10 months postoperatively, depending on the delivery and duration
of adjuvant chemotherapy, is regarded the most optimal timing to detect early
development of metachronous PM at a curable stage. With CT-imaging, approximately
90% of PM are found within three years after primary resection.40 It is expected that
these PM can be detected at an earlier stage using DLS. Based on this assumption, the
timing of the third look DLS between 18 and 20 months postoperative was chosen.
Duration of adjuvant chemotherapy for stage III colon cancer is currently subject
of debate. A collaboration of six trials including 12.834 patients with stage III colon
cancer showed an absolute difference of only 0.9% in 3-year disease-free survival
after 3 months adjuvant chemotherapy compared to 6 months, while reducing the
risk of neurotoxicity and other adverse events.41 Changing recommendations in
duration of adjuvant chemotherapy in the Dutch colorectal cancer guideline might
positively influence the timing of second look DLS in the COLOPEC 2 trial, because
this will allow for an increasing number of patients to be evaluated at 6 months
postoperatively, irrespective of receiving adjuvant chemotherapy.
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Costs
There may be concerns about the additional costs related to the DLS. However, it is
expected that these additional costs will weigh against gained life years and reduced
costs of patients in whom PM would have been detected at a clinically apparent stage
if no third look DLS was performed. These reduced costs will be the result of less
postoperative morbidity and less need of palliative interventions, if PM are more
often detected at a clinically occult stage.
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This investigator initiated trial is funded by the Dutch Cancer Society (KWF). KWF
has not played a role in designing the study, nor will it play a role in the collection,
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ABSTRACT
The peritoneum is a common site of dissemination in patients with colorectal cancer.
In order to identify high-risk patients and improve therapeutic strategies, a better
understanding of the peritoneal dissemination process and the reasons behind the
high heterogeneity that is observed between patients is required. We aimed to create
a murine model to further elucidate the process of peritoneal dissemination and
to provide an experimental platform for further studies. We developed an in vivo
model to assess patterns of peritoneal dissemination of 15 colorectal cancer cell lines.
Immune deficient mice were intraperitoneally injected with 10,000 human colorectal
cancer cells. Ten weeks after injection, or earlier in case of severe discomfort, the mice
were sacrificed followed by dissection including assessment of the outgrowth and
localization of peritoneal metastases. Furthermore, using a color-based clonal tracing
method, the clonal dynamics of peritoneal nodules were observed. The different cell
lines showed great variation in the extent of peritoneal outgrowth, ranging from no
outgrowth to localized or widespread outgrowth of cells. An association between
KRAS pathway activation and the formation of peritoneal metastases was identified.
Also, cell line specific tumor location preferences were observed, with similar patterns
of outgrowth in anatomically related areas. Furthermore, different patterns regarding
clonal dynamics were found, varying from monoclonal or polyclonal outgrowth to
extensively dispersed polyclonal lesions. The established murine model recapitulates
heterogeneity as observed in human peritoneal metastases, which makes it a suitable
platform for future (intervention) studies.
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INTRODUCTION
Colorectal cancer (CRC) is a highly prevalent disease worldwide, with an estimated
incidence of over 1.8 million in 2018.1 A common site of dissemination is the
peritoneum, being the sole site of recurrence in up to 25%.2 About 5% of CRC patients
present with synchronous peritoneal metastases (PM) and another 2-19% develop
PM along the course of their disease.3-7 True incidences might even be higher due to
the limited accuracy of imaging modalities to detect PM. As a result, PM are often
detected at a late and symptomatic stage, when numerous small peritoneal nodules
have developed and treatment options are limited. Recently, much attention is paid
to the improvement of diagnostic and treatment strategies for PM. Several clinical
trials have been designed in an attempt to prevent PM in high-risk patients, using
adjuvant intraperitoneal chemotherapy, or to detect the disease at a subclinical stage
in which patients are still amenable for curative intent treatment.8
To identify high-risk patients, a thorough understanding of the evolution of PM is
required. It is often hypothesized that PM develop after intraperitoneal exfoliation
of tumor cells from a primary tumor with full-thickness invasion of the bowel
wall (T4 tumors), or after iatrogenic intraperitoneal tumor spill. The free floating
cells then need to preserve their metastatic potential, avoid apoptosis, migrate and
adhere to the peritoneal surface, and invade the peritoneum. Finally, tumor cells
need to survive and proliferate in the new tumor microenvironment.9 However,
cellular dynamics of the formation of PM of colorectal origin remain unclarified
and literature on the topic is limited.
High patient heterogeneity is characteristic for CRC, with differences in driver
oncogenes, in chromosomal and microsatellite stability and in dissemination
pattern, all potentially impacting prognosis and treatment options.10,11 Likewise, a
high variety exists in CRC patients regarding PM, including the formation or absence
of PM, and the extensiveness and preferential localization in case PM develop. We
aimed to create a murine PM model that is able to reflect the heterogeneity found
in CRC patients. By quantitatively assessing the in vivo peritoneal outgrowth of
extensively characterized human CRC cells, combined with the lentiviral gene
ontology (LeGO) labeling method, we attempted to identify CRC subgroups with
differential abdominal dissemination ability and preferential localization, as well
as to investigate clonal dynamics in PM formation.12,13 Hereby, we aim to further
elucidate the process of peritoneal dissemination and provide an experimental
platform for further studies.
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MATERIALS AND METHODS
In vivo model for PM
To study the ability and pattern of peritoneal dissemination of 15 well-characterized
CRC cell lines (for cell line details see Supplementary Table 1), we injected 10,000
human CRC cells in medium containing 50% matrigel (Corning) into the peritoneum
of immune deficient mice. Mice were monitored and weighed twice a week. Ten
weeks after injection, or earlier in case of severe discomfort (e.g., >15% weight loss),
the mice were sacrificed followed by dissection including assessment of PM (Figure
1a). The extent of PM was assessed with a scoring system equivalent to the peritoneal
cancer index (PCI) as used in humans.14 To this end, the murine peritoneal cavity
was divided into seven anatomical regions: right and left subphrenic, (sub)hepatic,
subgastric, small bowel/mesentery, pelvic, and back area. Per region, a score of
0-3 was determined based on the amount and size of peritoneal nodules: 0 = no
macroscopic tumors, 1 = tumor nodules ≤2 mm, 2 = tumor nodules between 2 and
5 mm or >5 tumor nodules, 3 = tumor nodules ≥5 mm or >10 tumor nodules present.
The modified PCI as used in this murine model was calculated by adding the scores
of all seven regions with a maximum score of 21 (Figure 1b, c).

Animals
Female nude (Hsd:Athymic Nude-Foxn1nu) mice (6-12 weeks old) were obtained from
Envigo. Animals were randomly assigned to experimental groups, no blinding was
performed during these experiments.

Cell culture
Cell lines T84, SW48, HT55, SW948, LS180, HUTU80, SW620, and OUMS-23 were
cultured in Dulbecco’s modified Eagle’s medium/F-12 medium with L-glutamine, 15
mM HEPES (Thermo-Fisher Scientific, Bleiswijk, The Netherlands) supplemented
with 10% v/v fetal bovine serum (Life Technologies), penicillin and streptomycin. Cell
lines HCT116, KM12, LS411N, SNU-C1, LS513, MDST8, and NCI-H716 were cultured
in RPMI 1640 with L-glutamine, 25 mM HEPES (Thermo-Fisher Scientific, Bleiswijk,
The Netherlands) supplemented with 10% v/v fetal bovine serum (Life Technologies),
penicillin and streptomycin, 1% D-glucose solution plus (Sigma-Aldrich, Zwijndrecht,
The Netherlands) and 100 μM sodium pyruvate (Life Technologies, Bleiswijk, The
Netherlands). All cell lines were obtained from the Sanger Institute (Cambridge, UK)
and authenticated by STR Genotyping and regularly tested for mycoplasma infection.

Lentiviral LeGO transduction
To study the clonal outgrowth of tumor cells in the peritoneum, we used a series of
human serum cultured CRC cell lines (HCT116, KM12, LS411N, SW48, HT55, LS513,
SNU-C1, SW620, MDST8, and HUTU80) lentivirally transduced with the LeGO
vector set. As described previously, this method combines red, green, and blue (RGB)
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labeling resulting in cultures in which cells are stably labeled with a wide range of
unique colors. This enables tracing of individual cells and their clonal outgrowth
by their unique RGB color coding.12,13 Of these ten transduced cell lines, five cell
lines (HCT116, KM12, SW620, MDST8, and HUTU80) yielded sufficient amounts
of peritoneal tumors to perform analysis of clonal dynamics.

3

Figure 1 In vivo model for peritoneal metastasis and scoring system.
a 104 tumor cells were intraperitoneally injected in immune deficient mice. Ten weeks after
injection, the mice are sacrificed followed by dissection including assessment of peritoneal
metastases. b The extent of peritoneal metastases is assessed with a scoring system equivalent to
the PCI as used in humans, by dividing the murine peritoneal cavity into seven regions. Per region,
a score of 0-3 is determined based on the amount and size of peritoneal nodules as indicated. The
PCI is calculated by adding the scores of all seven regions together with a maximum score of 21.
c Example images of tumor outgrowth in the different anatomical regions.

Frozen tissue section imaging
Tumors from the different anatomical locations were isolated and immediately fixed
using 4%-paraformaldehyde, followed by 30% sucrose saturation after which tumors
were frozen. Prior to imaging, 20-µm-thick sections were mounted with ProLong
Gold Antifade Mountant (Thermo Fisher Scientific). Tissue sections were imaged
using an SP8-X confocal microscope (Leica) and the Leica Application Suite-Advanced
Fluorescence software. mCherry, Venus and Cerulean were detected using 587;
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510; and 405 nm lasers, respectively. To detect nuclei, sections were counterstained
with Hoechst 33342 (Sigma) (405 nm laser), for F-Actin detection ActinGreen-488
(phalloidin) ready probe (ThermoFisher) (488 nm laser) was used. For HE stainings,
frozen tumor sections were stained with hematoxylin and eosin.

Image analysis
The number of clones was identified manually by two authors. In case of multiple
clones, the same two authors decided whether it concerned a mixed or non-mixed
clonal outgrowth pattern.

Geneset Analysis R2 platform
The ‘R2: Genomics Analysis and Visualization Platform (http://r2.amc.nl)’ was used
to perform Geneset analysis on datasets GSE36133 and GSE68379 (Sanger and CCLE
cell line datasets), using the KRAS.DF.V1_UP signature, (GSE17643).15

Statistics
Sample sizes, statistical tests, and definitions of error bars are indicated in the figure
legends and calculated using GraphPad Prism 7. All statistical tests were two-sided. P
values of <0.05 were considered significant. Clustering analysis was performed using
the online ClustVis tool (https://biit.cs.ut.ee/clustvis/), using Euclidean distance and
average linking for both rows and columns.16

Study approval
All in vivo experiments of this study were approved by the Animal Experimentation
Committee at the Amsterdam UMC, location AMC in Amsterdam (LEX227) and
performed according to national guidelines.

RESULTS
Outgrowth and localization of PM
Ten weeks after intraperitoneal injection of 104 tumor cells, or earlier in case of severe
discomfort, the ability and pattern of peritoneal dissemination of 15 CRC cell lines
was systematically analyzed according to the mouse PCI scoring system (Figure 1a-c).
A wide range of peritoneal outgrowth was observed among the different cell lines,
varying from no tumors, localized tumor growth or widespread outgrowth of cells
(Figure 2a, b, b example pictures). In contrast, when subcutaneously grafted, these
cell lines have been shown previously to be able to successfully form tumors.17 The
growth rate of the subcutaneous xenografts17 was not correlated with the PCI score,
indicating that the ability to form peritoneal lesions is a distinct feature of a cell
line, independent of proliferation speed (Supplementary Figure 1a). Tumor sections
demonstrated cell line specific histology and structure (Figure 2c, d), as has been
observed previously in subcutaneous xenograft models of these cell lines.17
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Figure 2 Peritoneal outgrowth of CRC lines.
a PCI score of 15 CRC cell lines, depicted as a violin plot, red lines indicate median PCI scores.
Black dots are individual scores per mouse. Number of replicates per cell line is indicated
between brackets. b Example images of different PCI scores. c-d HE (c) and immunofluorescent
(d) stainings of peritoneal tumor tissue of the indicated cell lines. Scale bars, 100 um. F-Actin
(green) and nuclei (blue, Hoechst) are visualized in (d).

Interestingly, cell line specific preferences for tumor location were observed. Whereas
the subgastric area was affected by nearly all tested cell lines, other areas were only
populated by specific cell lines (Figure 3a). For instance, HUTU80 cells seem to
have a preference for the subphrenic areas, whereas most other cell lines did not
form lesions in this area. Clustering of the peritoneal areas based on the fraction of
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tumor outgrowth for each cell line revealed very similar patterns in anatomically
related areas, such as right and left subphrenic area, or hepatic and gastric regions.
Clustering of the cell lines did separate the lines with high and low PCI scores and
the cell lines with high PCI scores did tend to grow in most anatomical locations
(Figure 3a).
The development of ascites as a sign of advanced disease is a recognized problem in
humans.18,19 Likewise, the presence of ascites was associated with PM and higher PCI
scores in our model (Figure 3a and Supplementary Figure 1b). Also, a high PCI score
was usually accompanied by reduced gain or even loss of weight, even when severe
ascites was present (Supplementary Figure 1c). The presence of small (<2 mm) loose
tumors throughout the peritoneal cavity (Supplementary Figure 1d, left panel) was
most frequently observed in mice with low PCI scores, especially for cell lines such as
LS411N, SW48, LS513, and HT55, although not significantly correlated, since we also
observed these loose tumors in mice with high PCI scores, in particular for LS180,
SW620, and OUMS-23. In contrast, MDST8 and HCT116, both cell lines resulting
in high PCI scores, did almost not form loose tumors at all (Supplementary Figure
1d, right panel).
No correlation between microsatellite instability or CpG island methylator phenotype
and the PCI score was found (Figure 3a and Supplementary Figure 1e). Also, there was
no difference in PCI score between cell lines that originally have been derived from
metastatic lesions or primary tumors (Supplementary Figure 1e). Notably, SNU-C1,
originally derived from a CRC peritoneal metastasis did not form any PM, whereas
MDST8 and LS180, both originally derived from a primary tumor, did grow out
very efficiently when seeded in the peritoneum. Mutations in most common CRC
oncogenes did not clearly define the ability of outgrowth in the peritoneal cavity
(Figure 3a and Supplementary Figure 1f), although cell lines with mutations in the
receptor tyrosine kinase (RTK)/mitogen-activated protein kinase cascade (KRAS and
BRAF) tended towards higher PCI scores (Figure 3b). Especially the microsatellite
stable cell lines with constitutively active BRAF mutation (OUMS-23 and MDST8)
did show a higher ability to form tumors in the peritoneum (Supplementary Figure
1g), as has been reported in patients before.20-22 To elaborate on the relation between
KRAS/BRAF pathway activation and the establishment of PM, we made use of two
publicly available RNA expression datasets (Sanger and CCLE datasets), containing
most of the used cell lines (14 and 15 out of 15 lines, respectively).
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Figure 3 Clustering analysis of location specific outgrowth.
a Fraction of outgrowth of tumors in the 7 different regions (rows) for all 15 cell lines
(columns), depicted as a heat map. Both rows and columns are clustered using Euclidean
distance and average linkage. Below are the corresponding cell line characteristics indicated
using color codes. Fraction of ascites: fraction of the mice/cell line that developed ascites after
peritoneal tumor cell injection. b Violin plots depicting distribution of average PCI score per
cell line, specified for the presence of RAS/BRAF mutations. Differences between groups were
tested using unpaired, two-tailed t-tests. c Correlation between PCI score and KRAS target
signature expression (z-score) (R 2, Pearson correlation), using CCLE (left panel) and Sanger
(right panel) cell line gene expression datasets. Red line indicates best fit of linear regression,
dotted lines represent 95% confidence intervals.
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In both datasets, we found a strong correlation of the PCI score with a signature
consisting of KRAS upregulated targets (KRAS.DF.V1_UP, GSE17643, Figure 3c).15
Strikingly, the absence of matrigel in the injected cell suspension dramatically
reduced the outgrowth of all tested cell lines (Supplementary Figure 1h), suggesting a
requirement for the presence of growth factors and extracellular matrix components,
which are abundant in matrigel. It could very well be that tumors with activating
KRAS/RTK pathway mutations are less dependent on these external factors for the
peritoneal outgrowth.

Clonal dynamics of peritoneal metastases
Analysis of clonal dynamics by imaging of frozen tissue sections was performed
on the five cancer cell lines with the highest PCI scores (HCT116, KM12, SW620,
MDST8, and HUTU80). Three distinct patterns of clonal outgrowth were identified.
A monoclonal growth pattern, where individual lesions consist of only one color, was
characterized by well-differentiated morphology with evident glandular structures
separated by murine stroma (Figure 4a, left panel). In contrast, polyclonal tumors
contained a mixture of multiple colors. In case clones were still distinguishable,
we defined it as a polyclonal non-mixed growth pattern (Figure 4a, center panels),
whereas tumors consisting of regions with a mixture of multiple clones were
classified as polyclonal mixed tumors (Figure 4a, right panel).
We found that peritoneal nodules deriving from the same cell line showed different
patterns of clonal outgrowth (Figure 4b). KM12, SW620, and HUTU80 cancer
cell lines showed predominantly monoclonal or non-mixed polyclonal patterns,
indicating that single cells are able to initiate tumor nodules, which eventually merge
into larger aggregates. On the other hand, MDST8 tumors were all polyclonal, and
the majority consisted of regions with homogeneous mixtures of multiple clones.
This might indicate polyclonal origins of these nodules, as well as a high tumor cell
dispersal. All three patterns were found in the tumor nodules of the HCT116 cell
line. Interestingly, MDST8 peritoneal nodules located in different areas within one
mouse showed highly similar clonal composition patterns (Figure 4c).

DISCUSSION
Main findings
By quantitatively assessing the in vivo peritoneal outgrowth of intraperitoneally
injected human CRC cells, we gained insight in the ability and pattern of peritoneal
dissemination of fifteen CRC cell lines. Firstly, the cell lines showed great variation
in the extent of peritoneal outgrowth, ranging from no outgrowth to localized
or widespread outgrowth of cells. These differences could be correlated to gene
expression profiles (KRAS activation), thereby providing potential starting points
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for targeted therapies. Secondly, cell line specific tumor location preferences were
observed, with similar patterns of outgrowth in anatomically related areas.

3

Figure 4 Clonal dynamics of peritoneal tumor nodules.
a Different clonal outgrowth patterns are observed in peritoneal tumor nodules. Cell lines
marked with the LeGO tracing system were intraperitoneally injected in immunodeficient
mice. Ten weeks after injection, tumor nodules were isolated and processed for confocal
imaging. Colors indicate individual clones. b Quantification of clonal outgrowth patterns
of peritoneal nodules of the indicated cell lines. (N = 8, 8, 5, 8 and 7 tumors for respectively
HCT116, KM12, SW620, MDST8 and HUTU80). c MDST8 tumor nodules have a highly
dispersed polyclonal growth pattern. Different tumors from the same mouse showed similar
patterns. (a and c) White boxes indicate magnificated area in lower panels. Scale bars, 500 um
(upper panels) or 250 um (lower panels).
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Thirdly, different patterns regarding clonal dynamics were found, varying from
monoclonal or polyclonal outgrowth to extensively dispersed polyclonal lesions,
suggesting heterogeneity in the seeding process between cell lines. The observed
variation in ability and pattern of peritoneal dissemination demonstrates that the
established murine model reflects the heterogeneity as observed in human PM,
making it a powerful model system for future (intervention) studies.

Heterogeneity regarding peritoneal dissemination ability
The difference in peritoneal dissemination ability amongst the cell lines in our study,
varying from no dissemination to widespread outgrowth, might represent differences
in daily clinical practice. It remains unclarified why some patients do and others do
not develop PM. Several clinical studies have been conducted in order to identify
patients who are at high risk of developing PM. Recognized risk factors include
locally advanced tumor stage (T3 and T4), lymph node metastases, right sided tumors,
mucinous and signet cell histology, irradical resection (R1 or R2) and tumors with
vascular and perineural invasion.5,7,23 Literature is less extensive on the association
of genetic profile (i.e., mutations) and the risk of PM. KRAS mutations, present in
approximately 35% of stage IV CRC tumors, has been associated with PM based on
small series of patients with already metastasized disease, although the association
is not always confirmed.24-26 BRAF mutated tumors (about 10% of the stage IV CRC
tumors) have also been associated with higher rates of PM in stage IV disease (46%
vs. 24%, p = 0.001) (60% vs. 15%, p < 0.01) as compared to BRAF wild-type tumors.2022
In line with this (limited) evidence, cell lines with KRAS and BRAF mutations
displayed higher PCI scores in our study, although not significant. Nevertheless,
transcriptomic analysis of our cell lines did reveal a clear correlation between KRAS
upregulated target expression and PCI score. Interestingly, in patients, preferred
locations of dissemination (i.e., peritoneum, liver, lung) differ between mutated and
wild-type KRAS and BRAF tumors.26 This might suggest a role of these genes in a
location specific mechanistic pathway of dissemination. However, it must be noted
that in all studies but one, mutational status was determined in already metastasized
CRC, and it is unclear whether the primary tumor already exhibited this genotype
before dissemination.

Heterogeneity regarding localization of PM
Heterogeneity was also observed in the pattern of tumor spread in the peritoneum.
Some areas were affected by nearly all cell lines (i.e., subgastric and (sub)hepatic),
whereas other areas were only populated by specific cell lines (i.e., back and pelvic
area) or almost not at all (i.e., small bowel, subphrenic areas). In human, distribution
of peritoneal disease is thought to be dependent on gravity, the extent of peritoneal
fluid absorption of certain tissues, and peristaltic movement. As a result, peritoneal
disease usually concentrates in gravity-dependent areas (e.g., paracolic gutters,
pelvis) and on surfaces absorbing peritoneal fluid (e.g., omentum, diaphragmatic
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peritoneum), while the small intestine is initially spared due to peristaltic movement
preventing adhesion of tumor cells.27 In mice, the omentum is not only a fluid
absorbing surface, but due to their horizontal posture also a gravity-dependent area.
This might explain the high proportion of PM in the subgastric area representing
the murine omentum as observed in this study.

Heterogeneity regarding clonal dynamics
We found heterogeneity in clonal dynamics both between and within cell lines.
Roughly three different patterns could be identified: monoclonal, polyclonal nonmixed, and polyclonal mixed. It must be noted that it is possible that the tumors
showing a monoclonal growth pattern in 2D sections actually consist of multiple
non-mixed clones, which would be visible if all three dimensions were considered.
The polyclonal non-mixed tumors seem to be the result of competition of parallel
expansion of different clones at distinct rates, or even fusion of multiple individual
nodules. Such a pattern was described previously.13 In contrast, in lesions derived
from MDST8, the cell line with the highest PCI score, the mixed phenotype was
most prevalent, which might reflect, besides polyclonal metastasis initiation, a high
migratory or dissemination ability, properties that are both highly advantageous
for peritoneal seeding. These different patterns of clonal dynamics might represent
separate theories of the dissemination process. Alternatively to the conventional
idea that single cells metastasize after epithelial to mesenchymal transition, it is
increasingly assumed that this migration occurs collectively in human carcinomas,
leading to polyclonal metastases.28-32 In line with these findings, a recent study with
human ex vivo CRC PM material showed that collective behavior of tumor cells
with an epithelial organization predominates in the peritoneal microenvironment,
throughout the whole process of peritoneal dissemination.33
The collective dissemination pattern also suggests, in contrast with the single
cell theory, that the microenvironment plays a critical role in the dissemination
process. This is depicted in our study by the highly increased peritoneal outgrowth
of tumor cells when injecting the cells suspended in matrigel (extracellular matrix
of mouse sarcoma cells), as was described previously.34 Matrigel might enhance
peritoneal outgrowth by stimulating tumor cell clustering by capturing cells in the
matrix structure after cell injection. However, also in the cell lines that exhibited a
monoclonal growth pattern of peritoneal outgrowth (KM12, SW620, and HUTU80),
the presence of matrigel was crucial, implying that matrigel not only promotes
peritoneal outgrowth by clustering the cells. Laminin and collagen, the main
components of matrigel, have been shown to stimulate motility and adhesion, and
also the plethora of growth factors present in the matrigel might benefit peritoneal
survival, adhesion and outgrowth of tumor cells.34
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Further implications and limitations
Since the established murine PM model reflects the high heterogeneity as observed
in human CRC patients, we believe that this model can be used in future research
to study pathophysiological mechanisms of PM. The model allows investigation
of the impact of particular mutations on peritoneal dissemination, by ex vivo
manipulation (e.g., knockdown/overexpression) of particular genes (e.g., KRAS
/ BRAF). Furthermore, the model can be used to study different targeted therapy
strategies and their effect on the outgrowth of loose tumor cells. Several limitations
of the model should be mentioned. The most important drawback of our model is
that it does not represent tumor cell dissemination from a primary colorectal tumor.
Peritoneal dissemination is a multistep process, which starts with detachment of
cancer cells from the primary tumor promoted by several molecules that modulate
signaling pathways.35 By directly injecting cancer cells into the peritoneal cavity,
this first step of the metastatic cascade is eliminated. In contrast, tumor cell spill
into the peritoneum during primary tumor resection, another way of PM initiation,
is captured more representative by our model. In both processes the formation
of peritoneal lesions is dependent of the ability of disseminated cells to survive,
adhere to the peritoneal lining, and be able to proliferate in this non-native location.
Intraperitoneal injection of 10,000 cells might overestimate the number of cells
that are released in either process, but this enables the quantitative comparison
of peritoneal outgrowth of cell lines, and in the future the exploration of more
effective therapies of PM. In our study, we have used cell lines rather than primary
cultures, which has both advantages and disadvantages. In vitro modification
of cell lines is more feasible than with primary (polyclonal) tumor material, and
ensures proper analysis of the direct effects of these modifications. In addition, it
facilitates reproducibility by the use of homogeneous models between laboratories.
On the other hand, cell lines might not truly represent the characteristics of the
original primary tumor anymore, due to extensive selection by in vitro culturing.
Furthermore, due to a lack of an adaptive immune system and a non-specific residual
innate response in the immunocompromised mice, it is impossible to induce an
immune response similar as in humans. Next to this, cancer cell-stromal cell
interactions might be limited between human cancer cells and murine stroma, while
these interactions are believed to play a crucial role in the biology of metastasis.
Due to these factors, the underlying biology of the PM in our murine model might
be different from spontaneous PM arising from a primary tumor. These limitations
should be considered when using the model in future research projects.

CONCLUSION
We demonstrated that in a murine model for PM of colorectal origin, patient
heterogeneity regarding dissemination ability, preferential localization, and clonal
dynamics is recapitulated. We found evidence for a role of KRAS pathway activation
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in the formation of PM. This model can be used in future research to further unravel
the pathophysiological mechanisms of PM and to study possible novel drug targets
and other therapy strategies.
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Supplementary Figure 1 (left)
a Average PCI score per cell line does not relate to previously observed subcutaneous tumor
outgrowth speed (time to reach a tumor size of 100 mm3 ).17 Data shown as mean (red line) ±
S.D. of PCI score, dots represent average PCI score per cell line, na = no subcutaneous growth
rate available. b Fraction of mice with ascites per cell line correlates with average PCI score
(R2, Pearson correlation). Red line indicates best fit of linear regression, dotted lines represent
95% confidence intervals, data shown as mean ± S.D. of PCI score. c Correlation between
difference in weight of mice between maximum weight and end of experiment (Δweight max_
end (%)) and PCI score (R2, Pearson correlation). Red line indicates best fit of linear regression,
dotted lines represent 95% confidence intervals, data shown as mean ± S.D. d Example image
of presence of small loose tumor structures throughout the peritoneum (LS180 tumor cells,
left panel). Correlation fraction of mice with loose tumors per cell line and PCI score (R2,
Pearson correlation). Red line indicates best fit of linear regression, dotted lines represent
95% confidence intervals, data shown as mean ± S.D. e Violin plots depicting distribution of
average PCI score per cell line, specified for respectively microsatellite stability, CIMP status
or metastatic origin of the cell line. f Violin plots depicting distribution of average PCI score
per cell line, specified for the presence of either Wnt, p53, PI3K or TGFbeta pathway mutations
in the cell line. g Violin plots depicting distribution of average PCI score per cell line, specified
for the presence of RAS or BRAF mutations in all cell lines (left panel) or in microsatellite
stable cell lines only (right panel). h Violin plots depicting distribution of PCI scores per cell
line, injected with or without 50% matrigel in the cell suspension. Differences between groups
were tested using unpaired, two-tailed t-tests (e-g).
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ABSTRACT
Background With evolving treatment strategies aiming at prevention or early
detection of metachronous peritoneal metastases (PM), identification of high-risk
colon cancer patients becomes increasingly important. This study aimed to evaluate
differences between pT4a (peritoneal penetration) and pT4b (invasion of other organs/
structures) subcategories regarding risk of PM and other oncological outcomes.
Methods From eight databases deriving from four countries, patients who underwent
curative intent treatment for pT4N0-2M0 primary colon cancer were included.
Primary outcome was the 5-year metachronous PM rate assessed by Kaplan-Meier
analysis. Independent predictors for metachronous PM were identified by Cox
regression analysis. Secondary endpoints included 5-year local and distant recurrence
rates, and 5-year disease free and overall survival (DFS, OS).
Results In total, 665 patients with pT4a and 187 patients with pT4b colon cancer
were included. Median follow-up was 38 months (IQR 23-60). Five-year PM
rate was 24.7% and 12.2% for pT4a and pT4b categories, respectively (p=0.005).
Independent predictors for metachronous PM were female sex, right-sided colon
cancer, peritumoral abscess, pT4a, pN2, R1 resection, signet ring cell histology and
postoperative surgical site infections. Five-year local recurrence rate was 14% in both
pT4a and pT4b cancer (p=0.138). Corresponding five-year distant metastases rates
were 35% and 28% (p=0.138). Five-year DFS and OS were 54% vs. 62% (p=0.095) and
63% vs. 68% (p=0.148) for pT4a vs. pT4b categories, respectively.
Conclusion Patients with pT4a colon cancer have a higher risk of developing
metachronous PM than pT4b patients. This observation has important implications
for early detection and future adjuvant treatment strategies.
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INTRODUCTION
Approximately 10-15% of patients with colon cancer present with locally advanced
(T4) disease.1-3 The 8th edition of the TNM classification subdivides the T4 category
into T4a and T4b: T4a referring to tumors penetrating the visceral peritoneum, and
T4b defined as tumors directly invading other organs or structures.4 The T4 category
is an important risk factor for developing metachronous peritoneal metastases (PM).
It is hypothesized that full-thickness invasion of the bowel wall with peritoneal
penetration enables tumor cells to enter the peritoneal cavity, disseminate and
form metastatic implants.5 The incidence of metachronous PM in patients with
histopathologically proven T4 colon cancer is reported to be up to 30%.6,7 Clinical
trials focusing on prevention of outgrowth or early detection of PM therefore often
include patients with clinical and/or pathological T4 (c/pT4) colon cancer.8-10
To develop tailored intensified follow-up and treatment strategies, identification of
risk factors within the high-risk subset of T4 colon cancer patients is increasingly
relevant. It might be hypothesized that metachronous PM are less often found after
resection of pT4b, as compared to pT4a tumors, because direct invasion into other
organs/structures is often accompanied with an inflammatory response around
the tumor that precedes subsequent tumor infiltration.11,12 This might prevent
intraperitoneal seeding of exfoliated cancer cells at the time the tumor penetrates the
peritoneum. Moreover, pT4b tumors originating from the ascending or descending
colon that grow into retroperitoneal organs might not involve the peritoneum
at all. Previous studies investigating differences in peritoneal recurrence in pT4
colon cancer patients are limited by small number of patients with a low absolute
number of events. The purpose of this international, multicenter cohort study was
to determine the incidence of metachronous PM in patients who underwent curative
intent resection of pT4a and pT4b colon cancer separately. Secondary aims were to
determine the local and distant recurrence rates, disease free survival (DFS) and
overall survival (OS) for these two groups.

MATERIALS AND METHODS
Patients and databases
In this international, multicenter cohort study, individual patient data from
different databases derived from Belgian, Dutch, Italian and Spanish hospitals
were pooled: four prospectively maintained databases13-15, three retrospectively
maintained databases, and one multicenter randomized controlled trial.8 Details
of these databases are displayed in Supplementary Table 1. Patients who underwent
curative intent treatment (R0/R1 resection) for pT4N0-2M0 primary colon cancer
were included. Patients with any recurrence detected within 30 days after surgery
were excluded, as these were considered to have M1 disease. For the purpose of
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this study, patients who died or were lost to follow-up within 30 days after surgery
were also excluded, based on a minimal required follow-up to determine the risk
of PM. Furthermore, patients were excluded if the pathology report of the primary
resection specimen was missing or if the histology of the primary tumor was other
than adenocarcinoma, mucinous carcinoma, signet ring cell carcinoma, or medullary
carcinoma.

Variables and outcomes
The 8th edition of the TNM classification was used for pathological staging,
subdividing T4 tumors into pT4a and pT4b: pT4a referring to tumors penetrating
the visceral peritoneum, and pT4b tumors defined as tumors directly invading
other organs or structures.4 Tumor related infectious complications were defined
as an abscess at the level of the tumor diagnosed pre- or intraoperatively, fistulae
originating from the primary tumor, and faecal or purulent peritonitis due to
perforation at the level of the tumor or proximal due to obstruction (i.e. cecal blowout). Multivisceral resections (MVRs) for local ingrowth were categorized as either
limited or extended. Limited MVRs encompassed resections of the abdominal wall,
the omentum, or ovaries. Extensive MVRs were defined as resections including the
stomach, small bowel, colon, pancreas, spleen, liver, kidney, adrenal glands, Gerota’s
fascia, ureters, bladder, uterus, vagina, prostate, psoas muscle or bony structures.
Completeness of resection was classified as R0 (radical resection, >1mm tumor-free
margin) and R1 (microscopically irradical resection, ≤1 mm tumor-free margin)
resection. Postoperative surgical site infections (SSIs) included incisional (both
superficial and deep) and organ/space SSIs (i.e. anastomotic leakage and abdominal
abscess) that occurred within 30 days after primary surgery or during the index
admission. All SSIs were retrospectively extracted from patient files and categorized
according to the Clavien-Dindo (CD) score.16 Only SSIs with a CD score of ≥2 were
used for analysis, as retrospective data collection was considered not accurate enough
to identify SSIs graded as CD 1.
The primary outcome was 5-year metachronous PM rate. Secondary outcomes
were the proportion of patients with isolated PM, 5-year local recurrence rate,
5-year distant metastases rate, 5-year disease free survival (DFS) and 5-year overall
survival (OS). Metachronous PM included all peritoneal, abdominal wall, omental
and ovarian metastases diagnosed beyond 30 days after primary resection. Isolated
PM were defined as PM without preceding or concomitant distant metastases. Local
recurrence was defined as recurrent disease located in the direct vicinity of the initial
tumor location (local, anastomotic recurrence), located in the adjacent mesentery
(mesenteric), or located in regional lymph nodes (nodal).17 Distant metastases
covered all recurrences that did not meet the conditions of PM or local recurrence
(e.g. lung metastases, liver metastases, retroperitoneal nodal metastases). Disease
free survival (DFS) was defined as the interval between the primary resection and
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the date of first recurrence or death from any cause, with censoring of patients
who were lost to follow-up. Overall survival was defined as the time between date
of primary resection and date of death from any cause or last follow-up. Follow-up
was performed according to the national guidelines. Data was collected until 5 years
after primary resection.

Statistical analysis
Baseline characteristics were assessed using descriptive statistics. Continuous
variables were reported as median values with interquartile range (IQR). Categorical
variables were presented as numbers and percentages. Differences in baseline
characteristics between patients with pT4a and pT4b colon cancer were assessed
using the Chi square test, or the Fisher’s exact test in case of low counts (<5). The
primary outcome as well as secondary outcomes were determined with KaplanMeier analysis with the log-rank test. Independent predictors for metachronous
PM, DFS and OS were identified by Cox regression analyses. Variables were included
in the univariable Cox regression analysis based on initial analyses of baseline
characteristics and previous literature. Variables with p <0.10 in univariable analysis
were subsequently selected for multivariable logistic regression analysis with
backward stepwise selection. Multicollinearity was assessed for all multivariable
analyses and appeared not to be present. Results were reported as hazard ratio (HR)
with corresponding 95% confidence interval (CI). Statistical significance was defined
as a two-sided p-value of <0.05. Analyses were performed with IBM SPSS statistics,
version 26.0 (IBM Corp Armonk, NY, USA).

Ethics
The study protocol was reviewed by the Institutional Review Board of the Amsterdam
UMC, which decided that the Dutch Medical Research Involving Human Subjects
Act did not apply to this study. Local approval for the execution of this study and
sharing of non-identifiable data was obtained in the three centers that provided the
retrospective databases. Informed consent was not obtained due to the retrospective
character and the expected large proportion of deceased patients.

RESULTS
Patients
A total of 1236 patients who underwent a curative intent resection of pT4N0-2 colon
cancer were eligible for inclusion. Of these, 361 were excluded because of metastastic
disease at the time of diagnosis. Another 23 patients were excluded based on missing
pathology reports (n=12), death or loss to follow-up within 30 days after primary
resection (n=6), and based on the histology of the primary tumor (n=5). As a result,
852 patients were included in the present study (Figure 1).
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Jan 2000 - Dec 2007
pT4N0-2 CRC

(n = 200)

Jan 2003 - Dec 2013

pT4N0-2 CRC

(n = 201)

Jan 2004 - Jan 2015

pT4N0-2 CC

(n = 93)

(n = 100)

pT4N0-2 CC

Jan 2004 - Dec 2017

The Netherlands
Cancer Institute

Included in analysis
(n = 852)

Curative intent resection for pT4N0-2 colon cancer
(n = 875)

pT4N0-2 colon cancer
(n = 1236)

pT4N0-2 colon cancer
(n = 1371)

pT4N0-2 colorectal cancer
(n = 1520)

(n = 483)

CRC

Jan 2004 - Jul 2013

University Hospital
Leuven

Died or lost to FU < 30 days
(n = 6)

M1 disease at time of diagnosis
(n = 361)

Pathology report missing
(n = 12)

COLOPEC
RCT

(n = 202)

c/pT4N0-2 CC

Apr 2015 - Feb 2017

Non-curative intent / R2 resection
(n = 135)

pT4N0-2 rectal cancer
(n = 149)

(n = 200)

pT4N0-2 CC

Jan 2014 - Dec 2019

University Hospital
Reina Sofía

Pathology other than AC, mucinous
carcinoma, SRCC or medullary carcinoma
(n = 5)

(n = 67)

pT4N0-2 CC

Jan 2006 - Jan 2019

University Hospital
Tor Vergata

Figure 1 Flowchart of patient inclusion.
Abbreviations: AC, adenocarcinoma; Apr, April; AMC, Academic Medical Center; c/pT, clinical or pathological tumor (T) category; CC, colon cancer;
CRC, colorectal cancer; Dec, December; Feb, February; Jan, January; pT/N, pathological T/N category; RCT, randomized controlled trial; SRCC,
signet-ring cell carcinoma; UMC, University Medical Centers.

St. Antonius
Hospital

Radboud University
Medical Center

Amsterdam UMC,
location AMC
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Median age was 69 years (IQR 61-76) and 52.8% of patients was male. The primary
tumor was most frequently located in the sigmoid colon (n=300, 35.2%), coecum
(n=191, 22.4%) or ascending colon (n=121, 14.2%). Laparoscopic surgery was
performed in 321 patients (37.7%), with conversion to open surgery in 59 (18.4%)
patients. Resection took place in an emergency setting in 157 patients (18.4%). MVRs
were performed in 274 (32.2%) patients.
The pathology report revealed adenocarcinoma in the majority of patients (n=715,
83.9%). Pathological T category was pT4a in 665 (78.1%) and pT4b in 187 (21.9%)
patients. Lymph node positivity was found in 494 patients (58.0%). Resection was
classified as an R0 resection in 821 patients (96.4%). Postoperative SSI’s (CD 2 or
higher) were observed in 119 patients (14.0). Neoadjuvant therapy and adjuvant
chemotherapy was administered in 43 (5.0%) and 507 patients (59.5%), respectively.
Median follow-up was 38 months (IQR 23-60).

Clinical, pathological and treatment differences between pT4a and pT4b
colon cancer
Baseline characteristics of patients with pT4a and pT4b colon cancer are displayed
in Table 1. Patients with pT4a colon cancer less frequently presented with tumor
related infectious complications (8.8% vs. 13.0%, p=0.007). Patients with pT4a colon
cancer more often underwent emergency procedures (20.2% vs. 12.3%, p=0.014),
whereas open surgery (81.3% vs. 57.0, p<0.001) and MVRs (100% vs. 13.1%, p<0.001)
were more frequently performed in pT4b colon cancer patients. The tumor more
often originated from the right or transverse colon in pT4a colon cancer patients
(50.1% vs. 38.5%, p=0.005). Lymph node positivity (61.8% vs. 44.4%, p<0.001) was
more frequently present in patients with pT4a colon cancer, whereas an R1 resection
was more often seen in patients with pT4b colon cancer (6.5% vs. 2.1%, p=0.002).
Neoadjuvant therapy was more frequently administered in pT4b colon cancer patients
(10.8% vs. 3.5%, p<0.001), while patients with pT4a colon cancer were more often
treated with adjuvant chemotherapy (62.1% vs. 52.9%, p=0.024). pT4b was associated
with a higher frequency of postoperative SSIs (21.4% vs. 11.9%, p=0.001) than pT4a.

Peritoneal metastases
Metachronous PM developed in 156 (18.3%) out of 852 patients. Median time to
diagnosis of PM was 14 months (IQR 7-21) and 94.2% was detected within 3 years
following primary surgery. The 5-year metachronous PM rates were 24.7% and
12.2% for patients with pT4a and pT4b colon cancer, respectively (Figure 2, p=0.005).
In patients with peritoneal recurrence, PM were present without preceding or
concomitant distant metastases (i.e. isolated PM) in 77 of 135 patients (57.0%) with
pT4a colon cancer and 14 of 21 patients (66.7%) with pT4b colon cancer (p=0.405).
The univariable and multivariable analyses of factors associated with the risk of
developing PM within this pT4 colon cancer population are presented in Table 2.
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Table 1 Patient, tumor and surgical characteristics.

Sex
Age
Database

pT4a
(n=665)
No. (%)

pT4b
(n=187)
No. (%)

p-value

Male

354 (53.2)

96 (51.3)

0.646

Female

311 (46.8)

91 (48.7)

≤70 years old

372 (55.9)

118 (63.1)

>70 years old

293 (44.1) 69 (36.9)

Amsterdam UMC, location AMC

41 (6.2)

16 (8.6)

Radboud University Medical Center

66 (9.9)

24 (12.8)

St. Antonius Hospital

76 (11.4)

33 (17.6)

University Hospital Leuven

138 (20.8) 26 (13.9)

The Netherlands Cancer Institute

20 (3.0)

34 (18.2)

University Hospital Tor Vergata

29 (4.4)

9 (4.8)

University Hospital Reina Sofía

154 (23.2) 15 (8.0)

COLOPEC RCT

141 (21.2)

30 (16.0)

Surgical
setting

Elective

531 (79.8)

164 (87.7)

Primary
tumor
location

Left (including splenic flexure)

332 (49.9)

115 (61.5)

Right/Transverse

333 (50.1)

72 (38.5)

Tumor related
infectious
complications

None

602 (91.2) 161 (87.0)

Yes, abscess at the level of the tumor

37 (5.6)

11 (5.9)

Yes, fistula originating from the tumor

7 (1.1)

10 (5.4)

Yes, faecal or purulent peritonitis

14 (2.1)

3 (1.6)

Ileocecal resection

23 (3.5)

4 (2.1)

(Extended) right hemicolectomy

281 (42.3) 55 (29.4)

Transverse resection

4 (0.6)

7 (3.7)

(Extended) left hemicolectomy

87 (13.1)

29 (15.5)

Sigmoid resection / (Low) anterior
resection

238 (35.8)

82 (43.9)

Subtotal colectomy / proctocolectomy

32 (4.8)

10 (5.3)

Laparoscopic

247 (37.1)

15 (8.0)

Laparoscopic, converted

39 (5.9)

20 (10.7)

Open

379 (57.0)

152 (81.3)

Surgical
procedure

Surgical
approach
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Emergency

a

0.080
<0.001

0.014

134 (20.2) 23 (12.3)
0.005

0.007

0.001

<0.001
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Table 1 Continued.

MVR

pN category

Radicality
Histology

Neoadjuvant
therapy

pT4a
(n=665)
No. (%)

pT4b
(n=187)
No. (%)

p-value

No

578 (86.9)

0 (0.0)

<0.001

Yes, limited

24 (3.6)

28 (15.0)

Yes, extended

63 (9.5)

159 (85.0)

N0

254 (38.2) 104 (55.6)

N1

228 (34.3) 50 (26.7)

N2

183 (27.5)

33 (17.6)

R0

648 (97.9)

173 (93.5)

R1

14 (2.1)

12 (6.5)

Adenocarcinoma, well/moderately
differentiated

470 (70.7)

123 (65.8) 0.314

Adenocarcinoma, poorly differentiated

88 (13.2)

34 (18.2)

Mucinous carcinoma

89 (13.4)

23 (12.3)

Signet ring cell carcinoma

15 (2.3)

5 (2.7)

Medullary carcinoma

3 (0.5)

2 (1.1)

No

641 (96.5) 166 (89.2)

Yes, chemotherapy

10 (1.5)

18 (9.7)

Yes, (chemo)radiotherapy

13 (2.0)

2 (1.1)

Adjuvant
chemotherapy

No

249 (37.9)

88 (47.1)

Yes

408 (62.1) 99 (52.9)

Postoperative
SSI

No

586 (88.1) 147 (78.6)

Yes

79 (11.9)

<0.001

0.002

<0.001

0.024
0.001

40 (21.4)

NOTE: Percentages are presented as percentages of the whole group not including missing
values.
Abbreviations: AMC, Academic Medical Center; MVR, multivisceral resection; pN,
pathological nodal (N); pT, pathological tumor (T); RCT, randomized controlled trial; SSI,
surgical site infection; UMC, University Medical Centers.
a
Emergency: within 72 hours after acute presentation.
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Table 2 Uni- and multivariable logistic regression for the risk of peritoneal metastases in
patients who underwent curative intent treatment for pT4N0-2M0 colon cancer.
Univariable analysis
HR (95% CI)

Multivariable analysis

p-value HR (95% CI)

p-value

Sex
Male

Reference

Reference

Female

1.356 (0.989-1.857) 0.058

1.399 (1.014-1.929) 0.041

Age
≤70 years old

Reference

>70 years old

0.890 (0.643-1.232) 0.483

Surgical setting
Elective

Reference

Emergencya

1.225 (0.823-1.825) 0.317

Primary tumor location
Left (including splenic
flexure)

Reference

Reference

Right/Transverse

1.589 (1.156-2.183) 0.004

1.602 (1.154-2.223) 0.005

None

Reference

Reference

Yes, abscess at the level of
the tumor

1.698 (0.961-3.001)

Tumor related infectious
complications

0.068

1.973 (1.097-3.548) 0.023

Yes, fistula originating from
0.374 (0.052-2.677) 0.328
the tumor

0.528 (0.072-3.866) 0.530

Yes, faecal or purulent
peritonitis

1.231 (0.388-3.905) 0.724

1.312 (0.418-4.121) 0.641

Surgical approach
Laparoscopic

Reference

Laparoscopic, converted

1.159 (0.630-2.131)

Open

0.906 (0.643-1.276) 0.572

0.635

pT category
T4a

Reference

Reference

T4b

0.522 (0.329-0.826) 0.006

0.544 (0.338-0.875) 0.012

N0

Reference

Reference

N1

1.266 (0.845-1.897) 0.254

1.263 (0.832-1.917) 0.274

pN category
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Table 2 Continued.
Univariable analysis
HR (95% CI)
N2

Multivariable analysis

p-value HR (95% CI)

p-value

2.513 (1.723-3.665) <0.001 2.488 (1.668-3.712) <0.001

Radicality
R0

Reference

R1

2.469 (1.211-5.033)

Reference
0.013

2.784 (1.322-5.861) 0.007

Histology
Adenocarcinoma, well/
moderately differentiated

Reference

Reference

Adenocarcinoma, poorly
differentiated

1.232 (0.790-1.924) 0.358

0.940 (0.588-1.503) 0.797

Mucinous carcinoma

1.099 (0.687-1.758) 0.694

0.975 (0.604-1.574) 0.919

Signet ring cell carcinoma

3.404 (1.777-6.521) <0.001 2.599 (1.335-5.058) 0.005

Medullary carcinomab

-

-

-

-

Neoadjuvant therapy
No

Reference

Yes

1.468 (0.795-2.710) 0.220

Adjuvant chemotherapy
No

Reference

Yes

1.120 (0.805-1.558) 0.501

Postoperative SSI
No

Reference

Reference

Yes

1.459 (0.958-2.224) 0.079

1.837 (1.186-2.846) 0.006

NOTE: Bold in univariable analysis indicates variables (p < 0.10) that were entered in
multivariable analysis. Bold in multivariable analysis indicates statistical significance (p
< 0.05).
Abbreviations: CI, confidence interval; HR, hazard ratio; pN, pathological nodal (N); pT,
pathological tumor (T); SSI, surgical site infection.
a
Emergency: within 72 hours after acute presentation.
b
Not enough events for statistical analysis.
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Number of patients at risk.
Time (months)
T4a
T4b

0
665
187

12
557
158

24
425
137

36
314
110

48
202
89

60
131
62

Figure 2 Peritoneal metastases in patients with pT4a and pT4b colon cancer.
PM, peritoneal metastases.

In multivariable analysis, female sex (HR 1.399, 95% CI 1.014-1.929), right or
transverse colon cancer (HR 1.602, 95% CI 1.154-2.223), the presence of a peritumoral
abscess (HR 1.973, 95% CI 1.097-3.548), pN2 category (HR 2.488, 95% CI 1.668-3.712),
R1 resection (HR 2.784, 95% CI 1.322-5.861), signet ring cell histology (HR 2.599,
95% CI 1.335-5.058), and postoperative SSIs (HR 1.837, 95% CI 1.186-2.846) were
identified as independent risk factors of metachronous PM. pT4b, as compared with
pT4a, was associated with a lower risk of developing metachronous PM (HR 0.544,
95% CI 0.338-0.875).

Local and distant recurrences
A total of 93 of 852 patients (10.9%) developed local recurrence with a median time
to diagnosis of 16 months (IQR 8-27). Using Kaplan-Meier analysis, 5-year local
recurrence rate was 14.0% and 14.1% for patients with pT4a and pT4b colon cancer,
respectively (p=0.949, Supplementary Figure 1). During follow-up, 237 of 852 patients
(27.8%) were diagnosed with distant metastases. Median time to diagnosis was 13
months (IQR 7-23). Kaplan-Meier analysis revealed 5-year distant metastases rates of
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35.0% and 28.2% for patients with pT4a and pT4b colon cancer, respectively (p=0.138,
Supplementary Figure 2).

Survival
Five-year DFS and OS for all patients included in the analysis were 55.9% and 64.2%,
respectively. For patients with pT4a colon cancer, 5-year DFS was 54.1%, as opposed
to 62.2% for those with pT4b colon cancer (p=0.095, Figure 3). Corresponding 5-year
OS was 63.1% and 68.1%, respectively (p=0.148, Figure 4).
Results of the cox-regression analysis for DFS are presented in Supplementary Table
2. In multivariable analysis, an abscess at the level of the tumor (HR 1.765, 95% CI
1.144-2.724), pN2 category (HR 2.800, 95% CI 2.102-3.729), R1 resection (HR 2.015,
95% CI 1.165-3.488), signet ring cell histology (HR 1.768, 95% CI 1.038-3.012) and
postoperative SSIs (HR 1.843, 95% CI 1.359-2.498) were independently associated
with worse DFS. Adjuvant chemotherapy treatment was an independent favorable
prognostic factor (HR 0.648, 95% CI 0.512-0.820). T4 subcategory was not associated
with DFS.

Number of patients at risk.
Time (months)

0

12

24

36

48

60

T4a

665

511

360

267

172

112

T4b

187

146

114

90

73

52

Figure 3 Disease-free survival in patients with pT4a and pT4b colon cancer.
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Number of patients at risk.
Time (months)

0

12

24

36

48

60

T4a

665

593

485

359

229

155

T4b

187

169

151

123

94

65

Figure 4 Overall survival in patients with pT4a and pT4b colon cancer.

Supplementary Table 3 summarizes the results of the cox regression analysis for
OS. Independent risk factors were age over 70 years (HR 1.859, 95% CI 1.409-2.451),
emergency surgery (HR 1.681, 95% CI 1.253-2.256), pN2 category (HR 2.850, 95%
CI 2.072-3.919), R1 resection (HR 2.308, 95% CI 1.403-3.799), and postoperative
SSIs (HR 1.696, 95% CI 1.205-2.387), while adjuvant chemotherapy treatment was
associated with better OS (HR 0.528, 95% CI 0.399-0.698). No association between
T4 subcategory and OS was found.

DISCUSSION
In this international, multicenter cohort study including 852 patients who
underwent macroscopic complete resection of pT4N0-2M0 colon cancer, the risk
of developing metachronous PM was significantly higher in patients with pT4a
colon cancer as compared to patients with pT4b colon cancer, also after correction
for confounders. Within this subset of high-risk patients, other independent risk
factors for metachronous PM were pN2 category, R1 resection, female sex, right
or transverse colon cancer, the presence of a peritumoral abscess, signet ring cell
histology and postoperative SSIs. In contrast, metachronous PM was not associated
with perforation, pN1 category, mucinous histology, or adjuvant chemotherapy. The
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pT4a subcategory was associated with higher rate of distant metastases and worse
DFS and OS than pT4b, although not statistically significant.
Previously published studies investigating risk factors for PM also found peritoneal
recurrence to be more common in patients with pT4a colon cancer, although
relatively small number of patients impeded statistical significance. Hompes et al.
(2012) reported metachronous PM in 7 of 14 patients with pT4a (50%) and 1 of 5
patients (20%) with pT4b colon cancer.18 Van Santvoort et al. (2014) analyzed 200
patients who underwent curative resection of pT4 colon cancer, and these patients
are also included in the present cohort. Similarly, pT4a had a higher incidence
of metachronous PM, but the study was underpowered with an apparent type II
statistical error (24% vs. 17%, p=0.330).19 A Swedish population-based cohort study
showed that PM (both synchronous and metachronous) were more frequently
diagnosed in patients with pT4a colon cancer than in patients with pT4b colon
cancer, but neither reaching statistical significance (28.2% vs. 11.1%, p=0.075).6 In
another study published by the same authors, pT4a category was identified as the
strongest risk factor for metachronous PM, whereas an association between pT4b
category and peritoneal recurrence could not be demonstrated.20
In the current study, a statistically significant difference in risk of developing
metachronous PM was found between pT4a and pT4b colon cancer patients (24.7%
vs. 12.2%, p=0.005). A possible explanation for this difference is the inflammatory
response around the tumor preceding subsequent tumor infiltration into adjacent
structures or organs.11,12 This inflammatory response might induce the development
of fibrous adhesions, which might prevent intra-abdominal seeding of exfoliated
cancer cells. However, the presence of a peritumoral abscess appeared to be an
independent predictor of metachronous PM in our cohort, contradicting this
hypothesis. Another hypothesis for the lower risk of metachronous PM in the pT4b
subcategory may be the absence of peritoneal penetration, if colon cancer is only
growing into retroperitoneal structures such as Gerota’s fascia or the ureter. A third
explanation was suggested by a former study, showing that 29% of pT4bN0-2M0-1
colon cancers also contain separate areas showing penetration of tumor cells to the
free peritoneal surface (i.e. simultaneous pT4a).21 In the same study, the subgroup
of pT4a+b colon cancers carried the worst cancer-specific survival compared to
“pure” pT4a or pT4b colon cancers. Currently, pT4a+b is not considered a formal
pT4 subgroup and by convention pathologists will categorize cases showing both
pT4a and pT4b to the higher pT4b category. However, cases registered as pT4b, but
simultaneously showing pT4a, should probably be classified as pT4a as this appears
to be associated with the worst outcome based on the present data.
To our knowledge, this is the first multicenter study providing separate analyses
for PM and other oncological outcomes within a clearly defined large cohort of pT4
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colon cancer patients. Even within this subpopulation, risk factors for metachronous
PM as reported in unselected colon cancer populations were found: right-sided
colon cancer, pN2 category, R1 resection and signet ring cell histology.6,22-25 Female
gender also appeared to be an independent predictor for metachronous PM, possibly
explained by ovarian metastases being considered as PM. This study also illuminates
for the first time the clinically relevant differences between pT4a and pT4b tumors, as
illustrated by the baseline characteristics of these two patient groups. pT4a and pT4b
colon cancer should be considered as two distinct clinical entities with differences in
clinical presentation, surgical approach, (neo)adjuvant therapies, histopathological
results and postoperative course.
A potential implication of our observations could be a more intensive follow-up
regimen for colon cancer patients who are diagnosed with pT4a colon cancer. Patients
with limited PM are potential candidates for curative intent treatment, consisting
of cytoreductive surgery (CRS) in combination with hyperthermic intraperitoneal
chemotherapy (HIPEC), underlining the importance of early detection. The
frequent combination with hematogenous spread has raised questions regarding
the potential role of early detection and curative intent treatment of peritoneal
spread. However, the present study showed that the peritoneum was the sole site
of recurrence in nearly 60% of pT4a patients with metachronous PM. Moreover,
different dissemination patterns might be sequential and might even allow combined
or repeat local treatment, especially in patients responding to induction systemic
therapy.26 Therefore, preceding or concurrent distant metastases are less often
considered a contraindication for CRS/HIPEC than historically. The COLOPEC
2 trial (NCT03413254) prospectively determines the value of CT and diagnostic
laparoscopy at 6 months, and subsequently randomizes patients without evidence
of disease after these examinations to regular follow-up with 18 month CT with or
without a third look diagnostic laparoscopy.27 Such trials should shed more light
on the impact of intensified surveillance protocols on survival in high risk groups.
Other trials are focusing on adjuvant treatment strategies. To prevent overtreatment
with unfavorable harm/benefit ratio, it is of utmost importance to include the patients
at highest risk in such trials. Unfortunately, preoperative diagnosis of T4 category
by imaging is complicated by restricted sensitivity to detect areas of peritoneal
penetration or limited ingrowth into other organs. In the earlier mentioned study
by van Santvoort et al., T4 category was recognized on abdominal CT and during
surgery in only 38 (19%) and 107 of 200 patients (54%). Radiological and intraoperative
findings combined, T4 category was diagnosed preoperatively in 108 of 200 patients
(54%) with pT4 colon cancer. Similarly, in a population-based study by Klaver et al.
(2017), 61% of pT4 tumors were preoperatively classified as cT1-3.2 These data indicate
that T4a should mainly be regarded as a microscopic diagnosis, often presenting as
an unexpected postoperative finding. Trials including patients with clinical T4 colon
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cancer for prophylactic peritoneal treatment will mainly select T4b colon cancer and
will miss the patients at highest risk for developing metachronous PM. Adjuvant
intraperitoneal chemotherapy is ideally given at the time of primary tumor resection
to prevent entrapment of tumor cells in adhesions. This is not possible in patients
with unexpected pT4a colon cancer, and other diagnostic and therapeutic strategies
should be developed for those patients.
Although a significantly lower risk of developing metachronous PM was found for
pT4b colon cancer patients, as compared to pT4a colon cancer patients, their 5-year
cumulative rate was still considerably higher than reported incidences for lower
staged colon cancer patients (pT1-3).6,7,24,25,28 Moreover, two-thirds of pT4b colon
cancer patients with metachronous PM did not have concurrent distant metastases,
making them potential candidates for curative intent treatment with CRS/HIPEC. It
might be hypothesized that the risk of PM and local and distant metastases in pT4b
category colon cancer is influenced by the location, number and type of organ(s)/
structures involved (e.g. intraabdominal vs. retroperitoneal ingrowth). Therefore,
future research should be devoted to potential differences in oncological outcomes
within the heterogeneous subgroup of pT4b colon cancer patients.
Strengths of this study include the multicenter design and completeness of data
(98.1%), both increasing external validity. Limitations of the current analysis are
inherent to the retrospective nature of this study, such as a potential underestimation
of tumor related infectious complications and SSIs, and missing data regarding
microsatellite stability, mutation status, and type, number of course and interval
between surgery and start of adjuvant chemotherapy. Furthermore, the lack of a
gold standard to assess our primary outcome might have led to an underestimation
of the PM rate, due to the restricted sensitivity of current imaging modalities.
Finally, this cohort encompasses different time periods with different diagnostic
and treatment guidelines and institutional practices. Combined with missing data
regarding initiated treatment for metachronous recurrence, the dataset does not
enable analysis on the impact of different detection and/or treatment strategies of
PM on survival.
In conclusion, this large multicenter cohort of 852 patients who underwent curative
intent treatment for pT4N0-2M0 colon cancer showed that patients with pT4a colon
cancer have a significantly higher risk of developing metachronous PM than pT4b
patients, even after correction for confounders. Besides a difference in metachronous
PM rate, important differences in clinical, pathological and treatment characteristics
were found between pT4a and pT4b colon cancer, implying that these subgroups
should be approached as two different entities. As long as the preoperative diagnosis
of pT4 tumors is hampered by the low sensitivity of imaging modalities, especially
regarding T4a colon cancer, future trials focusing on early detection and adjuvant
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treatment of metachronous PM should have a design that enables inclusion of highrisk patients with a postoperative diagnosis of pT4a. In addition, further insight
in potential risk factors within the heterogeneous subgroup of pT4b colon cancer
patients is required.
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Academic hospital

Academic hospital

Teaching hospital

Academic hospital

Teaching hospital

Academic hospital

Academic hospital

Academic and
teaching hospitals

Amsterdam UMC,
location AMC

Radboud University
Medical Center

St. Antonius Hospital

University Hospital
Leuven

The Netherlands
Cancer Institute

University Hospital
Tor Vergata

University Hospital
Reina Sofía

COLOPEC RCT

The
Netherlands

Spain

Italy

The
Netherlands

Belgium

The
Netherlands

The
Netherlands

The
Netherlands

Country

Randomized
controlled trial

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort

Study design

April 2015 –
February 2017

January 2014 –
December 2019

January 2006 –
January 2019

January 2004 –
December 2017

January 2004 –
July 2013

January 2000 –
December 2007

January 2000 –
December 2013

January 2004 –
December 2014

Study period
57
90
109

Patient with pT4 colon cancer who
underwent surgery
Patients with pT4 colorectal cancer
who underwent surgery
Patients with pT4 colorectal cancer
who underwent surgery

Patients with clinical or
pathological T4N0-2M0 or
perforated colon cancer

171

Patients with pT4 colon cancer who 169
underwent surgery

Patients with pT4 colon cancer who 38
underwent surgery

Patients with pT4 colon cancer who 54
underwent surgery

Patients with colorectal cancer who 164
underwent surgery

Patients included in
current study (No.)

Patients

Abbreviations: AMC, Academic Medical Center; RCT, randomized controlled trial; UMC, University Medical Centers.

Type of hospital

Database

Supplementary Table 1 Database characteristics.
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138
1.464 (0.957-2.240)
0.716 (0.267-1.921)
1.183 (0.527-2.655)

Yes, fistula originating from the tumor

Yes, faecal or purulent peritonitis

1.199 (0.765-1.880)
1.184 (0.926-1.515)

Laparoscopic, converted

Open

Reference
0.792 (0.600-1.044)

T4a

T4b

pT category

Reference

Laparoscopic

Surgical approach

Reference

Yes, abscess at the level of the tumor

1.007 (0.810-1.252)

None

Tumor related infectious complications

Right/Transverse

Left (including splenic flexure)

Reference

1.059 (0.794-1.412)

Primary tumor location

Reference

Emergencya

0.937 (0.750-1.171)

Elective

Surgical setting

>70 years old

≤70 years old

Reference

0.925 (0.744-1.151)

Age

Reference

Female

0.098

0.179

0.429

0.684

0.507

0.079

0.950

0.697

0.568

0.485

0.979 (0.431-2.223)

0.505 (0.161-1.585)

1.765 (1.144-2.724)

Reference

HR (95% CI)

p-value

HR (95% CI)

Male

Sex

Multivariable analysis

Univariable analysis

0.960

0.242

0.010

p-value

Supplementary Table 2 Uni- and multivariable logistic regression for disease-free survival in patients who underwent curative intent treatment for pT4N0-2M0
colon cancer.
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2.201 (1.702-2.846)

N2

1.261 (0.934-1.702)
0.916 (0.649-1.292)
2.314 (1.371-3.905)
-

Mucinous carcinoma

Signet ring cell carcinoma

Medullary carcinomab

1.576 (1.179-2.106)

0.002

0.036

0.607

-

0.002

0.617

0.130

0.004

<0.001

0.606

0.036
-

1.768 (1.038-3.012)
-

1.843 (1.359-2.498)

Reference

0.648 (0.512-0.820)

<0.001

<0.001

0.561

0.901 (0.634-1.281)

Reference

0.548

1.099 (0.807-1.497)

Reference

2.015 (1.165-3.488)

0.012

<0.001

2.800 (2.102-3.729)
Reference

0.069

1.308 (0.979-1.748)

Reference

NOTE: Bold in univariable analysis indicates variables (p < 0.10) that were entered in multivariable analysis. Bold in multivariable analysis indicates statistical
significance (p < 0.05).
Abbreviations: CI, confidence interval; HR, hazard ratio; pN, pathological nodal (N); pT, pathological tumor (T); SSI, surgical site infection.
a
Emergency: within 72 hours after acute presentation.
b
Not enough events for statistical analysis.

Reference

Yes

0.789 (0.633-0.984)

No

Postoperative SSI

Yes

No

Reference

1.137 (0.698-1.853)

Yes

Adjuvant chemotherapy

Reference

No

Neoadjuvant therapy

Reference

Adenocarcinoma, poorly differentiated

2.184 (1.277-3.735)

Adenocarcinoma, well/moderately differentiated

Histology

R1

R0

Reference

1.075 (0.816-1.416)

N1

Radicality

Reference

N0

pN category

Supplementary Table 2 Continued.
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1.464 (0.957-2.240)
0.716 (0.267-1.921)
1.183 (0.527-2.655)

Yes, fistula originating from the tumor

Yes, faecal or purulent peritonitis

1.370 (0.794-2.363)
1.603 (1.182-2.174)

Laparoscopic, converted

Open

Reference
0.796 (0.584-1.086)

T4a

T4b

pT category

Reference

Laparoscopic

Surgical approach

Reference

Yes, abscess at the level of the tumor

1.310 (1.022-1.680)

None

Tumor related infectious complications

Right/Transverse

Left (including splenic flexure)

Reference

1.845 (1.390-2.448)

Primary tumor location

Reference

Emergencya

2.112 (1.644-2.712)

Elective

Surgical setting

>70 years old

≤70 years old

Reference

0.974 (0.760-1.248)

Age

Reference

Female

0.150

0.002

0.258

0.684

0.507

0.079

0.033

<0.001

<0.001

0.834

1.681 (1.253-2.256)

Reference

1.859 (1.409-2.451)

Reference

HR (95% CI)

p-value

HR (95% CI)

Male

Sex

Multivariable analysis

Univariable analysis

0.001

<0.001

p-value

Supplementary Table 3 Uni- and multivariable logistic regression for overall survival in patients who underwent curative intent treatment for pT4N0-2M0 colon
cancer.
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1.827 (1.362-2.452)

N2

1.379 (0.994-1.913)
1.054 (0.725-1.533)
1.619 (0.796-3.292)
-

Mucinous carcinoma

Signet ring cell carcinoma

Medullary carcinomab

1.538 (1.114-2.123)

0.009

<0.001

0.477

-

0.183

0.781

0.054

<0.001

<0.001

0.716

1.696 (1.205-2.387)

Reference

0.528 (0.399-0.698)

Reference

2.308 (1.403-3.799)

0.002

<0.001

0.001

<0.001

2.850 (2.072-3.919)
Reference

0.069

1.347 (0.977-1.857)

Reference

NOTE: Bold in univariable analysis indicates variables (p < 0.10) that were entered in multivariable analysis. Bold in multivariable analysis indicates statistical
significance (p < 0.05).
Abbreviations: CI, confidence interval; HR, hazard ratio; pN, pathological nodal (N); pT, pathological tumor (T); SSI, surgical site infection.
a
Emergency: within 72 hours after acute presentation.
b
Not enough events for statistical analysis.

Reference

Yes

0.493 (0.384-0.633)

No

Postoperative SSI

Yes

No

Reference

0.795 (0.422-1.496)

Yes

Adjuvant chemotherapy

Reference

No

Neoadjuvant therapy

Reference

Adenocarcinoma, poorly differentiated

2.928 (1.788-4.792)

Adenocarcinoma, well/moderately differentiated

Histology

R1

R0

Reference

1.059 (0.778-1.440)

N1

Radicality

Reference

N0

pN category
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Number of patients at risk.
Time (months)

0

12

24

36

48

60

T4a

665

576

452

333

209

139

T4b

187

161

138

113

87

61

Supplementary Figure 1 Local recurrence in patients with pT4a and pT4b colon cancer.
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Number of patients at risk.
Time (months)

0

12

24

36

48

60

T4a

665

539

400

292

193

129

T4b

187

153

129

102

81

57

Supplementary Figure 2 Distant metastases in patients with pT4a and pT4b colon cancer.
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ABSTRACT
Background Owing to substantial costs and increasing interest in the nonoperative
management of appendicitis, the necessity of routine histopathologic examination
of appendectomy specimens is being questioned. The aim of this study was to
determine whether routine histopathologic examination after appendectomy for
suspected appendicitis should still be performed.
Methods PubMed, Embase, Web of Science, and the Cochrane Library were searched
for studies listing the histopathologic diagnoses after appendectomy for suspected
appendicitis. Main outcomes were the incidence of histopathologically proven
aberrant findings, the ability of surgeons to recognize unexpected appendiceal
pathology intraoperatively, and the percentage of aberrant findings resulting in
a change of postoperative management. A meta-analysis was performed using a
random-effects model.
Results Twenty-five studies with 57,357 patients were included. The pooled
percentage of aberrant findings was 2.52% (95% confidence interval 1.81-3.51).
Neoplasms were found in 0.71% (95% confidence interval 0.54-0.94). Findings of
the intraoperative assessment by the surgeon were reported for 82 out of 2,718
(3.0%) unexpected diagnoses, with great variation between studies. The impact on
postoperative management was described for 237 of 2,718 (8.7%) aberrant findings.
Of these, 166 (70.0%) resulted in a change of postoperative management.
Conclusion Based on current evidence, it remains unclear how many of the
unexpected appendiceal pathologies with clinical consequences can be identified
intraoperatively by the surgeon. Until reliable data on the safety and potential cost
savings of a selective policy becomes available, we advise sending appendectomy
specimens routinely for histopathologic examination.
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INTRODUCTION
Appendectomy for suspected acute appendicitis is one of the most frequently
performed operative procedures worldwide.1,2 The majority of removed appendices
show typical histopathologic findings, but on occasion, unexpected diseases
(eg, parasitic infections, granulomatous diseases, or neoplasms) are diagnosed
albeit rarely. Current practice in the Netherlands entails routine histopathologic
examination of appendectomy specimens. The main argument for this policy is to
provide a definitive diagnosis and to avoid the risk of missing incidental findings
with clinical consequences that were not evident during the operation. In addition,
the pathology report serves as a document for medicolegal purposes and provides
quality control and feedback of surgical decision-making.
It is debatable whether histopathologic assessment of all removed appendices is
necessary. Routine histopathologic examination of appendices has substantial
financial implications and composes a substantial portion of the workload of
pathologists, while the incidence of clinically important aberrant findings is low.
For many other resected specimens, such as hernia sacs, carpal ganglions, and
tonsils, it is already recognized that histopathologic assessment can be omitted.3-8
A selective policy for sending appendices to the pathologist might be justified as
well. In a systematic review published in 2009, however, literature on the sensitivity
of intraoperative assessment by the surgeon and the impact of aberrant findings on
postoperative management appeared to be insufficient, and routine histopathologic
examination could not be deemed unnecessary.9
The relevance of this topic has further increased owing to recent interest in the
nonoperative management of appendicitis. If operative treatment is replaced by a
strategy of nonoperative treatment, unexpected pathology during appendectomy or
on routine histopathologic examination of the appendix will neither be diagnosed
nor treated. Before implementing a nonoperative strategy, it should be clear whether
histopathologic examination of all appendices is really needed.
In the past decade, several new studies on this topic have been published. Therefore,
the objective of this systematic review was to provide an updated overview of
studies reporting on histopathologic findings after appendectomy for suspected
appendicitis, and to determine whether routine histopathologic examination is still
necessary. Three research questions need to be answered: (1) What is the incidence of
histopathologically proven aberrant findings in appendectomy specimens? (2) How
reliably can a surgeon identify unexpected appendiceal pathology intraoperatively?
(3) How often do aberrant findings result in a change of postoperative management?
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METHODS
This systematic review and meta-analysis was conducted according to the Metaanalysis Of Observational Studies in Epidemiology guidelines and Preferred
Reporting Items for Systematic reviews and Meta-Analyses statement.10,11 The
protocol of this systematic review was registered in the PROSPERO international
prospective register of systematic reviews (CRD42019127929). Institutional review
board approval was not required.

Literature search
A systematic literature search was performed with the assistance of a clinical
librarian. PubMed, Embase, Web of Science, and the Cochrane library were searched
without language restriction and with a time limit set for studies published since
1 October 2009. The search was last updated on 1 October 2019. The search
included both MeSH terms and keywords and consisted of the following search
terms: appendix (MeSH), appendectomy (MeSH), pathology (MeSH), histology,
histopathology, and routine. Further details of the search are provided in Appendix
1. The search results were imported into Covidence for further selection.12

Eligibility criteria
All articles or letters that discussed at least 1 of the 3 research questions supported
by original data were included. Conference abstracts and studies that were not
available in full text were excluded, as were studies including specimens retrieved
from appendectomies performed as incidental procedures during other abdominal
or pelvic surgeries and studies including patients with preoperative suspicion of an
appendiceal neoplasm on imaging. Studies performed in centers with a selective
policy of histopathologic examination of appendices were also excluded.

Study selection
All retrieved studies were screened independently based on title and abstract
by 2 reviewers (V.P.B., W.M.A.) and selected for full-text evaluation. In case of
disagreement, discussion took place until consensus was reached. Subsequently,
full-text assessment was performed independently by 2 reviewers (V.P.B., W.M.A.).
Cross-referencing of all included articles was performed by the same reviewers to
identify additional literature.

Data extraction
Two reviewers (V.P.B., W.M.A.) extracted data independently from the included
studies according to a predefined data extraction table. Any conflicts between the
reviewers were resolved by discussion until consensus was reached. Collected data
included study characteristics (study design, study period, study population [children/
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adults], and sample size), histopathologic diagnoses, intraoperative findings, and the
consequences of aberrant findings for the postoperative management.

Data analysis
To establish the incidence of histopathologically proven aberrant findings in
appendectomy specimens, all studies listing histopathologic diagnoses were included.
All findings were categorized in 1 of the following groups: (1) normal appendix, (2)
inflammation, (3) parasitic infection, (4) endometriosis, (5) granulomatous disease,
(6) neoplasm, and (7) other pathology. Because there is no consensus regarding
criteria to define or classify inflammation and a central histopathology review of
all specimens was not possible, it was decided to adopt a pragmatic approach by
assigning all appendices that were reported to show any form of inflammation,
without the presence of a parasitic infection, endometriosis, granulomatous disease,
or neoplasm to the category of (2) inflammation.
Neoplasms were further categorized into 4 groups: (1) neuroendocrine tumors,
(2) noninvasive epithelial neoplasms, (3) invasive epithelial neoplasms, and (4)
lymphomas. These subgroups were created based on the 2019 classification for
neuroendocrine tumors of the World Health Organization and the classification of
epithelial appendiceal neoplasia as proposed in the 2016 consensus statement of the
Peritoneal Surface Oncology Group International.13,14
The incidence of histopathologically proven aberrant findings was submitted to a
meta-analysis. Pooled percentages (PPs) with corresponding 95% confidence intervals
(CI) were calculated using a generalized linear mixed model. A random-effects model
was used considering the expected variation between the studies. Heterogeneity of
the included studies was evaluated by calculating the I2 index and corresponding
P value. To assess the impact of the study with the greatest number of patients, a
sensitivity analysis excluding this reference was performed. The influence of the
geographic environment (Western versus non-Western) and age (adults versus
children) was evaluated in subgroup analyses. Studies with solely patients of 16 years
and older were included in the subgroup analysis of adult patients, and studies with
solely patients of 18 years and younger were selected for the subgroup analysis of
children. All statistical analyses were performed using RStudio, version 1.1.453 (R
Core Team, Vienna, Austria).
To assess the ability of surgeons to recognize any unexpected appendiceal pathology
intraoperatively, all articles that reported findings of the intraoperative assessment
of appendectomy specimens were included. Sensitivity was calculated as the fraction
of appendices with unexpected pathology that was suspected by the surgeon
intraoperatively.
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To calculate the percentage of aberrant findings resulting in a change of postoperative
management, all studies reporting the consequences of aberrant findings were
included. The following diagnostic and therapeutic strategies were considered as
a change of postoperative management: (1) treatment with anti-infective drugs
(eg, antihelminthic treatment, antituberculous medication), (2) referral to the
gastroenterologist, gynecologist, or oncologist, (3) periodic surveillance, (4) right
colectomy/ileocolic resection, and (5) palliative care. Both the number of aberrant
findings and the number of histopathologic diagnoses that resulted in a change of
postoperative management were retrieved.

Risk of bias
All studies were appraised critically and independently by 2 reviewers (V.P.B., W.M.A.)
according to the Joanna Briggs Institute Critical Appraisal Checklist for Studies
Reporting Prevalence Data.15 This tool consists of 9 domains and the final score for
each study ranged from 0 to 9. The risk of bias was rated as high if the final score
ranged from 0 to 4, moderate if the final score was between 5 and 7, and low in case
of a final score of 8 or 9. All studies, regardless of their risk of bias, were included in
the data analysis.

RESULTS
Search results
In total, 372 studies were identified after removal of duplicates. Based on title and
abstract, 36 studies were selected for full-text assessment. Seventeen articles were
excluded, because they did not meet the eligibility criteria: 8 articles discussed
different research questions,16-23 1 article was a commentary without new data,24 3
studies included patients with preoperative suspicion of an appendiceal neoplasm,25-27
1 study included specimens retrieved from appendectomies performed as incidental
procedures during other abdominal or pelvic surgeries,28 and 4 articles were
conference abstracts or were not available as full text.29-32 After full-text screening,
19 articles met the eligibility criteria for this systematic review. In addition, 6 studies
were identified during manual cross-referencing, resulting in a total of 25 articles;
included were 57,357 patients that were eligible for data analysis.33-57 The Preferred
Reporting Items for Systematic reviews and Meta-Analyses flow diagram is shown
in Figure 1, and the characteristics of all included studies can be found in Table 1.

Methodologic quality
Critical appraisal showed that 2 studies were judged to have a high risk of bias, 18
studies were classified as having a moderate risk, and 5 studies had a low risk. Results
of the quality assessment are shown in Supplementary Table 1.
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Identification

Screening

Eligibility

Incidence of aberrant findings
(n = 25)

Additional records identified
through cross-referencing
(n = 6)

Sensitivity of intraoperative assessment
(n = 7)

Studies included in quantitative synthesis
(n = 25)

Full-text articles assessed for eligibility
(n = 36)

Records screened
(n = 372)

Records after duplicates removed
(n = 372)

Figure 1 PRISMA flow diagram.
PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses.

Included

Records identified through
database searching
(n = 610)

Consequences of aberrant findings
(n = 16)

- Different research question (n = 8)
- Conference abstract or no full text available (n = 4)
- Preoperative suspicion of an appendiceal
neoplasm (n = 3)
- Specimens from incidental appendectomy (n = 1)
- Commentary without new data (n = 1)

Full-text articles excluded
(n = 17)

Records excluded
(n = 336)
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Reference
Martelluci et al.33
Lohsiriwat et al.34
Chamisa et al.35
Zulfikar et al.36
Ma et al.37
Al-Mulhim et al.38
Monajemzadeh et al.39
Khan et al.40
Chandrasegaram et al.41
Yilmaz et al.42
Emre et al.43
Ramraje et al.44
Charfi et al.45
Alemayehu et al.46
Omiyale et al.47
Jat et al.48
Buyukbese Sarsu et al.49
Limaiem et al.50
Jahan et al.51
Dincel et al.52
Gorter et al.53
Baisakh et al.54
Jolayemi et al.55
Singh et al.56
Unver et al.57

Year of publication
2009
2009
2009
2009
2010
2011
2011
2011
2012
2013
2013
2014
2014
2014
2015
2015
2015
2015
2016
2017
2017
2018
2018
2018
2019

Table 1 Study characteristics.
Country
Italy
Thailand
South Africa
Pakistan
China
Saudi Arabia
Iran
India
Australia
Turkey
Turkey
India
Tunisia
United States
United Kingdom
Saudi Arabia
Turkey
Tunisia
Pakistan
Turkey
The Netherlands
India
South Africa
India
Turkey

Design
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective
Retrospective
Retrospective
Retrospective

Study period
1986-2006
1998-2006
2002-2004
2006-2008
2003-2008
2005-2007
1988-2009
1995-2010
1999-2008
1999-2011
2009-2012
2006-2010
2003-2011
1995-2011
2013
2011-2014
2007-2012
2008-2014
2014
2012-2016
2004-2014
2014-2016
2012-2015
2016-2017
2011-2014

Study population
Adults
Not mentioned
Children and adults
Children and adults
Children and adults
Children and adults
Children
Children
Children and adults
Adults
Adults
Not mentioned
Children and adults
Children
Children and adults
Children and adults
Children
Children and adults
Children and adults
Children and adults
Children
Children and adults
Children and adults
Children and adults
Children and adults

Number of patients
1,219
4,545
324
323
1,492
1,324
947
595
4,670
1,621
1,255
1,123
24,697
3,602
238
480
1,306
1,627
148
1,970
484
780
290
250
2,047
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Incidence of aberrant histopathologic findings
All 25 articles reported the histopathologic findings of the appendectomy specimens
(Table 2). The appendix appeared to be normal in 10.6% (95% CI 7.9-14.1) and inflamed
in 88.6% (95% CI 83.5-92.3). In total, aberrant findings were found in 2.52% (95% CI
1.81-3.51, Supplementary Figure 1). Parasitic infections were detected in 0.54% of all
specimens (95% CI 0.28-1.05). The appendix showed endometriosis in 0.03% (95% CI
0.01-0.07) and granulomatous disease in 0.26% (95% CI 0.16-0.42). A neoplasm was
found in 0.71% (95% CI 0.54-0.94) of all specimens (Table 3). Of these, neuroendocrine
tumors (PP 0.35%, 95% CI 0.27-0.46) were most common followed by noninvasive
epithelial neoplasms (PP 0.15%, 95% CI 0.07-0.33). In 0.08% (95% CI 0.04-0.14), an
invasive epithelial neoplasm was found and only 7 patients (PP 0.01%, 95% CI 0.000.03) were diagnosed with a lymphoma (non-Hodgkin’s lymphoma, n = 2; B-cell
lymphoma, n = 1; not specified, n = 4). Other pathology was present in 0.06% (95%
CI 0.01-0.26) of all patients.

Sensitivity and subgroup analyses
Sensitivity analysis showed that exclusion of the study with the greatest number of
patients (n = 24,697) did not influence the incidence of any of the histopathologic
diagnoses.45 Subgroup analyses of Western and non-Western studies showed that
parasitic infections and granulomatous diseases seem to be more common in nonWestern countries (Supplementary Tables 2 and 3). Subgroup analyses of studies
with solely children or adults showed a lesser incidence of inflamed appendices and
greater incidence of appendiceal neoplasms in adults. Furthermore, children seem
to harbor parasitic infections more frequently compared with adults (Supplementary
Tables 4 and 5).

Ability of surgeons to identify unexpected appendiceal pathology
Seven studies were included to assess the ability of surgeons to recognize any
unexpected appendiceal pathology intraoperatively (Supplementary Table 6).33,34,3840,46,49
Findings of the intraoperative assessment of the specimen were only reported
for 82 out of 2,718 (3.0%) unexpected diagnoses. No cases of parasitic infections
or endometriosis were recognized intraoperatively. Granulomatous diseases were
suspected intraoperatively in 8 of the 17 patients (47.1%). With regard to neoplasms,
there was great variation between studies. In 1 study,33 all neuroendocrine tumors,
epithelial neoplasms, and lymphomas were recognized by the surgeon, while in other
studies all neoplasms were missed during the operation.

Consequences of aberrant findings for postoperative management
In total, 2,718 aberrant findings were found in all included studies. In 237 of these
2,718 aberrant findings (8.7%), the consequences for postoperative management
were described as reported in 16 studies.34,36,38-40,42-44,46,49-54,56 The diagnosis resulted
in change of postoperative management in 166 of the 237 patients (70.0%, Table 4).
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279 (86.4)
1,162 (77.9)
978 (73.9)
774 (81.7)
NR

35 (10.8)

271 (18.2)

287 (21.7)

160 (16.9)

NR

36

37

Al-Mulhim et al.38

Emre et al.

46

49

52

Dincel et al.

51

Jahan et al.

Limaiem et al.50

Buyukbese Sarsu et al.

48

Jat et al.

Omiyale et al.47

Alemayehu et al.

45

Charfi et al.

Ramraje et al.44

43

42

Yilmaz et al.

1,455 (89.4)
126 (85.1)
NR

14 (9.5)

NR

1,193 (91.4)

80 (6.1)

101 (6.2)

466 (97.1)

14 (2.9)

NR

113 (3.1)
211 (88.7)

19,638 (79.5)

3,723 (15.1)

27 (11.3)

1115 (99.3)

1092 (87.0)

58 (4.6)

NR

1127 (69.5)

3330 (71.3)

370 (22.8)

Chandrasegaram et al.41 1,270 (27.2)

40

Khan et al.

Monajemzadeh et al.

Ma et al.

Zulfikar et al.

39

258 (79.6)

66 (20.4)

35

Chamisa et al.

4,120 (90.7)

381 (8.4)

Lohsiriwat et al.34

NR

NR

Martelluci et al.33

13 (0.66)

0 (0.00)

23 (1.41)

16 (1.23)

0 (0.00)

0 (0.00)

34 (0.94)

1,599 (6.47)

8 (0.71)

9 (0.72)

33 (2.04)

44 (0.94)

NR

2 (0.21)

21 (1.59)

0 (0.00)

0 (0.00)

25 (7.72)

16 (0.35)

0 (0.00)

1 (0.05)

0 (0.00)

1 (0.06)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

2 (0.01)

0 (0.00)

2 (0.16)

0 (0.00)

14 (0.30)

NR

0 (0.00)

1 (0.08)

0 (0.00)

0 (0.00)

1 (0.31)

1 (0.02)

0 (0.00)

3 (0.15)

2 (1.35)

7 (0.43)

3 (0.23)

0 (0.00)

1 (0.42)

15 (0.42)

46 (0.19)

2 (0.18)

6 (0.48)

5 (0.31)

0 (0.00)

NR

4 (0.42)

9 (0.68)

2 (0.13)

10 (3.10)

2 (0.62)

3 (0.07)

4 (0.33)

20 (1.02)

3 (2.03)

24 (1.48)

3 (0.23)

0 (0.00)

3 (1.26)

9 (0.25)

171 (0.69)

4 (0.36)

12 (0.96)

23 (1.42)

58 (1.24)

3 (0.50)

3 (0.32)

6 (0.45)

17 (1.14)

4 (1.24)

0 (0.00)

24 (0.53)

17 (1.39)

Inflammation,† Parasitic
Endometriosis, Granulomatous Neoplasm,¶
‡
n (%)
infection, n (%) n (%)
disease,§ n (%)
n (%)

Normal,*
n (%)

Reference

Table 2 Incidence of histopathologic findings in appendectomy specimens.

19 (0.96)

3 (2.03)

39 (2.40)

11 (0.84)

0 (0.00)

0 (0.00)

7 (0.19)

6 (0.02)

1 (0.09)

58 (4.62)

63 (3.89)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

40 (2.68)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

Other,#
n (%)
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244 (84.1)
221 (88.4)
2013 (98.3)

44 (15.2)

20 (8.0)

NR

56

57

98%, P<0.010

99%, P<0.010 100%, P<0.010

Heterogeneity, I2

2 (0.69)
6 (2.40)
23 (1.12)

3 (1.03)
2 (0.80)
5 (0.24)

83%, P<0.010

1 (0.05)

0 (0.00)

0 (0.00)

0 (0.00)

1 (0.21)

82%, P<0.010

98%, P<0.010

0.71 (0.54-0.94) 0.06 (0.01-0.26)

4 (0.51)

0 (0.00)

0.26 (0.16-0.42)

1 (0.21)

0 (0.00)

Other,#
n (%)

NR, not reported.
* Normal, appendix vermiformis, lymphoid hyperplasia without inflammation, fecolith without inflammation.
† Abscess, acute (suppurative) appendicitis, chronic appendicitis, eosinophilic appendicitis, fibrosing appendicitis, follicular appendicitis, gangrenous
appendicitis, lymphoid hyperplasia with inflammation, perforated appendicitis, peri-appendicitis, phlegmonous appendicitis, recurrent appendicitis,
serositis, ulcerative appendicitis.
‡ Ascaris lumbricoides, Entamoeba histolytica, Enterobius vermicularis, Microfilaria, Schistosomiasis, Strongyloides spp, Taenia spp, Trichuris
trichuria, worms.
§ Crohn’s disease, granuloma, granulomatous inflammation, appendiceal tuberculosis.
¶ Neuroendocrine tumor, noninvasive (mucinous) epithelial tumor, invasive (mucinous) epithelial tumor, lymphoma.
# Appendiceal diverticulitis, bacterial infections, fibrous obliteration / neurogenous hyperplasia / neuroma, fungal infection, lipomatous
hypertrophy, melanosis coli, mesenteric cyst, squamous metaplasia, vasculitis, Walthard cell rest, xanthomatous change.

60%, P<0.010

0.54 (0.28-1.05) 0.03 (0.01-0.07)

1 (0.05)

0 (0.00)

0 (0.00)

2 (0.26)

1 (0.21)

10.6 (7.9-14.1) 88.6 (83.5-92.3)

4 (0.20)

1 (0.40)

13 (4.48)

2 (0.26)

5 (1.03)

Pooled percentage with
95% CI

Unver et al.

Singh et al.

55

Jolayemi et al.

637 (81.7)

135 (17.3)

Baisakh et al.54

463 (95.7)

21 (4.3)

Gorter et al.53

Inflammation,† Parasitic
Endometriosis, Granulomatous Neoplasm,¶
‡
n (%)
infection, n (%) n (%)
disease,§ n (%)
n (%)

Normal,*
n (%)

Reference

Table 2 Continued.
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157

158
0 (0.00)

5 (0.38)
3 (0.32)

Al-Mulhim et al.38

49

2 (0.69)

3 (0.38)
0 (0.00)

Baisakh et al.54

55

Singh et al.56

Jolayemi et al.
1 (0.40)

0 (0.00)

1 (0.21)

Gorter et al.53

3 (1.20)

0 (0.00)

11 (0.56)

8 (0.41)

52

Dincel et al.

1 (0.68)

2 (1.35)

Jahan et al.51

14 (0.86)

0 (0.00)

8 (0.49)

2 (0.15)

Limaiem et al.50

Buyukbese Sarsu et al.

0 (0.00)

2 (0.84)

0 (0.00)

1 (0.42)

Jat et al.48

47

Omiyale et al.

0 (0.00)

9 (0.25)

Alemayehu et al.46

64 (0.26)

0 (0.00)

90 (0.36)

2 (0.18)

Charfi et al.45

Ramraje et al.

44

1 (0.08)

12 (0.74)

6 (0.37)

Emre et al.43

42

11 (0.88)

38 (0.81)

Chandrasegaram et al.41

Yilmaz et al.

14 (0.30)

3 (0.50)

Khan et al.40

Monajemzadeh et al.
0 (0.00)

0 (0.00)

8 (0.54)

37

39

3 (0.20)

2 (0.62)

Zulfikar et al.36

Ma et al.

0 (0.00)

0 (0.00)

Chamisa et al.35

0 (0.00)

16 (0.35)

6 (0.13)

34

Lohsiriwat et al.

7 (0.57)

4 (0.33)

Martelluci et al.33

Noninvasive epithelial
neoplasm,† n (%)

Neuroendocrine
tumor,*, n (%)

Reference

Table 3 Incidence of neoplasms in appendectomy specimens.

2 (0.80)

0 (0.00)

1 (0.13)

0 (0.00)

0 (0.00)

0 (0.00)

2 (0.12)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

16 (0.06)

2 (0.18)

0 (0.00)

4 (0.25)

6 (0.13)

0 (0.00)

0 (0.00)

1 (0.08)

6 (0.40)

2 (0.62)

0 (0.00)

1 (0.02)

4 (0.33)

Invasive epithelial
neoplasm,‡ n (%)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

1 (0.05)

0 (0.00)

0 (0.00)

1 (0.08)

0 (0.00)

0 (0.00)

0 (0.00)

1 (0.00)

0 (0.00)

0 (0.00)

1 (0.06)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

1 (0.02)

2 (0.16)

Lymphoma, n (%)
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0.15 (0.07-0.33)
92%, P<0.010

0.35 (0.27-0.46)
53%, P<0.010

Pooled percentage with 95% CI

Heterogeneity, I2

Lymphoma, n (%)
0 (0.00)
0.01 (0.00-0.03)
33%, P=0.770

Invasive epithelial
neoplasm,‡ n (%)
2 (0.10)
0.08 (0.04-0.14)
63%, P=0.010

79 (4.2%)

166 (6.1%)

71 (2.6%)

Yes, n (%)

No, n (%)
2 (7.4%)

3 (11.1%)
0 (0.0%)

24 (17.9%)

0 (0.0%)

36 (73.5 %) 3 (42.9%)

16 (9.7%)
145 (87.9%)

0 (0.0%)

13 (26.5%) 4 (57.1%)

4 (2.4%)

245 (98.4%)

1 (0.4%)

3 (1.2%)

* Ascaris lumbricoides, Entamoeba histolytica, Enterobius vermicularis, Microfilaria, Schistosomiasis, Strongyloides spp, Taenia spp, Trichuris
trichuria, worms.
† Crohn’s disease, granuloma, granulomatous inflammation, appendiceal tuberculosis.
‡ Carcinoids, neuroendocrine tumors.
§ Adenomatous polyp, hyperplastic polyp, juvenile polyp, tubular adenoma, neurofibroma, mucocele, low grade appendiceal mucinous neoplasm,
high grade appendiceal mucinous neoplasm, mucinous cystadenoma.
¶ Primary adenocarcinoma, secondary adenocarcinoma, mucinous cystadenocarcinoma with or without pseudomyxoma peritonei.
# Appendiceal diverticulitis, bacterial infections, fibrous obliteration / neurogenous hyperplasia / neuroma, fungal infection, lipomatous
hypertrophy, melanosis coli, mesenteric cyst, squamous metaplasia, vasculitis, Walthard cell rest, xanthomatous change.

168 (76.7%)

15 (6.8%)

36 (16.4%)

Endomet- Granulomatous Neuroendocrine Noninvasive Invasive
Lymphoma Other#
riosis
disease†
tumor‡
epithelial
epithelial (n = 7)
(n = 249)
§
¶
(n = 27)
(n = 134)
(n = 219)
neoplasm
neoplasm
(n = 165)
(n = 49)

Not reported, 2481 (91.3%) 1752 (93.8%) 22 (81.5%) 110 (82.1%)
n (%)

37 (2.0%)

Parasitic
infection*
(n = 1868)

Change in
Total
management (n = 2718)

Table 4 Change in management after aberrant histopathologic findings in appendectomy specimens.

* Carcinoids, neuroendocrine tumors.
† Adenomatous polyp, hyperplastic polyp, juvenile polyp, tubular adenoma, neurofibroma, mucocele, low grade appendiceal mucinous
neoplasm, high grade appendiceal mucinous neoplasm, mucinous cystadenoma.
‡ Primary adenocarcinoma, secondary adenocarcinoma, mucinous cystadenocarcinoma with or without pseudomyxoma peritonei.

15 (0.73)

6 (0.29)

Unver et al.57

Noninvasive epithelial
neoplasm,† n (%)

Neuroendocrine
tumor,*, n (%)

Reference

Table 3 Continued.
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In 9 studies, the consequences for 116 patients with parasitic infections were
described.34,38,39,44,46,49,52,53,56 Seventy-nine patients (68.1%) received antihelminthic
drugs, and 37 patients (31.9%) did not receive further treatment. In 6 studies,38,39,44,49,52,56
all patients were treated with antihelminthic drugs, whereas in 3 studies,34,46,53 drugs
were only prescribed to a subgroup of patients.
Four studies mentioned the consequences for 5 patients with endometriosis.34,38,53,54
Two of these 5 patients received hormone therapy and 1 was referred to a gynecologist
for further evaluation, but no subsequent follow-up or treatment was indicated. The
other 2 patients did not receive further treatment or follow-up.
Seven studies reported the consequences for 24 patients with granulomatous
diseases.34,38,43,44,46,51,56 Ten patients (41.7%) were referred to the gastroenterologist
for additional investigations because of suspicion of Crohn’s disease. Eight patients
(33.3%) received antituberculosis drugs, and another 6 patients (25.0%) were subjected
to detailed testing for tuberculosis, but no positive findings were obtained.
In 12 studies, the consequences for 51 patients with a neuroendocrine tumor were
described.34,38-40,42,43,46,49,51-53,56 Simple appendectomy was sufficient for 15 patients
(29.4%), and 27 patients (52.9%) were subjected to periodic surveillance. Eight patients
(15.7%) underwent additional right colectomy. It was not reported in how many of
these patients remaining tumor tissue and/or positive lymph nodes were found in
the re-resection specimen. In 1 patient (2.0%) staging of the disease was performed,
and the decision for further treatment was not taken yet.
The consequences of finding a noninvasive epithelial tumor (n = 20 patients) were
reported in 3 studies.34,51,56 Surveillance was indicated in 4 patients (20.0%), while the
diagnosis did not have clinical implications in the other 16 (80.0%).
Seven studies reported the consequences for 13 patients with an invasive epithelial
tumor.34,36,38,42,44,50,56 Two patients (15.4%) were kept in follow-up. Nine patients (69.2%)
underwent right colectomy. No data were available with respect to the presence of
remaining tumor tissue and/or positive lymph nodes in the colectomy specimen. Two
patients had undergone complete workup for staging of the disease, and the decision
for additional right colectomy or chemotherapy had not been made yet.
The finding of a lymphoma always resulted in a change of management as described
in 4 studies.34,42,49,52 Three patients (75%) were referred to the Medical Oncology
Department. One patient (25%) was scheduled for periodic surveillance without
further operative intervention.
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With regard to aberrant findings classified as other pathology, the impact on
postoperative management was only described for 4 patients. In 1 study, 3 patients
with a bacterial infection were treated and recurrence of infection was not seen.46 In
another study, 1 patient with Walthard cell rests (a form of transitional/urothelial
cell metaplasia most commonly found in the Fallopian tubes but also seen in the
mesovarium, mesosalpinx, and ovarian hilus) was nor treated nor followed up.53

DISCUSSION
This systematic review and meta-analysis of 25 cohort studies reporting on the
histopathologic findings in 57,357 patients who underwent appendectomy for
suspected appendicitis showed that the incidence of histopathologically proven
aberrant findings was low. These aberrant findings included neoplasms, which were
only detected in 0.71%. It was insufficiently documented whether surgeons were
able to identify unexpected appendiceal pathology intraoperatively. Likewise, the
clinical consequences of aberrant findings for the postoperative management were
studied inadequately. These findings are similar to the conclusions in the systematic
review from 2009.9 It therefore remains debatable whether routine histopathologic
examination of appendices is really necessary.
The present review showed that 2.52% of patients who underwent an appendectomy
for suspected appendicitis harbored unexpected appendiceal pathology. Some might
argue that this incidence justifies a policy of routine histopathologic examination of
all appendices; however, the majority of these patients would not have experienced
negative consequences if their diagnosis remained unknown. The treatment of
parasitic infections depends on the presence of concomitant symptoms, so these
patients probably would have been treated eventually with antihelminthic drugs
in case of (persisting) complaints (ie, anal pruritus) after the appendectomy. The
majority of patients with granulomatous appendicitis are treated by appendectomy
alone, and only 5% to 10% develop Crohn’s disease elsewhere in the gastrointestinal
tract.58
The presence of a neoplasm does not necessarily result in a change of postoperative
management. The consensus guidelines of the European Neuroendocrine Tumor
Society state that an appendectomy is sufficient for neuroendocrine tumors of less
than 2 cm without unfavorable characteristics, and follow-up is not indicated.
Additional right colectomy is only advised for neuroendocrine tumors greater than
2 cm and/or with unfavorable characteristics.59 Similarly, most patients with a
noninvasive neoplasm are cured by appendectomy alone.60 In contrast, patients with
invasive epithelial neoplasms or lymphomas always require evaluation and additional
treatment. These patients are at risk of experiencing negative consequences if their
appendix is not judged as abnormal by the surgeon and consequently not sent
161
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for histopathologic assessment. In this systematic review, the incidences of these
neoplasms were very low: 0.08% and 0.01%, respectively. It was unknown how many
of these would have been recognized by the surgeon during the operation.
It is of great importance to avoid interventions in health care that do not benefit
the patient, particularly if the intervention imposes substantial costs. In a Dutch
snapshot study including a consecutive cohort of 1,975 appendices in 2014, 30
neoplasms were found at histopathologic examination.61 Nine patients underwent
an additional resection. No remaining tumor or positive lymph nodes were found in
8 of these 9 patients. These patients were exposed to the risks of a second operation
and potential complications without any benefit. Only 1 out of 1,975 (0.05%) patients
benefitted from routine histopathologic examination. This patient had a grossly
abnormal appendix that probably would have been recognized as aberrant during
the operation and been sent for histopathologic examination in case of a selective
policy. In the remaining 1,954 patients, there was neither benefit nor harm, but only
costs (submitted data). Because the current costs for histopathologic examination
in the Netherlands are approximately €60 per specimen, the costs of routine
histopathologic examination to achieve clinical benefit in 1 patient were €118.500.
A selective approach of sending appendices for histopathologic examination
can probably decrease the amount of appendices that need to be examined by
the pathologist without missing clinically relevant pathology and with less risk
of overtreatment, thereby saving costs. Before introducing a selective policy of
histopathologic examination, the ability of surgeons to recognize unexpected
appendiceal pathology intraoperatively should be assessed. Unfortunately, in the
present review, findings of intraoperative assessment were only reported for 3.0% of
aberrant findings. Moreover, it was not reported whether the operating surgeons in
the included studies evaluated the resected specimen systematically before sending
it to the pathologist. To investigate the safety and potential cost-savings of a selective
policy based on the surgeon’s macroscopic examination of the removed appendix,
the selective histopathological examination Following AppeNdicectomy and
CholecystectomY (FANCY) study (NCT03510923) was designed.62 In this nationwide,
prospective, multicenter observational cohort study, operating surgeons will be asked
to evaluate removed appendices for unexpected appendiceal pathology by visual
inspection and digital palpation without opening the specimen. Subsequently, they
will report their findings on a predefined scoring form and write down whether they
consider if there is an indication for histopathologic examination. All specimens will
be sent for histopathologic examination, so that no aberrant findings will be missed
owing to this study. The prospective cohort can be compared with a hypothetic
situation in which appendices are only examined by the pathologist on indication.
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Our systematic review has several limitations, mainly caused by the retrospective
character of all but 1 included studies. First, considerable heterogeneity was observed
in the meta-analysis, probably as a result of the great variation in origin and age
of the included patients in the different studies. Second, the actual incidence of
unexpected aberrant pathology may be even less than reported in this review,
because some diagnoses may have been suspected on preoperative imaging.
For this reason, studies that included specimens that were already suspected
preoperatively to potentially have neoplastic pathology were excluded, but this was
not explicitly noted in all studies. Third, most studies included both children and
adults without reporting the results for these groups separately. As a result, subgroup
analyses evaluating the influence of age on unexpected histopathologic findings in
appendectomy specimens were limited by the small number of studies. Owing to
potential variation in the incidence of appendiceal pathology, the value of routine
histopathologic examination might be different for pediatric and adult patients. In
order to make a valid claim on this topic, future studies should provide data for adults
and children separately. Finally, it was impossible to draw reliable conclusions on the
sensitivity of intraoperative examination and consequences of unexpected pathology
for postoperative management, because these data were only available for small
portions of the aberrant findings. As a result of this reporting bias, the percentage
of aberrant findings resulting in a change of postoperative management (70.0%) as
described in this systematic review is probably overestimated. Furthermore, owing
to the insufficient data regarding sensitivity of intraoperative examination and
consequences for postoperative management, it was not feasible to provide a reliable
estimation of the costs that could potentially be saved with a selective policy of
histopathologic examination.
Based on the currently available evidence, it remains unclear whether routine
histopathologic examination of appendices is necessary. The incidence of aberrant
findings, particularly neoplasms, is low, and, it remains unclear how many of the
unexpected diagnoses with clinical consequences would have been recognized
intraoperatively by the surgeon. For now, there is no robust evidence for abandoning
routine histopathologic examination of appendices.
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SUPPLEMENTARY MATERIAL
Appendix 1 Search details
MEDLINE (PubMed)
(“Appendix”[Mesh] OR “Appendectomy”[Mesh] OR appendix[tiab] OR appendectom*[tiab]
OR appendicectom*[tiab] OR appendices[tiab]) AND (“Pathology”[Mesh] OR “pathology”
[Subheading] OR “cytology” [Subheading] OR patholog*[tiab] OR histopatholog*[tiab] OR
histology[tiab] OR cytology[tiab]) AND routin*[tiab]
Filter activated: Publication date from 2009/10/01 to 2019/10/01.

EMBASE (Ovid)
(appendix/ or appendectomy/ or (appendix or appendectom* or appendicectom* or
appendices).ti,ab,kw.) and (exp pathology/ or histopathology/ or exp histology/ or exp cytology/
or (patholog* or cytology or histology or histopatholog*).ti,ab,kw.) and routin*.ti,ab,kw.
Filter activated: Publication date from 2009 to Current.

Web of Science
TS=(appendix or appendectom* or appendicectom* or appendices) AND TS=(patholog* or
cytology or histology or histopatholog*) AND TS=(routin*).
Filter activated: Publication date from 2009 to Current.

Cochrane Library
(appendix or appendectom* or appendicectom* or appendices):ti,ab,kw and (patholog* or
cytology or histology or histopatholog*):ti,ab,kw and routin*:ti,ab,kw.
Filter activated: Publication date from 2009 to Current.
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Incidence (%)

95%-CI

21 1219
Martellucci (2009)
44 4545
Lohsiriwat (2009)
324
28
Chamisa (2009)
323
14
Zulfikar (2009)
59 1492
Ma (2010)
37 1324
Al-Mulhim (2011)
947
9
Monajemzadeh (2011)
595
3
Khan (2011)
Chandrasegaram (2012) 116 4670
124 1621
Yilmaz (2013)
87 1255
Emre (2013)
15 1123
Ramraje (2014)
1824 24697
Charfi (2014)
65 3602
Alemayehu (2014)
238
4
Omiyale (2015)
480
0
Jat (2015)
33 1306
Buyukbese Sarsu (2015)
94 1627
Limaiem (2015)
148
8
Jahan (2016)
56 1970
Dincel (2017)
484
8
Gorter (2017)
780
8
Baisakh (2018)
290
18
Jolayemi (2018)
250
9
Singh (2018)
34 2047
Unver (2019)

1.72
0.97
8.64
4.33
3.95
2.79
0.95
0.50
2.48
7.65
6.93
1.34
7.39
1.80
1.68
0.00
2.53
5.78
5.41
2.84
1.65
1.03
6.21
3.60
1.66

[1.07; 2.62]
[0.70; 1.30]
[5.82; 12.25]
[2.39; 7.17]
[3.02; 5.07]
[1.98; 3.83]
[0.44; 1.80]
[0.10; 1.47]
[2.06; 2.97]
[6.40; 9.05]
[5.59; 8.48]
[0.75; 2.19]
[7.06; 7.72]
[1.40; 2.29]
[0.46; 4.25]
[0.00; 0.77]
[1.75; 3.53]
[4.69; 7.02]
[2.36; 10.37]
[2.15; 3.68]
[0.72; 3.23]
[0.44; 2.01]
[3.72; 9.63]
[1.66; 6.72]
[1.15; 2.31]

57357

2.52

[1.81; 3.51]

Study

Random effects model

Events per 100 observations

Total

Events

Heterogeneity: I2 = 98%, p < 0.01
0

2

4

6
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Supplementary Figure 1 Incidence of histopathologically proven aberrant findings in appendectomy specimens.
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Chandrasegaram et al.

Khan et al.40

Monajemzadeh et al.
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Unclear

Yes

Yes

Yes

Al-Mulhim et al.38

Ma et al.

37

Unclear

Yes

Unclear

Yes

Yes

Chamisa et al.
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Was the sample frame appropriate to address the
target population?

Zulfikar et al.36

Were study participants sampled in an
appropriate way?
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Was the sample size adequate?
No

Yes

No
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Were valid methods used for the identification of
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Was there appropriate statistical analysis?
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Was the response rate adequate, and if not, was
the low response rate managed appropriately?

Lohsiriwat et al.34

Low

Moderate
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Risk of bias

Martelluci et al.33

Reference

Supplementary Table 1 Results quality assessment.
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Normal,*
n (%)
NR
1 270 (27.2)
113 (3.1)
27 (11.3)
21 (4.3)
8.4
(3.4-19.2)
99%, P < 0.01

Inflammation,†
n (%)
NR
3 330 (71.3)
NR
211 (88.7)
463 (95.7)
88.2
(72.8-95.4)
97%, P < 0.01

Parasitic infection,‡
n (%)
0 (0.00)
44 (0.94)
34 (0.94)
0 (0.00)
5 (1.03)
0.38
(0.09-1.63)
95%, P = 0.19

Endometriosis,
n (%)
0 (0.00)
14 (0.30)
0 (0.00)
0 (0.00)
1 (0.21)
0.04
(0.00-0.50)
78%, P = 0.18

Granulomatous
disease,§ n (%)
4 (0.33)
0 (0.00)
15 (0.42)
1 (0.42)
0 (0.00)
0.10
(0.02-0.61)
85%, P = 0.12

Neoplasm,¶
n (%)
17 (1.39)
58 (1.24)
9 (0.25)
3 (1.26)
1 (0.21)
0.69
(0.33-1.42)
85%, P < 0.01

Other,#
n (%)
0 (0.00)
0 (0.00)
7 (0.19)
0 (0.00)
1 (0.21)
0.03
(0.00-0.36)
71%, P = 0.29

Reference
Lohsiriwat et al.34
Chamisa et al.35
Zulfikar et al.36
Ma et al.37

Normal,*
n (%)
381 (8.4)
66 (20.4)
35 (10.8)
271 (18.2)

Inflammation,†
n (%)
4,120 (90.7)
258 (79.6)
279 (86.4)
1,162 (77.9)

Parasitic
infection,‡ n (%)
16 (0.35)
25 (7.72)
0 (0.00)
0 (0.00)

Endometriosis,
n (%)
1 (0.02)
1 (0.31)
0 (0.00)
0 (0.00)

Granulomatous
disease,§ n (%)
3 (0.07)
2 (0.62)
10 (3.10)
2 (0.13)

Neoplasm,¶
n (%)
24 (0.53)
0 (0.00)
4 (1.24)
17 (1.14)

Supplementary Table 2b Subgroup analysis non-Western studies: incidence of histopathologic findings in appendectomy specimens.
Other,#
n (%)
0 (0.00)
0 (0.00)
0 (0.00)
40 (2.68)

Martelluci et al.33
Chandrasegaram et al.41
Alemayehu et al.46
Omiyale et al.47
Gorter et al.53
Pooled percentage with
95% CI
Heterogeneity, I2
NR, not reported.
* Normal, appendix vermiformis, lymphoid hyperplasia without inflammation, fecolith without inflammation.
† Abscess, acute (suppurative) appendicitis, chronic appendicitis, eosinophilic appendicitis, fibrosing appendicitis, follicular appendicitis, gangrenous
appendicitis, lymphoid hyperplasia with inflammation, perforated appendicitis, peri-appendicitis, phlegmonous appendicitis, recurrent appendicitis, serositis,
ulcerative appendicitis.
‡ Ascaris lumbricoides, Entamoeba histolytica, Enterobius vermicularis, Microfilaria, Schistosomiasis, Strongyloides spp, Taenia spp, Trichuris trichuria,
worms.
§ Crohn’s disease, granuloma, granulomatous inflammation, appendiceal tuberculosis.
¶ Neuroendocrine tumor, noninvasive (mucinous) epithelial tumor, invasive (mucinous) epithelial tumor, lymphoma.
# Appendiceal diverticulitis, bacterial infections, fibrous obliteration / neurogenous hyperplasia / neuroma, fungal infection, lipomatous hypertrophy,
melanosis coli, mesenteric cyst, squamous metaplasia, vasculitis, Walthard cell rest, xanthomatous change.

Reference

Supplementary Table 2a Subgroup analysis Western studies: incidence of histopathologic findings in appendectomy specimens.
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Supplementary Table 2b Continued.
Al-Mulhim et al.38
287 (21.7)
978 (73.9)
21 (1.59)
1 (0.08)
9 (0.68)
6 (0.45)
0 (0.00)
Monajemzadeh et al.39
160 (16.9)
774 (81.7)
2 (0.21)
0 (0.00)
4 (0.42)
3 (0.32)
0 (0.00)
Khan et al.40
NR
NR
NR
NR
NR
3 (0.50)
0 (0.00)
Yilmaz et al.42
370 (22.8)
1127 (69.5)
33 (2.04)
0 (0.00)
5 (0.31)
23 (1.42)
63 (3.89)
Emre et al.43
58 (4.6)
1092 (87.0)
9 (0.72)
2 (0.16)
6 (0.48)
12 (0.96)
58 (4.62)
Ramraje et al.44
NR
1115 (99.3)
8 (0.71)
0 (0.00)
2 (0.18)
4 (0.36)
1 (0.09)
Charfi et al.45
3,723 (15.1)
19,638 (79.5)
1,599 (6.47)
2 (0.01)
46 (0.19)
171 (0.69)
6 (0.02)
Jat et al.48
14 (2.9)
466 (97.1)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
Buyukbese Sarsu et al.49
80 (6.1)
1,193 (91.4)
16 (1.23)
0 (0.00)
3 (0.23)
3 (0.23)
11 (0.84)
Limaiem et al.50
101 (6.2)
1,455 (89.4)
23 (1.41)
1 (0.06)
7 (0.43)
24 (1.48)
39 (2.40)
Jahan et al.51
14 (9.5)
126 (85.1)
0 (0.00)
0 (0.00)
2 (1.35)
3 (2.03)
3 (2.03)
Dincel et al.52
NR
NR
13 (0.66)
1 (0.05)
3 (0.15)
20 (1.02)
19 (0.96)
Baisakh et al.54
135 (17.3)
637 (81.7)
2 (0.26)
2 (0.26)
0 (0.00)
4 (0.51)
0 (0.00)
Jolayemi et al.55
44 (15.2)
244 (84.1)
13 (4.48)
0 (0.00)
3 (1.03)
2 (0.69)
0 (0.00)
Singh et al.56
20 (8.0)
221 (88.4)
1 (0.40)
0 (0.00)
2 (0.80)
6 (2.40)
0 (0.00)
Unver et al.57
NR
2013 (98.3)
4 (0.20)
1 (0.05)
5 (0.24)
23 (1.12)
1 (0.05)
Pooled percentage with
11.3
88.7
0.61
0.03
0.31
0.72
0.08
95% CI
(8.4-14.9)
(83.1-92.6)
(0.29-1.27)
(0.01-0.06)
(0.19-0.49)
(0.54-0.96)
(0.02-0.41)
99%,
99%, P <
Heterogeneity, I2
100%, P < 0.01
98%, P < 0.01
35%, P = 0.26
79%, P < 0.01
77%, P < <0.01
P < 0.01
0.01
NR, not reported.
* Normal, appendix vermiformis, lymphoid hyperplasia without inflammation, fecolith without inflammation.
† Abscess, acute (suppurative) appendicitis, chronic appendicitis, eosinophilic appendicitis, fibrosing appendicitis, follicular appendicitis, gangrenous
appendicitis, lymphoid hyperplasia with inflammation, perforated appendicitis, peri-appendicitis, phlegmonous appendicitis, recurrent appendicitis, serositis,
ulcerative appendicitis.
‡ Ascaris lumbricoides, Entamoeba histolytica, Enterobius vermicularis, Microfilaria, Schistosomiasis, Strongyloides spp, Taenia spp, Trichuris trichuria,
worms.
§ Crohn’s disease, granuloma, granulomatous inflammation, appendiceal tuberculosis.
¶ Neuroendocrine tumor, noninvasive (mucinous) epithelial tumor, invasive (mucinous) epithelial tumor, lymphoma.
# Appendiceal diverticulitis, bacterial infections, fibrous obliteration / neurogenous hyperplasia / neuroma, fungal infection, lipomatous hypertrophy,
melanosis coli, mesenteric cyst, squamous metaplasia, vasculitis, Walthard cell rest, xanthomatous change.
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174

33

0.14 (0.02-0.82)
90%, P = 0.05

57%, P = 0.01

0 (0.00)

1 (0.21)
0.40 (0.22-0.73)

2 (0.84)

0 (0.00)

9 (0.25)
1 (0.42)

14 (0.30)

7 (0.57)

4 (0.33)
38 (0.81)

Noninvasive epithelial
neoplasm†, n (%)

Neuroendocrine tumor*,
n (%)

72%, P = 0.24

0.06 (0.01-0.40)

0 (0.00)

0 (0.00)

0 (0.00)

6 (0.13)

4 (0.33)

Invasive epithelial
neoplasm‡, n (%)

79%, P = 0.28

0.00 (0.00-0.91)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

2 (0.16)

Lymphoma, n (%)

12 (0.74)

0 (0.00)

Yilmaz et al.42

6 (0.37)

3 (0.50)

40

Khan et al.

0 (0.00)

0 (0.00)

3 (0.32)

5 (0.38)

Monajemzadeh et al.39

Al-Mulhim et al.

38

3 (0.20)

0 (0.00)

Ma et al.37

8 (0.54)

2 (0.62)

36

Zulfikar et al.

0 (0.00)

16 (0.35)

6 (0.13)
0 (0.00)

34

Noninvasive epithelial
neoplasm†, n (%)

Neuroendocrine tumor*,
n (%)

Chamisa et al.35

Lohsiriwat et al.

Reference

4 (0.25)

0 (0.00)

0 (0.00)

1 (0.08)

6 (0.40)

2 (0.62)

0 (0.00)

1 (0.02)

Invasive epithelial
neoplasm‡, n (%)

Supplementary Table 3b Subgroup analysis non-Western studies: incidence of neoplasms in appendectomy specimens.

1 (0.06)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

1 (0.02)

Lymphoma, n (%)

* Carcinoids, neuroendocrine tumors.
† Adenomatous polyp, hyperplastic polyp, juvenile polyp, tubular adenoma, neurofibroma, mucocele, low grade appendiceal mucinous neoplasm, high grade
appendiceal mucinous neoplasm, mucinous cystadenoma.
‡ Primary adenocarcinoma, secondary adenocarcinoma, mucinous cystadenocarcinoma with or without pseudomyxoma peritonei.

Heterogeneity, I

2

Pooled percentage with 95% CI

53

Gorter et al.

Omiyale et al.47

46

Alemayehu et al.

Chandrasegaram et al.41

Martelluci et al.

Reference

Supplementary Table 3a Subgroup analysis Western studies: incidence of neoplasms in appendectomy specimens.
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2 (0.69)

0 (0.00)

55

91%, P < 0.01

35%, P = 0.16

0 (0.00)
0 (0.00)
1 (0.00)
0 (0.00)
1 (0.08)
0 (0.00)
0 (0.00)
1 (0.05)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0.01 (0.00-0.03)
3%, P = 0.84

0 (0.00)
2 (0.18)
16 (0.06)
0 (0.00)
0 (0.00)
2 (0.12)
0 (0.00)
0 (0.00)
1 (0.13)
0 (0.00)
2 (0.80)
2 (0.10)
0.08 (0.04-0.15)
59%, P = 0.01

* Carcinoids, neuroendocrine tumors.
† Adenomatous polyp, hyperplastic polyp, juvenile polyp, tubular adenoma, neurofibroma, mucocele, low grade appendiceal mucinous neoplasm, high grade
appendiceal mucinous neoplasm, mucinous cystadenoma.
‡ Primary adenocarcinoma, secondary adenocarcinoma, mucinous cystadenocarcinoma with or without pseudomyxoma peritonei.

Heterogeneity, I

2

0.16 (0.07-0.37)

15 (0.73)

Pooled percentage with 95% CI

0.34 (0.27-0.44)

6 (0.29)

57

Unver et al.

3 (1.20)

1 (0.40)

Singh et al.56

Jolayemi et al.

0 (0.00)

11 (0.56)

8 (0.41)
3 (0.38)

1 (0.68)

14 (0.86)

8 (0.49)
2 (1.35)

0 (0.00)

0 (0.00)

0 (0.00)
2 (0.15)

64 (0.26)

0 (0.00)

2 (0.18)
90 (0.36)

1 (0.08)

11 (0.88)

Baisakh et al.54

52

Dincel et al.

Jahan et al.51

50

Limaiem et al.

Buyukbese Sarsu et al.49

48

Jat et al.

Charfi et al.45

Ramraje et al.

Emre et al.43
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176
1092 (87.0)

58 (4.6)

98%, P < 0.01

99%, P < 0.01

Heterogeneity, I2

96%, P < 0.01

0.36 (0.03-3.94)

9 (0.72)

33 (2.04)

0 (0.00)

Parasitic
infection,‡ n (%)

42%, P = 0.47

0.03 (0.00-0.56)

2 (0.16)

0 (0.00)

0 (0.00)

Endometriosis,
n (%)

0%, P = 0.73

0.37 (0.22-0.61)

6 (0.48)

5 (0.31)

4 (0.33)

Granulomatous
disease,§ n (%)

0%, P = 0.50

1.27 (0.97-1.66)

12 (0.96)

23 (1.42)

17 (1.39)

Neoplasm,¶
n (%)

100%, P < 0.01

0.69 (0.02-17.96)

58 (4.62)

63 (3.89)

0 (0.00)

Other,#
n (%)

NR

80 (6.1)

113 (3.1)

Buyukbese Sarsu et al.49

Alemayehu et al.

46

NR

NR

Khan et al.40
1,193 (91.4)

774 (81.7)

160 (16.9)

Monajemzadeh et al.39

Inflammation,†
n (%)

Normal,*
n (%)

Reference

16 (1.23)

34 (0.94)

NR

2 (0.21)

Parasitic
infection,‡ n (%)

0 (0.00)

0 (0.00)

NR

0 (0.00)

Endometriosis,
n (%)

3 (0.23)

15 (0.42)

NR

4 (0.42)

Granulomatous
disease,§ n (%)

Supplementary Table 4b Subgroup analysis children: incidence of histopathologic findings in appendectomy specimens.

3 (0.23)

9 (0.25)

3 (0.50)

3 (0.32)

Neoplasm,¶
n (%)

11 (0.84)

7 (0.19)

0 (0.00)

0 (0.00)

Other,#
n (%)

NR, not reported.
* Normal, appendix vermiformis, lymphoid hyperplasia without inflammation, fecolith without inflammation.
† Abscess, acute (suppurative) appendicitis, chronic appendicitis, eosinophilic appendicitis, fibrosing appendicitis, follicular appendicitis, gangrenous
appendicitis, lymphoid hyperplasia with inflammation, perforated appendicitis, peri-appendicitis, phlegmonous appendicitis, recurrent appendicitis, serositis,
ulcerative appendicitis.
‡ Ascaris lumbricoides, Entamoeba histolytica, Enterobius vermicularis, Microfilaria, Schistosomiasis, Strongyloides spp, Taenia spp, Trichuris trichuria, worms.
§ Crohn’s disease, granuloma, granulomatous inflammation, appendiceal tuberculosis.
¶ Neuroendocrine tumor, noninvasive (mucinous) epithelial tumor, invasive (mucinous) epithelial tumor, lymphoma.
# Appendiceal diverticulitis, bacterial infections, fibrous obliteration / neurogenous hyperplasia / neuroma, fungal infection, lipomatous hypertrophy,
melanosis coli, mesenteric cyst, squamous metaplasia, vasculitis, Walthard cell rest, xanthomatous change.

79.6 (64.9-89.2)

10.7 (3.3-29.7)

Pooled percentage
with 95% CI

43

Emre et al.

1127 (69.5)

Yilmaz et al.42

NR

NR

370 (22.8)

Martelluci et al.33

Inflammation,†
n (%)

Normal,*
n (%)

Reference
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6.2 (3.2-11.7)

97%, P < 0.01

Pooled percentage with
95% CI

Heterogeneity, I2
97%, P < 0.01

90.9 (82.7-95.4)

463 (95.7)

47%, P = 0.13

0.84 (0.52-1.34)

5 (1.03)

0 (0.00)
0.35 (0.23-0.53)
0%, P = 0.62

1 (0.21)
0.01 (0.00-0.65)
63%, P = 0.44

0%, P = 0.84

0.27 (0.17-0.43)

1 (0.21)

77%, P < 0.01

0.16 (0.04-0.65)

1 (0.21)

6 (0.37)

64%, P = 0.10

0.50 (0.29-0.86)

32%, P = 0.11

Pooled percentage with
95% CI

Heterogeneity, I2

Lymphoma, n (%)
2 (0.16)
1 (0.06)
0 (0.00)
0.07 (0.02-0.23)
0%, P = 0.56

Invasive epithelial
neoplasm‡, n (%)
4 (0.33)
4 (0.25)
0 (0.00)
0.19 (0.08-0.46)
17%, P = 0.37

* Carcinoids, neuroendocrine tumors.
† Adenomatous polyp, hyperplastic polyp, juvenile polyp, tubular adenoma, neurofibroma, mucocele, low grade appendiceal mucinous neoplasm, high grade
appendiceal mucinous neoplasm, mucinous cystadenoma.
‡ Primary adenocarcinoma, secondary adenocarcinoma, mucinous cystadenocarcinoma with or without pseudomyxoma peritonei.

0.41 (0.17-0.99)

11 (0.88)

Emre et al.43

42

1 (0.08)

12 (0.74)

4 (0.33)

Martelluci et al.33

Yilmaz et al.

7 (0.57)

Neuroendocrine tumor*, n (%)

Reference

Noninvasive epithelial
neoplasm†, n (%)

Supplementary Table 5a Subgroup analysis adults: incidence of neoplasms in appendectomy specimens.

NR, not reported.
* Normal, appendix vermiformis, lymphoid hyperplasia without inflammation, fecolith without inflammation.
† Abscess, acute (suppurative) appendicitis, chronic appendicitis, eosinophilic appendicitis, fibrosing appendicitis, follicular appendicitis, gangrenous
appendicitis, lymphoid hyperplasia with inflammation, perforated appendicitis, peri-appendicitis, phlegmonous appendicitis, recurrent appendicitis, serositis,
ulcerative appendicitis.
‡ Ascaris lumbricoides, Entamoeba histolytica, Enterobius vermicularis, Microfilaria, Schistosomiasis, Strongyloides spp, Taenia spp, Trichuris trichuria, worms.
§ Crohn’s disease, granuloma, granulomatous inflammation, appendiceal tuberculosis.
¶ Neuroendocrine tumor, noninvasive (mucinous) epithelial tumor, invasive (mucinous) epithelial tumor, lymphoma.
# Appendiceal diverticulitis, bacterial infections, fibrous obliteration / neurogenous hyperplasia / neuroma, fungal infection, lipomatous hypertrophy,
melanosis coli, mesenteric cyst, squamous metaplasia, vasculitis, Walthard cell rest, xanthomatous change.

21 (4.3)

Gorter et al.53
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178
0 (0.00)

9 (0.25)

0%

0%, P = 0.73
§

0.00§

0 (0.00)

1 (0.21)

0.26 (0.16-0.41)

0 (0.00)

2 (0.15)

0%, P = 0.85

0%
§

0.01 (0.00-0.10)

0 (0.00)

1 (0.08)

0 (0.00)

0 (0.00)

0 (0.00)

0.00§

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

Lymphoma,
Invasive epithelial neoplasm‡, n (%) n (%)

* Carcinoids, neuroendocrine tumors.
† Adenomatous polyp, hyperplastic polyp, juvenile polyp, tubular adenoma, neurofibroma, mucocele, low grade appendiceal mucinous neoplasm, high grade
appendiceal mucinous neoplasm, mucinous cystadenoma.
‡ Primary adenocarcinoma, secondary adenocarcinoma, mucinous cystadenocarcinoma with or without pseudomyxoma peritonei.
§ Pooling and evaluation of heterogeneity was not possible due to the lack of events.

Heterogeneity, I

2

Pooled percentage with 95% CI

53

Gorter et al.

Buyukbese Sarsu et al.49

Alemayehu et al.

46

0 (0.00)

3 (0.50)

Khan et al.40

0 (0.00)

3 (0.32)

Monajemzadeh et al.39

Noninvasive epithelial
neoplasm†, n (%)

Neuroendocrine tumor*,
n (%)

Reference
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0% (0/1)

47% (8/17)

21% (5/24)

100% (7/7)

67% (4/6)

75% (3/4)

1/1

0/1

0/1
0/1

2/2

4/4

7/7

Lymphoma,
n (%)

Invasive epithelial
neoplasm,¶
n (%)

Noninvasive
epithelial
neoplasm,§
n (%)

* Ascaris lumbricoides, Entamoeba histolytica, Enterobius vermicularis, Microfilaria, Schistosomiasis, Strongyloides spp, Taenia spp, Trichuris trichuria,
worms.
† Crohn’s disease, granuloma, granulomatous inflammation, appendiceal tuberculosis.
‡ Carcinoids, neuroendocrine tumors.
§ Adenomatous polyp, hyperplastic polyp, juvenile polyp, tubular adenoma, neurofibroma, mucocele, low grade appendiceal mucinous neoplasm, high grade
appendiceal mucinous neoplasm, mucinous cystadenoma.
¶ Primary adenocarcinoma, secondary adenocarcinoma, mucinous cystadenocarcinoma with or without pseudomyxoma peritonei.

Sensitivity, %

Buyukbese Sarsu et al.

0% (0/23)

0/3

1/5

4/4

Neuroendocrine
tumor,‡
n (%)

0/9

0/4

4/9

4/4

Granulomatous
disease,†
n (%)

0/3

49

0/1

Endometriosis,
n (%)

Alemayehu et al.46

0/2

0/21

Parasitic
infection,*
n (%)

Khan et al.40

Monajemzadeh et al.39

Al-Mulhim et al.

38

Lohsiriwat et al.34

Martelluci et al.33

Reference
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ABSTRACT
Background Routine histopathological examination after cholecystectomy is costly,
but the prevalence of unsuspected gallbladder cancer (incidental GBC) is low. This
study determined whether selective histopathological examination is safe.
Methods A comprehensive search of PubMed, Embase, Web of Science and the
Cochrane Library was performed. Pooled incidences of incidental and truly incidental
GBC (GBC detected during histopathological examination without preoperative or
intraoperative suspicion) were estimated using a random-effects model. The clinical
consequences of truly incidental GBC were assessed.
Results Seventy-three studies (232 155 patients) were included. In low-incidence
countries, pooled incidence was 0.32 (95 per cent c.i. 0.25 to 0.42) per cent for
incidental GBC and 0.18 (0.10 to 0.35) per cent for truly incidental GBC. Subgroup
analysis of studies in which surgeons systematically examined the gallbladder
revealed a pooled incidence of 0.04 (0.01 to 0.14) per cent. In high-incidence countries,
corresponding pooled incidences were 0.83 (0.58 to 1.18), 0.44 (0.21 to 0.91) and 0.08
(0.02 to 0.39) per cent respectively. Clinical consequences were reported for 176 (39.3
per cent) of 448 patients with truly incidental GBC. Thirty-three patients (18.8 per
cent) underwent secondary surgery. Subgroup analysis showed that at least half of
GBC not detected during the surgeon’s systematic examination of the gallbladder
was early stage (T1a status or below) and of no clinical consequence.
Conclusion Selective histopathological examination of the gallbladder after initial
macroscopic assessment by the surgeon seems safe and could reduce costs.
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INTRODUCTION
Cholecystectomy for benign gallbladder disease is among the most frequently
performed surgical procedures worldwide. For decades, it has been standard
practice to send all gallbladder specimens for histopathological examination in
order to exclude the presence of gallbladder cancer (GBC). This routine policy is
costly and constitutes a significant workload for pathology departments, whereas
the prevalence of unsuspected gallbladder cancer (incidental GBC) is low. To
save costs and reduce the workload of pathologists, selective histopathological
examination has been proposed.1-5 This entails macroscopic examination by the
surgeon, sending only specimens with suspicious findings to the pathologist. Some
fear that surgeons might not recognize GBC, resulting in missed diagnoses with
potentially disastrous consequences. However, previous studies have shown that
gallbladder specimens without macroscopic abnormalities rarely contain GBC.6, 7
Moreover, if no macroscopic abnormalities are present, the cancer is usually of early
stage and without clinical consequence, as the previously performed cholecystectomy
suffices. In 2014, the Dutch guideline for gallstone disease was updated, proposing
selective histopathological examination after cholecystectomy, but implementation
was suboptimal.8,9 Less than half of hospitals adopted the selective strategy, and the
need for more evidence on safety was expressed.

METHODS
This systematic review and meta-analysis adhered to the Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) guidelines and the PRISMA
statement.10, 11 The protocol of this systematic review was registered in the
PROSPERO international prospective register of systematic reviews (registration
number: CRD42019142696). Institutional review board approval was not required.

Search strategy and selection criteria
A systematic literature search of PubMed, Embase, Web of Science and the Cochrane
library was conducted without language restriction and with a time limit set for
studies published since 1 January 2009. The search was last updated on 1 June 2019.
The search was performed with the assistance of a clinical librarian and included
both medical subject heading (MeSH) terms and keywords. The search terms used
were gallbladder (MeSH), cholecystitis (MeSH), cholecystectomy (MeSH), pathology
(MeSH), gall bladder, histology, histopathology, routine, selective, carcinoma and
cancer. Further details of the search can be found in Supplementary Appendix 1.
The search results were imported into Covidence for further selection.12 Crossreferencing of all included articles was performed to find any additional studies of
interest. Articles published in languages other than English were translated with
the help of native speakers.
183
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All observational studies reporting the number of patients with GBC diagnosed
during or after cholecystectomy performed for presumed benign gallbladder disease
were eligible for inclusion. Studies that did not mention the total number of patients
undergoing cholecystectomy, or the number of patients with GBC that was suspected
or diagnosed before surgery, were excluded. In addition, studies that included
specimens retrieved from cholecystectomy performed as an incidental procedure
during other abdominal or pelvic operations were excluded. Preoperative gallbladder
imaging was probably not done when the decision to perform a cholecystectomy was
made during surgery, and this might have raised suspicion of GBC in these patients.
Other exclusion criteria were: conference abstracts, no original data, no full text
available, study performed in a centre with a selective policy of histopathological
examination, studies that included post-mortem specimens, and studies including
specimens retrieved from cholecystectomies performed as part of more extensive,
usually oncological, surgery (such as the Whipple procedure) rather than because of
presumed benign gallbladder disease.
Two reviewers independently screened the titles and abstracts of all retrieved
references to identify studies that potentially met the inclusion criteria. Subsequently,
the full texts of the remaining articles were independently assessed for eligibility
by the same two reviewers. During all stages of the selection process, any conflict
between the reviewers was resolved by discussion until consensus had been reached.

Definitions and data extraction
For the purpose of this study, GBC included primary gallbladder malignancies
regardless of histological type, gallbladder metastases and lymphoid malignancies.
Incidental GBC was defined as GBC diagnosed during cholecystectomy or at
histopathological examination, with no preoperative suspicion. Within this group,
truly incidental GBC was defined as GBC diagnosed for the first time during
histopathological examination without any suspicion before or during operation.
Two reviewers independently extracted data from the included studies according to
a predefined data extraction table. In case of disagreement, discussion took place
until consensus had been reached. Collected data included study characteristics
(authors, publication year, study country, study design, study period and sample
size), the number of patients with (truly) incidental GBC and T category, age and
sex of patients with truly incidental GBC, the consequences of truly incidental GBC
for further management, and authors’ recommendations about routine or selective
histopathological examination. Study authors were contacted in case of missing
data or uncertainty.
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Data analysis
Two reviewers critically appraised all studies according to the Joanna Briggs Institute
Critical Appraisal Checklist for Studies Reporting Prevalence Data.13 This tool
consists of nine domains, and the final score for each study ranges from 0 to 9. The
risk of bias was rated as high if the final score was 0-4, moderate if the final score
was 5-7, and low for a final score of 8 or 9. All studies, regardless of their risk of bias,
were included for data analysis.
Because of known variation in the geographical incidence of GBC, included studies
were assigned to one the following two groups: studies from countries with a
low incidence of GBC, and studies from countries with a high incidence of GBC.
Allocation of studies into one of the groups was based on the age-standardized
incidence of GBC, as reported by GLOBOCAN 2018.14 A cut-off value of 2.3 per 100
000 was chosen, as this was the age-standardized incidence of GBC worldwide. As
previous epidemiological studies had also identified India and Pakistan as countries
with a high incidence of GBC, studies from these countries were also assigned to
group 2.15-17
The main outcomes were: incidence of incidental GBC; incidence of truly incidental
GBC; the ability of the surgeon to recognize GBC during surgery; and the clinical
consequences of truly incidental GBC. Additionally, authors’ recommendations
regarding histopathological examination (routine versus selective) and the costs of
routine histopathological examination to achieve clinical benefit in one patient were
evaluated.
To establish the incidence of incidental GBC, all studies reporting the number of
patients with GBC that was not suspected or diagnosed before surgery were included.
Results of preoperative imaging that could have raised suspicion (such as a thickened
gallbladder wall) were not reinterpreted by the authors as preoperative suspicion,
when it was explicitly mentioned that GBC was not suspected before the operation.
Studies that excluded patients with GBC suspected or diagnosed during surgery were
not included in this analysis.
To establish the incidence of truly incidental GBC, all studies reporting the number
of patients with GBC that was not suspected or diagnosed before or during surgery
were included. Surgical procedures that required conversion (for example due to
dense adhesions) were not reinterpreted as intraoperative suspicious findings, if it
was not explicitly mentioned in the article that the surgeon suspected GBC during
surgery. Likewise, macroscopic abnormalities reported by the pathologist were
not considered as intraoperative suspicious findings if the article did not explicitly
mention that these were also detected by the surgeon and had raised suspicion during
the operation.
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To assess the ability of the surgeon to recognize GBC during surgery, all studies
reporting both the number of GBCs suspected or diagnosed during cholecystectomy
(with or without opening the specimen) and the number of GBCs diagnosed during
histopathological examination were included. Intraoperative sensitivity was defined
as the fraction of incidentally detected cancers that was suspected by the surgeon
during surgery.
The clinical consequences of truly incidental GBC were grouped into seven categories:
no further treatment; periodic surveillance; referral to oncologist (chemotherapy);
referral to oncologist (unknown outcome); secondary surgery without 1-year survival;
secondary surgery with unknown survival (survival not reported or follow-up of less
than 1 year); and secondary surgery with at least 1-year survival. In some studies, all
patients were referred to the oncologist to discuss further management, regardless
of tumour stage. When the oncologist decided that no additional diagnostic tests
or any treatment were indicated, patients were assigned to the first group (no
further treatment). Patients who received adjuvant or palliative chemotherapy were
appointed to the third group (chemotherapy). If it was unclear whether the referral
to the oncologist had led to additional diagnostic tests or treatment, patients were
assigned to the fourth group (unknown outcome).
To determine the value of systematic macroscopic examination by the surgeon,
subgroup analyses were performed including the studies that specifically described
that surgeons opened and systematically examined the mucosa of all removed
gallbladders.
To estimate the costs of routine histopathological examination to achieve clinical
benefit in one patient, all studies that reported both the number of specimens with
macroscopic abnormalities detected by the surgeon during systematic assessment
of the gallbladder and the number of patients with truly incidental GBC were
included. The analysis was based on the assumptions that: in the Netherlands, costs
for histopathological examination are approximately €60 per gallbladder specimen;
in a hypothetical situation of a selective policy, only specimens with macroscopic
abnormalities are sent for histopathological examination; in the case of routine
policy, all gallbladder specimens are sent for histopathological examination; and
clinical benefit can be achieved only in patients with GBC of T1b status or above, as
no further treatment is indicated for patients with less advanced GBC. To estimate
the costs of a routine policy to achieve clinical benefit in one patient, the difference
between costs made with a routine and selective policy was calculated and then
divided by the number of patients with a normal-looking gallbladder containing
GBC of at least T1b category (GBC with clinical consequences that would have been
missed with a selective policy).
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Statistical analysis
The incidence of (truly) incidental GBC and the intraoperative sensitivity were
meta-analysed. Pooled percentages with corresponding 95 per cent c.i. were
calculated using a generalized linear mixed model. A random-effects model was
used, considering the expected variation between the studies. Heterogeneity of the
included studies was evaluated by calculating the I2 index and corresponding P value.
All statistical analyses were performed using RStudio version 1.1.453 (R Core Team,
2018; R Foundation for Statistical Computing, Vienna, Austria). The numbers of
patients per category of clinical consequences of truly incidental GBC were reported
as absolute numbers and percentages.

RESULTS
In total, 937 studies were identified after removal of duplicates. Based on title and
abstract, 135 studies were selected for full-text assessment. Eighty articles were
excluded because they did not meet the eligibility criteria (Figure 1). After fulltext screening, 55 articles met the eligibility criteria for this systematic review. An
additional 18 studies were identified during manual cross-referencing, resulting
in a total of 73 articles, including 232 155 patients, that were eligible for data
analysis. These studies were then divided into those performed in countries with
a low incidence (39)6, 18-55 and countries with a high incidence (34) of GBC.7, 56-88
Characteristics of all included studies are presented in Supplementary Table 1.
Critical appraisal showed that four studies were judged to have a high risk of bias,
51 were classified as having a moderate risk of bias, and 18 had a low risk of bias.
Results of the quality assessment are shown in Supplementary Table 2.

Incidence of incidental gallbladder cancer
Meta-analysis of 36 studies (129 059 patients) conducted in countries with a low
incidence of GBC resulted in a pooled 0.32 (95 per cent c.i. 0.25 to 0.42) per cent
incidence of incidental GBC (Figure 2). Based on 29 studies (88 075 patients)
performed in high-incidence countries, the pooled incidence of incidental GBC was
0.83 (0.58 to 1.18) per cent (Figure 3).

Incidence of truly incidental gallbladder cancer
Based on 23 studies (50 264 studies), the pooled incidence of truly incidental GBC
in low-incidence countries was 0.18 (95 per cent c.i. 0.10 to 0.35) per cent (Figure
4). Meta-analysis of 18 studies (59 175 patients) originating from countries with a
high incidence of GBC resulted in a 0.44 (0.21 to 0.91) per cent pooled rate of truly
incidental GBC (Figure 5).
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Additional records identified
through cross-referencing
(n = 18)
Studies included in qualitative synthesis
(n = 73)

Full-text articles assessed for eligibility
(n = 135)

Records screened
(n = 937)

Records after duplicates removed
(n = 937)

Studies included in quantitative synthesis
(meta-analysis)
(n = 73)

Figure 1 PRISMA diagram for the review.
GBC, gallbladder cancer; HPE, histopathological examination.

Included

Records identified through
database searching
(n = 1399)

- Conference abstract (n = 41)
- Number of preoperative suspected GBCs not
reported (n = 23)
- Study without original data (n = 4)
- Cholecystectomy performed as incidental procedure
during other surgery (n = 3)
- Total sample size unknown (n = 3)
- Selective policy of HPE (n = 3)
- Overlapping papers (n = 2)
- Cholecystectomy performed as part of more
extensive surgery (n = 1)

Full-text articles excluded
(n = 80)

Records excluded
(n = 802)
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Reference

Events

Mlinarić-Vrbica et al.19
De Zoysa et al.20
Almuslamani et al.22
Genç et al.23
Ghimire et al.24
Byars et al.25
Cavallaro et al.26
Chin et al.27
Romero-González et al.28
Bawahab et al.29
De Werra et al.30
Ferrarese et al.31
Koshenkov et al.32
Ozgur et al.33
Panebianco et al.34
Elshaer et al.35
Ghnnam et al.36
van Vliet et al.6
Amiraslanov et al.37
Bali et al.38
Emmett et al.39
Lilic et al.40
Basak et al.41
Düzköylü et al.43
Patel et al.44
Al-Qahtani et al.45
Tatli et al.46
Uysal et al.47
Wrenn et al.48
Al Manasra et al.49
Benkhadoura et al.50
Charfi et al.51
Corten et al.52
Dincel et al.53
Geramizadeh et al.54
Olthof et al.55

9
2
4
5
10
2
9
2
1
3
3
7
67
0
6
12
10
6
1
6
12
18
4
15
7
9
7
7
5
21
2
157
0
5
18
4

Total Events per 100 observations
3351
477
1984
5164
783
2696
1490
1375
150
803
318
508
26 572
432
1188
3330
1982
1375
404
568
4776
4128
1747
8698
4027
2396
341
1366
1984
11 391
3423
20 584
319
1294
4872
2763

Random-effects model
129 059
Heterogeneity: I2 = 83%, P < 0.010

0

1

2

3

Incidence (%)

95% c.i.

0.27
0.42
0.20
0.10
1.28
0.07
0.60
0.15
0.67
0.37
0.94
1.38
0.25
0.00
0.51
0.36
0.50
0.44
0.25
1.06
0.25
0.44
0.23
0.17
0.17
0.38
2.05
0.51
0.25
0.18
0.06
0.76
0.00
0.39
0.37
0.14

[0.12, 0.51]
[0.05, 1.51]
[0.05, 0.52]
[0.03, 0.23]
[0.61, 2.34]
[0.01, 0.27]
[0.28, 1.14]
[0.02, 0.52]
[0.02, 3.66]
[0.08, 1.09]
[0.19, 2.73]
[0.56, 2.82]
[0.20, 0.32]
[0.00, 0.85]
[0.19, 1.10]
[0.19, 0.63]
[0.24, 0.93]
[0.16, 0.95]
[0.01, 1.37]
[0.39, 2.28]
[0.13, 0.44]
[0.26, 0.69]
[0.06, 0.59]
[0.10, 0.28]
[0.07, 0.36]
[0.17, 0.71]
[0.83, 4.18]
[0.21, 1.05]
[0.08, 0.59]
[0.11, 0.28]
[0.01, 0.21]
[0.65, 0.89]
[0.00, 1.15]
[0.13, 0.90]
[0.22, 0.58]
[0.04, 0.37]

0.32

[0.25, 0.42]
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Figure 2 Forest plot of the pooled incidence of incidental gallbladder cancer in low-incidence
countries. A random-effects model was used for meta-analysis. Incidence rates are shown
with 95 per cent confidence intervals. GBC, gallbladder cancer.
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Figure 3 Forest plot of the pooled incidence of incidental gallbladder cancer in high-incidence
countries. A random-effects model was used for meta-analysis. Incidence rates are shown
with 95 per cent confidence intervals. GBC, gallbladder cancer.
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Figure 4 Forest plot of the pooled incidence of truly incidental gallbladder cancer in low-incidence countries. A random-effects model was used for meta-analysis. Incidence rates are
shown with 95 per cent confidence intervals. GBC, gallbladder cancer.
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Figure 5 Forest plot of the pooled incidence of truly incidental gallbladder cancer in high-incidence countries. A random-effects model was used for meta-analysis. Incidence rates are
shown with 95 per cent confidence intervals. GBC, gallbladder cancer.
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Three studies (5633 patients) from countries with a low incidence of GBC in which
the surgeon systematically inspected the gallbladder mucosa were included in the
subgroup analysis.23, 28, 52 This resulted in an incidence of truly incidental GBC of
0.04 (95 per cent c.i. 0.01-0.14) (Supplementary Figure 1). Similar subgroup analysis
of six studies (28 189 patients) from countries with a high incidence of GBC revealed
a pooled incidence of 0.08 (0.02 to 0.39) per cent (Supplementary Figure 2).7, 60, 63, 77, 78, 88

Ability of the surgeon to recognize gallbladder cancer during surgery
Eighteen studies (38 598 patients) performed in countries with a low incidence of GBC
reported both the number of GBCs suspected or diagnosed during cholecystectomy
(with or without opening the specimen) and the number of GBCs diagnosed during
histopathological examination (Supplementary Table 3). In these studies, 26.6 (95
per cent c.i. 8.57 to 58.34) per cent (pooled percentage) of incidentally detected
cancers were suspected or diagnosed during surgery. In 12 studies (51 743 patients)
performed in countries with a high incidence of GBC, the pooled intraoperative
sensitivity was 49.5 (95 per cent c.i. 23.7 to 75.5) per cent.
Subgroup analysis of two studies (5314 patients) from countries with a low incidence
in which the surgeon systematically examined the gallbladder mucosa showed that
surgeons were able to recognize 66.7 (95 per cent c.i. 26.8 to 91.6) per cent (pooled
percentage) of incidentally detected cancers.23, 28 Similar subgroup analysis including
six studies (28 189 patients) performed in countries with a high incidence of GBC
resulted in a pooled intraoperative sensitivity of 76.9 (35.6 to 95.3) per cent.7, 60, 63, 77, 78, 88

Clinical consequences of truly incidental gallbladder cancer
Overall, truly incidental GBC was found in 448 patients among 41 studies including
109 439 patients (Supplementary Table 3). Age was provided by 14 studies for 110
patients (24.6 per cent), and sex by 20 studies for 235 patients (52.5 per cent). Median
age was 64 (i.q.r. 54-71) years, and 173 patients (73.6 per cent) were women. Nineteen
studies (68 144 patients) including 178 patients with truly incidental GBC reported
the clinical consequences of this diagnosis.6, 7, 18, 21-24, 26, 36, 37, 41, 43, 44, 53, 59, 60, 67, 69, 75 The
consequences for two patients with gallbladder metastases were not described.6, 18 As
a result, data for 176 (39.3 per cent) of 448 patients with truly incidental GBC were
pooled (Table 1). T category was known in 132 (76.3 per cent) of 173 patients with
primary GBC: Tis (24, 18.2 per cent), T1a (18, 13.6 per cent), T1b (27, 20.5 per cent),
T2 (47, 35.6 per cent) and T3 (16, 12.1 per cent).
Eighty-six (48.9 per cent) of the 176 patients did not receive further treatment.
Twenty-seven patients (15.3 per cent) were subjected to periodic surveillance. Fifteen
patients (8.5 per cent) were referred to the oncologist and received chemotherapy.
For a further 15 patients (8.5 per cent) who were referred to the oncologist, it was not
reported whether treatment with chemotherapy was given. Survival data for these
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patients are provided in Table 1. Secondary surgery was performed in 33 patients
(18.8 per cent). Survival was unknown in 16 (49 per cent) of these patients. Of the
remaining 17 patients, secondary surgery resulted in survival of at least 1 year in 13
patients (77 per cent); the other four patients (24 per cent) had secondary surgery
and died within 1 year of the operation.
Details of truly incidental GBC, as reported by studies in which the surgeon
systematically examined the gallbladder mucosa, are presented in Table 2. In total,
24 patients with truly incidental GBC among nine studies (33 822 patients) were
found (Supplementary Figure 1 and 2). T category was known for 18 patients (75 per
cent) patients: Tis (8, 44 per cent), T1a (4, 22 per cent), T1b (1, 6 per cent), T2 (3, 17
per cent) and T3 (n=2, 11 per cent). Clinical consequences were described in three
studies (29 999 patients), which included 14 patients (58 per cent) of the 24 patients
with truly incidental GBC.7, 23, 60 T category was T1a or below and T1b or above in
eight (57 per cent) and six patients (43 per cent) respectively. Two (14 per cent) of the
14 patients did not have further treatment, and nine (64 per cent) were scheduled for
periodic surveillance. Three patients with T2 GBC (21 per cent) underwent radical
surgery, which resulted in survival of at least 1 year in all of them.

Recommendations regarding histopathological examination (routine
versus selective)
In 20 out of the 39 studies conducted in countries with a low incidence of GBC,
the authors explicitly mentioned the recommendation regarding histopathological
examination (Supplementary Table 3). Routine histopathological examination
was recommended in nine (45 per cent) of these studies and a selective policy
in the remaining 11 (55 per cent). For the 34 high-incidence countries, such a
recommendation was documented in 18 studies. Selective histopathological
examination was recommended in only three studies (17 per cent), whereas the
remaining 15 articles (83 per cent) concluded that gallbladder specimens should be
assessed routinely by the pathologist.

Costs
Data from seven studies (18 330 patients), which reported both the number of
specimens with macroscopic abnormalities detected by the surgeon during systematic
assessment of the gallbladder and the number of patients with truly incidental GBC,
were used to estimate the costs of routine histopathological examination to achieve
clinical benefit in one patient.23, 28, 52, 60, 63, 77, 78
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86 (48.9)

17 (71)

7 (39)

T1a
(n = 23)
5 (22)
18 (78)

T2
(n = 76)
29 (38)
47 (62)
26 (55)†

T1b
(n = 35)
8 (23)
27 (77)
9 (33)*

8 (50)‡

T3
(n = 22)
6 (27)
16 (73)
19 (46)

T4
T?
(n = 2) (n = 249)
2 (100) 208 (84)
0 (0)
41 (17)

Non-primary
GBC (n = 5)
2 (40)
3 (60)

§

¶

||

**

Periodic surveillance
27 (15.3)
5 (21)
2 (11)
1 (4)
2 (13)
17 (42)††
‡‡
§§
¶¶
##
***
Referral to oncologist, chemotherapy
15 (8.5)
2 (8)
1 (6)
2 (7)
2 (4)
1 (6)
4 (10)†††
3 (100)‡‡‡
Referral to oncologist, outcome unknown 15 (8.5)
7 (39)
6 (22)
1 (2)
1 (6)
Secondary surgery, < 1-year survival
4 (2.3)
3 (6)§§§
1 (6)¶¶¶
Secondary surgery, unknown survival
16 (9.1)
1 (6)### 5 (19)**** 6 (13)†††† 3 (19)‡‡‡‡
1 (2)§§§§
Secondary surgery, ≥ 1-year survival
13 (7.4)
4 (15)¶¶¶¶ 9 (19)####
Values in parentheses are percentages. Based on data from 41 studies (109 439 patients). GBC, gallbladder cancer.
* No further treatment due to refusal by patient (n=1).
† No further treatment due to refusal by patient (n=5), not fit for surgery (n=2), distant metastasis (n=1), unwillingness family (n=1).
‡ No further treatment due to poor general condition (n=1).
§ Alive at 22, 44, 78, 89 and 125 months (n=5).
¶ Alive at 64 and 121 months (n=2).
# Alive at 7 months (n=1).
** Refused further surgery, died from recurrence at 16 and 19 months (n=2).
†† Survival status unknown (n=17).
‡‡ Alive at 49 and 62 months (n=2).
§§ Survival status unknown (n=1).
¶¶ Died at 15 months from unknown cause (n=1), alive at 36 months (n=1).
## Alive at 14 months (n=1), survival status unknown (n=1).
*** Died from recurrence at 12 months (n=1).
††† Survival status unknown (n=4).‡‡‡ Alive at 8 months (n=1), survival status unknown (n=2).
§§§ Re-exploration, no residual disease (died at 12 months from unknown cause, 1; radical surgery, died at 10 and 12 months from unknown cause, 2).

No further treatment

Consequences not described
Consequences described

Total
Tis
(n = 448) (n = 36)
272 (60.7) 12 (33)
176 (39.3) 24 (67)

Table 1 Impact of truly incidental gallbladder cancer on further management.
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Tis
(n = 8)
2 (25)
6 (7)
1 (17)
5 (83)*

T1a
(n = 4)
2 (50)
2 (50)
1 (50)
1 (50)†

T1b
(n = 1)
0 (0)
1 (100)

T2
(n = 3)
0 (0)
3 (100)

T3
(n = 2)
0 (0)
2 (100)

T4
(n = 0)
0 (0)
0 (0)

Consequences not described
Consequences described
No further treatment
Periodic surveillance
1 (100)‡
2 (100)§
Referral to oncologist, chemotherapy
Referral to oncologist, outcome unknown
Secondary surgery, < 1-year survival
Secondary surgery, unknown survival
Secondary surgery, ≥ 1-year survival
3 (21)
3 (100)¶
Values in parentheses are percentages. Based on data from nine studies (33 822 patients).
* Alive at 22, 44, 78, 89 and 125 months (n=5).
† Alive at 121 months (n=1).
‡ Alive at 7 months (n=1).
§ Refused radical surgery, died from recurrence at 16 and 19 months (n=2).
¶ Radical surgery (n=3) (alive at 35 months, 1; died from recurrence at 57 months, 1; died at 21 months from unknown cause, 1).

Total
(n = 24)
10 (42)
14 (58)
2 (14)
9 (64)

T?
(n = 6)
6 (100)
0 (0)

Table 2 Impact of truly incidental gallbladder cancer on further management in studies in which the gallbladder mucosa was examined systematically.

¶¶¶ Re-exploration, residual disease (died at 12 months, 1).
### No details of surgical procedure (n=1).
**** Re-exploration, no residual disease (n=3), revisional surgery with chemotherapy (n=1), revisional surgery (n=1).
†††† Re-exploration, no residual disease (n=4), radical surgery (n=2).
‡‡‡‡ Re-exploration, residual disease (n=2), radical surgery (n=1).
§§§§ Radical surgery (n=1).
¶¶¶¶ Radical surgery, alive at 32, 36, 38 and 60 months (n=4).
#### Radical surgery, alive at 12, 22, 24, 35 and 60 months (n=5), radical surgery, died from recurrence at 57 months (n=1), radical surgery, died
at 21, 23 and 30 months from unknown cause (n=3).

Table 1 Continued.
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In a hypothetical situation of a selective policy, only 1365 specimens with macroscopic
abnormalities (7.4 per cent) would have been sent for further microscopic assessment,
whereas 16 965 specimens without macroscopic abnormalities (92.6 per cent) would
not have been examined by a pathologist. In 16 out of these 16 965 specimens without
macroscopic abnormalities (0.1 per cent) truly incidental GBC was diagnosed: Tis
category in seven, T1a in three, T1b in one, T2 in three, and T3 in two patients.
According to the Dutch guideline, cholecystectomy suffices for Tis and T1a GBC.
Therefore, the histopathological diagnosis of GBC might have resulted in additional
diagnostics and/or treatment in a maximum of six patients. Histopathological costs
for a routine policy would have been €1 099 800 (18 330 specimens), compared with
€81 900 (1365 specimens) for a selective policy, indicating that the costs of routine
histopathological examination for clinical benefit in one patient were at least €169
650.

DISCUSSION
This meta-analysis found that the rate of truly incidental GBC following
cholecystectomy performed for presumed benign disease was low, especially
when the surgeon assessed the mucosa of the removed gallbladder. If not detected
during the surgeon’s macroscopic assessment of the gallbladder mucosa, GBC was
of early stage (T1a category or below) and with no clinical consequence in half of
the patients. Based on these results, selective histopathological examination of
gallbladder specimens seems safe, at least in non-endemic regions, and might result
in a reduction of more than 90 per cent in the number of gallbladders submitted for
examination.
The main argument used for justification of a selective policy is that the diagnosis
of incidental GBC is unlikely in gallbladder specimens without macroscopic
abnormalities. Several studies have reported a negative predictive value of 100 per
cent when macroscopic abnormalities are absent.1, 2, 5, 6, 25, 63, 89 Opponents of a selective
policy fear that surgeons might not identify these abnormalities, and argue that
the macroscopic examination should be performed by a pathologist who is more
experienced in recognizing aberrant findings suspicious for GBC. In a prospective
study comparing macroscopic gallbladder examination performed by surgeons
and pathologists, Corten and colleagues found strong agreement between both
types of assessor (κ = 0.822).52 Surgeons and pathologists disagreed on only 18 of
319 gallbladder specimens, and no cancer was found in any of these. Similarly, in
a prospective study by Romero-González and co-workers, surgeons were asked to
evaluate the risk of GBC based on clinical risk factors and macroscopic assessment.28
All three histopathologically confirmed GBC were recognized by the surgeon.
In contrast, the present review showed that GBC was not recognized in at least
one-quarter of patients, despite systematic assessment of the gallbladder mucosa.
195

6

Chapter 6

Surprisingly, two studies reported that T2 and T3 GBCs were missed.60,88 Although
both studies stated that the gallbladder was opened and examined by the surgeon,
it might be assumed that the macroscopic assessment was not performed accurately
in these studies, as it is unlikely that these cancers would have no macroscopic
abnormalities.
The value of histopathological examination depends mainly on the therapeutic
options arising from the diagnosis. No additional treatment is indicated for patients
with cancer confined to the epithelium or mucosa of the gallbladder (T1a status or
below), provided the resection margin is not involved. For patients with T1b, T2 or
T3 GBC, re-resection to remove any residual disease is recommended, unless this
is contraindicated by advanced disease or poor performance status.90 In the present
review, T category was known for 18 of the 24 patients who were diagnosed with
truly incidental GBC despite systematic macroscopic examination by the surgeon.
Twelve patients were diagnosed with GBC with T1a status or less, meaning that at
least 50 per cent (12 of 24) of missed GBC was inconsequential. Histopathological
examination revealed GBC of T1b status or above in the remaining six patients, of
whom three had additional surgery. Some might state that these patients would
have been undertreated if the surgeon had decided to refrain from histopathological
examination. However, the clinical impact of secondary surgery on survival has
been questioned. Studies have shown that the proportion of patients with residual
disease is up to 60 per cent in pT1b/T2 GBC, and exceeds 80 per cent in pT3 GBC.91,
92
The presence of residual disease is associated with poor survival outcomes, and
re-resection offers only limited survival benefit.93 In this group of patients, secondary
surgery is used as a staging procedure rather than a therapeutic strategy to improve
prognosis. Meanwhile, patients without residual disease are exposed to unnecessary
surgical risks associated with further resection. Unfortunately, the articles included
in this review did not provide data on residual disease or peri-operative morbidity.
In future studies evaluating the clinical consequences of missed GBC, the balance
between potential benefit and harm associated with secondary surgery should be
taken into account.
A few other systematic reviews have addressed the question of whether it is necessary
to send all gallbladder specimens for histopathological examination. In a review
by Jayasundara and de Silva, results of 24 individual studies were summarized
narratively.94 The authors concluded that the level of available evidence was not
adequate to recommend selective histopathological examination globally, but
that it might be considered in areas with a low incidence of GBC. Similarly, in
their review of 21 studies, Jamal et al. suggested that macroscopically normallooking gallbladders of patients of European ethnicity under the age of 60 may
be omitted from histopathological examination.17 In a subanalysis of four studies
that performed a detailed examination of the gallbladder mucosa, all 33 GBCs
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demonstrated macroscopic abnormalities, with 24 of these cancers arising in patients
from high-risk areas. Choi and colleagues performed a systematic review of 26
studies, including a meta-analysis, focusing primarily on the incidence and clinical
consequences of incidental GBC.95 The pooled proportion of incidental GBC was 0.7
per cent, and approximately three-quarters of incidental GBCs were T2 and more
advanced cancers. No distinction between GBC detected during or after surgery
was made. Consequently, no conclusions on the safety of selective histopathological
examination could be drawn.
To comment on the safety of a selective policy, information on the ability of surgeons
to identify GBC during surgery is highly relevant. To the authors’ knowledge, this is
the first meta-analysis to calculate pooled percentages for both incidental and truly
incidental GBC. In addition, subgroup analyses were performed of studies in which
surgeons performed a systematic macroscopic assessment of the gallbladder mucosa.
The differences between these incidences showed the ability of surgeons to recognize
GBC during surgery and the added value of a proper macroscopic assessment of the
gallbladder mucosa for identification of GBC. Furthermore, reporting these pooled
percentages separately enabled studies to be included as long as they provided the
numbers required for at least one intended analysis, resulting in a total of 73 included
articles. A final strength of this review is that it provides an estimation of the costs of
selective and routine histopathological examination. Although the estimated costs
were based on data from only seven studies, and should therefore be interpreted with
caution, this review provides insight in the potential cost savings that might result
from implementation of selective histopathological examination.
This systematic review is subject to some limitations. Only 11 studies had
a prospective design, so the conclusions of this review are based mainly on
retrospective data with its inherent shortcomings. A moderate risk of bias was
present in most studies, caused mainly by low sample sizes and insufficiently
described histopathological methods. The latter limits the robustness of the results
presented in this review, as inaccurate histopathological examination and staging
of GBC might have biased all reported outcomes. Thirty studies reported on the
ability of surgeons to recognize GBC before histopathological examination, but
macroscopic examination was performed systematically in only nine, mostly small,
studies. The clinical consequences of truly incidental GBC were described for only
176 (39.3 per cent) of all 448 patients. Owing to reporting bias, the actual proportion
of diagnoses resulting in a change of postoperative management might be lower.
As well as the presence of macroscopic abnormalities, there might be other reasons
(such as age, ethnicity, inflamed gallbladder, surgical difficulties) for surgeons to
send removed gallbladders for additional assessment by the pathologist. As a result,
the number of patients in whom GBC would have been missed with a selective
policy might be even lower than reported. Another consequence is that the actual
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reduction in number of specimens sent for histopathological examination will likely
be less than the reported 92.6 per cent. Based on a few single-centre studies, selective
histopathological examination will probably result in a reduction of 80-90 per cent,
but a large prospective cohort of patients would be required to make a valid claim.6,
52, 55

When considering a selective policy, one should be aware of the regional and ethnic
variation in the worldwide distribution of GBC. As expected, different incidences
of incidental GBC were observed in the meta-analyses of studies conducted in lowand high-risk areas. This variation in geographical incidence was reflected in the
various authors’ recommendations on selective versus routine histopathological
examination. Whereas more than half of the studies from low-risk areas suggested
a selective policy, the vast majority of authors from high-risk areas concluded that
all gallbladder specimens should be assessed routinely by the pathologist. Owing
to the lack of a uniform protocol for pathological examination, considerable
variation is observed in the way pathologists conduct the routine assessment of
gallbladder specimens.90, 96 In many countries, microscopic examination is not
recommended if no abnormalities were found during macroscopic examination.
However, for high-risk populations, international practice guidelines recommend
that the pathologist’s assessment should always include microscopic examination
of at least three sections and the cystic duct margin, regardless of the presence
of macroscopic abnormalities.90 Previous systematic reviews also concluded that
selective histopathological examination can be adopted safely only in regions with
a low incidence of GBC.17, 94 The present review has shown that, even in high-risk
areas, the incidence of truly incidental GBC is only 0.44 per cent, dropping to 0.08
per cent when the gallbladder mucosa is examined systematically by the surgeon.
Based on these results, selective histopathological examination might also be safe
in countries with a high incidence of GBC, provided the macroscopic assessment
is performed carefully. Nonetheless, it should be noted that the incidence of truly
incidental GBC in the studies performed in high-risk areas ranged from 0.0 to 7.2 per
cent. As a result, findings of these analyses may not reflect the situation in countries
with the highest incidences.
Some might fear the possible medicolegal consequences of a missed incidental GBC.
However, the threat of litigation should not justify the overuse of diagnostic tools,
especially if the intervention has no benefit for the patient and might potentially
even cause harm (such as unnecessary additional resections) and involve substantial
costs. Guidelines based on high-level evidence are required to provide medicolegal
protection for surgeons. To gain more evidence on safety and potential cost savings
of selective histopathological examination, a large prospective cohort of patient is
required. The FANCY study (NCT03510923) was designed for this reason.97
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SUPPLEMENTARY MATERIAL
Appendix 1 Search details
PubMed
(Cholecystitis[MeSH] OR Cholecystitis[tiab] OR Cholecystectomy[MeSH] OR
Cholecystectom*[tiab] OR Gallbladder[MeSH] OR Gallbladder*[tiab] OR Gall bladder*[tiab])
AND (Pathology[MeSH] OR Pathology[Subheading] OR Patholog*[tiab] OR Histology[MeSH]
OR Histolog*[tiab] OR Histopatholog*[tiab]) AND (Routin*[tiab] OR Selective[tiab] OR
Specimen*[tiab]) AND (Carcinoma[MeSH] OR Carcinoma*[tiab] OR Cancer*[tiab])
Filter activated: Publication date from 2009/01/01 to 2019/06/01.

Embase
(exp cholecystitis/ or exp cholecystectomy/ or exp gallbladder/ or (cholecystitis or
cholecystectom* or gallbladder* or gall bladder*).ti,ab,kw.) and (exp pathology/ or
histopathology/ or exp histology/ or (patholog* or histology or histopatholog*).ti,ab,kw.)
and ((routin* or selective or specimen*).ti,ab,kw.) and (exp carcinoma/ or (carcinoma* or
cancer*).ti,ab,kw.)

6

Filter activated: Publication date from 2009 to Current.

Web of Science
TS=(cholecystitis or cholecystectom* or gallbladder* or gall bladder*) AND TS=(patholog*
or histology or histopatholog*) AND TS=(routin* or selective or specimen*) AND
TS=(carcinoma* or cancer*)
Filter activated: Publication date from 2009 to Current.

Cochrane Library
(cholecystitis or cholecystectom* or gallbladder* or gall bladder*):ti,ab,kw and (patholog*
or histology or histopatholog*):ti,ab,kw and (routin* or selective or specimen*):ti,ab,kw and
(carcinoma* or cancer*):ti,ab,kw
Filter activated: Publication date from 2009 to Current.
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Supplementary Figure 2 Pooled incidence of truly incidental gallbladder cancer in high-incidence countries (subgroup).
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-

-

-

-

-

-

-

-

-

2

-

-

-

-

-

-

-

-

-

6

2

25

-

19

-

-

-

2

-

8

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0

Routine

Routine

Selective

Not reported

Not reported

Not reported

Not reported

6

Routine
5

Routine

23

2

3

5

0

4

7 intra- or postoperative

Excluded

16

6 intra- or postoperative

7 intra- or postoperative

6 intra- or postoperative

2 intra- or postoperative

Selective

Routine

Not reported

Not reported

Selective

Routine

Not reported

Routine

Not reported

25 intra- or postoperative Not reported

1

19 intra- or postoperative Routine

Excluded

18 intra- or postoperative Routine

0

2 intra- or postoperative

0

10

13

26

Not
reported¶

10

19

Excluded

10

0

16 intra- or postoperative Not reported
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164 (1.6%)

10 549

3 (2.1%)
7 (0.6%)

1123

20 (0.4%)

4800

140

13 (0.9%)

1396

-

-

-

-

-

-

5

1

-

-

1

-

3

-

-

-

-

2

-

22

3

-

15

-

-

-

-

2

-

16

3

3

2

-

-

-

-

6

-

13

-

-

-

-

-

-

-

-

-

18

-

-

-

-

-

-

-

-

-

-

-

1#
-

7
-

-

13
-

-

-

-

-

164 -

-

-

-

-

18

-

-

18

36

Routine

Not reported

5

121

1

6

3 intra- or postoperative

20 intra- or postoperative

8

43

7 intra- or postoperative

6 intra- or postoperative

Routine

Not reported

Routine

Routine

Routine

Not reported

Not reported

11 intra- or postoperative Not reported

Excluded

33

GBC, gallbladder cancer.
* The actual number of patients with pre-operatively unsuspected might be higher since intraoperative suspected or diagnosed GBC were excluded.
† Non-Hodgkin lymphoma (n=1), chronic lymphocytic leukemia (n=1).
‡ Mucosa-associated lymphoid tissue (MALT) lymphoma (n=1).
$ Lymphoma, not further specified (n=2).
¶ A total of four gallbladder cancers were pre- or intraoperatively detected (distinction between pre- and intraoperative was not made).
# Non-Hodgkin lymphoma (n=1).

Singh et al.

88

Koshiol et al.87

Jha et al.

86

Abbas et al.85

Tanveer et al.

84

7 (1.5%)

480

Sharon et al.83

6 (0.7%)

893

Apodaca-Rueda et al.82

11 (1.1%)

18 (7.2%)*

250

964

69 (0.9%)

7582

Talreja et al.81

Khan et al.

80

Tian et al.79

Supplementary Table 3 Continued.
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ABSTRACT
Introduction Routine histopathological examination following appendicectomy
and cholecystectomy has significant financial implications and comprises
a substantial portion of the pathologists’ workload, while the incidence of
unexpected pathology is low. The aim of the selective histopathological examination
Following AppeNdicectomy and CholecystectomY (FANCY) study is to investigate
the oncological safety and potential cost savings of selective histopathological
examination based on macroscopic assessment performed by the surgeon.
Methods and analysis This is a Dutch multicentre prospective observational study,
in which removed appendices and gallbladders will be systematically assessed by
the operating surgeon for macroscopic abnormalities suspicious for malignant
neoplasms. After visual inspection and digital palpation of the removed specimen,
the operating surgeon will report whether macroscopic abnormalities suspicious for
a malignant neoplasm are present, and if he or she believes additional microscopic
examination by the pathologist is indicated. Regardless of the surgeon’s assessment,
all specimens will be sent for histopathological examination. In this way, routine
histopathological examination can be compared with a hypothetical situation in
which specimens are routinely examined by surgeons and only sent to the pathologist
on indication. The two main outcomes are oncological safety and potential cost
savings of a selective policy. Oncological safety of selective histopathological
examination will be assessed by calculating the number of patients in whom a
histopathological diagnosis of an appendiceal neoplasm or gallbladder cancer with
clinical consequences benefitting the patient would have been missed. A cost analysis
will be performed to quantify the potential cost savings.
Ethics and dissemination The study protocol was reviewed by the Institutional
Review Board of the Amsterdam UMC, location AMC, which decided that the Dutch
Medical Research Involving Human Subjects Act is not applicable. In all participating
centres, approval for execution of the FANCY study has been obtained from the
local Institutional Review Board before the start of inclusion of patients. The study
results will be disseminated through peer-reviewed publications and conference
presentations. Guidelines will be revised according to the findings of the study.
Trial registration number NCT03510923.
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INTRODUCTION
In the Netherlands, approximately 16 000 appendicectomies and 22 500
cholecystectomies are performed annually. Traditionally, all removed appendices and
gallbladders are microscopically examined by a pathologist to exclude the presence
of a malignancy. However, most specimens show typical histopathological findings
and unexpected neoplasms are only diagnosed in less than 1%.1,2 At the same time,
histopathological examination (HPE) of the appendix and gallbladder constitutes
a significant financial burden on healthcare, and comprises a considerable portion
of the pathologists’ workload. Consequently, it is debatable whether routine HPE
following appendicectomy and cholecystectomy is necessary.
In the past decade, several studies suggested that a selective HPE policy might be
justified.3-8 Selective HPE entails that surgeons perform a macroscopic assessment
of the removed specimen, and select specimens that require additional microscopic
examination by the pathologist. Opponents fear that surgeons might not recognise
neoplasms, resulting in missed diagnoses with potential disadvantageous
consequences for the patient. However, it is hypothesised that tumours not detected
during visual inspection or palpation are of early stage. These missed tumours are
likely to be clinically inconsequential after the appendix or gallbladder have been
completely resected. Most appendiceal neoplasms are neuro-endocrine tumours,
which only require additional treatment if the diameter exceeds 2 cm or if the tumour
exhibits unfavourable histopathological characteristics.9 In case of gallbladder cancer
(GBC), an extended cholecystectomy is only indicated for stage T1b and above.10
Unfortunately, prospective studies regarding macroscopic assessment of appendiceal
specimens by the surgeon are lacking, and the few prospective studies investigating
the ability of surgeons to identify macroscopic abnormalities in gallbladder
specimens are limited by the small numbers of patients.11-13
Currently, it is still standard practice in the Netherlands to send all appendices for
HPE.14 The Dutch guideline for gallstone disease states that macroscopic normal
appearing gallbladders can be refrained from HPE.15 However, implementation of
this recommendation appeared to be suboptimal, and the need for more evidence was
expressed.16 In order to draw definitive conclusions regarding safety and potential
cost savings of a selective policy, a large prospective cohort of patients is required. The
FANCY study will prospectively investigate the ability of surgeons to macroscopically
recognise neoplasms with clinical consequences in a multicentre setting, resulting
in definitive recommendations regarding the appropriate HPE policy of appendices
and gallbladders.
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METHODS AND ANALYSIS
Objectives
The primary aim of this study is to determine whether a selective HPE policy
following appendicectomy and cholecystectomy for presumed benign diseases is
oncologically safe. In addition, we will quantify the potential cost savings of selective
HPE.

Study design
This is a Dutch multicentre prospective observational study, registered with
ClinicalTrials.gov on 27 April 2018. The study was designed in accordance with
the principles of collaborative resident-led snapshot research. This type of research
is primarily led and conducted by surgical residents, supervised by consultants.
Snapshot research is particularly suited to investigate a common condition or
treatment. By generating a population-based overview, this design rapidly provides
insight in current clinical practice. Previous snapshot studies performed by the
Dutch Snapshot Research Group on appendicitis, rectal cancer, and acute left-sided
obstructive colon cancer demonstrated that many data can be collected in a short
period of time.17-19
In the FANCY study, appendices and gallbladders will be systematically assessed by
the operating surgeon (or surgical resident) for macroscopic abnormalities suspicious
for malignant neoplasms. After visual inspection and digital palpation of the removed
specimen, the operating surgeon will report on a predefined scoring form whether
macroscopic abnormalities suspicious for a malignant neoplasm are present, and if
he or she believes additional microscopic examination by the pathologist is indicated
(Supplementary Appendix 1). In case of suspicious macroscopic abnormalities,
the surgeon is asked to describe these on the same form. Similarly, the surgeon is
requested to specify the indication for HPE, if present. Regardless of the surgeon’s
assessment, all specimens will be sent for HPE. In this way, routine HPE can be
compared with a hypothetical situation of selective HPE.
The FANCY study will be performed in 60 out of 74 Dutch hospitals, including
academic (n=6), teaching (n=37) and non-teaching hospitals (n=17). Centres that have
already implemented a selective HPE policy for gallbladder specimens may choose
to either only participate in the appendix part of the FANCY study or to return to
the routine policy for the duration of the study period. Hospitals will be allowed
to start patient accrual after local approval has been obtained, and a site initiation
visit has taken place, including a presentation of the study protocol and instructions
for the macroscopic assessment of the specimens. Due to variation in completion
of hospitals’ local approval procedures, it was decided to open study sites in phases.
Every first day of a new month, a group of hospitals will start patient accrual. To
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avoid bias, all hospitals will include patients for a duration of 9 months, even if this
means that the required sample size is exceeded.

Study population
Patients of all ages scheduled to undergo appendicectomy for appendicitis or
cholecystectomy for cholecystitis or gallstone disease in the elective or non-elective
setting will be included.
A potential subject who meets any of the following criteria will be excluded:
Appendix
• Primary indication for surgery: strong clinical/radiological suspicion or
histopathological proof of an appendiceal neoplasm.
• Appendix removed as part of more extensive surgery, so-called incidental
appendicectomies (eg, right colectomy).
• Patients included in the The effect of Appendectomy on the Clinical Course of
UlceRativE colitis (ACCURE) trial.20
Gallbladder
• Primary indication for surgery: strong clinical/radiological suspicion or
histopathological proof of GBC.
• Gallbladder removed as part of more extensive surgery, so-called incidental
cholecystectomies (eg, Whipple procedure);
• The presence of a polyp of >10 mm on preoperative imaging.

Study observations
Macroscopic assessment
During the site initiation visits, all steps of a systematically performed macroscopic
assessment will be discussed. Instruction videos showing how to perform the
macroscopic assessment will be available on the study website during the entire
study period.
Surgeon’s macroscopic assessment of the appendix
The examination starts with inspection of the appendix and mesoappendix, followed
by digital palpation. In consultation with the pathologist, it was decided that opening
the appendix is prohibited, since this might impede proper HPE.
Surgeon’s macroscopic assessment of the gallbladder
First, the outer surface of the gallbladder is inspected. Then, the gallbladder is incised
along its longitudinal axis on the peritoneal side, leaving the cystic duct intact.
After removal of stones and bile, the gallbladder mucosa is inspected and palpated.
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Examples of macroscopic abnormalities are masses, polyps, ulcers, cysts, hardening,
irregularity and wall thickening.
Histopathological examination
All specimens will be sent to the department of pathology for macro/microscopic
assessment. HPE will be conducted according to the local protocol of the pathology
department where the specimen is assessed. In general, this includes macroscopic
assessment of the complete specimen, followed by microscopic assessment of
samples taken from macroscopic abnormalities and the top (in case of appendices)
or cystic duct margin (in case of gallbladders). If no macroscopic abnormalities
are present, random samples are taken for microscopic assessment. The latest
histological tumour–node–metastasis classification (TNM) of the American Joint
Committee on Cancer applicable at the time HPE was performed was used for
staging malignancies.21
Additional treatment
In case of a histopathologically proven appendiceal neoplasm or GBC, the
postoperative management will be discussed in a local multidisciplinary team
meeting. If it is decided that an additional resection is required, the specimens of
the re-resection will be evaluated for the presence of residual tumour and positive
lymph nodes, according to the local protocol.

Outcomes
All outcomes will be analysed separately for appendiceal and gallbladder specimens.
Primary outcomes
Oncological safety
Oncological safety of selective HPE will be assessed by calculating the number of
patients per 1000 examined appendices or gallbladders with the histopathological
diagnosis of an appendiceal neoplasm or GBC with clinical consequences benefitting
the patient that would have been missed. In case of an appendiceal neoplasm, the
following consequences will be considered beneficial: (1) HPE of the re-resection
specimen shows residual tumour and/or positive lymph nodes, (2) treatment with
(adjuvant) systemic or local chemotherapy, radiotherapy, immunotherapy or stem cell
transplantation and (3) palliative treatment for metastases detected during staging
procedures. If an additional resection is performed following the diagnosis of an
appendiceal neoplasm, and no residual tumour and/or positive lymph nodes are
found during HPE, this is considered harmful due to the potential risks of surgery
the patient is exposed to. For GBC, evidence on the prognostic impact of revisional
surgery and adjuvant therapies is limited and inconclusive.22 For pragmatic reasons,
it was decided that all cases of GBC requiring additional diagnostic or therapeutic
procedures (ie, ≥T1b GBC) will be considered beneficial.
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To determine the number of missed diagnoses, only the specimens that would
not have been sent for HPE in case of a selective policy (ie, specimens without an
indication for HPE according to the surgeon), will be analysed. In general, it is difficult
to determine what incidence of missed neoplasms is acceptable to omit routine HPE.
The cut-off value for safety of selective HPE was chosen based on data from the
Dutch national screening programme for colorectal cancer (CRC). The incidence of
CRC in asymptomatic patients is 0.8%, and the sensitivity of the immunochemical
faecal occult blood test (iFOBT) ranges from 65%-80%, depending on the number of
screenings.23 As a result, the diagnosis of CRC is missed in 1.6-2.8 per 1000 patients.
Since selective HPE implies cost savings, a reduced workload for pathologists, and
less risk of overtreatment, a higher incidence of missed diagnoses is acceptable.
Therefore, it was decided that selective HPE of appendices and gallbladders will
be considered oncologically safe if the number of patients with a neoplasm with
clinical consequences benefitting the patient that would have been missed is below
3 per 1000 examined specimens (approximately twice the incidence of missed CRC
in the screening programme).
Cost analysis
The economic evaluation will be performed as a cost-minimisation analysis.
In addition, a budget impact analysis of selective HPE will be performed from
governmental, insurer and hospital provider perspectives.
Secondary outcomes
1. The incidence of different histopathological diagnoses following appendicectomy
and cholecystectomy.
2. Value of the intraoperative assessment (ie, inspection and palpation) performed
by the surgeon for detection of appendiceal neoplasms or GBC.
• Incidence of specimens with a recognised appendiceal neoplasm or GBC.
• Incidence of specimens with an unrecognised appendiceal neoplasm or GBC.
3. Indication for additional diagnostic or therapeutic procedures following
histopathological diagnosis of appendiceal neoplasms or GBC and its clinical
consequences, both in terms of benefit and harm.
• Incidence of appendiceal neoplasms and GBC requiring additional diagnostic
or therapeutic procedures.
• Incidence of residual tumour and/or positive lymph nodes found in the reresection specimen.
• Incidence of postoperative complications within 90 days after additional
resection.
4. Value of the intraoperative assessment (ie, inspection and palpation) performed by
the surgeon for detection of aberrant findings other than appendiceal neoplasms
and GBC.
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•

•

Appendiceal specimens: incidence of parasite infection, endometriosis,
granulomatosis and other aberrant findings that would and would not have been
sent for HPE.
Gallbladder specimens: incidence of adenoma, biliary intra-epithelial neoplasm,
cholesterol polyp, inflammatory/hyperplastic polyp, adenomyomatosis and other
aberrant findings that would and would not have been sent for HPE.

Group size calculation
Group size calculation is based on the number of appendices and gallbladders with
a tumour with clinical consequences benefitting the patient that would have been
missed in case of a selective policy. According to systematic reviews, the incidences of
appendiceal neoplasms and GBC are 7 per 1000 and 4 per 1000 patients, respectively.1,2
Data regarding the ability of surgeons to recognise these abnormalities and the
consequences of these neoplasms are insufficient. It is however estimated that less
than 1 out of 1000 examined specimens will contain an appendiceal neoplasm or
GBC with clinical consequences benefitting the patient that is not recognised by the
surgeon during the macroscopic assessment. Selective HPE will be considered safe if
this number does not increase to 3 per 1000 patients. To demonstrate non-inferiority
of selective compared with routine HPE, a sample size of 4462 per cohort achieves a
84% power to detect a difference of 0.002 using a one-sided binomial test at a target
significance level of 0.025, assuming a baseline and actual proportion of 0.001, and a
non-inferiority limit of 0.00299. The actual significance level achieved by the Fisher’s
exact test is 0.021. These two cohorts (one for appendices, one for gallbladders) only
include the specimens that would not have been sent for HPE in case of a selective
policy. If the rate of HPE can be reduced to 20%, 5578 patients per cohort (4462/0.8)
should initially be included.

Study organisation
The FANCY study is coordinated by a PhD candidate (VPB) under supervision of the
principal investigator (WAB). The steering committee consists of seven surgeons,
of whom two working in academic hospitals (PRdR, PJT), and five in teaching
hospitals (GJDvA, AAWvG, KHiH, CCvR, GDS), a pathologist working in an academic
hospital (LK), and a pathologist working in a teaching hospital (VT), three surgical
residents (ACK, HAS, JLPvV), three PhD candidates (BJGAC, EAJdSL, JdJ) and a
clinical methodologist and health economist (MGWD), besides the coordinating
PhD candidate and principal investigator. All local principal investigators and the
residents, physician assistants and research nurses who are responsible for data
collection, will be mentioned in alphabetical order as collaborators on all publications
deriving from the FANCY study databases.
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Data collection
The local study team of each participating hospital will be responsible for entering
the prospectively collected data into an electronic case record form build with Castor
EDC, which is ISO 27001 and NEN 7510 certified.24 Pre/intraoperative data will be
processed after surgery, and complemented with the postoperative histopathological
outcomes when the pathology report is available (± two weeks after surgery). Pre/
postoperative data will be obtained from the electronic patient database and
pathology reports. Intraoperative data will be obtained from the scoring form that
will be filled in by the surgeon after examination of the specimen. In case a neoplasm
is found during HPE, additional data about postoperative management, including
details of additional diagnostic tests and/or treatment, postoperative morbidity and
HPE of re-resection specimens, will be collected.

Monitoring of the primary endpoint
The reliability and quality of the primary endpoint will be assured in three ways: (1)
revision of all pathology reports, (2) source data verification by remote monitoring
of all cases with a histopathological diagnosis of appendiceal neoplasm or GBC and
(3) estimation of the incidence of appendiceal neoplasms and GBC in the group of
eligible patients that were unintentionally not included.
Revision of the pathology reports
Under supervision of the two pathologists of the steering committee (LK, VT), the
coordinating investigator (VPB) will revise all pathology reports. All histopathological
diagnoses will be assigned to one of the predefined categories, as shown in Table 1.
Source data verification
Independent remote monitoring will be performed by a qualified monitor of the
Clinical Research Unit of the Amsterdam UMC. Monitoring will be limited to all
cases with a histopathological diagnosis of an appendiceal neoplasm or GBC. The
quality assessment will focus on comparing entered data with source documents.
Since no informed consent is obtained in this study, anonymised source documents
of relevant patients will be supplied by the local study teams.
Estimation of the incidence of neoplasms in unintentionally not included patients
Since the macroscopic assessment of appendices and gallbladders is currently not
routine practice, surgeons and residents might unintentionally forget to assess the
specimen and fill in the scoring form. It is expected that the macroscopic assessment
will not be performed in approximately 5%-10% of all eligible patients. In order to
determine whether our patient cohort is representative for all patients undergoing
an appendicectomy or cholecystectomy, the incidence of appendiceal neoplasms and
GBC in the group of patients that were not included has to be determined. This will
be done in collaboration with Pathologisch-Anatomisch Landelijk Geautomatiseerd
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Archief (PALGA), the Dutch nationwide network and registry of histopathology and
cytopathology that contains pathology reports of all pathology laboratories in the
Netherlands with complete coverage of reports since 1991.25 The PALGA database
will be used to assess the number of patients in the participating centres that were
unintentionally not included in the FANCY study. By means of comparing the total
number of appendiceal neoplasms and GBC found in the PALGA database to the
study database, we will be able to identify the number of patients that were not
registered in the FANCY study. In collaboration with a staff member of PALGA,
the individual pathology reports (without patient identifying information) of
these patients will be checked for exclusion criteria. Consequently, the (estimated)
incidence of appendiceal neoplasms and GBC in the group of unintentionally not
included patients will be known.
Table 1 Histopathological diagnoses after appendicectomy and cholecystectomy.
Appendices

Gallbladders

Normal appendix

Normal gallbladder

Acute inflammation

Acute inflammation

Chronic inflammation and reactive changes Chronic inflammation and reactive changes
Appendiceal neoplasms

Gallbladder neoplasms

Neuro-endocrine neoplasm

Adenoma

Non-invasive epithelial neoplasm

Biliary intraepithelial neoplasm

Invasive epithelial neoplasm

Carcinoma

Lymphoma

Other malignant neoplasms

Non-neoplastic aberrant findings

Non-neoplastic aberrant findings

Parasitic infection

Cholesterol polyp

Endometriosis

Inflammatory/hyperplastic polyp

Granulomatous disease

Adenomyomatosis

Other

Other

Cleaning and locking of the database
The database will be locked and exported for statistical analysis as soon as all data
are entered, and all missing items are checked with the local study team. After
locking, the database will be archived in a licensed repository.

Predefined statistical analysis plan
General principles
The analyses will be performed after data entry is completed, monitoring and
cleaning of the data have been performed and the statistical analysis plan is
accepted for publication. For the primary analyses, all patients who underwent an
appendicectomy for appendicitis or cholecystectomy for cholecystitis or gallstone
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disease will be included. All analyses described below will be performed using the
latest version of SPSS statistics (IBM Corp) at the time of analysis.
Baseline characteristics
Baseline characteristics will be expressed as medians and IQR, or counts and
percentages. Baseline characteristics will be presented as shown in Table 2
(appendices) and Table 3 (gallbladders).
Table 2 Baseline characteristics (appendices).
Total (n=)
Age, years

Median (IQR)

Sex, n (%)
Female

n (% of ‘Total’)

Male

n (% of ‘Total’)

Preoperative imaging, n (%)
Ultrasound

n (% of ‘Total’)

Ultrasound+CT

n (% of ‘Total’)

Ultrasound+MRI

n (% of ‘Total’)

Ultrasound+CT+MRI

n (% of ‘Total’)

CT

n (% of ‘Total’)

MRI

n (% of ‘Total’)

CT+MRI

n (% of ‘Total’)

No preoperative imaging

n (% of ‘Total’)

7

Hospital, n (%)
Academic hospital

n (% of ‘Total’)

Teaching hospital

n (% of ‘Total’)

Non-teaching hospital

n (% of ‘Total’)

Macroscopic assessment performed by, n (%)
Surgeon

n (% of ‘Total’)

Resident

n (% of ‘Total’)

Both

n (% of ‘Total’)

Primary outcomes
Oncological safety
The number of patients with a histopathological diagnosis of an appendiceal
neoplasm or GBC with clinical consequences benefitting the patient will be reported
in absolute numbers and percentages, and as number per 1000 examined specimens
for both strategies of HPE (routine and selective). The data will be presented as in
Figure 1 (appendices) and Figure 2 (gallbladders). For analysis of the primary outcome,
only the specimens that would not have been sent for HPE in case of a selective
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policy (ie, specimens without an indication for HPE according to the surgeon) will
be analysed. A selective policy will be considered safe, if, following an exact test, the
one-sided upper limit at a 97.5% CI of the proportion of missed malignancies falls
below 3 per 1000 examined specimens. The influence of the assessor of the specimen
(surgeon vs resident) and hospital (academic hospital vs teaching hospital vs nonteaching hospital) on the primary outcome will be assessed with Poisson regression.
Table 3 Baseline characteristics (gallbladders).
Total (n=)
Age, years

Median (IQR)

Sex, n (%)
Female

n (% of ‘Total’)

Male

n (% of ‘Total’)

Preoperative diagnosis, n (%)
Cholecystitis

n (% of ‘Total’)

Symptomatic cholelithiasis

n (% of ‘Total’)

Preoperative imaging, n (%)
Ultrasound

n (% of ‘Total’)

Ultrasound+CT

n (% of ‘Total’)

Ultrasound+MRI

n (% of ‘Total’)

Ultrasound+CT+MRI

n (% of ‘Total’)

CT

n (% of ‘Total’)

MRI

n (% of ‘Total’)

CT+MRI

n (% of ‘Total’)

Other

n (% of ‘Total’)

No preoperative imaging

n (% of ‘Total’)

Surgical setting, n (%)
Acute

n (% of ‘Total’)

Elective

n (% of ‘Total’)

Hospital, n (%)
Academic hospital

n (% of ‘Total’)

Teaching hospital

n (% of ‘Total’)

Non-teaching hospital

n (% of ‘Total’)

Macroscopic assessment performed by, n (%)
Surgeon

n (% of ‘Total’)

Resident

n (% of ‘Total’)

Both

n (% of ‘Total’)
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Intraoperative
assessment

Histopathological
examination

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

Uncertain benefit
(n = )

Benefit
(n = )

Benefit
(n = )

Uncertain benefit
(n = )

Harm
(n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

No clinical consequences
(n = )

Clinical consequences
(n = )

Clinical consequences
(n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

Appendiceal neoplasms
(n = )

Indication for histopathological examination:
- Abnormalities suspicious for malignancy (n = )
- No proper assessment of appendix possible (n = )
- Other (n = )

Not sent for
histopathological examination
in case of selective policy
(n = )

No clinical consequences
(n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

Appendiceal neoplasms
(n = )

Indication for histopathological examination:
- Abnormalities suspicious for malignancy (n = )
- No proper assessment of appendix possible (n = )
- Other (n = )

Sent for
histopathological examination
in case of selective policy
(n = )

- Neuro-endocrine tumour (n = )
- Non-invasive epithelial neoplasm (n = )
- Invasive epithelial neoplasm (n = )
- Lymphoma (n = )

Harm
(n = )

Figure 1 Number of patients with an appendiceal neoplasm with clinical consequences benefitting the patient that would have been diagnosed
(green box) and missed (red box) in case of a selective policy. The gray dotted line indicates the total number of patients benefitting from clinical
consequences of an appendiceal neoplasm, that would have been diagnosed in case of a routine policy.

Treatment following
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(n = )
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- Tis carcinoma (n = )
- T1a carcinoma (n = )
- T1b carcinoma (n = )
- T2a carcinoma (n = )

- T2b carcinoma (n = )
- T3 carcinoma (n = )
- T4 carcinoma (n = )
- Other histology (n = )

No clinical consequences
(n = )
- Tis carcinoma (n = )
- T1a carcinoma (n = )
- T1b carcinoma (n = )
- T2a carcinoma (n = )

- T2b carcinoma (n = )
- T3 carcinoma (n = )
- T4 carcinoma (n = )
- Other histology (n = )

Clinical consequences
(n = )

- Tis carcinoma (n = )
- T1a carcinoma (n = )
- T1b carcinoma (n = )
- T2a carcinoma (n = )

- T2b carcinoma (n = )
- T3 carcinoma (n = )
- T4 carcinoma (n = )
- Other histology (n = )

Clinical consequences
(n = )

- Tis carcinoma (n = )
- T1a carcinoma (n = )
- T1b carcinoma (n = )
- T2a carcinoma (n = )

- Tis carcinoma (n = )
- T1a carcinoma (n = )
- T1b carcinoma (n = )
- T2a carcinoma (n = )

- T2b carcinoma (n = )
- T3 carcinoma (n = )
- T4 carcinoma (n = )
- Other histology (n = )

No clinical consequences
(n = )

- T2b carcinoma (n = )
- T3 carcinoma (n = )
- T4 carcinoma (n = )
- Other histology (n = )

Gallbladder cancer
(n = )

Gallbladder cancer
(n = )
- T2b carcinoma (n = )
- T3 carcinoma (n = )
- T4 carcinoma (n = )
- Other histology (n = )

Indication for histopathological examination:
- Abnormalities suspicious for malignancy (n = )
- No proper assessment of gallbladder possible (n = )
- Other (n = )

Indication for histopathological examination:
- Abnormalities suspicious for malignancy (n = )
- No proper assessment of gallbladder possible (n = )
- Other (n = )

- Tis carcinoma (n = )
- T1a carcinoma (n = )
- T1b carcinoma (n = )
- T2a carcinoma (n = )

Not sent for
histopathological examination
in case of selective policy
(n = )

Sent for
histopathological examination
in case of selective policy
(n = )

Figure 2 Number of patients with gallbladder cancer with clinical consequences benefitting the patient that would have been diagnosed (green box)
and missed (red box) in case of a selective policy. The gray dotted line indicates the total number of patients benefitting from clinical consequences
of gallbladder cancer, that would have been diagnosed in case of a routine policy.

Treatment following
histopathological diagnosis

Gallbladder specimens
(n = )
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Costs
Economic evaluation
Considering that – under the non-inferiority hypothesis – 1 or 2 per 1000 patients
at maximum will experience health consequences from routine HPE, and 3 to 4
per 1000 patients may experience transient harm following unnecessary additional
treatment, differences in effectiveness between the routine and selective strategy can
best be addressed qualitatively (eg, by case reports). Quantitatively, a cost analysis
from a healthcare provider will be the main focus of research.
During the study, all specimens will be sent for HPE, so the selective policy will not
be observed. The comparison between both strategies will therefore be done through
decision tree analysis. Observed distributions of histopathological findings under the
routine policy will be used to define chance nodes in the reference tree of the model.
Alternatively, both the distribution of histopathological findings in specimens that
would have been sent for HPE as the distribution of histopathological findings in
specimens that would not have been sent for HPE in case of a selective policy will
be used to define chance nodes in the other main model tree.
In addition to the initial HPE, costs of other resources (eg, additional treatment,
additional HPE, hospital stay) will be assigned to each end node in the model. If
costs were observed under routine examination, but the specimen would not have
been sent for HPE in case of a selective policy, they will be ignored if related to
unnecessary use of healthcare resources. However, if these costs were justified, and
the specimen would not have been sent for HPE in case of a selective policy, it will
be assumed that these costs would nevertheless be generated at a later stage during
the disease course, and thus included in the decision tree. In addition, a scenario
analysis will be run with a 50% surplus penalty of these costs to compensate for yet
unobserved extra costs of delayed healthcare at a later disease stage. Unit costing
of hospital resources will be based on the Erasmus University Rotterdam/National
Healthcare Institute guideline for costing in healthcare research.26 If specific unit
costs are lacking in the guideline, local bottom-up or top-down costing initiatives
in participating hospitals (eg, Amsterdam UMC) will be used.
All probabilities at the chance nodes will be assumed beta-distributed. Multiple
theoretical distributions will be assessed for fitting the (observed) distributions
of healthcare costs at the end nodes of the decision tree. If theoretical fits seem
insufficient, a uniform distribution will be defined for the (observed) cost data. Monte
Carlo simulation will be applied based on 25 000 draws from each distribution of
input parameters. It is expected that a time horizon for the cost analysis of 6 months
is sufficient to reliably estimate the cost difference between routine and selective
HPE. Separate models will be built for the analyses of appendices and gallbladders.
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Budget Impact Analysis
The budget impact analysis of selective HPE will be performed from governmental,
insurance and hospital provider perspectives for a 4-year budget period, starting
with the first full budget year after completion of the trial. The budget impact will be
expressed in millions of euros. Primarily, the budget for care by medical specialists
(code 0303), such as pathologists and surgeons, will be affected. For all perspectives,
the reimbursement guidelines from the Dutch Healthcare Authority will be applied
to the estimate actual expenses.
In case of negotiable reimbursement levels, the 10% trimmed mean purchase price per
unit as provided by www.opendisdata.nl (eg, DBC code 119599010) will be used. Data on
the incidences of performed appendicectomies and cholecystectomies will be gathered
from public data sources (www.opendisdata.nl; www.statline.cbs.nl), and linearly
extrapolated to forecast the numbers during the period for budget impact analysis.
Secondary outcomes
All incidences of histopathological diagnoses will be reported in absolute numbers
and percentages. The incidence of different histopathological diagnoses will be
presented as shown in Table 4 (appendices) and Table 5 (gallbladders). These tables
will also provide information on which specimens would and would not have been
sent for HPE in case of a selective policy. Table 6 will show whether or not specimens
containing an appendiceal neoplasm or GBC were reported as suspicious by the
surgeon and whether or not the surgeon believed HPE was indicated. Details on
all patients with an appendiceal neoplasm or GBC will be presented as proposed in
Table 7 (appendices) and Table 8 (gallbladders).
Several exploratory subgroup analyses will be performed. For appendiceal specimens,
the influence of age (adults vs children) on the incidence of different histopathological
diagnoses will be evaluated and reported in a similar way as shown in Table 4. For
gallbladder specimens, a subgroup analysis on the influence of preoperative diagnosis
(cholecystitis vs gallstone disease) on the incidence of different histopathological
diagnoses will be performed. Furthermore, the influence of the assessor (surgeon
vs resident) and hospital (academic hospital vs teaching hospital vs non-teaching
hospital) on the rate of specimens that would have been sent for HPE will be reported.

Current status of the study
The study was registered with ClinicalTrials.gov on 27 April 2018 and in the
Netherlands Trial Register on 16 April 2018 under number NTR7151 (www.trialregister.
nl). Recruitment of patients started in May 2018. At time of submission, November
2019, 53 of 60 hospitals have finished the 13 months period of data collection (9 months
accrual followed by 4 months for data entry) and 6902 and 8387 patients have been
included in the appendices and gallbladders databases, respectively.
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c. Uncomplicated acute appendicitis (n= ), complicated acute appendicitis (n= ); as reported in pathology report.
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Table 4 Histopathological diagnoses after appendicectomy for appendicitis.
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GBC, gallbladder cancer; HPE, histopathological examination.
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Table 6 Value of the intraoperative assessment by the surgeon for detection of appendiceal neoplasms/GBC.
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HPE, histopathological examination.
a. According to the operating surgeon or surgical resident.
b. Details on histology.
c. Details on histology.
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Table 5 Histopathological diagnoses after cholecystectomy for presumed benign gallbladder diseases.
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GBC, gallbladder cancer; HPE, histopathological examination

…

3

2

1

Case Sex, Preoperative Preoperative Surgical Assessor Macroscopic
Age imaging
diagnosis
setting
abnormalities
suspicious for
neoplasm

Table 8 Details of patients with a histopathological diagnosis of GBC.
Indication Histofor HPE
pathological
according diagnosis
to surgeon

Additional Residual 90-day
diagnostic disease complications
and/or
therapeutic
procedures

Preoperative Assessor Macroscopic Indication for Histopathological Additional Remaining Positive 90-day
imaging
abnormalities HPE according diagnosis
diagnostic tumour
lymph complications
suspicious for to surgeon
and/or
tissue
nodes
neoplasm
therapeutic
procedures

HPE, histopathological examination.

…

3

2

1

Case Sex,
Age

Table 7 Details of patients with a histopathological diagnosis of an appendiceal neoplasm.

Protocol FANCY prospective multicentre study

7

237

Chapter 7

Manuscripts and authorship
The steering committee of the FANCY study will share the results irrespective of
the outcomes. The outcomes as described in this protocol will be reported in two
manuscripts, one for the appendices and one for the gallbladders. These manuscripts
will be submitted with the steering committee as co-authors and all other
investigators as collaborators. The coordinating investigator (VPB) and principal
investigator (WAB) will be first and senior author on both manuscripts, respectively.
If the results of the economic evaluation are reported separately, senior authorship for
this manuscript will be shared by WAB and MGWD. For the appendices manuscript,
the other PhD candidates will be second (JdJ), third (BJGAC) and fourth author
(EAJdSL). If possible, JLPvV, EAJdSL and BJAGC will share second authorship on
the gallbladder manuscript. The other members of the steering committee will be
co-authors on both publications. All local principal investigators and the residents,
physician assistants and research nurses who were responsible for data collection
will be mentioned in alphabetical order as collaborators. All efforts will be made to
link the collaborators to the final publications in indexed databases.

Patient and public involvement
Patients and public were not involved in designing the study.

ETHICS AND DISSEMINATION
Ethical aspects and informed consent
This study will be performed in accordance with the principles of Good Clinical
Practice, the Dutch Agreement on Medical Treatment Act and the European General
Data Protection Regulation.
In the FANCY study, a large number of patients will be included in a relatively short
period of time. After consultation with the legal department of the Amsterdam
UMC, it was decided that no written informed consent will be requested for the use
of patients’ data. Obtaining written informed consent of all included patients during
the usually short hospital admission would be futile and impede the execution of this
study. Participation in the FANCY study does not have any treatment consequences
for patients, as there is no change in current clinical practice. Patients will easily
postpone their decision on participation. Moreover, it was suggested that certain
patient groups (eg, young patients, patients with a complicated postoperative course,
patients with histopathological findings requiring additional hospital visits) tend
to provide informed consent more often, which would introduce selection bias.
A deferred consent procedure including a phone call in the postoperative period
was considered but deemed impractical due to the large number of healthcare
providers involved. For these reasons, it was decided that the extensive effort to
obtain informed consent does not compete with the relatively small amount of
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non-identifiable data that is collected in the FANCY study. Alternatively, patients
will be offered the opportunity to refuse the use of their data by using an opt-out
procedure. All patients that underwent an appendicectomy or cholecystectomy will
receive a leaflet with brief information about the study. It will be explained that all
data will be extracted from the patient’s charts followed by deidentification and
no additional investigations are required. When a patient or its relatives object to
participate, the patient will be excluded from the study and data will not be entered
into the database.

Dissemination
During the study, all collaborators will be updated about the progress of the study by
monthly newsletters. The results of the FANCY study will be presented at national
and international conferences and submitted for publication in an international peerreviewed scientific journal. The Dutch Surgical Society (NVvH), which is responsible
for revision of the guidelines, recognises the relevance of this research and supports
the implementation of the results. As secretary of the Board of Directors of the NVvH
(GJDvA) and chairman of the guideline committee ‘Appendicitis’ (CCvR), two of our
steering committee members are involved in the revision of the guidelines, which
ensures that the guidelines will be adjusted according to the results of the FANCY
study.

Funding
This investigator initiated study was supported by the Netherlands Organisation
for Health Research and Development (ZonMw) grant number 843002822, of which
the Dutch Ministry of Health, Welfare and Sports and the Dutch Organisation for
Scientific Research are the main commissioning organisations. ZonMw has not
played a role in designing the study and data collection, nor will it influence the
analysis and writing process of the manuscripts.

Author contributions
VPB, MGWD and WAB have made substantial contributions to the conception
and design of this study and have been involved in drafting the manuscript or
revising it critically for important intellectual content. BJGAC has made substantial
contributions to the design of this study and has been involved in drafting the
manuscript. EAJSL, JJ, ACK, HAS, JLPV, GJDA, AAWG, KHH, LK, PRR, CCR, GDS,
PJT and VT have made substantial contributions to the design of this study and the
organisation of this trial and have revised the manuscript critically for important
intellectual content. All authors have given final approval of the version to be
published.
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SUPPLEMENTARY MATERIAL
Appendix 1 Questions of the scoring form ‘Macroscopic examination of
the appendix’
1) Who performed the macroscopic examination of the appendix?
Multiple answers possible
O
Surgeon
O
Surgical resident
2) Are there any macroscopic abnormalities suspicious for a malignant neoplasm during visual
inspection and/or digital palpation?
O
Yes (please specify below)
O
No
O
Proper assessment is not possible due to inflammation
2a. If yes, specify the macroscopic abnormalities
Multiple answers possible
O
Visible tumour
O
Palpable tumour
O
Other, namely …
3) Do you believe additional histopathological examination by the pathologist is indicated?
O
Yes, because of the above-mentioned abnormalities.
O
Yes, because proper assessment of the appendix was not possible.
O
Yes, because …
O
No
Questions of the scoring form ‘Macroscopic examination of the gallbladder’
1) Who performed the macroscopic examination of the gallbladder?
Multiple answers possible
O
Surgeon
O
Surgical resident
2) Are there any macroscopic abnormalities suspicious for a malignant neoplasm during visual
inspection and/or digital palpation?
O
Yes (please specify below)
O
No
2a. If yes, specify the macroscopic abnormalities
Multiple answers possible
O
Ulcer		 O
Wall thickening
O
Cyst		 O
Polyp
O
Hardening
O
Tumour suspicious for malignancy
O
Irregularity
O
Other, namely …
3) Do you believe additional histopathological examination by the pathologist is indicated?
O
Yes, because of the above-mentioned abnormalities.
O
Yes, because …
O
No
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ABSTRACT
Background The necessity of routine histopathological examination following
appendectomy has been questioned, due to the increased workload of pathologists,
significant costs, and the growing interest in the non-surgical treatment of
appendicitis. However, prospective studies investigating safety of a selective policy
are lacking.
Methods In this multicenter, prospective, cross-sectional study, inspection and
palpation of the resected (meso)appendix was performed by the surgeon in patients
with suspected appendicitis, without opening the specimen. Surgeon’s opinion on
additional value of histopathological examination was reported before sending all
specimens to the pathologist. Main outcomes were the number of the hypothetically
missed appendiceal neoplasms with clinical consequences benefiting the patient
(upper limit two-sided 95% CI below 3:1000 was considered oncologically safe) and
potential cost savings following selective histopathological examination.
Results Following a selective policy, 4966/7339 (67.7%) specimens would have been
refrained from histopathological examination. Appendiceal neoplasms with clinical
consequences would not have been diagnosed in 22 patients. In five of these, residual
disease was completely resected during additional surgery. Hence, an appendiceal
neoplasm with clinical consequences benefiting the patient would have been
missed in 1.01:1000 patients (upper limit 95% CI 1.61:1000). In contrast, twice as
many (10/22 patients) would have been saved from harm (unnecessary surgery),
whereas consequences were neither beneficial nor harmful in the remaining seven.
Estimated cost savings established by replacing routine for selective histopathological
examination were €725,400 per 10,000 patients.
Conclusions Selective histopathological examination following appendectomy
for suspected appendicitis is oncologically safe and will result in a reduction of
pathologists’ workload, less costs, and fewer unnecessary additional resections. In
fact, as both routine and selective histopathological examination resulted in clinical
consequences which were more often harmful than beneficial for patients, even
complete abandonment of histopathological examination might be considered. In
addition, these results provide evidence for the oncological safety of a non-surgical
approach of appendicitis. (Funded by the Netherlands Organisation for Health
Research and Development (ZonMw); ClinicalTrials.gov number: NCT03510923.)
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INTRODUCTION
Appendectomy for acute appendicitis is one of the most frequently performed surgical
procedures worldwide.1 Despite the rarity of aberrant histopathological findings with
clinical significance, current practice in the Netherlands entails histopathological
examination of all appendiceal specimens to rule out the presence of unexpected
pathology. Owing to increasing emphasis on cost containment in healthcare and
rising workload of pathology departments, the necessity of this routine policy
has been questioned for several decades. The relevance of this research topic is
further demonstrated by the growing interest in the non-surgical management of
appendicitis.2-7 As incidental appendiceal pathology will likely be undetected for some
time in case of a nonoperative strategy, definitive conclusions on whether routine
histopathological examination following appendectomy may help in deciding the
safety of this non-surgical policy.
To save costs and reduce the workload of pathologists, a more selective policy might
be justified. This strategy entails macroscopic assessment of the specimen by the
surgeon, only followed by histopathological examination by the pathologist in case of
abnormal macroscopic findings. The main argument used by opponents of a selective
policy is that it may lead to an increased risk of missing appendiceal neoplasms, with
potential unfavorable outcomes for the patient.8-11 Proponents argue that tumors
that are not detected during macroscopic assessment are usually of early stage and
therefore likely will not change clinical management.12-14 Unfortunately, prospective
studies investigating the ability of surgeons to identify clinically relevant neoplasms
by macroscopic assessment of the resected specimen are lacking. This study aimed
to prospectively investigate both the oncological safety and costs of selective
histopathological examination of appendiceal specimens, which was intended to
provide definitive conclusions regarding the appropriate histopathological strategy
following appendectomy.

METHODS
This study followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement.15 The study protocol and statistical analysis plan
were published before.16

Study design
This was a Dutch multicenter, prospective, cross-sectional study, registered with
ClinicalTrials.gov on April 27, 2018 (trial identification number NCT03510923). The
study was performed in 59 (40 teaching, 13 non-teaching, and 6 academic hospitals)
of 74 Dutch hospitals (80%) between May 1, 2018 and August 31, 2019. The study
protocol was reviewed by the Institutional Review Board of the Amsterdam UMC,
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which decided that the Dutch Medical Research Involving Human Subjects Act was
not applicable. In all participating centers, approval for execution of the study was
obtained from the local Institutional Review Board before the start of inclusion of
patients. Each center included patients for a period of nine months.

Participants
Patients of all ages with (recurrent) appendicitis scheduled for appendectomy were
eligible for inclusion. Exclusion criteria were (1) strong clinical/radiological suspicion
or preoperative histopathological proof of an appendiceal neoplasm; (2) appendix
removed as part of more extensive surgery (e.g. right colectomy), and (3) inclusion in
the ACCURE trial.17 An opt-out procedure was offered to patients the opportunity
to refuse the use of their non-identifiable data.

Study procedures
All removed appendices were systematically assessed by the operating surgeon
(attending surgeon and/or resident) for macroscopic abnormalities. The macroscopic
examination included inspection and palpation of the appendix and mesoappendix.
The specimen was not opened, as this might impede proper histopathological
examination. All steps of the macroscopic examination were discussed during
the site initiation visits and shown in an instruction video, which was available
for all local investigators during the entire study period. After this systematic
assessment, the surgeon reported on a predefined scoring form whether macroscopic
abnormalities suspicious for an appendiceal neoplasm were present, and if he or she
believed additional assessment by the pathologist was indicated. In case suspicious
macroscopic abnormalities were found, the surgeon was requested to specify these
on the same form. Similarly, the surgeon was asked to specify the indication for
histopathological examination, if applicable. Subsequently, all appendiceal specimens
were sent for further assessment by the pathologist. Histopathological examination
was conducted according to the local protocol of the pathology department where
the specimen was assessed.
Pre-, intra- and postoperative data were obtained by the local study teams of all
participating hospitals and entered into an electronic database build with Castor
EDC.18 Additional data regarding diagnostic and therapeutic procedures that
were performed within six months following histopathological examination were
collected for patients with an appendiceal neoplasm.

Outcomes
The two main outcomes of this study were oncological safety and potential cost
savings of selective histopathological examination following appendectomy.
Oncological safety was assessed by calculating the number of patients in whom the
histopathological diagnosis of an appendiceal neoplasm with clinical consequences
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benefiting the patient would have been missed in case of a selective policy. Clinical
consequences included all diagnostic and therapeutic procedures initiated within six
months after the histopathological diagnosis of the appendiceal neoplasm (including
care provided in tertiary referral centers). The following consequences were
considered beneficial: (1) presence of residual tumor and/or positive lymph nodes
in the re-resection specimen, (2) treatment with (adjuvant) systemic or locoregional
chemotherapy, radiotherapy, or any other oncological treatment with curative intent,
(3) palliative treatment for metastases detected during staging procedures, and (4)
diagnosis of serrated polyposis syndrome or removal of (pre)malignant lesion(s)
during colonoscopy. When an additional resection was performed and no residual
disease was found, this was considered harmful due to the unnecessary surgical
risks the patient was exposed to. Clinical consequences were considered to be neither
beneficial nor harmful if a patient only underwent diagnostic procedures and/or
was subjected to periodic surveillance without receiving further treatment. Costminimization and budget impact analyses were performed to determine the potential
cost savings of a selective policy. The reliability and quality of the main outcomes
were assured by (1) revising all pathology reports, (2) verifying source data by remote
monitoring, and (3) estimating the incidence of appendiceal neoplasms in the group
of eligible patients that were unintentionally not included.
Secondary outcomes were described in detail in the previously published study
protocol16, and included (1) the clinical outcomes of patients with an appendiceal
neoplasm, both in terms of benefit and harm, (2) the ability of the surgeon to detect
an appendiceal neoplasm during macroscopic examination, and (3) the incidence of
other histopathological diagnoses following appendectomy. In addition, the different
reasons for histopathological examination described by the surgeons were evaluated
and allocated into categories. Results of these secondary endpoints and predefined
subgroup analyses are reported in Supplementary Appendix 1.

Statistical analysis
Details concerning the group size calculation are reported in the statistical analysis
plan.16 In short, it was assumed that (1) less than 1 out of 1000 examined specimens
will contain an appendiceal neoplasm with clinical consequences benefiting the
patient that is not recognized by the surgeon, and (2) selective histopathological
examination is considered safe if the upper limit of the two-sided 95% confidence
interval (CI) of the proportion of missed appendiceal neoplasms with clinical
consequences benefiting the patient is below 3 per 1000 examined specimens, within
the group of specimens that would have been refrained from histopathological
examination. A sample size of 4462 specimens was needed to achieve 84% power to
detect a difference of 0.002 using a one-sided binominal test at a target significance
level of 0.025, assuming a baseline and actual proportion of 0.001, and a non-
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inferiority limit of 0.00299. Assuming that the rate of histopathological examination
could be reduced to 20%, 5578 patients (4462/0.8) had to be included.
Categorical variables are presented as frequencies and percentages. Continuous
variables are summarized as medians with interquartile ranges. For the analysis
of oncological safety, only data from patients whose appendix would have been
refrained from histopathological examination with a selective policy were included.
The sample was bootstrapped 5000 times to estimate the upper limit of the two-sided
95% CI of the proportion of missed appendiceal neoplasms with clinical consequences
benefiting the patient. Type of assessor was the only missing data in eight patients.
Therefore, complete-case analyses were performed without imputation.
The economic evaluation was performed from a health care provider perspective,
using a decision tree model comparing routine with selective histopathological
examination. The potential cost impact of the selective strategy was assessed as
a trade-off between foregone histopathological examination and subsequent
interventions not being performed on the one hand and (extra) costs of delayed
treatment of missed appendiceal neoplasms on the other hand. Details regarding
methodology and results of the economic cost-analysis will be reported elsewhere.
All statistical analyses were performed by the first author, clinical methodologist and
principal investigator using IBM SPSS statistics, version 26.0 (IBM Corp).

RESULTS
Patients
Between May 1, 2018 and August 31, 2019, a total of 7398 patients were enrolled.
Fifty-nine patients were excluded for the following reasons: incidental appendectomy
during another abdominal procedure (n=48), radiological suspicion of appendiceal
neoplasm (n=10), appendectomy as part of more extensive surgery (n=1). This resulted
in the inclusion of 7339 patients. Baseline characteristics of all included patients are
presented in Table 1.
A total of 130 patients (1.77%) were diagnosed with an appendiceal neoplasm. Details
can be found in Supplementary Table 1-2. Median age was 55 years (IQR 41-68)
and 68 patients (52.3%) were women. Histopathological examination revealed noninvasive epithelial neoplasms in 56/7339 (0.76%), neuroendocrine neoplasms in
39/7339 (0.53%), and invasive epithelial neoplasms in 35/7339 patients (0.48%).
Data from the Dutch nationwide network and registry of histopathology and
cytopathology (Pathologisch-Anatomisch Landelijk Geautomatiseerd Archief
(PALGA) showed that 9929 appendectomies were performed in the participating
hospitals during the study periods, and 198 patients (1.99%) were diagnosed with an
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appendiceal neoplasm.19 This implied that our cohort included approximately 74%
of eligible patients with a comparable incidence of appendiceal neoplasms.
Table 1 Baseline characteristics.
Total (n=7339)
Age in years, median (IQR)
Sex, n (%)
Preoperative imaging, n (%)

Hospital

Macroscopic assessment performed by

33 (19-51)
Female

3656 (49.8%)

Male

3683 (50.2%)

Ultrasound

5116 (69.7%)

Ultrasound + CT

1250 (17.0%)

Ultrasound + MRI

246 (3.4%)

Ultrasound + CT + MRI

3 (0.0%)

CT

689 (9.4%)

MRI

18 (0.2%)

No preoperative imaging

17 (0.2%)

Academic hospital

117 (1.6%)

Teaching hospital

6222 (84.8%)

Non-teaching hospital

1000 (13.6%)

Surgeon

3411 (46.5%)

Resident

3365 (45.9%)

Both

555 (7.6%)

Missing

8 (0.1%)

CT, computed tomography; HPE, histopathological examination; IQR, interquartile range;
MRI, magnetic resonance imaging.

Clinical consequences and outcomes following the diagnosis of an appendiceal neoplasm
After systematic macroscopic examination, surgeons judged that histopathological
examination was not indicated in 4966 patients (67.7%). Of these, 59 (1.19%) were
diagnosed with an appendiceal neoplasm (Figure 1, Table 2-3). These concerned
neuroendocrine neoplasms in 28, non-invasive epithelial neoplasms in 22,
and invasive epithelial neoplasms in nine patients. The diagnosis had clinical
consequences for nine patients with a neuroendocrine neoplasm. An additional
resection was performed in six patients, and residual disease was found in two reresection specimens. One patient underwent imaging, which did not show any signs
of metastases. It was decided that further treatment or follow-up were not indicated.
The remaining two patients with neuroendocrine neoplasms did not undergo any
diagnostic or therapeutic procedures within six months following the diagnosis,
but were subjected to periodic surveillance. A colonoscopy was performed in four
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patients with a non-invasive epithelial neoplasm, with no (pre)malignant lesions
detected in any of them. All nine patients with an invasive epithelial neoplasm were
scheduled for additional surgery, and residual disease was radically removed in three
of them. Adjuvant systemic treatment was only indicated in one of these 59 patients,
but not administered because of postoperative complications. Details of the clinical
consequences following the diagnosis of an appendiceal neoplasm in these patients
can be found in Supplementary Table 2.
Of 2373 patients (32.3%) whose appendix would have been sent for histopathological
examination as indicated by the surgeon, 71 (2.99%) were diagnosed with an
appendiceal neoplasm (Figure 1, Table 2-3). Four of 11 patients with a neuroendocrine
neoplasm experienced clinical consequences. One patient was subjected for periodic
surveillance. A right colectomy was performed in the other three patients, and one
of the re-resection specimens contained a tumor-positive lymph node.
Clinical consequences were observed in 14 of 34 patients with a non-invasive
epithelial neoplasm. Two patients were planned for additional surgery. One of these
patients was diagnosed with pseudomyxoma peritonei (PMP) during diagnostic
laparoscopy and referred for cytoreductive surgery combined with hyperthermic
intraperitoneal chemotherapy. The other patient underwent a wedge resection for
removal of a suspicious polyp found during colonoscopy, followed by an additional
right colectomy as the polyp was proven to be malignant. Seven patients underwent
a colonoscopy, with removal of two premalignant lesions in one of them. A baseline
CT was performed in three patients with a low-grade appendiceal neoplasm and
showed no signs of pseudomyxoma peritonei in any of them. Two patients were
referred for periodic surveillance.
The diagnosis of an invasive epithelial neoplasm resulted in a change of postoperative
management in 25 of 26 patients, and the remaining patient preferred no further
diagnostic or therapeutic procedures because of his age. One patient was diagnosed
with an appendiceal metastasis from prior known gastric cancer. At the time the
histopathological report became available, the patient was readmitted because
of obstructive ileus for which emergency explorative laparotomy was performed.
The remaining 24 patients all underwent an additional resection, and pathological
examination revealed residual disease in eight of them. Three patients (two patients
with residual disease, one patient without residual disease) were referred for adjuvant
chemotherapy (Supplementary Table 2).
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Intraoperative
assessment

Histopathological
examination

- Neuro-endocrine tumour (n = 2)
- Invasive epithelial neoplasm (n = 3)

- Neuro-endocrine tumour (n = 1)
- Non-invasive epithelial neoplasm (n = 3)
- Invasive epithelial neoplasm (n = 9)

- Neuro-endocrine tumour (n = 1)
- Non-invasive epithelial neoplasm (n = 11)
- Invasive epithelial neoplasm (n = 1)

- Neuro-endocrine tumour (n = 2)
- Invasive epithelial neoplasm (n = 15)

Benefit
(n = 5/7339, 0.07%)

Benefit
(n = 13/7339, 0.18%)

No benefit, no harm
(n = 13/7339, 0.18%)

Harm
(n = 17/7339, 0.23%)

Clinical consequences
(n = 22/7339, 0.30%)
- Neuro-endocrine tumour (n = 9)
- Non-invasive epithelial neoplasm (n = 4)
- Invasive epithelial neoplasm (n = 9)

Clinical consequences
(n = 43/7339, 0.59%)
- Neuro-endocrine tumour (n = 4)
- Non-invasive epithelial neoplasm (n = 14)
- Invasive epithelial neoplasm (n = 25)

- Neuro-endocrine tumour (n = 3)
- Non-invasive epithelial neoplasm (n = 4)

No benefit, no harm
(n = 7/7339, 0.10%)

- Neuro-endocrine tumour (n = 19)
- Non-invasive epithelial neoplasm (n = 18)

No clinical consequences
(n = 37/7339, 0.50%)

- Neuro-endocrine tumour (n = 28)
- Non-invasive epithelial neoplasm (n = 22)
- Invasive epithelial neoplasm (n = 9)

- Neuro-endocrine tumour (n = 11)
- Non-invasive epithelial neoplasm (n = 34)
- Invasive epithelial neoplasm (n = 26)

- Neuro-endocrine tumour (n = 7)
- Non-invasive epithelial neoplasm (n = 20)
- Invasive epithelial neoplasm (n = 1)

Appendiceal neoplasms
(n = 59/4966, 1.19%)

Appendiceal neoplasms
(n = 71/2373, 2.99%)

No clinical consequences
(n = 28/7339, 0.38%)

Not sent for
histopathological examination
in case of selective policy
(n = 4966/7339, 67.7%)

Sent for
histopathological examination
in case of selective policy
(n = 2373/7339, 32.3%)

- Neuro-endocrine tumour (n = 4)
- Invasive epithelial neoplasm (n = 6)

Harm
(n = 10/7339, 0.14%)

Figure 1 Number of patients with an appendiceal neoplasm with clinical consequences benefiting the patient that would have been diagnosed
(green box) and missed (red box) in case of a selective policy. The gray dotted line indicates the total number of patients benefiting from clinical
consequences of an appendiceal neoplasm, that would have been diagnosed in case of a routine policy.

Consequences following
histopathological diagnosis

Appendiceal specimens
(n = 7339)
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Table 2 Histopathological diagnoses following appendectomy for appendicitis.
Total
(n=7339)

Indication
for HPE*
(n=2373)

No indication
for HPE*
(n=4966)

Normal appendix

83 (1.13%)

17 (0.72%)

66 (1.33%)

Acute inflammation

6803 (92.70%)

2170 (91.45%) 4633 (93.29%)

Chronic
inflammation and/
or reactive changes

206 (2.81%)

64 (2.70%)

142 (2.86%)

Peri-appendicitis

29 (0.40%)

10 (0.42%)

19 (0.38%)

Neuroendocrine
neoplasm

39 (0.53%)

11 (0.46%)

28 (0.56%)

Non-invasive
epithelial neoplasm

56 (0.76%)

34 (1.43%)

22 (0.44%)

Invasive epithelial
neoplasm

35 (0.48%)

26 (1.10%)

9 (0.18%)

Parasitic infection

39 (0.53%)

13 (0.55%)

26 (0.52%)

Endometriosis

28 (0.38%)

15 (0.63%)

13 (0.26%)

Granulomatous
disease

12 (0.16%)

6 (0.25%)

6 (0.12%)

Other

9 (0.12%)

7 (0.29%)†

2 (0.04%)‡

Histopathological diagnosis

Appendiceal
neoplasms

Non-neoplastic
aberrant findings

HPE, histopathological examination.
* According to the operating surgeon or surgical resident.
† No appendiceal tissue detected (n=5), assessment not possible due to coagulation artefacts
(n=1), peri-appendicular foreign body material with inflammatory response (n=1).
‡ No appendiceal tissue detected (n=2).
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13 (0.55%)

18 (0.25%)

0 (0.00%)

1 (0.04%)
17 (0.72%)

1 (0.01%)
27 (0.37%)

Colonoscopy ((pre)malignant lesions removed), follow-up

Imaging (no signs of distant metastases)

No benefit, no harm

Additional surgery (no RD)

Additional surgery (no RD), follow-up

Imaging and/or colonoscopy, additional surgery (no RD)

Imaging and/or colonoscopy, additional surgery (no RD), follow-up

Harm

0 (0.00%)

1 (0.04%)‡
2 (0.08%)
1 (0.04%)
13 (0.55%)
1 (0.04%)

1 (0.01%)
4 (0.05%)
1 (0.01%)
20 (0.27%)
2 (0.03%)

1 (0.02%)

7 (0.14%)

0 (0.0%)

2 (0.04%)

8 (0.16%)¶

10 (0.20%)

0 (0.00%)

13 (0.55%)§

21 (0.29%)

1 (0.02%)

0 (0.00%)

1 (0.01%)

Additional surgery (RD), follow-up

1 (0.04%)‡

1 (0.01%)

0 (0.00%)

0 (0.00%)

Imaging and/or colonoscopy, additional surgery (no RD) + ACT, follow-up

3 (0.13%)‡

2 (0.03%)
3 (0.04%)

4 (0.08%)‡

5 (0.10%)

22 (0.44%)

9 (0.18%)

22 (0.44%)

28 (0.56%)

59 (1.19%)

No indication
for HPE*
(n=4966)

Imaging and/or colonoscopy, additional surgery (RD) + ACT, follow-up

2 (0.08%)

43 (1.81%)

65 (0.89%)

6 (0.25%)†

26 (1.10%)

35 (0.48%)

10 (0.14%)

11 (0.46%)
34 (1.43%)

56 (0.76%)

71 (2.99%)

130 (1.77%)
39 (0.53%)

Indication
for HPE*
(n=2373)

Total
(n=7339)

Imaging and/or colonoscopy, additional surgery (RD) + HIPEC, follow-up

Imaging and/or colonoscopy, additional surgery (RD), follow-up

Benefit

Appendiceal neoplasm with clinical consequences, n (%)

Invasive epithelial neoplasm

Non-invasive epithelial neoplasm

Neuroendocrine neoplasm

Histopathological diagnosis of appendiceal neoplasm, n (%)

Table 3 Incidence and clinical consequences of incidental appendiceal neoplasms.
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5 (0.07%)

Follow-up

3 (0.13%)

4 (0.17%)

1 (0.04%)

1 (0.04%)

3 (0.13%)

Indication
for HPE*
(n=2373)

ACT, adjuvant chemotherapy; HPE, histopathological examination; RD, residual disease.
* According to the operating surgeon or surgical resident.
† Two patients with complications within 90 days following additional surgery, details in Supplementary Table 2.
‡ One patient with complications within 90 days following additional surgery, details in Supplementary Table 2.
§ Five patients with complications within 90 days following additional surgery, details in Supplementary Table 2.
¶ Three patients with complications within 90 days following additional surgery, details in Supplementary Table 2.

2 (0.03%)
7 (0.10%)

Colonoscopy (no (pre)malignant lesions removed)

1 (0.01%)

Imaging (no signs of distant metastases) and colonoscopy (no
(pre)malignant lesions removed, follow-up

Colonoscopy (no (pre)malignant lesions removed), follow-up

3 (0.04%)

Total
(n=7339)

Imaging (no signs of PMP), follow-up

Table 3 Continued.

2 (0.04%)

3 (0.06%)

1 (0.02%)

0 (0.0%)

0 (0.0%)

No indication for HPE*
(n=4966)

Chapter 8

7 (0.10%)
€1,316,029

€1,848,401

€999,278

20 (0.27%)

18 (0.25%)

27 (0.37%)

65 (0.89%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

7339

No
HPE

HPE, histopathological examination.
* Based on price-indexed costs obtained from the Dutch Costing Manual for Health Care Research, the tariffs ledger of the initiating hospital,
including personnel, material, and overhead costs, and Pharmacotherapeutic Compass. Delayed treatment costs under the selective and no HPE
strategies included a pre-planned 50% penalty to prevent overestimation of cost savings.

Estimated costs*

No benefit, no harm, n (%)

Harm owing to withheld benefit, n (%)

Benefit owing to avoidance of harm, n (%)

5 (0.07%)

13 (0.17%)

20 (0.27%)

No benefit, no harm, n (%)

Missed appendiceal neoplasms with clinical consequences, n (%)

0 (0.0%)

17 (0.23%)

27 (0.37%)

Harm, n (%)

0 (0.0%)

13 (0.17%)

18 (0.25%)

Benefit, n (%)

10 (0.14%)

43 (0.59%)

65 (0.89%)

Diagnosed appendiceal neoplasms with clinical consequences, n (%)

0 (0.0%)

59 (0.80%)

130 (1.77%)

Histopathological diagnosis of appendiceal neoplasm, n (%)

22 (0.30%)

2373 (21.9%)

7339 (100%)

Appendiceal specimens analysed by pathologist, n (%)

0 (0.0%)

7339

7339

Number of appendectomies

Selective
HPE

Routine
HPE

Table 4 Comparison of routine and selective histopathological examination following appendectomy.
Histopathological examination following appendectomy: results of the FANCY study
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Table 4 provides an overview of clinical consequences and outcomes for patients
as observed during routine and selective histopathological examination. With
routine histopathological examination, 18 of 7339 patients (0.25%) who underwent
an appendectomy for suspected appendicitis experienced benefit from the clinical
consequences following the diagnosis of an appendiceal neoplasm. Harm was
observed in 27 patients (0.37%), and consequences were neither beneficial nor
harmful in 20 patients (0.27%). With a selective policy, an appendiceal neoplasm
with clinical consequences benefiting the patient would have been missed in five
patients (0.07%). Within the group of specimens that would have been refrained
from histopathological examination (n=4966), the proportion of missed appendiceal
neoplasms with clinical consequences benefiting the patient was 1.01 per 1000
specimens (upper limit two-sided 95% CI 1.61 per 1000 specimens), demonstrating
oncological safety of selective histopathological examination. At the same time,
10 patients would have been saved from harm by selective histopathological
examination.

Costs
A strategy of selective histopathological examination would reduce the mean per
patient costs of pathology and consequential costs of imaging, surgery, oncological
care and (multidisciplinary) specialist consultations by €76.76 in comparison
with routine histopathological examination. However, the potential extra mean
per patient costs of postponing treatment of missed appendiceal neoplasms
would amount to €4.22. The potential cost savings per 10,000 patients would be
approximately €725,400

DISCUSSION
This multicenter study including 7339 patients prospectively investigated both
the clinical consequences and costs of selective histopathological examination of
appendices removed for suspected appendicitis. A selective policy would reduce
histopathological examinations by approximately two-thirds of appendiceal
specimens. The results of this study provide robust evidence that a selective strategy
is oncologically safe and demonstrate that the implementation of this approach
might save at least €700,000 per 10,000 patients, even if penalty costs of plus 50%
for delayed diagnosis and treatment due to the selective policy are accounted for.
The main objection to selective histopathological examination is the risk of
appendiceal neoplasms being missed by surgeons, thereby potentially depriving
patients from further treatment they might benefit from. The results of the
present study, however, showed that the diagnosis of an appendiceal neoplasm
with clear beneficial consequences would have been missed in only five of 7339
patients (0.68:1000) by a selective policy. Meanwhile, 17 patients with an incidental
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appendiceal neoplasm did not experience any benefit from the initiated postoperative
management. In fact, 10 of these patients would have been saved from unnecessary
surgery. In five of them, postoperative complications including anastomotic leakage
would not have occurred.
Given the present data, one might even postulate that complete refrainment from
histopathological examination is justified as well. This scenario is relevant given
the recent interest in the treatment of appendicitis with antibiotics.2-7 After all, if
appendicitis will be treated more often conservatively in the future, some unexpected
pathology will be discovered with delay or not even diagnosed and treated at all.
If all appendiceal specimens were omitted from histopathological assessment, 18
patients would have been withheld from clear beneficial treatment, whereas harm
due to unnecessary surgery with a considerable complication rate (31.9%) would
have been avoided in 27 patients. The clinical consequences of routine, selective, and
no histopathological examination and corresponding costs are reported in Table 4.
Proponents of routine histopathological examination also argue that aberrant
findings other than neoplasms can be missed. In case of a selective policy, parasitic
infections, endometriosis and granulomatous diseases would have been missed in
26 (0.35%), 13 (0.18%) and 6 patients (0.08%), respectively (Table 2). Although we did
not collect data on clinical consequences of these histopathological findings, it is
expected that the majority of these patients would not be harmed by the undiagnosed
diseases. Parasitic infections only require treatment in case of symptoms, and
antihelminthic therapy would probably have been initiated in case of (persisting)
symptoms (eg, anal pruritus) following appendectomy. Consultation with a
gynecologist for medical treatment of endometriosis is not required in asymptomatic
patients without any other foci of endometriosis. As almost 80% of appendectomies
are performed laparoscopically, surgeons should be encouraged to routinely
check the reproductive organs in women who undergo an appendectomy.20 The
histopathological diagnosis of appendiceal endometriosis seems clinically irrelevant,
as referral to a gynecologists should only be considered in patients with visible
extra-appendiceal locations of endometriosis during exploration and/or persisting
abdominal complaints after surgery. Granulomatous appendicitis rarely represents a
manifestation of Crohn’s disease, sarcoidosis or tuberculosis.21,22 The most common
cause seems to be recurrent appendicitis with interval appendectomy inducing a
granulomatous reaction resulting from a protracted secondary inflammatory
response to appendicitis and non-surgical management such as antibiotics.22 Most
patients with this condition are therefore treated with appendectomy alone.
To our knowledge, the ability of surgeons to macroscopically identify appendiceal
neoplasms in a resection specimen has never been studied prospectively in a
multicenter cohort of more than 7000 patients. Therefore, we believe this study
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provides the best available evidence regarding the oncological safety and potential
cost savings of selective histopathological examination following appendectomy.
Moreover, this is the first study showing the clinical and financial consequences of
a policy of no histopathological examination at all, which is a relevant scenario if
treatment of appendicitis becomes more conservative in the future. Furthermore,
implementation of a selective strategy is assumed to be easy, as no comprehensive
teaching program is required to perform a systematic macroscopic assessment.
Other strengths are the reliability as well as external validity of our findings,
based on the participation of almost 80% of the Dutch clinical centers, the almost
100% completeness of the data, and plausible incidence of appendiceal neoplasms.
The main limitation of our study is that we were not able to investigate our main
outcomes for children and adults separately, as the sample sizes of these cohorts
were not sufficient. Second, surgeons were prohibited to split the appendiceal
specimen in half, as it might impede proper assessment by the pathologist. Opening
of the appendix might help surgeons in their decision to omit the appendix from
histopathological examination, thereby saving even more costs. Further research
should focus on the identification of risk factors for appendiceal neoplasms, in order
to provide surgeons some guidance in their decision making.
In conclusion, routine histopathological examination of appendectomy specimens is
unnecessary. A selective policy following macroscopic examination by the surgeon is
oncologically safe and will likely result in a significant reduction of costs, pathologists’
workload and unnecessary additional resections. In fact, as both routine and selective
histopathological examination resulted in clinical consequences which were more
often harmful than beneficial for patients, even omitting any pathological assessment
might be justified. These results imply that, from an oncological perspective, the nonsurgical treatment of appendicitis seems safe.
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SUPPLEMENTARY MATERIAL
Appendix 1 Secondary outcomes and subgroup analyses
Presence of residual disease and 90-day complications following additional surgery
Overall, residual disease was removed in 16 of 44 patients (36.4%) who underwent an
additional resection. During the 90 days following the re-resection, 14 patients (31.9%)
experienced complications. Surgical re-interventions were required in five patients, due to
anastomotic leakage (n=3), bowel perforation (n=1) and colonic ischemia (n=1). Another patient
with anastomotic leakage was treated with antibiotics. One patient died due to cardiac arrest
and one patient underwent cardioversion for atrial fibrillation. Other complications were
rectal blood loss (n=1), abdominal pain (n=1), wound infection (n=1), paralytic ileus (n=1),
anterior cutaneous nerve entrapment syndrome (n=1) and delirium (n=1). Details are provided
in Supplementary Table 2.

Ability of the surgeon to detect appendiceal neoplasms
Sensitivity and specificity of the surgeon’s assessment for the detection of an appendiceal
neoplasm were 54.6% (71/130) and 68.1% (4907/7209), respectively (Supplementary Table 3).
When analyzed separately for the different types of appendiceal neoplasms, sensitivity was
28.2% for neuroendocrine neoplasms, 60.7% for non-invasive epithelial neoplasms, and 74.3%
for invasive epithelial neoplasms. Inflammation prohibiting proper macroscopic assessment
was the main reason for surgeons to consider histopathological examination indicated
(n=1632, 68.8%), followed by presence of macroscopic abnormalities (n=413, 17.4%). Other
reasons are provided in Supplementary Table 4.

Incidence of other histopathological diagnoses
The incidence of all histopathological diagnoses following appendectomy is shown in Table
2. The majority of specimens (n=6803, 92.7%) exhibited features of acute inflammation.
An appendix sana was found in 83 patients (1.13%), and 205 specimens (2.79%) showed
chronic inflammation and/or reactive changes. In 29 patients (0.40%), peri-appendicitis
caused by other sources of intra-abdominal inflammation was diagnosed. Histopathological
examination revealed the presence of parasites, endometriosis and granulomatous diseases
in 39 (0.53%), 28 (0.38%) and 12 patients (0.16%), respectively.

Subgroup analyses
Poisson regression analysis showed that the number of missed appendiceal neoplasms
with clinical consequences benefiting the patient was not significantly influenced by the
type of assessor (surgeon/both versus resident alone; mean difference 0.00018, 95% CI
-0.00202-0.00238, P=0.874) or type of hospital (teaching versus non-teaching hospital, mean
difference -0.00047, 95% CI -0.00372-0.00277; P=0.775; academic hospitals were excluded
from the analysis since no appendiceal neoplasms with clinical consequences benefiting
the patient were found in this group) (n=4888). Subgroup analysis exploring the influence
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of the assessor on the rate of specimens that would have been sent for histopathological
examination did not show any differences between surgeons and residents (Supplementary
Table 5). Likewise, no considerable differences were observed in the rate of submitted
specimens between academic, teaching, and non-teaching hospitals (Supplementary Table
6). The incidence of neuroendocrine neoplasms in children (<16 years old) and adults (≥16
years old) was comparable (Supplementary Table 7). In contrast, non-invasive and invasive
epithelial neoplasms were more frequently diagnosed in adults (0.89% vs. 0.08% and 0.57%
vs. 0.00%). Parasites were more frequently found in children (1.76% versus 0.29%), whereas
endometriosis was only diagnosed in adults.
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Gender

Female

Male

Male

Female

Female

Female

Female

Male

Male

Female

Female

Male

Male

Female

Male

Female

Female

Male

Female

Male

Female

Male

Male

Case

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

83

33

8

34

42

59

33

38

34

48

18

68

17

47

35

41

45

58

47

31

17

12

25

Age

CT

US

US

US + CT

US

US

US

US

US

US

US + CT

CT

US

US

US

US

US + CT

US + CT

US + CT

US + CT

US

US

US + CT

Preoperative
imaging

Both

Surgeon

Resident

Surgeon

Resident

Surgeon

Resident

Surgeon

Resident

Surgeon

Surgeon

Surgeon

Surgeon

Resident

Resident

Both

Resident

Surgeon

Resident

Surgeon

Resident

Surgeon

Resident

Assessor

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Macroscopic abnormalities*

Histopathological diagnosis
following appendectomy†
NEN grade 1, 0.2 cm
NEN grade 1, 0.2 cm
NEN grade 2, 1.2 cm
NEN grade 1, 2.0 cm
NEN grade 1, 0.3 cm
NEN grade 1, 0.7 cm
NEN grade 1, 0.3 cm
NEN grade 1, <1.0 cm
NEN grade 1, 0.2 cm
NEN grade 1, 0.4 cm
NEN grade 1, 0.4 cm
NEN grade 1, 0.1 cm
NEN grade 1, 1.3 cm
NEN grade 1, 1.1 cm
NEN grade 1, 1.1 cm
NEN grade 1, 0.2 cm
NEN grade 2, 1.3 cm
NEN grade 1, 1.0 cm
NEN grade 2, 1.2 cm
NEN grade 1, 0.5 cm
NEN grade 1, 1.2 cm
Tubular carcinoid, 0.2 cm
NEN grade 1

Indication for HPE*
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Supplementary Table 1 Preoperative, intraoperative, and histopathological details of patients with a histopathological diagnosis of an appendiceal neoplasm.
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Female

Male

Female

Female

Male

Female

Female

Male

Female

Male

Female

Female

Male

Female

Male

Male

Female

Male

Female

Male

Male

Male

Female

Male

Male

Male

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

45

14

31

53

54

75

55

56

47

69

34

30

54

52

74

33

57

68

38

27

47

61

47

21

41

29

US

US

US

CT

US

US

US

US + CT

CT

CT

US + CT

US

CT

US

CT

US

US + CT

US

US

US + CT

US + CT

US + CT

US

US

US

US
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Surgeon

Resident

Resident

Surgeon

Surgeon

Resident

Resident

Resident

Surgeon

Surgeon

Surgeon

Resident

Surgeon

Surgeon

Surgeon

Resident

Resident

Resident

Surgeon

Resident

Resident

Surgeon

Surgeon

Surgeon

Resident

Surgeon

No

No

No

No

No

No

No

No

No

No

No

No

No

No proper assessment possible

No

No

No proper assessment possible

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

SSL, no dysplasia

SSL, no dysplasia

SSL, no dysplasia

SSL, no dysplasia

SSL, no dysplasia

SSL, no dysplasia

SSL, no dysplasia

SSL, no dysplasia

LAMN

SSL, low-grade dysplasia

SSL, low-grade dysplasia

SSL, no dysplasia

SSL, no dysplasia

SSL, low-grade dysplasia

SSL, no dysplasia

SSL, no dysplasia

SSL, no dysplasia

SSL, no dysplasia

Mucinous cystadenoma / LAMN

SSL, no dysplasia

SSL, dysplasia unknown

NEN grade 1, 1.5 cm

NEN grade 1, 0.9 cm

NEN grade 1, 0.3 cm

NEN grade 1, 0.3 cm

NEN grade 1, 2.5 cm
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Female

Male

Male

Male

Male

Male

Female

Female

Female

Female

Female

Female

Male

Male

Female

Female

Male

Female

Female

Female

Female

Female

Male

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Female

Female

51

75

Female

50

62

82

30

81

33

68

50

56

15

11

17

48

58

47

47

53

60

44

57

66

57

47

55

55

66

18

US

CT

US

US + CT

US

US + CT

US

US

US

US + MRI

-

US

US + CT

US + CT

US

US + CT

US

CT

US

US

CT

US

CT

US + CT

US

US + CT
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Surgeon

Resident

Resident

Surgeon

Surgeon

Surgeon

Surgeon

Surgeon

Surgeon

Surgeon

Surgeon

Resident

Resident

Both

Resident

Resident

Surgeon

Surgeon

Resident

Resident

Surgeon

Resident

Resident

Resident

Resident

Surgeon

NEN grade 1, 0.8 cm
NEN grade 1, 1.0 cm
NEN grade 2, 2.1 cm

Macroscopic abnormalities
Standard practice
Standard practice
No proper assessment possible
Macroscopic abnormalities
Macroscopic abnormalities
No proper assessment possible
No proper assessment possible
Macroscopic abnormalities

Thickened mid-appendix
No
No proper assessment possible
Suspicious for mucocele
Suspicious for mucocele
No proper assessment possible
No proper assessment possible
Rotten appendix
Atypical and hardened tip

LAMN
No proper assessment possible
Macroscopic abnormalities

No proper assessment possible
Visible and palpable tumor

LAMN

Adenoma, low-grade dysplasia

SSL, no dysplasia
Clinical course

No

LAMN

NEN grade 1, 1.2 cm

NEN grade 1, 1.0 cm

NEN grade 1, 1.1 cm

NEN grade 1, 0.7 cm

NEN grade 1, 1.0 cm

NEN grade 1, 1.0 cm

NEN grade 1, 2.0 cm

Macroscopic abnormalities

No

Macroscopic abnormalities

Palpable tumor

NEN grade 1, 0.8 cm

Macroscopic abnormalities

pT3 GCC, 5.5 cm

No

Macroscopic abnormalities

pT3 GCC

No

Palpable tumor

pT4 Mucinous adenocarcinoma

No

Enlarged appendix

pT3 GCC, pT3, 1.5 cm

No

pT3 GCC, 1.4 cm

pT3 GCC, pT3, 0.7 cm

No

pT3 MANEC, 2.5 cm

pT3 GCC, pT3, 5.0 cm

No

No

pT3 GCC, pT3, 1.0 cm

No

No

SSL, no dysplasia

No

No

No

No

No

No

No

No

No

No

No
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Female

Female

Male

Male

Female

Male

Female

Male

Female

Female

Male

Female

Female

Female

Female

Female

Female

Male

Male

Male

Female

Male

Male

Male

Male

Female

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

79

22

74

78

67

78

75

74

78

55

83

82

68

30

41

62

41

84

66

67

42

81

64

51

82

73

US + CT

US

US + CT

CT

US

US + CT

US

US + CT

US + CT

US

US

US

US

US

CT

US

US

US + CT

US + CT

US

CT

US

US

US

US

CT
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Both

Both

Resident

Surgeon

Surgeon

Surgeon

Surgeon

Surgeon

Both

Surgeon

Surgeon

Resident

Resident

Surgeon

Surgeon

Both

Resident

Resident

Resident

Surgeon

Surgeon

Resident

Surgeon

Both

Surgeon

Surgeon

Visible and palpable tumor

No proper assessment possible

No

No proper assessment possible

Palpable tumor

Thickened appendix

No proper assessment possible

No proper assessment possible

No proper assessment possible

No proper assessment possible

Suspicion of mucocele

No

No proper assessment possible

Enlarged appendix

Thickened and short appendix

Palpable tumor

Hardening of appendix

No proper assessment possible

No proper assessment possible

No proper assessment possible

Palpable tumor

Hardening of cecum

Visible and palpable tumor

No proper assessment possible

No proper assessment possible

No proper assessment possible

Macroscopic abnormalities

No proper assessment possible

Age

No proper assessment possible

Macroscopic abnormalities

Macroscopic abnormalities

No proper assessment possible

No proper assessment possible

No proper assessment possible

No proper assessment possible

Macroscopic abnormalities

Age

No proper assessment possible

Macroscopic abnormalities

Macroscopic abnormalities

Macroscopic abnormalities

Macroscopic abnormalities

No proper assessment possible

No proper assessment possible

No proper assessment possible

Macroscopic abnormalities

Macroscopic abnormalities

Macroscopic abnormalities

No proper assessment possible

No proper assessment possible

No proper assessment possible

LAMN

SSL, no dysplasia

SSL, no dysplasia

Adenoma, low-grade dysplasia

SSL, no dysplasia

SSL, low-grade dysplasia

LAMN

SSL, low-grade dysplasia

SSL, low-grade dysplasia

SSL, no dysplasia

LAMN

Adenoma, low-grade dysplasia

SSL, no dysplasia

LAMN

LAMN

LAMN

SSL, no dysplasia

SSL, no dysplasia

SSL, no dysplasia

LAMN

LAMN

SSL, low-grade dysplasia

SSL, low-grade dysplasia

SSL, no dysplasia

SSL, no dysplasia

SSL, low-grade dysplasia
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Male

Male

Female

Female

Male

Male

Female

Male

Male

Male

Male

Female

Male

Male

Female

Female

Male

Female

Female

Female

Female

Male

Female

Male

Male

Female

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

57

67

64

61

79

75

47

44

44

80

53

73

70

86

58

82

61

78

55

63

58

61

68

30

61

63

US + CT

CT

US + CT

US

US + CT

US

US

US

US

US

CT

CT

US

CT

US + CT

US

US + CT

CT

US + CT

US + CT

US + CT

US

US + CT

US

US + CT

CT
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Both

Surgeon

Resident

Resident

Resident

Resident

Surgeon

Surgeon

Surgeon

Resident

Resident

Resident

Surgeon

Resident

Resident

Surgeon

Surgeon

Surgeon

Resident

Resident

Surgeon

Surgeon

Both

Surgeon

Surgeon

Surgeon

No proper assessment possible
Macroscopic abnormalities
No proper assessment possible
Macroscopic abnormalities
No proper assessment possible
Macroscopic abnormalities
Macroscopic abnormalities
No proper assessment possible
No proper assessment possible
No proper assessment possible
Macroscopic abnormalities
No proper assessment possible
No proper assessment possible

No proper assessment possible
Hardening of cecum
No proper assessment possible
Hardening of appendix base
Thickened and hard appendix
No proper assessment possible
No proper assessment possible
No proper assessment possible
Palpable tumor
No proper assessment possible
No proper assessment possible

pT2 GCC, 1.3 cm

pT3 Signet ring cell carcinoma

pT3 Adenocarcinoma, 3.2 cm

pT4a GCC, 6.8 cm

pT4a Adenocarcinoma, 4.0 cm

pT4a Mucinous adenocarcinoma

pT3 MANEC, 1.2 cm

pT3 GCC

pT4a GCC, >5.0 cm

pT2 Adenocarcinoma, 3.5 cm

pT3 Adenocarcinoma, 1.5 cm

pT2 Adenocarcinoma, 4.0 cm

pT3 GCC, 0.9 cm

pT4a Adenocarcinoma, 2.7 cm

pT2 GCC, 3.0 cm

Palpable tumor

pT4a Adenocarcinoma, 1.1 cm

No proper assessment possible

No proper assessment possible

Macroscopic abnormalities

Macroscopic abnormalities

Thickened appendix

Metastasis from gastric cancer

pT4a Adenocarcinoma, 1.8 cm

Thickened appendix

No proper assessment possible

No proper assessment possible

pT3 GCC, 2.2 cm

pT3 GCC, 0.8 cm

No proper assessment possible

No proper assessment possible

pT3 Adenocarcinoma, 1.0 cm

Macroscopic abnormalities

No proper assessment possible

No proper assessment possible

pT4a GCC, 4.0 cm

Hardening of tip

Macroscopic abnormalities

Thickened mesoappendix

pT3 MANEC, 1.2 cm

Macroscopic abnormalities

Thickened appendix

SSL, low-grade dysplasia

SSL, no dysplasia

Age

No proper assessment possible

No proper assessment possible

LAMN / HAMN

No

No proper assessment possible

No proper assessment possible

No proper assessment possible

No proper assessment possible

No proper assessment possible
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270

Male

Male

129

130

68

55

63

US

US + CT

US + CT

Resident

Both

Resident
Visible and palpable tumor

No proper assessment possible

No proper assessment possible
Macroscopic abnormalities

No proper assessment possible

No proper assessment possible
pT3 GCC, 3.5 cm

pT3 GCC

pT3 Adenocarcinoma, 2.0 cm

Diagnostic procedures*

No

No

No

No

No

No

No

No

No

No

No

No

Imaging: no signs of distant metastases

No

Case

1

2

3

4

5

6

7

8

9

10

11

12

13

14

No

No

No

No

No

No

No

No

No

No

Right colectomy

No

No

No

Additional surgery

-

-

-

-

-

-

-

-

-

-

Yes

-

-

-

RD

-

-

-

-

-

-

-

-

-

-

No

-

-

-

90-day complications

Supplementary Table 2 Clinical consequences following the histopathological diagnosis of an appendiceal neoplasm.

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Adjuvant
chemotherapy

No

No

No

No

No

No

No

No

No

No

Yes

Yes

No

No

Follow-up

CT, computed tomography; GCC, goblet cell carcinoma; HAMN, high-grade appendiceal mucinous neoplasm; HPE, histopathological examination; LAMN,
low-grade appendiceal mucinous neoplasm; MANEC, mixed adeno-neuroendocrine carcinoma; NEN, neuroendocrine neoplasm; SSL, sessile serrated lesion;
US, ultrasound.
* According to the surgeon or resident.
† Including the diameter of the appendiceal neoplasm, if reported in the pathology report.

Female

128
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Imaging: no signs of distant metastases

No

Imaging: no signs of distant metastases

No

Imaging: no signs of distant metastases

No

No

No

No

Imaging: no signs of distant metastases

No

No

No

No

No

No†

No

No

No

No

No

Colonoscopy: no (pre)malignant lesions

Colonoscopy: no (pre)malignant lesions

No

No

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Supplementary Table 2 Continued.
No
Rectal blood loss, tranexamic acid
No
No
Abdominal pain, readmission (1 day)
-

No
No
Yes
No
-

No
Ileocecal resection

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Right colectomy

Right colectomy

Right colectomy

No

No

Right colectomy

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

No

No

No

No

No

No

No

Yes

No

No

No

Yes

No

No

No

No

Yes

Yes

Yes

No

Yes
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272
Right colectomy
Right colectomy

No

No

No

No

Colonoscopy: no (pre)malignant lesions

No

No

No

No

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases
Colonoscopy: 1 pre-malignant lesion

Imaging: no signs of distant metastases

Not applicable

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases

No

Imaging: no signs of distant metastases

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

Right colectomy

No

Right colectomy

Right colectomy

Right colectomy

Right colectomy

Right colectomy

Right colectomy

Right colectomy

No

No

No

No

No

No

No

No

No

No

No

41

No

Colonoscopy: no (pre)malignant lesions

40
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No

-

Yes

No

No

No

Yes

Yes

No

No

No

-

-

-

-

-

-

-

-

-

-

-

No
No

Anastomotic leakage, antibiotics,
readmission (4 days)

No
-

No

No

No

1. AF, cardioversion, 2. abdominal
pain, readmission (2 days)
No

No

No

Anastomotic leakage, relaparotomy,
antibiotics, readmission (12 days)
No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

-

-

-

-

-

-

-

-

-

-

-

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

No

No
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No

No

Imaging: no signs of distant metastases

No

No

No

No

No

No

No†

No

No

No

No

No

Colonoscopy: no (pre)malignant lesions

Colonoscopy: no (pre)malignant lesions

No

Imaging: no signs of PMP

No

No

No†

No

Colonoscopy: no (pre)malignant lesions

Colonoscopy: no (pre)malignant lesions

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

†

No
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No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Right colectomy

No

No

Right colectomy

No
No
-

No
Yes
-

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

No

No

No

No

Yes

Yes

No

No

No

No

No

Yes

No

No

No

No

No

No

No

No

Yes

Yes

No

No

No
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No
1. Wedge resection, 2.
Right colectomy

No

Imaging: no signs of PMP

Colonoscopy: suspicious polyp of 2 cm
Imaging: no signs of distant metastases

No

Colonoscopy: no (pre)malignant lesions

Colonoscopy: 2 pre-malignant lesions

No

No

No

No

No

Imaging: no signs of PMP

Imaging: signs of PMP

No

No

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

Right colectomy

Right colectomy

Right colectomy

No

No

No

No

-

-

Yes

1. Staging laparoscopy, 2.
CRS + HIPEC
No

-

-

-

-

-

-

-

-

-

Yes

-

-

-

-

No

No

No

No

No

No

No

No

No

No

No

No

89

No

Colonoscopy: no (pre)malignant lesions
Imaging: no signs of (pre)malignant
lesions‡

88
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No

No
No

No
Anastomotic leakage, relaparoscopy,
abscess drainage, antibiotics

§

No
Bowel perforation, relaparotomy,
antibiotics, readmission (7 days)

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

-

-

No

-

-

-

-

-

-

-

-

-

No

-

-

-

-

Yes

Yes

Yes

No

No

Yes

Yes

No

No

No

No

No

Yes

No

No

Yes

Yes

No

No

Yes
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Right colectomy
Right colectomy

No
Right colectomy

Right colectomy

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases
Colonoscopy: no (pre-)malignant lesions

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases

No

Imaging: no signs of distant metastases
Colonoscopy: no (pre-)malignant lesions

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases
Colonoscopy: no (pre-)malignant lesions

Imaging: no signs of distant metastases
Colonoscopy: no (pre-)malignant lesions

Imaging: no signs of distant metastases
Colonoscopy: no (pre-)malignant lesions

110

111

112

113

114

115

116

117

118

119

120

121

No

No
Cardiac arrest, cardiopulmonary
resuscitation, death

No
No

Yes

Yes

No
1 course
CAPOX,
1 course
FOLFOX

Ileus, TPN
No

No
1. Ischemic colon, relaparotomy,
2. Pneumonia, antibiotics, 3) Ileus,
TPN
ACNES, 2 local anesthetic injections
No

No
Yes

No

No
Yes
No

1. Staging laparoscopy, 2.
Right colectomy + CRS +
HIPEC + bilateral adnex
extirpation

Right colectomy
Ileocecal resection
Right colectomy

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases
Colonoscopy: no (pre-)malignant lesions

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Right colectomy

No

No

No

No

No

Yes

No

Yes

Yes

No

-

No

No#

Yes

-

Wound infection, opening and
flushing

No

No

No

No

-

-

4 courses
capecitabin

No

Yes

Right colectomy +
No
bilateral adnex extirpation

Right colectomy

No¶

Imaging: no signs of distant metastases

109

Right colectomy

Imaging: no signs of distant metastases
Colonoscopy: 1 pre-malignant lesion

108
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276
Right colectomy
Right colectomy

Right colectomy
Right colectomy

Imaging: no signs of distant metastases

Imaging: no signs of distant metastases
Colonoscopy: no (pre-)malignant lesions

No

Imaging: no signs of metastases

Imaging: no signs of metastases

Imaging: no signs of distant metastases
Colonoscopy: no (pre-)malignant lesions

Imaging: no signs of distant metastases

124

125

126

127

128

129

130

Yes

No

Yes

No

No

Yes

Yes

No

Yes

No
No

Anastomotic leakage, abscess
drainage, antibiotics, readmission
(17 days)

No

No

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

4 courses
CAPOX,
4 courses
capecitabin

Yes

Yes

No

No#

No

No

No

No

No

No

No

No

Delirium, antipsychotics

* The reported tests only concern the diagnostic procedures performed following the histopathological diagnosis of an appendiceal neoplasm to determine
further postoperative management and do not include the diagnostic tests performed during follow-up.
† Colonoscopy was indicated, but refused by patient.
‡ Colonography.
§ Adjuvant systemic chemotherapy was discussed during a multidisciplinary meeting, but considered not to be indicated.
¶ No oncological resection. A segmental colon resection and adhesiolysis was performed ten days after appendectomy, because of obstructive ileus.
# Adjuvant systemic chemotherapy was discussed during a multidisciplinary meeting, but patient did not receive adjuvant treatment for unknown reasons.

ACNES, anterior cutaneous nerve entrapment syndrome; CAPOX, capecitabin + oxaliplatin; CRS, cytoreductive surgery; FOLFOX, folinic acid (leucovorin) +
5-fluorouracil + oxaliplatin; HIPEC, hyperthermic intraperitoneal chemotherapy; HPE, histopathological examination; PMP, pseudomyxoma peritonei; RD,
residual disease, TPN; total parenteral nutrition.

Right colectomy

Right colectomy

Right colectomy

Right colectomy

No

123

Right colectomy + CRS +
HIPEC + bilateral adnex
extirpation

Imaging: no signs of distant metastases
Colonoscopy: no (pre-)malignant lesions

122
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71 (54.6%)

2373 (32.3%)

Indication for HPE

2302 (31.9%)

1681 (23.3%)

2373 (32.3%)

No proper assessment possible

Indication for HPE

HPE, histopathological examination.

426 (5.8%)
1717 (23.4%)

Presence of macroscopic abnormalities

Total
(n=7339)

Non-invasive
epithelial neoplasm
(n=56)
14 (25.0%)
19 (33.9%)
34 (60.7%)

Neuroendocrine
neoplasm
(n=39)
6 (15.4%)
3 (7.7%)
11 (28.2%)

26 (74.3%)

14 (40.0%)

11 (31.4%)

Invasive epithelial
neoplasm (n=35)

2302 (31.9%)

1681 (23.3%)

395 (5.5%)

No appendiceal
neoplasm
(n=7209)

Supplementary Table 3b Value of the intraoperative assessment by the surgeon for detection of appendiceal neoplasms (specified for type of appendiceal neoplasm).

HPE, histopathological examination.

36 (2.7%)

395 (5.5%)

31 (23.8%)

426 (5.8%)
1717 (23.4%)

No proper assessment possible

No appendiceal neoplasm
(n=7209)

Appendiceal neoplasm
(n=130)

Presence of macroscopic abnormalities

Total
(n=7339)

Supplementary Table 3a Value of the intraoperative assessment by the surgeon for detection of appendiceal neoplasms.
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62 (2.6%)
51 (2.1%)
12 (0.5%)
10 (0.4%)
24 (1.0%)

Age

Confirmation of appendicitis as cause of symptoms

Prior known extra-appendicular malignancy

Intraoperative suspicion of benign disease other than appendicitis†

Other

Data regarding assessor was missing in eight patients. HPE, histopathological examination.

1020 (30.3%)

1188 (34.8%)
2223 (65.2%)

Indication for HPE (n=2373)

No indication for HPE (n=4966)

2345 (69.7%)

Assessor: resident
(n=3365)

Assessor: surgeon
(n=3411)

Supplementary Table 5 Influence of the assessor on the rate of specimens with an indication for HPE.

393 (70.8%)

162 (29.2%)

Assessor: both
(n=555)

* Including chronic, recurrent, complicated appendicitis.
† Parasites (n=2), endometriosis (n=2), Crohn’s disease (n=2), pelvic inflammatory disease (n=2), tuba-ovarian abscess for which right tubectomy was performed
simultaneously with appendectomy (n=1), tuberculosis (n=1)

85 (3.6%)
84 (3.5%)

Clinical course*

413 (17.4%)

Macroscopic abnormalities

Routine histopathological examination according to standard practice

1632 (68.8%)

Total (n=2373)

No proper assessment possible due to inflammation

Supplementary Table 4 Indication for histopathological examination.
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73 (62.4%)

No indication for HPE (n=4966)

Non-teaching hospital (n=1000)
348 (34.8%)
652 (65.2%)

Teaching hospital (n=6222)
1981 (31.8%)
4241 (68.2%)

Other

Granulomatous disease

Endometriosis

Parasite

Invasive epithelial neoplasms

Non-invasive epithelial neoplasms

Neuroendocrine neoplasms

Peri-appendicitis

Chronic inflammation and/or reactive
changes

Acute inflammation

Normal appendix

HPE, histopathological examination.

Non-neoplastic aberrant
findings

Appendiceal neoplasms

Histopathological diagnosis

67 (1.09%)

16 (1.34%)
1110 (93.04%)

83 (1.13%)
6803 (92.70%)

21 (1.76%)
0 (0.00%)
3 (0.25%)
0 (0.00%)

39 (0.53%)
28 (0.38%)
12 (0.16%)
9 (0.12%)

55 (0.89%)

1 (0.08%)
0 (0.00%)

56 (0.76%)

39 (0.53%)
35 (0.48%)

35 (0.57%)

3 (0.25%)
4 (0.34%)

29 (0.40%)

9 (0.15%)

9 (0.15%)

28 (0.38%)

18 (0.29%)

35 (0.57%)

26 (0.42%)

35 (2.93%)

206 (2.81%)

171 (2.78%)

5693 (92.63%)

≥16 years old
(n=6146)

<16 years old
(n=1193)

Total
(n=7339)

Supplementary Table 7 Influence of age on histopathological diagnoses following appendectomy.

HPE, histopathological examination.

44 (37.6%)

Indication for HPE (n=2373)

Academic hospital
(n=117)

Supplementary Table 6 Influence of the hospital on the rate of specimens with an indication for HPE.
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ABSTRACT
Importance There is ongoing debate concerning the necessity of routine histopathological
examination following cholecystectomy. In order to reduce pathologists’ workload and costs, a
selective approach has been suggested, but evidence regarding its oncological safety is lacking.
Objective To investigate the oncological safety and potential cost savings of selective
histopathological examination following cholecystectomy for presumed benign
gallbladder diseases.
Design, setting, and participants Multicenter, prospective, cross-sectional study
including patients of all ages who underwent cholecystectomy for gallstone disease
or cholecystitis at 42 Dutch hospitals between May 1, 2018 and August 31, 2019. Each
center enrolled patients for a period of nine months.
Exposures All removed gallbladders were systematically examined by the surgeon
for macroscopic abnormalities indicative of gallbladder malignancies (GBMs).
Before sending all specimens for histopathological examination, the surgeon judged
whether assessment by a pathologist was indicated.
Main outcomes and measures Main outcomes were the number of missed GBMs
with clinical consequences following a selective policy (upper limit two-sided 95%
CI below 3:1000 considered oncologically safe) and potential cost savings. Clinical
consequences included all diagnostic and therapeutic procedures initiated within
six months after the diagnosis of GBM. Secondary outcomes included clinical
management of GBMs and outcomes in terms of benefit and harm.
Results Twenty-two (2.19:1000) of 10 041 specimens exhibited GBMs with clinical
consequences. In case of a selective policy, surgeons would have refrained 7846 (78.1%)
gallbladders from histopathological examination. GBMs with clinical consequences
would have been missed in seven patients (0.89:1000, upper limit 95% CI 1.40:1000), of
whom none benefited from the clinical consequences, while two were harmed from
unnecessary surgery. Among 15 patients in whom GBM with clinical consequences
would have been diagnosed, one benefited (residual disease radically removed),
two potentially benefited (palliative systemic therapy), and four experienced harm
(unnecessary surgery). Estimated cost savings established by replacing routine for
selective histopathological examination were €703 500 per 10 000 patients.
Conclusions and Relevance Selective histopathological examination following
cholecystectomy is oncologically safe. In fact, as potential benefits do not seem to
outweigh the harm of further treatment for GBM, even omitting any pathological
assessment might be justified with the highest cost savings.
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INTRODUCTION
Cholecystectomy for benign gallbladder disease is among the most commonly
performed abdominal surgical procedures worldwide. Yearly, approximately 22
500 cholecystectomies are performed in the Netherlands, and it is estimated that
the annual number of cholecystectomies in the US exceeds 750 000.1,2 In many
institutions, all removed gallbladders are evaluated histologically to exclude the
presence of gallbladder malignancies (GBMs). Considering the volume of gallbladder
surgery, this routine policy comprises a considerable portion of pathologists’
workload and constitutes a significant financial burden on healthcare. As the
incidence of incidental GBM in most countries is only around 0.3-1.5%, the yield
of routine histopathological examination is low, and a more selective approach has
been proposed.3-5
Selective histopathological examination entails that surgeons perform a macroscopic
assessment of the gallbladder and select specimens that require further evaluation by
a pathologist. Evidence regarding the oncological safety of this strategy is conflicting.
Some fear that macroscopic findings indicative of GBM might not be recognized by
surgeons, resulting in missed diagnoses with potential harmful consequences.6-10
Others state that macroscopically normal gallbladders rarely contain GBM and
that GBM that is not detected intraoperatively is usually of early stage (≤T1a) and
clinically irrelevant.11-15 Furthermore, it remains unknown whether patients benefit
from the additional treatment of incidental GBM. Prospective studies evaluating
the ability of surgeons to recognize macroscopic abnormalities are promising but
limited by the small number of patients.16-19 To make a valid claim regarding the
oncological safety of a selective policy, more evidence based on a large prospective
cohort of patients is required. This study aimed to investigate the ability of surgeons
to recognize clinically relevant GBM during macroscopic examination, resulting
in definitive conclusions regarding oncological safety and potential cost savings of
selective histopathological examination following cholecystectomy.

METHODS
This study followed the STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) Statement.20 It was registered with ClinicalTrials.gov on
April 27, 2018 (trial identification number: NCT03510923).

Study design
This was a Dutch multicenter, prospective, cross-sectional study designed in
accordance with the principles of collaborative resident-led snapshot research.21-23
The study protocol and statistical analysis plan were previously published.24 This
study was performed in 36 community and six academic hospitals. The study
283
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protocol was reviewed by the Institutional Review Board of the Amsterdam UMC,
which decided that the Dutch Medical Research Involving Human Subjects Act was
not applicable. The local institutional review boards of all participating centers
approved the execution of the study prior to the inclusion of patients. Each center
enrolled patients for a period of nine months (starting between May 1, 2018 and
December 1, 2018).

Participants
Patients of all ages who were scheduled to undergo cholecystectomy for gallstone
disease or cholecystitis in the elective or nonelective setting were eligible for
enrollment. Exclusion criteria were as follows: (1) strong clinical and/or radiological
suspicion or histopathological proof of GBM; (2) cholecystectomy performed as part
of more extensive surgery (eg, Whipple procedure), and (3) presence of a gallbladder
polyp of >10 mm on preoperative imaging. All patients were offered the opportunity
to refuse the use of their nonidentifiable data by an opt-out procedure.

Study procedures
Following cholecystectomy, the gallbladder was opened and examined by the
operating surgeon (or surgical resident). All steps of the systematic macroscopic
examination were discussed during the site initiation visits and shown in an
instruction video, which was available on the study website during the entire study
period.24 After inspection and palpation, the surgeon reported on a predefined
scoring form whether macroscopic abnormalities indicative of GBM were present
and if he or she considered histopathological examination by a pathologist indicated.
Surgeons were asked to further specify the macroscopic abnormalities and
indications for histopathological examination if present. Examples of macroscopic
abnormalities were provided on the scoring form and included masses, polyps,
ulcers, cysts, hardening, irregularity, and wall thickening. Regardless of the surgeon’s
findings, all gallbladder specimens were sent for histopathological examination.
Histopathological examination was conducted according to the local protocol of
the pathology department.
The local study teams of all participating hospitals were responsible for entering
the collected data into an electronic database built with Castor EDC, which was
certified by ISO 27001 and NEN 7510.25 Pre, intra- and postoperative data were
obtained from the electronic patient database, scoring form, and pathology report.
Additional information regarding postoperative management initiated within six
months following the histopathological examination (including care provided in
tertiary referral centers) was collected for patients diagnosed with GBM.
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Outcomes
Main outcomes were oncological safety and potential cost savings of selective
histopathological examination. Oncological safety was assessed by calculating the
number of patients in whom the histopathological diagnosis of GBM with clinical
consequences would have been missed. For the purpose of this study, GBM included
primary gallbladder cancer regardless of histological type, gallbladder metastases,
and lymphoid malignancies. Clinical consequences included all diagnostic and
therapeutic procedures initiated within six months after the histopathological
diagnosis of GBM (including care provided in tertiary referral centers). Potential
cost savings were determined with a cost-minimization and budget impact analysis.
Three methods were used to assure the reliability and quality of the main outcomes:
(1) revision of all pathology reports, (2) source data verification by remote monitoring,
and (3) estimation of the incidence of GBM in the group of eligible patients who were
not included. Details were described in the previously published protocol.24
The most important secondary outcome was the clinical outcome in terms of
(potential) benefit and harm of the additional diagnostic and therapeutic procedures
performed in patients with GBM. Radical removal of residual disease during reresection was considered beneficial. The initiation of palliative treatment for locally
irresectable disease or metastases detected during staging procedures was regarded
as a potential benefit. Explorative surgery or re-resections without radical removal
of residual disease were considered harmful due to the unnecessary surgical risks
the patient was exposed to. If a patient underwent only diagnostic procedures and/
or was subjected to periodic surveillance without receiving further treatment, this
was considered neither beneficial nor harmful.
Other secondary outcomes were described in detail in the study protocol.24 In
addition, the different indications for histopathological examination described by
surgeons were evaluated and classified into categories. Results of these secondary
outcomes and predefined subgroup analyses are reported in Supplementary Appendix
1 and Supplementary Tables 1-6 in the Supplement.

Statistical analysis
The group size calculation and intended analyses were described in detail in the
statistical analysis plan.24 In short, the group size calculation was based on the
following assumptions: (1) less than 1:1000 examined specimens will contain GBM
with clinical consequences that is not recognized by the surgeon during macroscopic
assessment, and (2) selective histopathological examination is considered safe if,
within the group of specimens that would have been refrained from histopathological
examination, the upper limit of the two-sided 95% confidence interval (CI) of the
proportion of missed GBMs with clinical consequences falls below 3:1000 specimens.
A sample size of 4462 specimens was needed to achieve 84% power to detect a
285
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difference of 0.002 using a one-sided binominal test at a target significance level
of 0.025, assuming a baseline and actual proportion of 0.001 and a noninferiority
limit of 0.00299. Assuming that the rate of histopathological examination could be
reduced to 20%, 5578 patients (4462/0.8) had to be included.
Categorical variables are presented as frequencies and percentages. Continuous
variables are summarised as medians with interquartile ranges (IQRs). For the
analysis of oncological safety, only data from patients whose gallbladder would not
have been sent for histopathological examination in the case of a selective policy
were included. To estimate the upper limit of the two-sided 95% CI, the sample was
bootstrapped 5000 times. Considering that data were missing in only seven patients
(preoperative imaging, n=5; type of assessor, n=2), no imputation was done, and
complete-case analyses were performed.
The economic evaluation was performed from a health care provider perspective,
following a decisional analytical approach comparing routine with selective
histopathological examination. The potential cost impact of the selective strategy
was assessed as a trade-off between foregone histopathological examination and
subsequent interventions on the one hand and (extra) costs of delayed treatment
of missed GBMs on the other hand. Details regarding the methodology and results
of the economic evaluation will be reported elsewhere. All statistical analyses were
performed by the first author, clinical methodologist and principle investigator using
SPSS software, version 26.0 (IBM Corp.).

RESULTS
Patients
Between May 1, 2018 and August 31, 2019, a total of 10 117 patients were enrolled.
Of those, 76 patients were excluded because they underwent cholecystectomy for an
indication other than gallstone disease or cholecystitis (eg, gallbladder polyp). This
resulted in the inclusion of 10 041 patients. Baseline characteristics are presented
in Table 1.
Twenty-eight (0.28%) of 10 041 patients were diagnosed with GBM. Details are
provided in Supplementary Table 7 in the Supplement. Twenty-one patients (75%)
were female, and the median age was 69 years (IQR 58-78). Histopathological
examination revealed primary gallbladder carcinoma (GBC) in 22 patients, lymphoid
malignancies in five patients, and gallbladder metastasis in one patient.
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Intraoperative
assessment

Histopathological
examination

- pT1a carcinoma (n = 1)
- pT1b carcinoma (n = 1)
- pT2 carcinoma (n = 2)
- Other histology (n = 1)

Clinical consequences
(n = 7, 87.5%)
- pT2 carcinoma (n = 4)
- Other histology (n = 3)

- pT1a carcinoma (n = 1)
- pT1b carcinoma (n = 1)
- pT2 carcinoma (n = 9)
- pT3 carcinoma (n = 3)
- Other histology (n = 1)

- Other histology (n = 1)

No clinical consequences
(n = 1, 12.5%)

- pT2 carcinoma (n = 4)
- Other histology (n = 4)

- pT1a carcinoma (n = 2)
- pT1b carcinoma (n = 2)
- pT2 carcinoma (n = 11)
- pT3 carcinoma (n = 3)
- Other histology (n = 2)

Clinical consequences
(n = 15, 75.0%)

Gallbladder malignancies
(n = 8, 0.10%)

Gallbladder malignancies
(n = 20, 0.91%)

No clinical consequences
(n = 5, 25.0%)

Not sent for
histopathological examination
in case of selective policy
(n = 7846, 78.1%)

Sent for
histopathological examination
in case of selective policy
(n = 2195, 21.9%)

Figure 1 Patients with gallbladder malignancies.
Number of patients with a gallbladder malignancy with clinical consequences that would have been diagnosed (green box) and missed (red box)
in case of a selective policy. The gray dotted line indicates the total number of patients with a gallbladder malignancy with clinical consequences,
that would have been diagnosed in case of a routine policy.

Consequences following
histopathological diagnosis

Gallbladder specimens
(n = 10 041)
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Table 1 Baseline characteristics.
Total
(n=10 041)
Age in years, median (IQR)
Sex, No. (%)
Preoperative diagnosis, No. (%)
Preoperative imaging, No. (%)

Surgical setting, No. (%)
Hospital, No. (%)

Macroscopic assessment
performed by, No. (%)

54 (42-66)
Female

6772 (67.4)

Male

3269 (32.6)

Gallstone disease

7873 (78.4)

Cholecystitis

2168 (21.6)

(Endoscopic) US

8422 (83.9)

(Endoscopic) US + CT

738 (7.3)

(Endoscopic) US + MRI/MRCP

343 (3.4)

(Endoscopic) US + CT + MRI/MRCP

63 (0.6)

CT

348 (3.5)

MRI/MRCP

69 (0.7)

CT + MRI/MRCP

18 (0.2)

Other

21 (0.2)

a

No preoperative imaging

14 (0.1)

Missing

5 (0.0)

Emergency

2096 (20.9)

Elective

7945 (79.1)

Academic hospital

222 (2.2)

Teaching hospital

7955 (79.2)

Non-teaching hospital

1864 (18.6)

Surgeon

5482 (54.6)

Resident

4007 (39.9)

Both

550 (5.5)

Missing

2 (0.0)

CT, computed tomography; IQR, interquartile range; MRCP, magnetic resonance cholangiopancreatography; MRI, magnetic resonance imaging, US, ultrasound.
a
No (endoscopic) US, CT, or MRI/MRCP, but other imaging: endoscopic retrograde
cholangiopancreatography (ERCP, n=17), CT of the pancreas (n=2), CT angiography (n=1),
abdominal X-ray (n=1).
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2 (0.91)
11 (5.01)
3 (1.37)
2 (0.91)
1 (0.46)
1 (0.46)
0 (0.00)

2 (0.20)
15 (1.49)
3 (0.30)
5 (0.50)
1 (0.10)
1 (0.10)
1 (0.10)
2 (0.20)

Chronic lymphocytic leukemia (in lymph node)

Follicular non-Hodgkin lymphoma (in lymph node)

3 (1.37)
1 (0.46)

1 (0.46)
1 (0.46)

3 (0.30)
1 (0.10)
1 (0.10)
1 (0.10)

Imaging + re-resection, RD (radical resection)

Imaging + re-resection, RD (procedure ceased) + palliative
chemotherapy

Imaging, signs of EHD + palliative chemotherapy

(Potential) benefit of additional treatment, No. (‰)

b

0 (0.00)
15 (6.83)

1 (0.10)
22 (2.19)

GBM with clinical consequences, No. (‰)

Gallbladder metastasis, No. (‰)

Recurrent acute myeloid leukemia (in gallbladder)

Chronic lymphocytic leukemia (in gallbladder)

Lymphoid malignancies, No. (‰)

pT3

pT2

pT1b

4 (0.51)

1 (0.13)

0 (0.00)

0 (0.00)

3 (0.38)

0 (0.00)

4 (0.51)

0 (0.00)

0 (0.00)

-

-

-

0 (0.00)

7 (0.89)

1 (0.13)

2 (0.91)

2 (0.20)

2 (0.25)

18 (8.20)

22 (2.19)

pT1a

Primary GBC, No. (‰)

8 (1.02)

Scored as no
indication for HPEa
(n=7846)

0 (0.00)

20 (9.11)

28 (2.79)

Histopathological diagnosis of GBM, No. (‰)

Scored as indication
for HPEa
(n=2195)

Total
(n=10 041)

Table 2 Incidence and clinical consequences of incidental GBM.
Histopathological examination following cholecystectomy: results of the FANCY study
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Imaging + additional resection, RD (procedure ceased)

2 (0.20)
3 (0.30)
1 (0.10)
2 (0.20)

Imaging only, signs of EHD

Imaging + laboratory tests, no additional treatment

Laboratory tests, no additional treatment

Periodic surveillance only

2 (0.91)

1 (0.46)

0 (0.00)

1 (0.46)

4 (1.82)

8 (3.64)

0 (0.00)

0 (0.00)

3 (0.38)

1 (0.13)

1 (0.13)

5 (0.64)

1 (0.13)

1 (0.13)

1 (0.46)

3 (1.37)

2 (0.25)

c

Scored as no
indication for HPEa
(n=7846)

4 (1.82)

Scored as indication
for HPEa
(n=2195)

EHD, extrahepatic disease; GBC, gallbladder carcinoma; GBM, gallbladder malignancy; HPE, histopathological examination; RD, residual
disease.
a
According to the operating surgeon or surgical resident.
b
Postoperative complication: intraabdominal fluid collection treated with percutaneous drainage (n=1).
c
Postoperative complication: hematemesis and rectal blood loss, conservative treatment, re-admission for ten days (n=1).

5 (0.50)

Imaging only, no signs of EHD

13 (1.29)

4 (0.40)
2 (0.20)

Imaging + additional resection, no RD

No potential therapy related benefit or harm, No. (‰)

6 (0.60)

Total
(n=10 041)

Harm of additional treatment, No. (‰)

Table 2 Continued.
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According to the Dutch nationwide network and registry of histopathology and
cytopathology (PALGA), 12 266 cholecystectomies were performed during the study
periods of the participating hospitals, implying that our cohort comprises at least
82% of eligible patients. The incidence of incidental GBM in the group of not included
patients was 0.37%, comparable to the incidence found in our cohort.

Selective histopathological examination
Following systematic macroscopic examination, surgeons concluded that
histopathological examination was not indicated in 7846 (78.1%) specimens. Of
these, eight (1.02:1000) exhibited GBM: primary GBC in four, lymphoid malignancies
in three, and gallbladder metastasis in one (Figure 1, Table 2). The diagnosis had
clinical consequences in all patients except for the one with gallbladder metastasis.
Therefore, GBM with clinical consequences would have been missed in seven
(0.89:1000) of 7846 patients. The upper limit of the two-sided 95% CI was 1.40:1000
specimens, demonstrating the oncological safety of selective histopathological
examination.

Clinical consequences of GBM
Of the seven patients in whom GBM with clinical consequences would have been
missed, additional surgery was performed in two patients with primary GBC.
The other two patients with primary GBC were not scheduled for re-resection
(no oncological advantage, n=1, low performance status, n=1). The three patients
with lymphoid malignancies underwent only diagnostic tests and did not require
additional treatment. Following selective histopathological examination, GBM
would have been diagnosed in 20 patients (Figure 1). Of these, two had leukemic
infiltration of the gallbladder (recurrent acute myeloid leukemia diagnosed by blood
tests before histopathological examination was performed and known chronic
lymphocytic leukemia requiring additional laboratory tests), and 18 were diagnosed
with primary GBC. Diagnostic procedures were performed in twelve patients with
primary GBC, of whom six were planned for additional surgery. Two patients were
subjected to periodic surveillance, and the diagnosis of primary GBC did not have
clinical consequences for the remaining four patients. Hence, among 20 patients
who would have been diagnosed with GBM in case of selective histopathological
examination, clinical consequences were observed in 15. Altogether, 22 (2.19:1000)
of 10 041 specimens exhibited GBM with clinical consequences (Table 2).

Clinical outcomes in terms of (potential) benefit and harm
In total, eight patients with GBM underwent additional surgery with the following
results: metastatic disease upon exploration (n=3), additional resection without
residual disease (n=4), and complete re-resection of residual tumour tissue and one
positive lymph node (n=1). Two patients (25%) experienced complications within
90 days postoperatively: intraabdominal fluid collection treated by percutaneous
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drainage (n=1) and gastrointestinal bleeding requiring readmission, ICU stay, and
endoscopy (n=1). Systemic treatment with palliative chemotherapy was initiated
in two patients who were diagnosed with metastases on imaging (n=1) or during
additional surgery (n=1).
Hence, three (0.30:1000) of 10 041 patients received additional treatment with benefit
(complete resection of residual disease, n=1) or potential benefit (palliative systemic
therapy, n=2). Six (0.60:1000) patients experienced harm from unnecessary surgery.
The remaining 13 (1.29:1000) patients with GBM with clinical consequences did not
experience therapy-related benefit or harm.

Costs
Selective histopathological examination would reduce the mean per patient costs
of pathology and consequential costs of imaging, surgery, oncological care and
(multidisciplinary) specialist consultations by €71.93 in comparison with routine
histopathological examination. However, the extra per patient costs of postponing
treatment of missed GBMs would amount to €1.58. The potential cost savings per
10 000 patients would be approximately €703 500.

DISCUSSION
This multicenter study including 10 041 patients prospectively investigated both
the clinical consequences and costs of selective histopathological examination of
gallbladders removed for gallstone disease and cholecystitis. Histopathological
examination could be reduced by almost 80% if surgeons macroscopically
examine removed gallbladders and select those that require further evaluation
by a pathologist. The results of this study provide robust evidence that a selective
strategy is oncologically safe, at least in nonendemic countries, and demonstrate that
implementation of this approach might save at least €700 000 per 10 000 patients.
The main argument used by opponents of a selective policy is that surgeons might
not recognize GBM intraoperatively, thereby potentially withholding patients from
further treatment they might benefit from. The present study, however, showed that
GBM with clinical consequences would have been missed in only seven (0.70:1000)
of 10 041 patients by selective histopathological examination. Some will state that
the number of patients with missed GBMs is even lower than that reported. As the
primary aim of histopathological examination of cholecystectomy specimens is to
rule out the presence of cancer in the gallbladder and not to detect malignancies in
other tracts, it might be questioned whether malignancies found in resected lymph
nodes should have been classified as GBM. Excision of the cystic artery lymph node
is not medically necessary in benign gallbladder surgery. In fact, a recent paper
reported an excision rate of only 10.4%, implying that pathology in lymph nodes is
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likely also missed if routine histopathological examination is performed.26 If these
malignancies were not considered GBM, GBM with clinical consequences would have
been missed in only four (0.40:1000) of 10 041 patients, illustrating the oncological
safety of a selective policy to an even greater extent.
Evidence regarding the prognostic impact of revisional surgery and systemic
treatment is limited and inconclusive. Hence, the main endpoint was chosen using
a pragmatic approach, by considering all diagnostic and therapeutic procedures
clinically relevant and potentially beneficial for the patient. Surprisingly, additional
treatment appeared to be harmful in a substantial number of patients with incidental
GBM. In fact, only one patient in whom residual disease was radically removed
experienced clear benefit, while the ultimate benefit in the two patients who received
palliative chemotherapy depends on the response and degree of toxicity. Twenty-five
patients with incidental GBM did not have any potential benefit from initiated care,
and six of them were exposed to unnecessary surgical risks.
These results made us consider whether histopathological examination following
cholecystectomy is necessary at all. If all gallbladder specimens were refrained from
histopathological assessment, six patients would have been deprived from harm, and
substantial costs would have been saved, whereas only one patient would have been
withheld from clear beneficial treatment. Both patients who potentially benefited
from receiving palliative treatment developed progressive disease over a few months.
Without histopathological examination, these patients would likely have become
symptomatic shortly after cholecystectomy without much of a delay in palliative
treatment. The clinical consequences of routine, selective, and no histopathological
examination and corresponding costs are summarized in Table 3.
A few important considerations must be made. First, some may advocate that patients
have the right to be informed about their disease and prognosis, enabling them to
decide how to spend their remaining time alive. On the other hand, awareness of
having an incurable disease with a dismal prognosis might also compromise quality
of life. Second, surgeons might fear the possible medicolegal consequences of not
diagnosing GBM. However, the threat of litigation should not justify the overuse
of diagnostic tools, especially if the intervention seems to cause more harm than
benefit and implies substantial costs. To provide medicolegal protection for surgeons,
guidelines should be updated before a policy of selective or no histopathological
examination is implemented. More importantly, patients must be counseled
appropriately by informing them that the diagnosis of incidental GBC is rare, and
further treatment might be initiated in only a minority of patients, exposing them
to risks with a low chance of benefit.
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Table 3 Comparison of three strategies of histopathological examination following
cholecystectomy.
Routine
HPE

Selective No
HPE
HPE

Number of cholecystectomies

10 041

10 041

10 041

Gallbladder specimens analysed by pathologist, No. (%)

10 041
(100)

2195
(21.9)

0 (0.00)

Histopathological diagnosis of GBM, No. (‰)

28 (2.79)

20 (1.99)

0 (0.00)

22 (2.19)

15 (1.49)

0 (0.00)

(Potential) benefit of further treatment, No. (‰)

3 (0.30)

3 (0.30)

0 (0.00)

Harm of further treatment, No. (‰)

6 (0.60)

4 (0.40)

0 (0.00)

No therapy related (potential) benefit or harm, No. (‰)

13 (1.29)

8 (0.80)

0 (0.00)

0 (0.00)

7 (0.70)

22 (2.19)

Benefit owing to avoidance of harm, No. (‰)

0 (0.00)

2 (0.20)

6 (0.60)

Harm owing to withheld (potential) benefit, No. (‰)

0 (0.00)

0 (0.00)

3 (0.00)

No therapy related (potential) benefit or harm, No. (‰)

0 (0.00)

5 (0.50)

13 (1.29)

€1 853
066.50

€1 146
682.20

€999
983.19

Diagnosed GBM with clinical consequences, No. (‰)

Missed GBM with clinical consequences, No. (‰)

Estimated costsa

GBM, gallbladder malignancy; HPE, histopathological examination
a
Based on price-indexed costs obtained from the Dutch Costing Manual for Costing in
Health Care Research, the tariffs ledger of the initiating hospital, including personnel,
material, and overhead costs, and Farmacotherapeutisch Kompas. Delayed treatment costs
under the selective and no HPE strategies included a pre-planned 50% penalty to prevent
overestimation of cost savings.

Due to its prospective design and large population size, this study provides the best
available evidence regarding the oncological safety and potential cost savings of
selective histopathological examination of cholecystectomy specimens. No extensive
training or many years of experience are required to perform a standardized
macroscopic examination, enabling easy and successful implementation.27 Other
strengths increasing both the reliability and external validity of our findings include
the participation of the majority of the Dutch clinical centers, data completeness and
plausible incidence of GBM. Some limitations of our study should be noted. First,
the findings of our study may not apply to populations in endemic regions with a
high a priori risk of GBM. Second, a multivariate analysis including risk factors for
incidental GBM other than macroscopic abnormalities (eg, age, sex, and conversion)
was not possible due to the low number of events. Prediction models will be of no
relevance if histopathological examination is completely abandoned but might assist
surgeons in countries in which a selective policy is implemented, potentially resulting
in a further reduction in the number of submitted specimens. Third, the results and
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conclusions of our study should be reconsidered if new treatment options improving
the prognosis of GBM arise.

CONCLUSION
Selective histopathological examination of gallbladder specimens following the initial
macroscopic assessment by the surgeon is oncologically safe and will likely result
in substantial cost savings. In fact, as both routine and selective histopathological
examination resulted in clinical consequences which were more often harmful than
beneficial for patients, even complete abandonment of histopathological examination
of gallbladders removed for presumed benign diseases might be justified.
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SUPPLEMENTARY MATERIAL
Appendix 1. Secondary outcomes and subgroup analyses
Surgeon’s assessment of the gallbladder
Relative to the underlying condition, surgeons considered histopathological examination
indicated for 1225/7873 (15.6%) with gallstone disease and 970/2168 (44.7%) patients with
cholecystitis. The most frequently reported reason to consider histopathological examination
indicated was the presence of macroscopic abnormalities or the inability to perform a proper
macroscopic examination (n=2029, 92.4%, Supplementary Table 1). The sensitivity and
specificity of the surgeon’s assessment were 71.4% (20/28) and 78.3% (7838/10 013), respectively
(Supplementary Table 2). Macroscopic abnormalities were present in 18/28 (64.3%) patients
with GBM and 2098/10 013 (21.0%) patients without GBM (eTable 2).

Incidences of other histopathological diagnoses
The incidences of all histopathological diagnoses following cholecystectomy are shown
in Supplementary Table 3. Chronic inflammation and/or reactive changes were found
in 8024 (79.9%) specimens, and 1510 (15.0%) gallbladders exhibited histopathological
findings indicating acute inflammation. Eighty-three (8.27:1.000) specimens showed biliary
intraepithelial neoplasia, with involvement of the cystic duct in four patients. According
to the surgeon’s assessment, two of these diagnoses would have been missed in the case of
selective histopathological examination. One of these patients underwent abdominal CT and
MRCP without aberrant findings, and no follow-up was indicated. In the other three patients
with a positive cystic duct margin, no additional diagnostic or therapeutic procedures were
performed. A granuloma was found in the resected lymph nodes of three patients (0.30:1.000).
Additional diagnostic investigations revealed sarcoidosis stage III in one patient who was
treated with corticosteroids. The surgeon reported that histopathological examination was
indicated due to an enlarged lymph node. No additional diagnostic or therapeutic strategies
were performed in the other two patients.

Subgroup analyses
The number of missed GBMs with clinical consequences was not significantly influenced by
the type of assessor (surgeon/both versus resident alone; mean difference 0.00045, 95% CI
-0.00062, 0.00151) or type of hospital (teaching versus non-teaching hospital, mean difference
0.0004, 95% CI -0.00084, 0.00164; academic hospitals were excluded from the analysis since
no GBMs with clinical consequences were found in this group) (n=7692). No difference in
the proportion of specimens that would have been sent for histopathological examination
was found between surgeons and residents (Supplementary Table 4). Surgeons in academic
hospitals seemed to consider histopathological examination more frequently (31.5%) than
surgeons from teaching (21.3%) and nonteaching (23.2%) hospitals (Supplementary Table 5).
GBC was more often diagnosed in patients who underwent cholecystectomy for cholecystitis,
whereas polyps and adenomyomatosis were more common in patients with gallstone disease
(Supplementary Table 6).
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Supplementary Table 1 Indication for histopathological examination.
Total
(n=2195)
Macroscopic abnormalities and/or inability to perform a proper assessment a, No. (%)

2029 (92.4)

Routine histopathological examination is standard practice, No. (%)

45 (2.1)

Complicated gallstone disease, No. (%)

25 (1.1)

Preoperative radiological findings without strong suspicion of GBM, No. (%)

23 (1.0)

History of malignancy, No. (%)

23 (1.0)

Age, No. (%)

12 (0.5)

Difficult surgical procedure, No. (%)

8 (0.4)

Other, No. (%)

30 (1.4)

Including cases in which surgeons reported (wall thickening due to) cholecystitis as indication for
histopathological examination.
a

Supplementary Table 2 Value of the intraoperative assessment by the surgeon for detection of GBM.
Total
(n=10 041)

GBM
(n=28)

No GBM
(n=10 013)

Presence of macroscopic abnormalities, No. (%)

2116 (21.1)

18 (64.3)

2098 (21.0)

Indication for HPE, No. (%)

2195 (21.9)

20 (71.4)

2175 (21.7)

GBM, gallbladder malignancy; HPE, histopathological examination.

Supplementary Table 4 Influence of the assessor on the rate of specimens with an indication for HPE.
Assessor:
surgeon
(n=5482)

Assessor:
resident
(n=4007)

Assessor: both
(n=550)

Indication for HPE (n=2195), No. (%)

1225 (22.3)

830 (20.7)

140 (25.5)

No indication for HPE (n=7844), No. (%)

4257 (77.7)

3177 (79.3)

410 (74.5)

HPE, histopathological examination.

Supplementary Table 5 Influence of the type of hospital on the rate of specimens with an indication
for HPE.
Academic
hospital
(n=222)

Teaching
hospital
(n=7955)

Non-teaching
hospital (n=1864)

Indication for HPE (n=2195), No. (%)

70 (31.5)

1693 (21.3)

432 (23.2)

No indication for HPE (n=7846), No. (%)

152 (68.5)

6262 (78.7)

1432 (76.8)

HPE, histopathological examination.
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4 (0.2)

44 (2.0)
1 (0.0)

15 (0.1)
83 (0.8)
22 (0.2)
6 (0.1)
42 (0.4)
21 (0.2)
142 (1.4)
3 (0.0)

Adenoma, No. (%)

Biliary intraepithelial neoplasia, No. (%)

Primary GBC, No. (%)

Other malignant neoplasms, No. (%)

Cholesterol polyp, No. (%)

Inflammatory/hyperplastic polyp, No. (%)

Adenomyomatosis, No. (%)

Other, No. (%)

1372 (62.5)

8024 (79.9)

Chronic inflammation and/or reactive
changes, No. (%)

8 (0.4)

9 (0.4)

f

2 (0.0)g

98 (1.2)

13 (0.2)

33 (0.4)

4 (0.1)e

2 (0.1)

4 (0.1)

d

73 (0.9)c

11 (0.1)

6652 (84.8)

797 (10.2)

159 (2.0)

Scored as no
indication for HPEa
(n=7846)

18 (0.8)

10 (0.5)
b

713 (32.5)

1510 (15.0)

Acute inflammation, No. (%)

14 (0.6)

173 (1.7)

Scored as indication
for HPEa
(n=2195)

Normal gallbladder, No. (%)

Total
(n=10 041)

GBC, gallbladder carcinoma; HPE, histopathological examination.
a
According to the operating surgeon or surgical resident.
b
Positive cystic duct (n=2).
c
Positive cystic duct (n=2).
d
Recurrent acute myeloid leukemia (n=1), chronic lymphocytic leukemia (n=1).
e
Follicular non-Hodgkin lymphoma in lymph node (n=2), chronic lymphocytic leukemia in lymph node (n=1), gallbladder metastasis (n=1).
f
Non-necrotizing granuloma (n=1).
g
Non-necrotizing granuloma (n=1), necrotizing granuloma (n=1).

Non-neoplastic aberrant findings

Malignant gallbladder neoplasms

Benign gallbladder neoplasms

Histopathological diagnosis

Supplementary Table 3 Histopathological diagnoses following cholecystectomy for presumed benign diseases.
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42 (0.4)
21 (0.2)
142 (1.4)
3 (0.0)

Inflammatory/hyperplastic polyp, No. (%)
Adenomyomatosis, No. (%)
Other, No. (%)

6 (0.1)

Other malignant neoplasms, No. (%)
Cholesterol polyp, No. (%)

22 (0.2)

83 (0.8)

Primary GBC, No. (%)

Biliary intraepithelial neoplasia, No. (%)

8024 (79.9)

Chronic inflammation and/or reactive changes, No. (%)
15 (0.1)

1510 (15.0)

Acute inflammation, No. (%)
Adenoma, No. (%)

173 (1.7)

Normal gallbladder, No. (%)

Total
(n=10 041)

HPE, histopathological examination.
a
Relapse of acute myeloid leukaemia (n=1), follicular lymphoma in lymph node (n=1), gallbladder metastasis (n=1).
b
Chronic lymphocytic leukaemia (n=2, of which one case in lymph node), follicular lymphoma in lymph node (n=1).

Non-neoplastic aberrant findings

Malignant gallbladder neoplasms

Benign gallbladder neoplasms

Histopathological diagnosis

Supplementary Table 6 Influence of preoperative diagnosis on histopathological diagnoses following cholecystectomy.

18 (0.8)
0 (0.0)

3 (0.0)

5 (0.2)

4 (0.2)

3 (0.1)b

8 (0.4)

14 (0.6)

2 (0.1)

1015 (46.8)

1084 (50.0)

15 (0.7)

Cholecystitis
(n=2168)

124 (1.6)

16 (0.2)

38 (0.5)

3 (0.0)

a

14 (0.2)

69 (0.9)

13 (0.2)

7009 (89.0)

426 (5.4)

158 (2.0)

Gallstone disease
(n=7873)
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Supplementary Table 7 Details of patients with a histopathological diagnosis of GBM.
Case

Gender

Age

Preoperative imaging

Preoperative
diagnosis

Surgical setting

1

Female

60

(Endoscopic) US

Gallstone disease

Elective

2

Male

70

(Endoscopic) US

Cholecystitis

Emergency

3

Female

59

(Endoscopic) US

Cholecystitis

Elective (a froid)

4

Female

58

(Endoscopic) US

Gallstone disease

Emergency

5

Female

45

(Endoscopic) US

Gallstone disease

Elective

6

Female

45

(Endoscopic) US

Cholecystitis

Elective (a froid)

7

Female

61

(Endoscopic) US

Cholecystitis

Emergency

8

Male

80

(Endoscopic) US

Gallstone disease

Elective

9

Female

58

(Endoscopic) US

Gallstone disease

Elective

10

Female

59

(Endoscopic) US

Gallstone disease

Elective

11

Female

69

(Endoscopic) US

Gallstone disease

Emergency

12

Male

71

(Endoscopic) US + PET

Cholecystitis

Elective

13

Male

69

(Endoscopic) US + MRCP

Gallstone disease

Elective

14

Female

89

(Endoscopic) US

Gallstone disease

Elective

15

Male

57

(Endoscopic) US

Gallstone disease

Elective

16

Female

88

(Endoscopic) US

Cholecystitis

Emergency

17

Female

70

(Endoscopic) US

Gallstone disease

Elective

18

Female

70

(Endoscopic) US

Cholecystitis

Elective (a froid)

19

Female

57

(Endoscopic) US + MRCP

Gallstone disease

Elective

20

Female

64

(Endoscopic) US

Gallstone disease

Elective

21

Female

53

(Endoscopic) US

Cholecystitis

Emergency

22

Female

73

(Endoscopic) US + MRI

Gallstone disease

Elective

23

Female

82

(Endoscopic) US + CT

Cholecystitis

Elective (a froid)

24

Male

82

CT

Cholecystitis

Emergency

25

Male

79

(Endoscopic) US

Gallstone disease

Elective

26

Female

81

(Endoscopic) US

Gallstone disease

Elective

27

Female

29

(Endoscopic) US + MRI

Gallstone disease

Elective

28

Female

71

(Endoscopic) US

Cholecystitis

Emergency
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Assessor

Surgeon

Resident

Surgeon

Surgeon

Surgeon

Resident

Surgeon

Both

Resident

Resident

Both

Surgeon

Resident

Surgeon

Resident

Resident

Surgeon

Surgeon

Surgeon

Surgeon

Resident

Case

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Macroscopic abnormalities

No

No

No

No

No

No

No

No

Scored as indication for HPEa

Hardening, wall thickening

Wall thickening

Irregularity, wall thickening

Inflammation

Irregularity

Inflammation

Hardening, wall thickening, tumour

Irregularity, wall thickening, polyp

Inflammation

None

None

Macroscopic abnormalities

Macroscopic abnormalities

Macroscopic abnormalities

Macroscopic abnormalities

Macroscopic abnormalities

Macroscopic abnormalities

Macroscopic abnormalities

Macroscopic abnormalities

Macroscopic abnormalities

Gallbladder was not openedc

Difficult surgical procedure

Hardening, irregularity, wall thickening Macroscopic abnormalities

Hardening, tumour

No

No

No

No

No

No

No

No

Macroscopic abnormalitiesa

Supplementary Table 7 Continued.

pT2 adenocarcinomab

pT2 adenocarcinomab

pT2a adenocarcinoma

pT1aN0 adenocarcinoma

pT3N1 adenosquamous carcinoma

pT2 adenocarcinomab

pT2aN1 adenocarcinoma

pT3 adenocarcinoma

pT1bN0 adenocarcinoma

pT2bN1 adenocarcinoma

pT1a adenocarcinoma

pT2bN1 adenosquamous carcinoma

pT2 adenocarcinomab

CLL in lymph node

Follicular NHL in lymph node

Follicular NHL in lymph node

Metastasis of small bowel NET

pT2b adenocarcinoma

pT2N1 adenocarcinomab

pT2b adenocarcinoma

pT2 adenocarcinomab

Histopathological diagnosis
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Surgeon

Resident

Resident

Surgeon

Surgeon

Both

Resident

22

23

24

25

26

27

28

Hardening, irregularity, wall
thickening, inflammation

Wall thickening, polyp

Inflammation

Hardening, irregularity, wall
thickening, tumour

Wall thickening, cholecystitis

Irregularity, wall thickening

Hardening, wall thickening

Supplementary Table 7 Continued.
pT3N0 adenocarcinoma
pT2a adenocarcinoma
pT2 adenocarcinomab
pT1b adenocarcinoma
pT2a adenocarcinoma
Leukemic infiltration (AML)
Leukemic infiltration (CLL)

Macroscopic abnormalities
Macroscopic abnormalities
Macroscopic abnormalities
Macroscopic abnormalities
Macroscopic abnormalities
Macroscopic abnormalities
Macroscopic abnormalities
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Imaging: no signs of EHD

Imaging: no signs of EHD
Imaging: solitary pulmonary nodule
Imaging: no signs of EHD
No
Imaging: no signs of lymphadenopathy
Lab: no aberrant findings
Imaging: no signs of lymphadenopathy
Lab: no aberrant findings
Imaging: lymphadenopathy
Lab: lymphocytosis
Imaging: no liver metastases

Imaging: no signs of EHD

Imaging: no signs of EHD
Imaging: liver and bone metastases
Imaging: no signs of EHD
No
Imaging: no signs of EHD
No
Imaging: no signs of EHD
No
No
Imaging: no signs of EHD
Imaging: no signs of EHD

1

2
3
4
5

10

11
12
13
14
15
16
17
18
19
20
21

9

8

7

6

Diagnostic procedures following histopathological
diagnosis of GBM

Case

Supplementary Table 7 Continued.

Yes

GBR + LND HDL
Open exploration, ceased procedureg
Palliative chemotherapy
No
No
GBR + LND HDL
No
Palliative chemotherapy
No
Open exploration, ceased procedureh
No
No
No
LND HDL + EHBDR i

No
Yes
No

Yes

e

-

-

Yes
-

No

f

RD

No

No

No

Open exploration, ceased procedured
No
No
No

GBR + LND HDL

Therapeutic procedures following
histopathological diagnosis of GBM

Yes
No
Yes
Yes
No
No
No
No
No
No
Yes

Yes

Yes

Yes

Yes

Yes

No
Yes
Yes
No

Yes

Periodic surveillance

Chapter 9

Imaging: possible adrenal metastasis
Imaging: no signs of EHD
No
No
Imaging: no signs of EHD
Noj
Lab: leukocytosis

No
No
No
No
GBR + LND HDL + PSE
No
No

No
-

No
Yes
Yes
No
Yes
No
No

AML, acute myeloid leukaemia; CLL, chronic lymphocytic leukaemia; CT, computed tomography; EHBDR, extrahepatic bile duct resection; EHD,
extrahepatic disease; GBM, gallbladder malignancy; GBR, gallbladder bed resection; HPE, histopathological examination; LND HDL, lymph node dissection
hepatoduodenal ligament; MRCP, magnetic resonance cholangiopancreatography; MRI, magnetic resonance imaging; NET, neuro-endocrine tumour; NHL,
non-Hodgkin lymphoma; PET, positron emission tomography; PSE, port site excision; RD, residual disease, US, ultrasound.
a
According to the surgeon or resident.
b
Unknown whether it concerned a T2a or T2b gallbladder carcinoma.
c
Cholecystectomy was combined with a resection of a liver metastasis, so the gallbladder was not cut open.
d
Due to extensive peritoneal and lymph node metastases.
e
Postoperative course complicated by an intra-abdominal fluid collection treated with percutaneous drainage.
f
Definitive staging pT3N1.
g
Due to multiple liver and lymph node metastases.
h
Due to peritoneal metastases and tumour invasion of duodenum, omentum and liver.
i
Postoperative course complicated by hematemesis and rectal blood loss without identification of evident bleeding source.
j
Blood tests on the first day after cholecystectomy revealed a blast count of 25% suspicious for a relapse, and the patient was referred for treatment before the
pathologist had examined the specimen. The histopathological diagnosis of gallbladder infiltration did not change further postoperative management.

22
23
24
25
26
27
28

Supplementary Table 7 Continued.
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ABSTRACT
Background The multicenter, prospective, cross-sectional FANCY study revealed
that selective histopathological examination following appendectomy and
cholecystectomy for presumed benign diseases is oncologically safe. This study aimed
to analyze the impact on healthcare costs.
Methods Based on data of the FANCY study, selective histopathological examination
of appendectomy and cholecystectomy specimens based on the surgeons’ macroscopic
examination was economically evaluated against routine submission. Hospital-use
of resources was recorded prospectively up to 6 months postoperatively. Unit costs
of hospital healthcare resources were determined, and cost-minimization analyses
were performed from a healthcare provider perspective. Main endpoint included the
estimated cost savings per 10,000 patients established by replacing the routine by a
selective approach. In scenario analyses, costs potentially generated at a later time
point in patients with missed cancers were in- and excluded, with 25-75% surplus
penalties to compensate for potential extra costs resulting from delayed healthcare.
Results Routine histopathological examination of the appendix in 7339 patients
resulted in total mean costs per patient of €252, which were €175 for a selective
policy. Estimated cost savings were €767,600 per 10,000 patients if replacing
routine by selective examination, ranging from €704,300 to €849,700 depending on
potential costs related to missed cancer. Based on 10,041 cholecystectomy specimens,
mean costs per patient were €185 and €113 for the routine and selective strategy,
respectively. The selective policy saved €719,400 per 10,000 patients, ranging from
€695,600 to €750,500 in the different scenario analyses performed.
Conclusion Replacing routine by selective histopathological examination following
appendectomy and cholecystectomy will save €700,000 to €850,000 per 10,000
patients, even if potential extra costs related to a delay in diagnosis and treatment
of missed cancers are accounted for.
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INTRODUCTION
Appendectomy for appendicitis and cholecystectomy for benign gallbladder diseases
are among the most common surgical procedures worldwide, with nearly 400,000
appendectomies and 800,000 cholecystectomies being performed in the United States
every year.1-4 Traditionally, all removed appendices and gallbladders are routinely
submitted for histopathological examination to provide a definitive diagnosis
and to avoid the risk of missing unforeseen cancers. Owing to the low incidence
of unexpected pathology combined with understaffed pathology departments and
high healthcare costs, the necessity of this routine policy has been subject of debate
for several decades.
As an alternative to routine submission, several studies have proposed a more
selective policy of histopathological examination.5-11 This entails that surgeons
perform a macroscopic assessment of the removed organ and decide which specimens
can be discarded and which require further evaluation by a pathologist. Recently, the
multicenter, prospective FANCY study provided robust evidence for the oncological
safety of this selective approach, as the histopathological diagnosis of a clinically
relevant neoplasm was only missed in 1.01 per 1000 appendiceal specimens (upper
limit 95% CI 1.61 per 1000) and 0.89 per 1000 gallbladder specimens (upper limit 95%
CI 1.40 per 1000) (unpublished data). Here, we present the results of the economic
evaluation, which was undertaken to determine the potential cost savings established
by replacing routine by selective histopathological examination.

METHODS
FANCY study
This economic evaluation was performed alongside the multicenter, prospective,
cross-sectional FANCY study (NCT03510923). The rationale, design and statistical
analysis plan of this study were previously published.12 In short, this study was
designed to prospectively determine the clinical consequences and potential cost
savings of selective histopathological examination following appendectomy and
cholecystectomy performed for presumed benign diseases (i.e. appendicitis, gallstone
disease, cholecystitis). All removed appendiceal and gallbladder specimens were
systematically assessed by the operating surgeon for macroscopic abnormalities.
Subsequently, the surgeon reported whether he or she considered histopathological
examination by the pathologist indicated. Regardless of the surgeon’s findings,
all specimens were sent for further assessment by the pathologist. The appendix
and gallbladder parts of this study were performed in 59 and 42 Dutch hospitals,
respectively. Each center included patients for a period of nine months. The study
protocol was reviewed by the Institutional Review Board of the Amsterdam UMC,
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location Academic Medical Center, which decided that the Dutch Medical Research
Involving Human Subjects Act was not applicable.
All outcomes were analysed separately for appendiceal and gallbladder specimens.
The primary clinical endpoint was the oncological safety of a selective policy, assessed
by the number of missed appendiceal neoplasms and gallbladder malignancies
(GBMs) with clinical consequences benefitting the patient (upper limit two-sided
95% CI below 3:1000 considered oncologically safe). Clinical consequences included
all diagnostic and therapeutic procedures initiated within six months after the
histopathological diagnosis of an appendiceal neoplasm or GBM, and included
care provided in tertiary referral centers. In case of an appendiceal neoplasm, the
following clinical consequences were considered beneficial: (1) presence of residual
disease in the re-resection specimen, (2) treatment with adjuvant systemic or
locoregional oncological treatment with curative intent, (3) palliative treatment
for metastases detected during staging procedures, and (4) diagnosis of serrated
polyposis syndrome or removal of (pre)malignant lesion(s) during colonoscopy. When
additional surgery was performed and no residual tumor and/or positive lymph nodes
were found, this was considered harmful due to the potential risk of surgery the
patient was exposed to. If a patient only underwent diagnostic procedures and/or
was subjected to periodic surveillance without receiving further treatment, clinical
consequences were judged to be neither beneficial nor harmful. Evidence regarding
the prognostic impact of revisional surgery and systemic treatment in patients with
a GBM is limited and inconclusive.13 Hence, it was decided to adopt a pragmatic
approach by considering all diagnostic and therapeutic procedures clinically relevant
and potentially beneficial for patients with a GBM.

Type of economic evaluation and perspective
The economic evaluation was performed as a cost-minimization analysis from a
healthcare provider perspective, following a decisional analytical approach. In
addition, a budget impact analysis was performed from governmental and hospital
provider perspectives. The economic evaluation was restricted to healthcare costs
related to the direct clinical consequences of an appendiceal neoplasm or GBM (i.e.
diagnostic and therapeutic procedures performed within six months following
the histopathological diagnosis), and did not include costs associated with followup beyond six months, as these data were not available. Results were reported
according to The Consolidated Health Economic Evaluation Reporting Standards
(CHEERS).14,15

Decision model
A decision model was designed in Microsoft Excel to compare two diagnostic
strategies: selective histopathological examination as the target strategy, and routine
histopathological examination as the reference strategy. Routine histopathological
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examination as reference strategy was assumed to be perfect (i.e. sensitivity and
specificity of 100%). In the FANCY study, all specimens were sent for histopathological
examination reflecting the reference strategy. Observed distributions of
histopathological findings and clinical consequences were used to define chance
nodes in the reference tree of the model. To define chance nodes in the target tree
of the model reflecting the selective policy, the same data were used, complemented
with information about the indication for histopathological examination according
to the surgeon. The potential cost savings of selective histopathological examination
were assessed as a trade-off between initial histopathological examinations and
subsequent interventions not being performed on the one hand and (extra) costs
of delayed treatment of missed appendiceal neoplasms or GBMs on the other hand.

Cost components
Six major cost components were distinguished: initial histopathological examination,
staging procedures, surgical procedures, oncological care, multidisciplinary
meetings, and outpatient clinic visits. Initial histopathological examination included
costs of the pathologist’s analysis of the specimen and costs associated with possible
external reviews. Staging procedures covered the costs of radiological and endoscopic
procedures (including histopathological examination of biopsies, if taken) performed
to stage the disease in order to decide whether additional treatment was indicated.
Surgical procedures consisted of costs related to surgical procedures following the
histopathological diagnosis of an appendiceal neoplasm or GBM: surgical procedures,
hospital admission (general ward and intensive care unit (ICU)), histopathological
examination (incl. external review) of frozen sections and re-resection specimens,
and diagnosis and treatment of postoperative complications. Oncological care
included costs of adjuvant chemotherapy, palliative chemo- and/or radiotherapy
and response evaluation by imaging, but only if therapy was started due to the
diagnosis of irresectable disease during staging procedures or additional surgery.
Oncological care provided because of progressive disease detected at a later time
point was not included, as these data were not available. Multidisciplinary meetings
covered costs of all multidisciplinary meetings that took place to decide on which
policy was indicated. Outpatient clinic visits included all physical meetings between
the patient and surgeon or oncologist. During six months from the histopathological
diagnosis of an appendiceal neoplasm or GBM, use of hospital healthcare resources
was prospectively collected from case report forms. The number of multidisciplinary
meetings and outpatient clinic visits were not collected, but estimated based on the
initiated postoperative management (Supplementary Table 1-2).

Unit costing
The 2015 Dutch Costing Manual for Health Care Research was used to obtain
the unit costs of blood products, hospital admissions, multidisciplinary meetings,
and outpatient clinic visits.16 Unit costs of histopathological examination,
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radiological, endoscopic, and surgical procedures, non-pharmaceutical treatment
for complications, and admission on the short-stay unit for chemotherapy were
derived from the hospital ledger or tariff for mutual services of the Amsterdam UMC,
which included personnel, material, and overhead costs. Costs for drug treatment
prescribed by specialist physicians (eg, antibiotics, chemotherapy) were determined
per prescription with units costs per daily dose according to Pharmacotherapeutic
Compass provided by the Dutch National Health Care Institute.17 All costs are
rounded, expressed in euros and price-indexed for the base year 2019 with general
consumer price indices if original sources from other calendar years were used
(https://www.cbs.nl/; accessed 1 July 2020). Unit costs are presented in Table 1.

Statistical analysis
All statistical analyses were performed by the study coordinator (VPB), health
economist (MGWD) and the principal investigator (WAB) of the FANCY study, using
IBM SPSS statistics, version 26.0 (IBM Corp).
Cost-minimization analysis
Costs were assigned to each end node in the model. All probabilities at the chance
nodes were point-estimated. If costs were observed under routine examination, but
the specimen would not have been submitted in case of a selective policy, they were
ignored if it was assumed that these costs would not have been made at a later time
point (e.g., costs related to initial histopathological examination and unnecessary
diagnostic and therapeutic procedures (overtreatment)). However, some costs
may have been generated at a later time point, even though the specimen was not
submitted. For example, patients in whom cancer was missed may present themselves
later on with complaints related to residual disease that was not removed. These
costs were included, based on the estimated probability that these costs would have
been made at a later time point (Supplementary Table 3-4).
Scenario analyses
A scenario analysis was performed with a 25%, 50% and 75% surplus penalty applied
to the costs that may have been generated at a later time point to compensate for
potential extra costs due to delayed healthcare. A second scenario-analysis was
performed excluding all these costs. Based on the initial study results, a third
scenario-analysis was applied post hoc to address a policy of complete abandonment
of histopathological examination of appendices and gallbladders.
Budget impact analysis
Cost-minimization results were combined with expected steady yearly patient
numbers for appendectomies and cholecystectomies to derive potential yearly
reductions in costs of hospital care, which should be put on the agenda for budget
negotiations between health care insurers and hospital health care providers.18
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92

183
456
1028

58
249
266
343
123
435
435
1113
1250

Procedure
Procedure
Procedure
Procedure
Procedure
Procedure

Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure

Appendiceal / gallbladder specimen

Appendiceal / gallbladder specimen (second opinion)

Biopsies taken during endoscopic procedures (≤4
biopsies)

Biopsies taken during endoscopic procedures (>4
biopsies)

Gastroscopy

Endoscopic procedures

PET-CT

MRI-liver

MRI-abdomen

Ultrasound liver

CT-colonography

CT-abdomen

CT-thorax

X-thorax

Radiological procedures

Diagnostic procedures

a

Re-resection specimen

Frozen tissue sections

92

85

Unit costs in 2019 (€)

Histopathological examination

Unit

Table 1 Unit costs of major resources used.

Tariff for mutual services 2019

Tariff for mutual services 2019

Tariff for mutual services 2019

Tariff for mutual services 2019

Tariff for mutual services 2019

Tariff for mutual services 2019

Tariff for mutual services 2019

Tariff for mutual services 2019

Tariff for mutual services 2019

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Tariff for mutual services 2019

Hospital ledger 2018

Source
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316
Procedure
Procedure

Colonoscopy

8895

Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure
Procedure

Laparoscopic ileocecal resection

Laparoscopic resection liver segment

Open resection liver segment

Open lymph node dissection

Laparoscopic exploration (staging laparoscopy)

Open exploration (staging laparotomy)

Laparoscopic bilateral adnex extirpation

Open bilateral adnex extirpation

b

Laparoscopic wedge excision

Day
Day

Augmentin, oral administration

Augmentin, intravenous administration

Drug treatment

Treatment for complications

Cytoreductive surgery + HIPEC

3270

Procedure

Open right colectomy

13

2

3270

10,963

14,085

6154

4691

6114

6581

5380

4583

Procedure

4784

1800

1875

1250

Unit costs in 2019 (€)

Laparoscopic right colectomy

Additional surgery

Therapeutic procedures

Procedure

Antegrade balloon enteroscopy

Unit

Duodenoscopy

Table 1 Continued.

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Hospital ledger 2016

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Tariff for mutual services 2019

Tariff for mutual services 2019

Tariff for mutual services 2019

Source
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9
13
0
27
1
34
1
2075
815
158
231
999
4527
4856
557
30
1011

Day
Day
Procedure
Procedure
Procedure
Day
Day
Procedure
Procedure
Procedure
Procedure
Unit
Procedure
Procedure
Procedure
Unit
Day
Procedure

Lidocaine, subcutaneous administration

Metronidazole, intravenous administration

Piperacillin/tazobactam, intravenous administration

Cardioversion

Conservative treatment of wound infection

Administration of (adjuvant/palliative) chemotherapyd

Ultrasound guided abscess drainage

c

Total parenteral nutrition

Thrombocytes concentrate

Re-laparotomy

Re-laparoscopy

Peripherally inserted central catheter

Packed cells (erythrocytes)

(Attempt to) Embolization through CFA

Non-pharmaceutical treatment

Tranexamic acid, oral administration

Haldol, oral administration

Enema administration

Cefuroxim, intravenous administration

15

19

Day

Cefuroxim, intravenous administration

Ceftriaxon, intravenous administration

Unit costs in 2019 (€)

Unit

Table 1 Continued.

Hospital ledger 2018

Hospital ledger 2018

DCM-2015

Hospital ledger 2018

Hospital ledger 2018

Tariff for mutual services 2019

DCM-2015

Hospital ledger 2018

Hospital ledger 2018

Hospital ledger 2018

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Source
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318
Cycle
Cycle
Cycle
Cycle
Cycle

CAPOX (female)

CAPOX (male)

FOLFOX (female)

Gemcitabin + cisplatin (female)

Gemcitabin + cisplatin (male)

124

Day
Day
Meeting

Oncology ward

Surgery ward

Visit

Surgery

78

141

679

DCM-2015

DCM-2015

DCM-2015

DCM-2015

DCM-2015

Hospital ledger 2018

DCM-2015

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Pharmacotherapeutic Compass

Source

CAPOX, capecitabin and oxaliplatin; CFA, common femoral artery; CT, computed tomography; DCM, Dutch Costing Manual for Health Care
Research; FOLFOX, 5-fluorouracil, leucovorin and oxaliplatin; HIPEC, hyperthermic intraperitoneal chemotherapy; ICU, intensive care unit;
PET, positron emission tomography.
a
For staging, diagnosis of complications, and response evaluation following adjuvant systemic therapy.
b
The hospital ledger of 2016 was used, as the unit cost for this procedure was not mentioned in the hospital ledger of 2018.
c
Unit cost based on 1.5 L per day.
d
Unit costs based on average female and male body surface area.
e
Unit costs based on six specialists spending 10 minutes per patient.

Visit

Oncology

Outpatient clinic visits

Multidisciplinary meetings

432

Day

Oncology short-stay

240

Day

1266

454

382

519

718

604

221

186

Unit costs in 2019 (€)

Intensive Care Unit

e

Cycle

Hospital admission

Cycle

Capecitabin monotherapy (male)

Unit

Capecitabin monotherapy (female)

Table 1 Continued.
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RESULTS
Between May 2018 and August 2019, a total of 17,380 patients were included,
resulting in two prospective cohorts: 7339 patients who underwent an appendectomy
for suspected appendicitis and 10,041 patients who underwent a cholecystectomy
for gallstone disease or cholecystitis.

Histopathological examination following appendectomy
All 7339 patients who underwent an appendectomy for suspected appendicitis were
included in the present analysis. Baseline characteristics are presented in Table 2.
Surgeons judged that histopathological examination was not necessary in 4966
specimens (67.7%). Median age was lower in the group of patients whose appendix
would have been refrained from examination by the pathologist (30 (IQR 18-46) vs.
43 (IQR 25-59)). Other baseline characteristics were comparable.
Cost-minimization analysis
Total and proportional mean costs per patient per strategy are reported in
Table 3a, and a detailed overview of expenses per cost component are provided
in Supplementary Table 3. Total mean costs per patient were €252 for routine
histopathological examination and €175 for selective histopathological examination.
Corresponding costs per 10,000 patients were €2,518,600 and €1,751,000, respectively
(Table 3b). Subsequently, estimated cost savings established by replacing the routine
policy for a selective policy were €767,600 per 10,000 patients.
Scenario analyses
If surplus penalties of 25%, 50% and 75% were applied to compensate for potential
extra costs due to delayed healthcare, cost savings established with selective
histopathological examination were €746,500, €725,400 and €704,300 per 10,000
patients, respectively (Table 3b). Costs for the routine and selective strategy would
be equal (break-even point), if a surplus penalty of 910% was applied. In case all costs
potentially made at a later time point were excluded, estimated costs savings were
€849,700 per 10,000 patients (Table 3b).
In a hypothetical situation of complete abandonment of histopathological
examination, total mean costs per patient were €117 (Table 3a). The total costs per
10,000 patients were between €1,165,500 and €1,459,700 depending on the penalty
applied (0%-75%), with potential cost savings ranging from €1,058,900 to €1,353,100
per 10,000 patients (Table 3b). The break-even point between the routine and no
histopathological examination strategies was achieved with a surplus penalty of
345%. Excluding all costs potentially made at a later time point resulted in cost
savings of €1,738,600 per 10,000 patients (Table 3b).
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320
3411 (46.5%)
3365 (45.9%)
555 (7.6%)
8 (0.1%)

Resident
Both
Missing

1000 (13.6%)

Non-teaching hospital
Surgeon

6222 (84.8%)

Teaching hospital

IQR, interquartile range.
a
According to the operating surgeon or surgical resident.

Macroscopic assessment performed by, No. (%)

117 (1.6%)

3683 (50.2%)

Male
Academic hospital

3656 (49.8%)

Sex, No. (%)

Hospital, No. (%)

33 (19-51)
Female

Age in years, median (IQR)

Total
(n=7339)

3 (0.1%)

162 (6.8%)

1020 (43.0%)

1188 (50.1%)

348 (14.7%)

1981 (83.5%)

44 (1.9%)

1214 (51.2%)

1159 (48.8%)

43 (25-59)

Scored as indication
for HPEa (n=2373)

Table 2 Baseline characteristics of patients who underwent an appendectomy for suspected appendicitis.

5 (0.1%)

393 (7.9%)

2345 (47.2%)

2223 (44.8%)

652 (13.1%)

4241 (85.4%)

73 (1.5%)

2469 (49.7%)

2497 (50.3%)

30 (18-46)

Scored as no indication
for HPEa (n=4966)
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€122
€108

20 (0.003)
27 (0.004)

No benefit, no harm

Harm

€118
€102

13 (0.005)
17 (0.007)

No benefit, no harm

Harm

Benefit

b

Neoplasm with clinical consequences
5 (0.001)

€0

No neoplasm with clinical consequences 4944 (0.996) €0

Not sent for HPE (n=4966)

€112

13 (0.005)

Benefit

Neoplasm with clinical consequences

No neoplasm with clinical consequences 2330 (0.982) €92

Sent for HPE (n=2373)

Selective HPE

€116

18 (0.002)

Benefit

Neoplasm with clinical consequences

No neoplasm with clinical consequences 7274 (0.991) €92

Sent for HPE (n=7339)

Routine HPE

€669

€0

€1091

€979

€1418

€0

€815

€1004

€1215

€0

€10,896

€0

€9804

€0

€14,268

€0

€9366

€0

€13,331

€0

€0

€0

€0

€0

€682

€0

€0

€0

€492

€0

€347

€1

€350

€172

€372

€0

€349

€136

€365

€0

€218

€78

€220

€144

€457

€78

€220

€140

€391

€78

€8

€53

€60

€54

€175

€40

€4

€39

€169

€252

Total /
N
Initial Staging
Surgical
Oncological MDT
Outpatient Proportional
(proportion) HPE procedures procedures care
meetings clinic visits mean costs
per patienta

Table 3a Total and proportional mean costs per patient who underwent an appendectomy for suspected appendicitis, indexed for 2019.
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10 (0.002)

Harm

€0

€0

20 (0.003)
27 (0.004)

No benefit, no harm

Harm

€0

€0

€0
€0

€0

€1215

€0

€0

€0

€0

€0

€13,331

€0

€0

€0

€0

€0

€492

€0

€0

€0

€0

€0

€365

€0

€0

€0

€78c

€78c

€391c

€78

€78

€78

€39

€77

€117

HPE, histopathological examination; MDT, multidisciplinary team. All costs were rounded.
a
Proportional mean costs per patient were determined by the histopathologial diagnosis and clinical outcomes. Total mean costs per patient
per strategy were calculated as the sum of the proportional mean costs per patient. For example: with routine HPE, the proportional mean costs
per patient without a neoplasm with clinical consequences were €169 (0.991*(€92+€78)). Corresponding proportional mean costs for patients
with neoplasms with clinical consequences with benefit, neither benefit nor harm, and harm were €39 (0.002*(€116+€1215+€13+€492+€365+€
391)), €4 (0.003*(€122+€1004+€136+€140)), and €40 (0.004*(€108+€815+€9493+€349+€220)). Total mean costs per patient for routine HPE were
€252 (€169+€39+€4+€40).
b
As it is unclear costs would have been generated at a later time point, several scenario analyses were performed in- and excluding these costs
(see Table S3).
c
As one postoperative follow-up visit was considered standard care, regardless of the specimen being sent for HPE, costs for one outpatient clinic
visit (€78) were included in all analyses.

18 (0.002)

Benefitb

Neoplasm with clinical consequences

No neoplasm with clinical consequences 7274 (0.991) €0

Not sent for HPE (n=7339)

No HPE

7 (0.001)

Total /
N
Initial Staging
Surgical
Oncological MDT
Outpatient Proportional
(proportion) HPE procedures procedures care
meetings clinic visits mean costs
per patienta

No benefit, no harm

Table 3a Continued.
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€2,518,600

Costs
€780,000

€1,459,700

€1,361,600

€725,400
€704,300

€1,793,200
€1,814,300

€1,165,500
€1,263,600

€767,600

€1,751,000

Costs

€1,058,900

€1,157,000

€1,255,000

€1,353,100

€1,738,600

Estimated cost
savings

No HPE policy

€746,500

€849,700

€1,668,900
€1,772,100

Estimated cost
savings

Costs

Selective HPE policy

HPE, histopathological examination. All amounts are expressed per 10,000 patients.

Included with surplus penalty 75%

Included with surplus penalty 50%

Included with surplus penalty 25%

Included without surplus penalty

Not included

Costs potentially made at a later
time point

Routine HPE
policy

Table 3b Total costs and potential cost savings associated with three different HPE policies following appendectomy.
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Budget impact analysis
Considering that 16,000 appendectomies are performed annually in the Netherlands,
the yearly reduction in costs of hospital care established with a selective policy would
range between €1,126,880 to €1,359,520, depending on the in- or exclusion of (extra)
costs that may have been made at a later time point.18 In case histopathological
examination is abandoned completely, the corresponding yearly reduction in costs
was estimated to be between €1,694,240 and €2,781,760.

Histopathological examination following cholecystectomy
All 10,041 patients who underwent cholecystectomy for presumed benign gallbladder
disease were included in the present analysis. In case of a selective policy, 7846 gallbladder
specimens (78.1%) would have been refrained from histopathological examination (Table
4). The median age of patients in this group was lower when compared to the patients
in whom histopathological examination was judged as indicated (52 (IQR 40-46) vs. 60
(IQR 49-71)). In addition, a higher percentage of female patients, preoperative diagnosis
of gallstone disease and elective cholecystectomies were found in the group of patients
whose gallbladder would not have been sent for further assessment by the pathologist.
Cost-minimization analysis
Total and proportional mean costs per patient per strategy are presented in Table
5a, and more details regarding expenses per cost component can be found in
Supplementary Table 4. Total mean costs per patient were €185 and €113 for the
routine and selective strategy, respectively (Table 5a), with corresponding costs per
10,000 patients of €1,845,500 and €1,126,100 (Table 5b). The potential cost savings
resulting from replacement of the routine policy for a selective approach were
€719,400 per 10,000 patients (Table 5b).
Scenario analyses
In case 25%, 50% and 75% surplus penalties were applied to compensate for
potential extra costs made at a later stage due to a delayed diagnosis, estimated
cost savings of a selective policy were €711,400, €703,500 and €695,600 per 10,000
patients, respectively (Table 5b). The break-even point between routine and selective
histopathological examination was reached with surplus penalty of 2270%. Excluding
all costs potentially made at a later time point resulted in potential cost savings of
€750,500 per 10,000 patients (Table 5b).
If histopathological examination is not performed at all, mean costs per patient
were €92 (Table 5a) and total costs per 10,000 patients ranged from €923,400 and
€1,032,200, depending on the penalty applied (0%-75%, Table 5b). Potential cost
savings would be between €813,300 and €922,100 per 10,000 patients, with a breakevent point reached with a surplus penalty of 635%. If all costs potentially made at
a later time point were excluded, estimated cost savings were €1,065,500 (Table 5b).
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947 (43.1)

3269 (32.6)
7873 (78.4)
2168 (21.6)
2096 (20.9)
7945 (79.1)
222 (2.2)
7955 (79.2)
1864 (18.6)
5482 (54.6)

Gallstone disease
Cholecystitis
Emergency
Elective
Academic hospital
Teaching hospital
Non-teaching hospital
Surgeon
Resident

140 (6.4)

550 (5.5)
2 (0.0)

Missing

0 (0.0)

830 (37.8)

4007 (39.9)

Both

1225 (55.8)

432 (19.7)

1693 (77.1)

70 (3.2)

1383 (63.0)

812 (37.0)

970 (44.2)

1225 (55.8)

1248 (56.9)

6772 (67.4)

60 (49-71)

54 (42-66)
Male

Female

IQR, interquartile range.
a
According to the operating surgeon or surgical resident.

Macroscopic assessment performed
by, No. (%)

Hospital, No. (%)

Surgical setting, No. (%)

Preoperative diagnosis, No. (%)

Sex, No. (%)

Age in years, median (IQR)

Scored as indication
for HPE (n=2195)a

Total
(n=10 041)

Table 4 Baseline characteristics of patients who underwent a cholecystectomy for presumed benign gallbladder disease.

2 (0.0)

410 (5.2)

3177 (40.5)

4257 (54.3)

1432 (18.3)

6262 (79.8)

152 (1.9)

6562 (83.6)

1284 (16.4)

1198 (15.3)

6648 (84.7)

2322 (29.6)

5524 (70.4)

52 (40-64)

Scored as no
indication for HPE
(n=7846)a
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€0

22 (0.002)

GBM with clinical consequences

€0

€0

7 (0.001)

€0

€137

€92

No GBM with clinical consequences 10,019 (0.998)

Not sent for HPE (n=10,041)

No HPE

GBM with clinical consequences

No GBM with clinical consequences

7839 (0.999)

15 (0.007)

GBM with clinical consequences

Not sent for HPE (n=7846)

2180 (0.993)

No GBM with clinical consequences

Sent for HPE (n=2195)

Selective HPE

€92
€138

GBM with clinical consequences

22 (0.002)

No GBM with clinical consequences 10,019 (0.998)

Sent for HPE (n=10,041)

Routine HPE
€0

€708

€0

€956

€0

€592

€0

€708

€0

€4885

€0

€3127

€0

€5706

€0

€4885

€0

€497

€0

€0

€0

€729

€0

€497

€0

€287

€0

€283

€0

€289

€0

€287

€78

€244

€78

€178

€78

€275

€78

€244

€15b

€78

€92

€3b

€61

€12

€37

€113

€15

€170

€185

Total /
Initial
Staging
Surgical Oncological
MDT
Outpatient Proportional
n (proportion)
HPE procedures procedures
care
meetings clinic visits mean costs
per patienta

Table 5a Total and proportional mean costs per patient who underwent a cholecystectomy for presumed benign gallbladder disease, indexed for 2019.
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€1,845,500

Costs

€711,400
€703,500
€695,600

€1,149,900

€719,400

€1,126,100
€1,134,100

€750,500

€1,095,000

€1,142,000

Estimated cost
savings

Costs

Selective HPE policy

HPE, histopathological examination. All amounts are expressed per 10,000 patients.

Included with surplus penalty 75%

Included with surplus penalty 50%

Included with surplus penalty 25%

Included without surplus penalty

Not included

Costs potentially made at a later
time point

Routine HPE
policy

€1,032,200

€995,900

€959,700

€923,400

€780,000

Costs

€813,300

€849,600

€885,800

€922,100

€1,065,500

Estimated cost
savings

No HPE policy

Table 5b Total costs and potential cost savings associated with three different HPE policies following cholecystectomy.

GBM, gallbladder malignancy; HPE, histopathological examination; MDT, multidisciplinary team. All costs were rounded.
a
Proportional mean costs per patient were determined by the histopathologial diagnosis and clinical outcomes. Total mean costs per patient
per strategy were calculated as the sum of the proportional mean costs per patient. For example: with routine HPE, the proportional mean costs
per patient without a GBM with clinical consequences were €170 (0.998*(€92+€78)). Corresponding proportional mean costs for patients with
a GBM with clinical consequences were €15 (0.002*(€139+€708+€4885+€497+€287+€244)). Total costs per patient for the routine policy were
€185 (€170+€15).
b
As it is unclear whether these costs would have been generated at a later time point, scenario analyses were performed in- and excluding these
costs (see Table S4).
c
As one postoperative follow-up visit was considered standard care, regardless of the specimen being sent for HPE, costs for one outpatient clinic
visit (€78) were included in all analyses.

Table 5a Continued.
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Budget impact analysis
Considering an annual number of 22,500 cholecystectomies in the Netherlands,
selective histopathological examination would result in yearly cost savings ranging from
€1,565,100 to €1,688,625, depending on in- or excluding the (extra) costs that may have
been made at a later time point.18 In case histopathological examination is completely
abandoned, cost savings would be between €1,829,925 and €2,397,375 per year.

DISCUSSION
This cost analysis based on a prospective multicenter cross-sectional study including
17,380 patients demonstrated that replacing routine for selective histopathological
examination of appendiceal and gallbladder specimens will induce significant cost
savings. In patients who underwent appendectomy for suspected appendicitis, the
selective approach would reduce the mean per patient costs related to pathological
analysis and consequential diagnostic and therapeutic procedures by €77. Applying a
surplus penalty of 50% to compensate for potential extra costs due to postponed care
of missed appendiceal neoplasms resulted in estimated cost savings of €725,400 per
10,000 patients. Likewise, selective submission of gallbladders removed for gallstone
disease or cholecystitis would lower the mean per patient costs by €72. Corresponding
cost savings would amount to €703,500 per 10,000 patients, even if potential extra
costs related to delayed management of missed GBMs were accounted for.
As expected, most of these cost savings could be attributed to the decrease in
histopathological examinations. The FANCY study showed that two-thirds of
appendiceal specimens and nearly 80% of gallbladders would be refrained from
submission if surgeons decide which specimens do and do not require further evaluation
by a pathologist. Likely, these proportions will increase even further when surgeons get
used to this new practice over time, with subsequent extra cost savings. In addition,
substantial costs will be saved by not diagnosing clinically irrelevant histopathological
findings, resulting in less unnecessary staging procedures, additional resections and
multidisciplinary meetings. This is especially true for appendiceal neoplasms, after
which additional resections appeared to be unnecessary in 64% of patients included in
the FANCY study, while postoperative complications were observed in 32%.
A further reduction in costs can be established by adjustment of the follow-up
policy after appendectomy and cholecystectomy. Current management entails
one (telephone) consult within two to four weeks after surgery to discuss the
histopathological results and to evaluate the postoperative course. A study by Olthof
et al. showed that follow-up visits after cholecystectomy were without consequences
in more than 97% of cases.10 Likewise, the value of standardized follow-up following
appendectomy can be debated, as it may be assumed that postoperative complications
are rather diagnosed during unscheduled visits to the emergency department or
328
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outpatient clinic than by scheduled follow-up. A policy of follow-up visits restricted
to patients with clinically relevant pathology and/or complaints seems more
appropriate, especially if histopathological analysis is no longer routinely performed.
Existing literature on the economic effects of histopathological examination
is scarce. In particular, studies regarding the potential cost savings of selective
submission following appendectomy are lacking. This is probably the result of the
paucity of evidence on the oncological safety of a selective approach for appendiceal
specimens. In most studies, routine histopathological examination could not be
deemed futile, decreasing the urgency for cost analyses investigating its potential
impact on healthcare costs. Few studies have addressed the financial consequences
of selective histopathological examination following cholecystectomy.8-10,19,20 Most of
these cost analyses are limited to the direct cost savings resulting from reduced use of
pathology services and do not take costs accrued elsewhere in the healthcare system
into account. Recently, a Swedish study using data from national registries concluded
that, despite a fairly high submission rate of 51%, selective histopathology based
on the surgeons’ macroscopic examination was more cost-effective than routine
submission.21 Although this study included costs related to additional management
in both patients with detected and missed cancer, the validity of the results was
limited by the many assumptions regarding submission rates and cancer prevalence
and staging on which the model was based.
The actual clinical course following the missed diagnosis of an appendiceal neoplasm
or GBM can only be observed after implementation. However, we tried to estimate
these costs as accurate as possible by predicting them based on observed costs
incurred in patients with cancer detected by routine histopathological examination.
As it is unclear whether these costs would also have been made and to what extent
in case of a selective policy, different scenario analyses in- and excluding these
costs were performed. These analyses showed that replacing the current routine
strategy for a more selective approach will save at least €700,000 to €850,000 per
10,000 patients, even if surplus penalties of up to 75% were applied to compensate
for potential extra costs resulting from delayed healthcare. In fact, these potential
extra costs have to be 10.1 and 23.7 times higher than estimated (surplus penalties of
910% and 2270%) to outweigh the cost savings achieved by selective histopathological
examination of appendiceal and gallbladder specimens, respectively.
In addition, we performed a post-hoc analysis evaluating the reduction in healthcare
costs achieved by a policy of no histopathological examination at all. This evaluation
was undertaken based on the observation in the FANCY study that both routine
and selective histopathological examination resulted in clinical consequences that
were more often harmful than beneficial. This made us postulate that even complete
abandonment of appendiceal and gallbladder specimens might be justified. Obviously,
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this policy resulted in an even greater reduction of healthcare costs, in particular
following appendectomy, as a result of the significant reduction in specimens being
submitted. For gallbladder specimens, the yielded cost reductions of no pathology
compared to selective pathology were less, due to the submission rate already being
quite low with the selective approach and the low incidence of clinically relevant GBM.
To our knowledge, this is the first study comparing costs of routine and selective
histopathological examination using individual patient data derived from a large
prospective multicenter study reflecting daily clinical practice. Another strength is
that by performing several scenario analyses, we provided a range of the cost savings
established by replacing routine for selective histopathological examination rather than
a single estimate. Other strengths increasing the reliability as well as the validity of
our results include the large sample size, plausible incidence of appendiceal neoplasms
and GBMs, and participation of the majority of Dutch hospitals. However, results may
not be representative for countries with high-incidence areas for especially GBMs or in
countries with different healthcare costs or handling a different healthcare system than
the Netherlands. Furthermore, although a comprehensive cost analysis was performed,
costs related to laboratory tests, consultations with specialized nurses (e.g. oncological,
ostomy) and follow-up were not included because these data were not available. Assuming
the high surplus penalties needed to compensate for the potential (extra) costs made in
patients with missed neoplasms, it is expected that including these costs would not have
changed our message. Also, we did not include indirect cost savings, such as potential
gains from reduced missed hours at work in patients in whom unnecessary additional
surgery was not performed. Finally, considering the excess numbers of patients included
with only a small minority of patients showing excess costs above the mode, confidence
intervals of limited width around the point-estimates can be expected, rendering
preplanned uncertainty analyses (Monte Carlo simulation) in this respect obsolete.
In conclusion, this cost analysis demonstrated that replacing routine for selective
histopathological examination of appendiceal and gallbladder specimens will save
€700,000 to €850,000 per 10,000 patients, even if potential extra costs related to a
delay in diagnosis and treatment of missed cancers are accounted for. Considering
an annual number of 16,000 appendectomies and 22,500 cholecystectomies in the
Netherlands, implementation of the selective approach would result in a reduction
of more than 2.5 million euros per year. Complete abandonment of histopathological
examination would reduce healthcare costs to an even greater extent. Combined
with the firm evidence that selective submission is safe, (international) guidelines
should be updated to enable a successful implementation.
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Supplementary Table 1 Estimated number of multidisciplinary meetings and outpatient clinic visits following appendectomy, based on the histopathological
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Supplementary Table 3 Detailed overview of mean costs per patient who underwent an appendectomy for suspected appendicitis, depending on policy, diagnosis
and clinical consequences.
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Supplementary Table 4 Detailed overview of mean costs per patient who underwent a cholecystectomy for presumed benign gallbladder disease, depending on
policy, diagnosis and clinical consequences.

HPE, histopathological examination; NBNH, no benefit no harm.
All costs were rounded. For visualisation purposes, the columns and rows were reversed compared to Table 3a.
a
The estimated probability that costs would have been made at a later time point in case of selective HPE is indicated by different colors: Green: very likely,
since these patients underwent additional surgery with residual disease being removed, increasing the chance that these patients would have presented
themselves later on. Scenario analyses were performed in- and excluding these costs. Orange: very unlikely, since residual disease was not found during
additional surgery or because further treatment was not indicated in these patients at all. These costs were excluded from all analyses. Red: certainly not, since
the specimens would not have been sent for HPE. These costs were excluded from all analyses.
b
As one postoperative follow-up visit was considered standard care, regardless of the specimen being sent for HPE, costs for one outpatient clinic visit (€78)
were included in all analyses.
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surgery and systemic treatment in patients with gallbladder cancer is limited and inconclusive, making it difficult to estimate which costs would and would not
have been made at a later time point in case of selective HPE. Therefore, scenario analyses were performed in- and excluding costs in green.
b
As one postoperative follow-up visit was considered standard care, regardless of the specimen being sent for HPE, costs for one outpatient clinic visit (€78)
were included in all analyses.
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Summary and Discussion

SUMMARY
This thesis discusses two contrasting approaches of risk-tailored medicine in
different fields of abdominal surgery. In the first part, we focus on an intensified
use of diagnostic tools in high-risk patients, whereas the second part describes a
method to reduce the use of diagnostic tools in low-risk patients.

Part I: Intensified use of diagnostic tools in high-risk patients
Chapter 1 is a synopsis of 21 national and international guidelines regarding
follow-up regimens in patients who underwent curative intent treatment of nonmetastatic colorectal cancer used in member countries of the European Society
of Coloproctology. It was generally agreed that structured follow-up should be
offered, but only to patients who are able to receive further treatment if recurrence is
detected. The majority of guidelines recommended that clinical visits, measurement
of carcinoembryonic antigen, chest and liver imaging, and endoscopic surveillance
should be part of follow-up, with additional imaging of the pelvis in patients with
rectal cancer. The evidence for the value of these diagnostic tools and the preferred
modalities and time schedules was scarce. The available literature was deemed
insufficient to eventually result in international agreement on an optimal follow-up
schedule. Future research should focus on more tailored and individualised follow-up
depending on the a priori risk of developing a certain pattern of recurrence.
In chapter 2, the protocol of the COLOPEC 2 randomised multicentre trial is
described. This trial was designed based on the hypothesis that early detection of
peritoneal metastases (PM) will improve survival by increasing the proportion of
patients eligible for curative intent treatment consisting of cytoreductive surgery
(CRS) followed by hyperthermic intraperitoneal chemotherapy (HIPEC). The aim
is to determine the yield of routine second look diagnostic laparoscopy (DLS) and
additional value of third look DLS after negative second look DLS in detecting occult
PM in patients with non-metastatic histopathologically proven T4 (pT4) colon cancer.
In eligible patients, an abdominal CT is performed at six months after primary
resection, followed by a second look DLS if no PM or other metastases not amenable
for local treatment are detected at CT. Afterwards, patients without PM during
second look DLS will be randomised. Patients in the experimental arm will undergo
routine follow-up including an 18 months abdominal CT, followed by third look DLS
if PM and incurable metastases are absent at CT. In the control arm, patients will
be subjected to routine follow-up including an abdominal CT at 18 months alone.
The primary endpoint is the proportion of patients in whom PM are detected after
a negative second look DLS, which will be determined at 20 months after primary
resection. The sample size calculation (n=389) was based on the expectation that
third look DLS after negative second look DLS will detect an additional 10% of PM
compared to routine follow-up alone. The trial started inclusion in February 2018
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and is currently recruiting. Results of the primary endpoint are expected in 2024
at the earliest.
In chapter 3, we developed an in vivo model to assess the peritoneal dissemination
behaviour of 15 well-characterised colorectal cancer cell lines in mice. The cell lines
showed great difference in the ability to form peritoneal lesions, with the extent
of peritoneal outgrowth varying from no tumours to localised or widespread
outgrowth of cancer cells. Cell lines with mutations in crucial driver oncogenes
(i.e. KRAS and BRAF) tended towards higher peritoneal cancer index (PCI) scores,
although not statistically significant. Nevertheless, transcriptomic analysis showed
a clear correlation between the KRAS pathway activation status and peritoneal
outgrowth, thereby providing potential starting points for targeted therapy
strategies. Also, cell line specific preferences for tumour location were found, with
similar patterns of outgrowth in anatomically related areas. Furthermore, three
distinct patterns regarding clonal dynamics were observed: monoclonal, polyclonal
non-mixed and polyclonal mixed outgrowth. These differences might represent
heterogeneity in the dissemination process between cell lines (single cell theory vs.
collective dissemination). The observed variation in ability and pattern of peritoneal
dissemination demonstrates that the established mouse model recapitulates the
heterogeneity as observed in human PM, which makes it a valuable tool to further
elucidate the pathophysiological mechanisms of PM and to study possible novel
therapeutic strategies.
In the international, multicentre cohort study (n=852) described in chapter 4, a
statistically significant difference in risk of developing metachronous PM was found
between pT4a and pT4b colon cancer patients (24.7% vs. 12.2%, p=0.005). Widely
recognised risk factors for metachronous PM as previously reported in cohorts of
unselected colon cancer patients appeared to be independent predictors within this
high-risk subset of pT4 patients as well: right-sided colon cancer, pN2, R1 resection
and signet ring cell histology. In addition to a difference in metachronous PM
rate, important differences in clinical, pathological and treatment characteristics
were found between pT4a and pT4b patients, implying that these subgroups
should be approached as two different clinical entities. Due to low sensitivity of
imaging modalities, T4a colon cancer is often an unexpected diagnosis detected
postoperatively during histopathological examination of the primary resection
specimen. Future trials should therefore have a design that enables inclusion of
patients after primary resection, when the diagnosis of pT4a is histopathologically
confirmed. However, the 5-year metachronous PM rate in pT4b colon cancer
patients was still found to be considerably higher than reported in lower staged
groups, implying that pT4b patients should still be considered a high-risk subgroup.
Especially since the peritoneum appeared to be the sole site of recurrence in 67.7%
of patients with pT4b colon cancer with PM, allowing a great proportion of these
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patients for curative intent treatment. Ideally, the risk of PM should be estimated by
combining risk factors. This would enable refinement of study populations for trials
on adjuvant therapy and early detection of metachronous PM, thereby optimising
harm/benefit ratios and numbers needed to test.

Part II: Reduced use of diagnostic tools in low-risk patients
Chapter 5 reports the results of a systematic review and meta-analysis assessing
current literature to determine whether routine histopathological examination
of appendices removed for suspected appendicitis is truly necessary. We included
25 cohort studies comprising a total of 57,357 patients. The pooled percentage of
unexpected findings at pathology was 2.52% (95% confidence interval 1.81-3.51),
with appendiceal neoplasms being found in 0.71% (95% confidence interval 0.540.94). Findings of the surgeon’s assessment of the specimen were reported for
3.0% of aberrant findings. Likewise, clinical consequences were only known in
8.7% of unexpected diagnoses. Consequently, it remained unclear how many of
the unexpected appendiceal findings with clinical consequences would have been
identified by the surgeon. Hence, we concluded that routine histopathological
examination after appendectomy for presumed appendicitis could not be deemed
futile.
In chapter 6, we performed a systematic review and meta-analysis including
73 studies (n=232,155) reporting on the incidence and clinical consequences of
incidental and truly incidental gallbladder cancer (GBC). Incidental GBC was
defined as preoperative unsuspected GBC diagnosed during cholecystectomy or at
histopathological examination. Within this group, truly incidental GBC was defined
as GBC diagnosed for the first time during histopathological examination without
any suspicion before or during operation. Pooled incidences of incidental GBC were
0.32% (95% confidence interval 0.25-0.42) and 0.83% (95% confidence interval 0.581.18) in low- and high-incidence countries, respectively. For truly incidental GBC,
corresponding pooled incidences were only 0.18% (95% confidence interval 0.10-0.35)
and 0.44% (95% confidence interval 0.21-0.91). Subgroup analyses of studies in which
surgeons opened and systematically examined the mucosa of removed gallbladders
revealed that pooled incidences of truly incidental GBC dropped below 0.1% in both
low- and high-risk areas. Furthermore, at least half of GBC not detected during the
surgeon’s macroscopic assessment of the gallbladder mucosa was of early stage (≤T1a
category) and without clinical consequences. Based on the results of this systematic
review, we concluded that selective histopathological examination of gallbladder
specimens seems safe.
High-level evidence from a large prospective study was required to provide definitive
recommendations regarding the appropriate policy of histopathological examination
following appendectomy and cholecystectomy. This encouraged us to design the
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multicentre, prospective, cross-sectional FANCY study of which the protocol
and statistical analysis plan are described in Chapter 7. During nine months, all
appendices and gallbladders removed for presumed benign diseases (i.e. appendicitis,
gallstone disease, and cholecystitis) were evaluated by the operating surgeon for
macroscopic abnormalities suspicious for malignant neoplasms. Before sending
all specimens for histopathological examination, the surgeon judged whether
assessment by a pathologist was indicated. This enabled us to demonstrate what
would have happened in the hypothetical situation in which specimens are only
sent for histopathological examination on indication, without deviating from the
current practice of routine submission. Main endpoints were oncological safety and
potential cost savings of a selective policy, analysed separately for appendiceal and
gallbladder specimens. Oncological safety of selective histopathological examination
was assessed by calculating the number of patients in whom the histopathological
diagnosis of a clinically relevant appendiceal neoplasm or gallbladder malignancy
(GBM) would have been missed. In the appendix part of the study, only clinical
consequences benefitting the patient were considered clinically relevant. The
following clinical consequences were considered beneficial: (1) removal of residual
disease during additional surgery, (2) treatment with adjuvant systemic or
locoregional oncological treatment with curative intent, (3) palliative treatment
for metastases detected during staging procedures, and (4) diagnosis of serrated
polyposis syndrome or removal of (pre)malignant lesion(s) during colonoscopy. In
the gallbladder part of the study, all additional diagnostic or therapeutic procedures
were considered clinically relevant, due to limited and inconclusive evidence on the
prognostic impact of revisional surgery in patients with primary GBC. A selective
policy was considered safe if the upper limit of the two-sided 95% confidence interval
of the proportion of clinically relevant appendiceal neoplasms or GBMs that would
have been missed was below 3 per 1000 specimens. Potential cost savings were
quantified by a cost-minimisation analysis.
The clinical endpoints of the appendix part of the FANCY study are presented in
chapter 8. A total of 7339 patients who underwent appendectomy for suspected
appendicitis were included. An appendiceal neoplasm was found in 130 of 7339
patients (1.77%), with clinical consequences observed in 65 (0.89%). Following
systematic macroscopic examination, surgeons judged that histopathological
examination was not indicated in 4966 patients (67.7%). Appendiceal neoplasms
with clinical consequences would not have been diagnosed in 22 of them. In five of
these patients, residual disease was found and completely resected during additional
surgery. Hence, an appendiceal neoplasm with clinical consequences benefitting the
patient would have been missed in 1.01:1000 patients (upper limit 95% confidence
interval 1.61:1000). Meanwhile, twice as many patients (10 of 22) would have been
saved from harm due to unnecessary surgery (i.e. no residual disease found), whereas
consequences were neither beneficial nor harmful in the remaining seven. With
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routine histopathological examination, 18 of 7339 patients (0.25%) benefitted from
the clinical consequences following the diagnosis of an appendiceal neoplasm,
while harm due to unnecessary surgery was observed in 27 patients (0.37%) and
consequences were neither beneficial nor harmful in 20 (0.27%).
Chapter 9 presents the clinical outcomes of the gallbladder part of the FANCY
study. In total, 10,041 patients were included, of whom 28 (0.28%) were diagnosed
with a GBM. Twenty-two of 10,041 specimens (0.22%) exhibited GBMs with clinical
consequences. Based on their macroscopic assessment, surgeons considered that
7846 (78.1%) gallbladder specimens could be refrained from histopathological
examination. Within this group, GBMs with clinical consequences would have been
missed in seven patients (0.89:1000, upper limit 95% confidence interval 1.40:1000).
None of these patients would have experienced clear prognostic benefit from routine
histopathological examination: two patients underwent additional surgery without
radical removal of residual disease (harm), and the remaining five patients only
underwent diagnostic procedures without any further treatment (no benefit, no
harm). Among 15 patients in whom GBM with clinical consequences would have
been diagnosed, one benefitted (residual disease radically removed), two potentially
benefitted (palliative systemic therapy), and four experienced harm (unnecessary
surgery).
Chapter 10 shows the results of the economic evaluation performed alongside
the FANCY study. Replacing the routine submission of appendiceal specimens
for a more selective approach would reduce the mean per patient costs related to
histopathological examination and consequential diagnostic and therapeutic
procedures by €77. The estimated cost savings ranged from €704,300 to €849,700
per 10,000 patients, depending on the in- or exclusion of (extra) costs potentially
made at a later time point in patients with missed appendiceal neoplasms. Selective
histopathological examination following cholecystectomy for gallstone disease or
cholecystitis would lower the mean per patient costs by €72. The potential cost savings
resulting from replacement of the routine policy for a selective approach ranged
from €695,600 to €750,500 per 10,000 patients, depending on the in- or exclusion of
potential (extra) costs related to delayed management of missed GBMs. Considering
an annual number of 16,000 appendectomies and 22,500 cholecystectomies in the
Netherlands, implementation of the selective approach may result in a reduction of
more than 2.5 million euros per year.
The results of the FANCY study as reported in chapter 8, 9 and 10 provide robust
evidence that a selective policy of histopathological examination following
appendectomy and cholecystectomy for presumed benign diseases is oncologically
safe and provides significant cost savings. In fact, both routine and selective
histopathological examination resulted in clinical consequences which were
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more often harmful than beneficial for patients. This suggests that even complete
abandonment of histopathological examination of these specimens might be
justified with even higher cost savings. This conclusion is also of paramount clinical
importance given the recent interest in the non-operative treatment of appendicitis,
as our results presume oncological safety of conservative treatment. In addition to
an economic benefit, abandoning routine histopathological examination will likely
provide pathologists the possibility to reallocate time and resources to other more
important examinations. Updated international guidelines are required to induce
a change in clinical daily practice worldwide.
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES
Reducing costs without compromising quality of healthcare is best achieved by
promoting a policy in which patients receive care that is no more and no less than
necessary. The work in this thesis discusses different clinical situations in which the
one-size-fits-all approach can be replaced by more tailored strategies. Apart from this
common denominator, the two parts of this thesis comprise completely different
fields of abdominal surgery performed in patients with opposite risk profiles. Their
yield was also contrasting: whereas part I mainly led to new research questions, part
II hopefully marks the end of a long-lasting debate.

Part I: Intensified use of diagnostic tools in high-risk patients
Despite the presence of numerous large randomised trials, the optimal followup schedule after curative intent treatment of non-metastatic colorectal cancer
remains unclear. In chapter 1, we concluded that it is widely recognised that
structured multimodal follow-up should be performed, at least in patients amenable
for treatment of recurrence if detected. However, consensus on the exact content
and intensity was rarely reached. One of the contributing factors to this lack of
consensus is the inconclusiveness of meta-analyses that have pooled data of multiple
randomised trials comparing different follow-up strategies with the inherent problem
of heterogeneity.1-4
In the latest Cochrane review (2018) including 19 randomised trials (n=13,216),
intensive follow-up resulted in a higher rate of salvage surgery with curative intent
and less symptomatic recurrences, but did not show a statistically significant impact
on overall survival.5 Likewise, in a meta-analysis with data from seven randomised
trials published between 1995 and 2016, no survival benefit from intensive followup was observed, despite earlier detection of asymptomatic recurrence with a
consequently higher rate of salvage surgery.6 Recently, preliminary results of the
PRODIGE 13 trial including 2,009 patients with resected stage II or III colorectal
cancer were presented at the European Society for Medical Oncology (ESMO)
Virtual Congress 2020.7 Again, intensive follow-up enabled more curative-intent
re-resections but failed to translate into improved survival. Meanwhile, follow-up
is associated with considerable costs and may induce both physical (complications
from colonoscopy or salvage surgery) and psychological harm (anxiety, distress, false
reassurance).
Routine follow-up can only be justified if these economic and possible adverse clinical
consequences are outweighed by the potential benefits. Remarkably, the Cochrane
review found a hazard ratio of 0.91 for intensified follow-up, with a 95% confidence
interval between 0.80 and 1.04. This might indicate a potential effect, that could not
be statistically proven due to the phenomenon of dilution. Considerable numbers of
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low-risk patients were found in the included studies, as reflected by the relatively high
survival and low recurrence rates. Hence, one might hypothesise that an impact on
survival will be demonstrated if intensified follow-up is restricted to high-risk patients
that are most likely to benefit from the intervention. Future studies should focus
on further identification of subpopulations with different risk profiles and survival
probabilities. This might enable the development of nomograms and will ideally result
in more risk-stratified follow-up regimens with improved harm/benefit ratios.
An example of a more tailored follow-up strategy is currently being investigated in
the COLOPEC 2 trial, of which the study protocol is described in chapter 2. This
randomised controlled trial aims to determine the value of second and third look
diagnostic laparoscopy (DLS) during the follow-up of patients with non-metastatic
pathologically proven T4 (pT4) colon cancer for the detection of clinically occult
peritoneal metastases (PM). By detecting PM in its initial stages with a consequently
increased proportion of patients being eligible for curative intent treatment, we
hypothesise that the intensified use of diagnostic tools in this selected subgroup of
high-risk patients will translate into improved survival.
The COLOPEC 2 trial shows some overlap with previously performed and ongoing
trials. The currently recruiting Italian trial (NCT1628211) also investigates the value
of second look surgery at six months after primary resection, but includes patients
with mucinous colorectal cancer, regardless of pathological tumour stage. The French
ProphyloCHIP trial (NCT01226394) randomised patients with perforated colon
cancer, localised PM during primary surgery, or synchronous ovarian metastases
who did not have signs of recurrence on CT after completion of six months of
adjuvant systemic chemotherapy between second look laparotomy with HIPEC and
standard surveillance alone.8 Almost similar is the currently recruiting Chinese trial
performed at the Zhejiang University (NCT02179489), including also patients with
pT4 colon cancer in addition to the other three inclusion criteria of the French trial.
In our opinion, peritoneal nodules and ovarian metastases detected during primary
surgery should be considered as already proven PM (stage IV disease) instead of risk
factors for developing them. According to the Dutch guideline, these patients should
have been referred for CRS/HIPEC before initiating systemic treatment.
The COLOPEC 2 trial differs significantly from the latter two trials, by selecting
patients at high risk, but without clinical signs of PM. Moreover, whereas the French
and Chinese trials investigate the impact of second look surgery combined with
simultaneous HIPEC, the COLOPEC 2 trial focuses on the value of DLS alone.
Finally, the COLOPEC 2 trial addresses the additional value of a third look DLS
after a negative second look DLS, which has never been studied before. This research
question is based on the observed differences in metastatic pattern among primary
colorectal cancers, with some patients presenting with more indolent disease. For
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all these reasons, we believe the COLOPEC 2 trial has a unique design and will
make an important contribution to the evidence on second and third look surgery
as potentially valuable components of follow-up after curative intent treatment of
pT4 colon cancer.
The implementation of DLS as part of routine follow-up in selected high-risk
patients not only depends on the results of the COLOPEC 2 trial, but even more
on the evolvement of other diagnostic tools. Over the last few years, optical
molecular imaging using tumour-targeted fluorescence tracers has emerged as a
promising imaging technique for real-time tumour identification in oncological
surgery.9 Combining DLS with fluorescence techniques could potentially enhance its
sensitivity, thereby increasing its diagnostic value.10 It would certainly be even more
ideal to replace DLS by non- or less invasive tools. Diffusion-weighted MRI (DWMRI) has shown promising results in assessing the extent of peritoneal disease in
patients with proven or suspected PM and will likely replace surgical staging in these
(advanced) cases in the near future.11 Detection of occult PM is another scenario, and
prospective studies comparing DW-MRI with DLS for the early detection of these
small and often flat lesions are required. This scenario seems more challenging, and
whether imaging modalities will really get the required accuracy to identify minimal
peritoneal spread that is amenable for curative treatment in the vast majority of
patients is questionable.
Another emerging minimally invasive technique is liquid biopsy.12,13 Quantitative
analysis of circulating tumour DNA (ctDNA) levels in blood may enable early
detection of peritoneal recurrence. Furthermore, qualitative analysis of ctDNA might
identify patients at highest risk for recurrence and facilitate prediction of treatment
response.14,15 However, as PM are thought to develop through local intraperitoneal
spread, rather than by hematogenous dissemination, more research is required to
investigate whether ctDNA shed from isolated PM reaches the systemic circulation
in sufficient quantity to serve as a diagnostic or predictive biomarker. As part of the
COLOPEC 2 trial, blood samples are stored to enable retrospective analysis of ctDNA
and to determine its sensitivity in detecting PM, using DLS as the gold standard.
An alternative strategy to use ctDNA in patients with PM would be by detecting its
presence in peritoneal fluid.16 However, as ascites is commonly a sign of advanced
disease, such analysis requires lavage of the peritoneal cavity with a certain amount
of fluid. How to collect such fluid samples, at which time intervals, how to analyse
these samples, and how positive findings correlate with disease progression should
all be investigated from scratch at this point in time. All expected hurdles along the
way that should ultimately lead to identification of an effective non-invasive tool
that enables detection of small peritoneal spots highlight the clinical relevance of
the COLOPEC 2, despite the fact that results will have to be awaited for at least
three years.
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To maximise the yield of diagnostic tools, identification of high-risk patients is
essential. Several previous clinical studies have been conducted to determine risk
factors of PM. In addition to advanced tumour stage, generally reported predictors
for the development of PM include lymph node positivity, irradical resection, right
sided tumours, mucinous and signet ring cell histology, and tumours with vascular
and perineural invasion.17-19 Literature on the association of genetic profile and risk of
PM is less extensive. Most research in this field focuses on tumour biology of already
metastasised (stage IV) cancers.20-22 As a result, molecular mechanisms predisposing
colorectal tumour cells towards development of PM remain poorly understood.
Studies concerning the genetic and molecular profiles of primary tumours that have
not (yet) metastasised are required to clarify why some patients do and others do not
develop PM. The mice model described in chapter 3 provided insight in the (varying)
ability and pattern of peritoneal dissemination of 15 extensively characterised
human colorectal cancer cell lines. We found evidence for a role of KRAS pathway
activation in the development of PM. This correlation should be further explored
in future studies. The created mice model can be used in this setting, for example
by experiments involving ex vivo manipulation (e.g. knockdown/overexpression) of
the KRAS gene. Furthermore, the COLOPEC 2 trial will enable further research by
collecting primary tumour samples for retrospective analysis of histopathological
and molecular characteristics.
The intensive surveillance and prophylactic treatment strategies investigated in
clinical trials are often invasive and costly and should therefore only be proposed
to the patients at highest risk. From chapter 4, we learned that pT4a colon cancer
(penetration of the visceral peritoneum) was associated with a significantly higher
risk of developing metachronous PM as compared to pT4b tumours (direct invasion
of other organs/structures). In combination with other risk factors, this observation
might help to identify a very high risk group for future studies on adjuvant treatment
strategies aiming to prevent the outgrowth of PM. The COLOPEC trial did not show
an effect of adjuvant HIPEC on 18-months PM-free survival, and results of other
trials are still awaited.23 However, similar to our hypothesis regarding impact of
intensive follow-up on survival benefit, a potential effect might be obscured because
the a priori risk of the study population has been too low. If future meta-analyses on
prophylactic treatment strategies indicates a certain likelihood of effect, subsequent
trials should be designed for specific risk groups. This underlines the importance
of studies elucidating risks of peritoneal dissemination. The observation that
especially pT4 patients are at high risk of developing PM has important implications
for future trials focusing on early diagnosis and prevention of metachronous PM.
Due to restricted sensitivity of imaging to detect areas of serosal penetration, pT4a
stage is often an unexpected postoperative diagnosis.24,25 Consequently, trials
including patients with clinical (preoperative) T4 stage colon cancer will mainly
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reflect outcomes of pT4b disease. To prevent overtreatment and unnecessary costs,
study designs of future trials should enable inclusion of patients with a postoperative
diagnosis of T4 colon cancer.
Besides focusing on prevention and early detection of PM, further research
should be devoted to the potential differences in oncological outcomes within the
heterogeneous subgroup of pT4b colon cancer patients. Although lower than in pT4a
colon cancer, we found the 5-year incidence of metachronous PM in these patients to
be considerably higher than reported in pT1-3 colon cancer patients.17,19,26-28 Moreover,
two-thirds of pT4b colon cancer patients with metachronous PM did not have
preceding or concomitant distant metastases, making them potential candidates
for curative intent treatment with CRS/HIPEC. A former study showed that nearly
30% of pT4b tumours contained separate areas with tumour cells penetrating the
free peritoneal surface (i.e. simultaneous pT4).29 This subgroup of pT4a+b tumours
had worse survival as compared to ‘pure’ pT4a or pT4b colon cancer and might be
mainly responsible for the development of PM among pT4b patients. Simultaneously,
the risk of metachronous PM in pT4b colon cancer patients might be influenced by
the location, number and type of organ(s)/structures involved (e.g. intra-abdominal
vs. retroperitoneal outgrowth). Future studies are required to test these hypotheses.
Remarkably, risk factors for metachronous PM as reported in unselected colon cancer
populations were found in our highly selected patient cohort as well. Lymph node
positivity showed the strongest association with the risk of PM. Does this reflect
the aggressive tumour biology of pT4 colon cancer or might it be that lymphatic
dissemination has a more important role in the process of PM development than
is generally assumed? It might be hypothesised that lymphatic invasion results in
tumour cells that are ‘in transit’ on their way to the mesenteric lymph nodes. During
mesenteric transection, spillage of lymphatic fluid which contains tumour cells
might result in peritoneal dissemination. Again, future studies should be conducted
to elaborate on these findings.
In conclusion, more research is required to further elucidate all conceivable aspects
of this challenging clinical problem. Combinations of different diagnostic tools need
to be explored to determine the most efficient and cost-effective detection strategy,
and clinical, histopathological and biological characteristics should be combined
to identify the patients at highest risk of developing PM. Although it is clear that
much is still unclear, we believe our research has contributed to some extent to the
knowledge of this understudied problem.

Part II: Reduced use of diagnostic tools in low-risk patients
Routine histopathological examination has become standard practice since the
American College of Surgeons stipulated in 1926 that all surgical specimens should
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be assessed by a pathologist.30 With emphasis on cost containment, the usefulness
of this routine policy has been questioned for decades. In response to this, both the
College of American Pathologists and the UK Royal College of Pathologists have
published lists of specimens for which histopathological examination is of limited or
no clinical value and may be omitted.31,32 As significant pathology can be present with
normal gross morphology, appendiceal and gallbladder specimens were not on these
lists. Nevertheless, the debate concerning the necessity of routine histopathological
examination of these specimens has continued unabated, reflected by the large
amount of research published in the last decade (chapter 5 and chapter 6). Many
studies have suggested a more selective approach.33-39 However, the lack of evidence
on its safety has hampered the implementation of such a strategy until today and
the need for prospective studies with enough patients was repeatedly expressed.40,41
In May 2018, we started patient inclusion for the FANCY study, a multicentre,
prospective, cross-sectional study investigating the oncological safety and potential
cost savings of selective histopathological examination following appendectomy and
cholecystectomy performed for presumed benign diseases (chapter 7). Thanks to the
unbounded commitment and enthusiasm of the Dutch Snapshot Research Group,
we were able to collect data of more than 17,000 patients from 59 Dutch hospitals in
only 16 months. The results of the FANCY study yielded irrefutable evidence: both
for appendiceal and gallbladder specimens, a selective policy of histopathological
examination was demonstrated to be safe and associated with a significant reduction
of costs (chapter 8-10).
As the outcomes of the clinical management initiated after the diagnosis of an
appendiceal neoplasm or gallbladder malignancy turned out to be harmful rather
than beneficial, we even asked ourselves whether appendiceal and gallbladder
specimens should be refrained from histopathological examination at all. Some
might disagree with our assumption that, following the diagnosis of an appendiceal
neoplasm, a re-resection is harmful if no residual tumour tissue is found. It
might be argued that these patients potentially benefitted from the resection of
micrometastases. The presence of these small cancer cells measuring between 0.2
mm and 2.0 mm in size seems to be associated with advanced tumour stage and
nodal involvement. The Dutch guideline therefore states that adjuvant chemotherapy
to eliminate these cancer cells is indicated in patients with pT4 cancer and/or positive
lymph nodes.42 In the FANCY study, both the removal of residual disease (primary
tumour tissue and/or positive lymph nodes) and receiving adjuvant chemotherapy
were considered beneficial. This means that only patients with a pT4 appendiceal
adenocarcinoma without residual disease in the re-resection specimen who have
rejected adjuvant chemotherapy might have been incorrectly considered as patients
experiencing harm. This was the case in two patients, of whom the appendectomy
specimen would have been sent to the pathology department in case of a selective
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policy in both. Nevertheless, even if it was concluded that these two patients did
not experience harm, our conclusion would have remained unchanged with still
more patients experiencing harm than benefit. Due to a paucity of evidence of its
efficacy, adjuvant systemic treatment is currently no standard clinical practice in
patients with gallbladder cancer.43 The potential benefit of micrometastases being
resected at revisional surgery is therefore assumed to be of no clinical relevance, as
the prognosis of these patients will mainly be influenced by the untreated multiple
micrometastases elsewhere in the body. The results and conclusions of our study
should be reconsidered if new systemic treatment options improving the prognosis
of gallbladder cancer arise.
Now that robust evidence has emerged, daily clinical practice needs to be changed.
One of the bottlenecks for a successful implementation of our results may be
that surgeons do not want to bear the responsibility of missing clinically relevant
pathology, not only because of potential degradation of the physician-patient
relationship, but primarily out of fear for litigation. As a result, surgeons might
continue submitting appendiceal and gallbladder specimens for histopathological
examination. This concept of deviating from sound medical practice to protect the
physician from liability rather than benefitting the patient is known as defensive
medicine and usually drives healthcare costs while lowering quality of care. To
prevent this behaviour and protect surgeons from medicolegal consequences in case
cancer is missed, (international) guidelines should be updated. Furthermore, this new
policy should become part of the informed consent and surgeons should document
the findings of their macroscopic assessment in the surgical report.
A change in clinical practice might also be hampered by the belief that patients have
the right to be aware of their disease and prognosis, even in the absence of clinical
consequences. This may be looked at in two ways. Indeed, in case of gallbladder
cancer without any treatment options, being informed about their disease and
prognosis enables patients to decide how to spend their remaining time alive,
although realization of having a terminal disease might also compromise quality of
life. However, knowledge of the presence of an appendiceal neoplasm that does not
require additional treatment or follow-up (eg, small neuroendocrine tumour without
unfavourable characteristics) may result in unnecessary anxiety and a desire for
regular check-ups, and is therefore in no way beneficial for patients.
For pathologists, routine examination of surgical specimens comprises more than
solely a definitive diagnosis, as it enables education of pathology trainees. A policy
of preserving rather than discarding appendiceal and gallbladder specimens might
therefore be suggested, with the additional benefit that specimens may be evaluated
at a later time point in case related clinical issues arise. However, processing and
preservation of tissues requires significant resources and thereby incurs costs, while
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the value of this practice seems questionable in light of the low incidence of clinically
relevant findings. Using autopsy specimens or appendices and gallbladders removed
as part of more extensive procedures may provide a more cost-effective solution.
To conclude, selective histopathological examination following appendectomy and
cholecystectomy for presumed benign diseases is safe and associated with significant
cost savings and less unnecessary resections. In fact, it may even be considered
to excempt all appendiceal and gallbladder specimens from histopathological
examination. Now that the long-lasting debate has finally come to an end, we
would really fancy (inter)national guidelines to be updated to induce a change in
daily clinical practice worldwide.
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Dit proefschrift bespreekt twee tegengestelde vormen van op maat gemaakte
geneeskunde in verschillende gebieden van abdominale chirurgie. In het eerste deel
richten we ons op een intensiever gebruik van diagnostiek bij hoogrisicopatiënten,
terwijl het tweede deel een strategie beschrijft om het gebruik van bepaalde
diagnostiek bij laagrisicopatiënten te verminderen.

Deel I: Intensiever gebruik van diagnostische hulpmiddelen bij hoogrisicopatiënten
Hoofdstuk 1 is een synopsis van 21 nationale en internationale richtlijnen, zoals
die werden gebruikt in de lidstaten van de European Society of Coloproctology, over
follow-up schema’s voor patiënten die een in opzet curatieve behandeling hebben
ondergaan voor niet-gemetastaseerd colon- of rectumcarcinoom. In deze richtlijnen
bestond consensus dat gestructureerde follow-up moet plaatsvinden, maar alleen bij
patiënten die in staat zijn een verdere behandeling te ondergaan indien recidief wordt
vastgesteld. In de meeste richtlijnen werd aanbevolen dat poliklinische bezoeken,
bloedonderzoek voor bepaling van het carcino-embryonaal antigeen, beeldvorming
van de thorax en lever en endoscopische onderzoeken deel moeten uitmaken
van de follow-up, met daarnaast beeldvorming van het bekken bij patiënten met
rectumcarcinoom. Het bewijs voor de waarde van deze diagnostische hulpmiddelen
en welke modaliteiten en tijdsintervallen dan de voorkeur hebben was schaars. De
beschikbare literatuur werd ontoereikend geacht om uiteindelijk te resulteren in
internationale overeenstemming over een optimaal follow-up schema. Toekomstig
onderzoek moet zich richten op meer op maat gemaakte en geïndividualiseerde
follow-up, gebaseerd op de a priori kans van patiënten op het ontwikkelen van een
bepaald metastaseringspatroon.
In hoofdstuk 2 wordt het protocol van de gerandomiseerde multicenter COLOPEC
2 studie beschreven. Deze studie is ontworpen naar aanleiding van de hypothese
dat vroege detectie van peritoneale metastasen (PM) resulteert in een verhoging van
het aantal patiënten dat in aanmerking komt voor in opzet curatieve behandeling
bestaande uit cytoreductieve chirurgie (CRS) gevolgd door hyperthermische
intraperitoneale chemotherapie (HIPEC), en daardoor de overleving zal verbeteren.
Tijdens de primaire resectie dient het buikvlies standaard geïnspecteerd te worden op
de aanwezigheid van peritoneale metastasen. Het doel van de COLOPEC 2 studie is
tweeledig en omvat (1) het bepalen van de opbrengst van het routinematig uitvoeren
van een diagnostische laparoscopie (DLS) voor een tweede peritoneale inspectie
(second look DLS), en (2) het bepalen van de toegevoegde waarde van een extra
DLS voor een derde peritoneale inspectie (third look DLS) na een negatieve second
look DLS voor de detectie van occulte PM bij patiënten met niet-gemetastaseerd,
histopathologisch bewezen T4 (pT4) coloncarcinoom. Bij patiënten die in aanmerking
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komen voor de studie wordt zes maanden na de primaire resectie een CT-scan van het
abdomen gemaakt, gevolgd door een second look DLS wanneer er op CT geen tekenen
van PM of incurabele afstandsmetastasen zijn. Daarna worden de patiënten zonder PM
tijdens de second look DLS gerandomiseerd. Patiënten in de experimentele arm worden
gecontroleerd volgens het standaard follow-up schema, inclusief een CT-abdomen
na 18 maanden vanaf de primaire resectie welke wordt gevolgd door een third look
DLS wanneer er geen PM en geen incurabele metastasen elders zichtbaar zijn op de
CT-scan. In de controle arm worden de patiënten alleen gecontroleerd volgens het
standaard follow-up schema, inclusief de CT-scan van het abdomen na 18 maanden.
Het primaire eindpunt is het percentage patiënten bij wie PM worden gedetecteerd na
een negatieve second look DLS, en wordt 20 maanden na de primaire resectie bepaald.
De groepsgrootte (n=389) is berekend op basis van de verwachting dat een third look
DLS 10% meer PM zal detecteren vergeleken met standaard follow-up alleen bij de
patienten die een negatieve second look DLS hadden. De inclusie van patiënten voor de
COLOPEC 2 studie is begonnen in februari 2018 en momenteel nog gaande. Resultaten
van het primaire eindpunt worden op zijn vroegst in 2024 verwacht.
In hoofdstuk 3 beoordelen we het peritoneale metastaseringspatroon van 15 goed
gekarakteriseerde coloncarcinoomcellijnen in een door ons ontwikkeld muismodel.
De cellijnen vertoonden een groot verschil in het vermogen om PM te vormen, waarbij
de mate van peritoneale uitgroei varieerde van geen tumoren tot gelokaliseerde of
wijdverspreide uitgroei van kankercellen. Cellijnen met mutaties in de KRAS en
BRAF oncogenen neigden naar hogere peritoneal cancer index scores (maat voor
de omvang van peritoneale metastasering), alhoewel niet statistisch significant.
Desalniettemin toonde transcriptomische analyse een duidelijke correlatie tussen
KRAS-activering en peritoneale uitgroei, wat potentiële uitgangspunten biedt
voor gerichte therapie. Ook vonden we cellijn-specifieke voorkeuren voor intraabdominale tumorlokalisaties, met vergelijkbare uitgroeipatronen in anatomisch
gerelateerde gebieden. Daarnaast werden drie verschillende patronen voor wat
betreft klonale dynamiek waargenomen: monoklonale, polyklonale niet-gemengde
en polyklonale gemengde uitgroei. Deze verschillen reflecteren mogelijk de
veronderstelde heterogeniteit in het metastaseringsproces tussen cellijnen (één-celtheorie versus collectieve verspreiding). De waargenomen variatie in het vermogen en
patroon van peritoneale metastasering toont aan dat dit muismodel de heterogeniteit
zoals waargenomen bij humane PM reflecteert, wat het een waardevol instrument
maakt voor het verder ophelderen van pathofysiologische mechanismen van PM en
het bestuderen van eventuele nieuwe behandelstrategieën.
In de internationale, multicenter cohortstudie (n=852) die beschreven wordt in
hoofdstuk 4, werd een statistisch significant verschil in risico op het ontwikkelen
van metachrone PM gevonden tussen pT4a en pT4b coloncarcinoom (24.7% vs. 12.2%,
p = 0.005). Algemeen erkende risicofactoren voor metachrone PM, zoals eerder
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gerapporteerd in cohorten van niet-geselecteerde darmkankerpatiënten, bleken
ook onafhankelijke voorspellers te zijn binnen deze hoogrisico-subgroep van pT4patiënten: rechtszijdige darmkanker, pN2, R1-resectie en het zegelringcelcarcinoom.
Naast een verschil in de incidentie van metachrone PM, werden verschillen in
klinische, pathologische en behandelingskenmerken tussen patiënten met pT4a
en pT4b coloncarcinoom waargenomen, wat impliceert dat deze subgroepen als
twee verschillende klinische entiteiten moeten worden beschouwd. Vanwege de
lage sensitiviteit van beeldvormend onderzoek, is het T4a coloncarcinoom vaak
een onverwachte diagnose die pas postoperatief tijdens het histopathologisch
onderzoek van het primaire resectiepreparaat wordt gesteld. Toekomstige studies
moeten daarom zo worden ontworpen dat patiënten postoperatief kunnen worden
geïncludeerd, wanneer de diagnose van T4a histopathologisch bevestigd is (pT4a).
Alhoewel lager dan waargenomen in patiënten met pT4a coloncarcinoom, bleek de
5-jaars incidentie van metachrone PM bij pT4b coloncarcinoom patiënten aanzienlijk
hoger dan gerapporteerd voor een lager stadium coloncarcinoom. Dit impliceert
dat patiënten met een pT4b coloncarcinoom nog steeds als een hoogrisicogroep
moeten worden beschouwd. Des te meer omdat bij 67.7% van de patiënten met pT4b
coloncarcinoom en metachrone PM het peritoneum de enige plek van recidief bleek te
zijn, waardoor een groot deel van deze patiënten potentieel in aanmerking komt voor
in opzet curatieve therapie. Idealiter zouden risicofactoren worden gecombineerd
om de kans op het ontwikkelen van PM in te schatten. Dit zou kunnen zorgen voor
een verfijning van de onderzoekspopulaties voor studies naar adjuvante therapie
en vroege detectie van metachrone PM, resulterend in verbeterde diagnostische
opbrengst en schade-batenverhouding.

Deel II: Gereduceerd gebruik van diagnostische hulpmiddelen bij laagrisicopatiënten
Hoofdstuk 5 beschrijft de resultaten van een systematisch literatuuronderzoek
en meta-analyse van de huidige literatuur om te bepalen of routinematig
histopathologisch onderzoek van appendix preparaten na een operatie voor
(verdenking op) appendicitis echt noodzakelijk is. Er werden 25 cohortstudies met
in totaal 57.357 patiënten geïncludeerd. Het gepoolde percentage onverwachte
bevindingen bij het pathologisch onderzoek was 2.52% (95% betrouwbaarheidsinterval
1.81-3.51), waarbij onverdachte appendix neoplasmata in 0.71% van de patiënten
werden gevonden (95% betrouwbaarheidsinterval 0.54-0.94). Bevindingen van de
beoordeling van het preparaat door de chirurg waren gerapporteerd bij 3.0% van de
afwijkende bevindingen. Evenzo waren de klinische gevolgen slechts bekend voor
8.7% van de onverwachte diagnoses. Hierdoor was het onduidelijk hoeveel van de
onverwachte bevindingen met klinische consequenties zouden zijn geïdentificeerd
door de chirurg. We concludeerden daarom dat het routinematig uitvoeren van
histopathologisch onderzoek na appendectomie voor veronderstelde appendicitis
niet onnodig kan worden geacht.
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Hoofdstuk 6 bestaat uit een systematische literatuurstudie en meta-analyse
van 73 studies (n=232.155) die rapporteren over de incidentie en klinische
consequenties van incidenteel en daadwerkelijk incidenteel galblaascarcinoom
(GBC). Incidenteel GBC werd gedefinieerd als een preoperatief onverwacht GBC
gediagnosticeerd tijdens cholecystectomie of bij histopathologisch onderzoek.
Binnen deze groep werd daadwerkelijk incidenteel GBC gedefinieerd als GBC welke
voor het eerst wordt gediagnosticeerd tijdens histopathologisch onderzoek, zonder
dat er voor of tijdens de operatie enig vermoeden op GBC bestond. Gepoolde
incidenties van incidenteel GBC in landen met een lage en hoge incidentie waren
respectievelijk 0.32% (95% betrouwbaarheidsinterval 0.25-0.42) en 0.83% (95%
betrouwbaarheidsinterval 0.58-1.18). Voor daadwerkelijk incidenteel GBC waren
deze gepoolde incidenties slechts 0.18% (95% betrouwbaarheidsinterval 0.10-0.35) en
0.44% (95% betrouwbaarheidsinterval 0.21-0.91). Subgroepanalyses van onderzoeken
waarin chirurgen de verwijderde galblaas openden en de mucosa systematisch
onderzochten, toonden aan dat de gepoolde incidentie van daadwerkelijk incidenteel
GBC onder de 0.1% daalde in zowel laag- als hoogrisicogebieden. Bovendien betrof
ten minste de helft van de GBCs die niet door de chirurg waren herkend een
vroeg stadiumcarcinoom (≤T1a categorie) zonder klinische consequenties voor de
patiënt. Op basis van de resultaten van deze studie concludeerden we dat selectief
histopathologisch onderzoek na cholecystectomie veilig lijkt.
Bewijs van hoog niveau op basis van een grote prospectieve studie bleek nodig om
definitieve aanbevelingen met betrekking tot het juiste beleid van histopathologisch
onderzoek na appendectomie en cholecystectomie te doen. Dit gaf aanleiding tot
de opzet van de multicenter, prospectieve, cross-sectionele FANCY studie, waarvan
het protocol en het statistisch analyseplan in hoofdstuk 7 worden beschreven.
Gedurende negen maanden werden alle appendices en galblazen die verwijderd
waren voor veronderstelde benigne aandoeningen (appendicitis, galsteenlijden en
cholecystitis) door de opererende chirurg beoordeeld op macroscopische afwijkingen
die verdacht waren voor maligne neoplasmata. Voordat alle preparaten voor
histopathologisch onderzoek werden opgestuurd, gaf de chirurg aan of beoordeling
door een patholoog geïndiceerd was. Hierdoor kon worden onderzocht wat er zou
zijn gebeurd wanneer de appendix- en galblaaspreparaten alleen op indicatie voor
histopathologisch onderzoek waren opgestuurd, zonder daarbij af te wijken van de
huidige praktijk. De belangrijkste eindpunten waren de oncologische veiligheid en
de mogelijke kostenbesparing van een selectief beleid, en dit werd apart geanalyseerd
voor appendices en galblazen. De oncologische veiligheid van een selectief beleid
werd beoordeeld door het aantal patiënten te berekenen bij wie de histopathologische
diagnose van een klinisch relevant appendix neoplasma of galblaasmaligniteit zou
zijn gemist. In het appendix-gedeelte van de studie werd een klinisch relevant appendix
neoplasma beschouwd als een neoplasma met klinische consequenties die voordelig
werden geacht voor de patiënt. Dit betrof de volgende situaties: (1) verwijdering van
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restziekte (resterend tumorweefsel en/of positieve lymfeklieren) tijdens aanvullende
chirurgie, (2) in opzet curatieve adjuvante systemische of locoregionale therapie, (3)
palliatieve behandeling van metastasen gedetecteerd tijdens stadiëringsonderzoek,
en (4) diagnose van het serrated polyposis syndroom of verwijdering van (pre-)
maligne laesie(s) tijdens colonoscopie. In het galblaasgedeelte van de studie werden
alle aanvullende diagnostische en therapeutische interventies als klinisch relevant
beschouwd, vanwege het beperkte en inconclusieve bewijs over de prognostische
waarde van aanvullende chirurgie bij patiënten met primair GBC. Een selectief beleid
werd veilig geacht als de bovengrens van het tweezijdig 95% betrouwbaarheidsinterval
van het aantal klinisch relevante appendix neoplasmata of galblaasmaligniteiten dat
gemist zou zijn, lager was dan 3 per 1000 preparaten. De potentiële kostenbesparingen
werden onderzocht in een kostenminimalisatie analyse.
De klinische eindpunten van het appendix-gedeelte van de FANCY studie worden
gepresenteerd in hoofdstuk 8. In totaal werden 7339 patiënten die een appendectomie
hadden ondergaan wegens de verdenking op appendicitis geïncludeerd. Bij 130 van de
7339 patiënten (1.77%) werd een appendix neoplasma gevonden, en voor 65 patiënten
(0.89%) had deze diagnose klinische gevolgen. Na een systematische macroscopische
beoordeling van het preparaat vond de chirurg histopathologisch onderzoek van
de appendix niet geïndiceerd voor 4966 patiënten (67.7%). Bij 22 van hen zouden
daardoor appendix neoplasmata met klinische consequenties zijn gemist. Bij vijf van
deze patiënten werd tijdens een aanvullende operatie residuale ziekte verwijderd. Dit
betekent dat een appendix neoplasma met klinisch voordelige consequenties gemist
zou zijn bij 1.01 op de 1000 patiënten (bovengrens 95% betrouwbaarheidsinterval
1.61:1000). Tegelijkertijd zou twee keer zoveel patiënten (10 van de 22) onnodige
chirurgie en daarmee schade zijn bespaard, terwijl de gevolgen noch voordelig
noch schadelijk waren bij de overige zeven. In de huidige praktijk (routinematig
insturen) ondervonden 18 van de 7339 patiënten (0.25%) voordeel van de klinische
consequenties van een appendix neoplasma, terwijl schade door onnodige chirurgie
werd waargenomen bij 27 patiënten (0.37%) en de gevolgen niet voordelig noch
schadelijk waren bij 20 patiënten (0.27%).
Hoofdstuk 9 presenteert de klinische resultaten van het galblaasgedeelte van de
FANCY studie. In totaal werden 10,041 patiënten geïncludeerd, en bij 28 patiënten
(0.28%) werd de diagnose galblaasmaligniteit gesteld. Voor tweeëntwintig van
de 10.014 patiënten (0.22%) had deze diagnose klinische gevolgen. Op basis van
hun macroscopische beoordeling waren chirurgen van mening dat 7846 (78.1%)
galblaaspreparaten geen histopathologisch onderzoek behoefden. Binnen deze groep
zouden galblaasmaligniteiten met klinische consequenties zijn gemist bij zeven
patiënten (0.89:1000, bovengrens 95% betrouwbaarheidsinterval 1.40: 1000). Geen
van deze patiënten zou een duidelijk prognostisch voordeel hebben ondervonden
van routinematig histopathologisch onderzoek: twee patiënten ondergingen een
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aanvullende operatie zonder radicale verwijdering van restziekte (schade), en bij
de overige vijf patiënten werden alleen diagnostische procedures verricht zonder
dat daarna verdere behandeling werd ingezet (geen voordeel, geen schade). Van
de 15 patiënten bij wie een galblaasmaligniteit met klinische gevolgen wel zou
zijn gediagnosticeerd in het geval van een selectief beleid, ondervond een patiënt
voordeel (restziekte radicaal verwijderd), twee patiënten mogelijk voordeel (palliatieve
systemische therapie) en vier patiënten schade (onnodige chirurgie).
Hoofdstuk 10 toont de resultaten van de economische evaluatie die naast het
klinische gedeelte van de FANCY studie is uitgevoerd. Het selectief in plaats van
routinematig insturen van appendices voor histopathologisch onderzoek zou de
gemiddelde kosten gerelateerd aan histopathologisch onderzoek en de daaruit
voortvloeiende diagnostische en therapeutische procedures met €77 per patiënt
verlagen. De geschatte kostenbesparing per 10.000 patiënten varieerde van €
704.300 tot € 849.700, afhankelijk van het wel of niet meewegen van (extra) kosten
die mogelijk op een later tijdstip worden gemaakt bij patiënten met een gemist
appendix neoplasma. Selectief histopathologisch onderzoek na een cholecystectomie
voor galsteenlijden of cholecystitis zou de gemiddelde kosten per patiënt met €72
verlagen. Afhankelijk van het wel of niet meewegen van de mogelijke (extra) kosten
gerelateerd aan uitgestelde zorg van een gemiste galblaasmaligniteit, varieerde de
kostenbesparing per 10,000 patiënten van €695.600 tot €750.500. Wanneer men
uitgaat van 16.000 appendectomieën en 22.500 cholecystectomieën per jaar, kan
implementatie van de selectieve aanpak in Nederland resulteren in een jaarlijkse
kostenbesparing van meer dan 2,5 miljoen euro.
De resultaten van de FANCY studie, zoals gerapporteerd in hoofdstuk 8, 9 en 10,
leveren robuust bewijs dat een selectief beleid van histopathologisch onderzoek na
appendectomie en cholecystectomie voor veronderstelde benigne aandoeningen
oncologisch veilig is en een aanzienlijke kostenbesparing oplevert. Sterker
nog, zowel het routinematig als selectief insturen van appendices en galblazen
voor histopathologisch onderzoek resulteerde in klinische gevolgen die vaker
schadelijk dan voordelig waren. Dit suggereert dat zelfs het volledig afzien van
histopathologisch onderzoek na deze operaties gerechtvaardigd zou kunnen zijn
met een nog grotere kostenbesparing tot gevolg. Gezien de recente belangstelling
voor de niet-operatieve behandeling van appendicitis is deze conclusie van groot
belang, omdat onze resultaten veronderstellen dat een conservatieve behandeling van
appendicitis veilig is. Naast een economisch voordeel, zal het afzien van routinematig
histopathologisch onderzoek pathologen de mogelijkheid bieden om hun tijd en inzet
aan andere, klinisch relevante, onderzoeken te besteden. Internationale richtlijnen
moeten worden aangepast zodat een verandering van de dagelijkse klinische praktijk
wereldwijd teweeg kan worden gebracht.
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rectal dissection in restorative proctocolectomy with ileal pouchanal anastomosis for ulcerative colitis.
European Society of Coloproctology, Berlin

0.5

Consensus and controversies regarding follow-up after
treatment with curative intent of nonmetastatic colorectal
cancer: a synopsis of guidelines.
European Society of Coloproctology, Berlin

2017

0.5

Safety and cost analysis of selective histopathological
examination following appendicectomy and cholecystectomy
(FANCY study).
Chirurgendagen, Veldhoven

2019

0.5

Tweede en derde laparoscopische exploratie tijdens de follow-up
na curatieve resectie van pT4 coloncarcinoom voor vroegdetectie
van peritoneale metastasen; de COLOPEC 2 gerandomiseerde
multicenter trial.
Chirurgendagen, Veldhoven

2019

0.5

Oral presentations
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Research structure in the Netherlands.
Royal Society of Medicine, Amsterdam

2019

0.5

Second and third look laparoscopy in pT4 colon cancer patients
for early detection of peritoneal metastases; the COLOPEC 2
randomized multicentre trial.
European Society of Coloproctology, Vienna

2019

0.5

Routine histopathological examination of appendectomy
specimens: a systematic review and meta-analysis.
European Society of Coloproctology, Vienna

2019

0.5

Safety of selective histopathological examination following
cholecystectomy for presumed benign gallbladder disease: a
systematic review and meta-analysis.
Digestive Disease Days, Veldhoven (virtual)

2020

0.5

Selective histopathological examination following
cholecystectomy is oncologically safe: results of the multicentre
prospective FANCY study.
United European Gastroenterology Week, Amsterdam (virtual)

2020

0.5

Selective histopathological examination following
appendectomy is oncologically safe and associated with
substantial cost savings.
European Colorectal Congress, St. Gallen (virtual)

2020

0.5

The risk of peritoneal metastases in patients with pT4a versus
pT4b colon cancer.
Peritoneal Surface Oncology Group International, Paris

2018

0.5

The risk of peritoneal metastases in patients with pT4a versus
pT4b colon cancer.
European Society of Coloproctology, Nice

2018

0.5

Routine histopathological examination of appendectomy
specimens: a systematic review.
European Society of Coloproctology, Nice

2018

0.5

Routine histopathological examination following appendectomy
is unnecessary: results of the multicentre prospective FANCY
study.
European Society of Coloproctology, Vilnius (virtual)

2018

0.5

Chirurgendagen, Veldhoven

2017

0.5

European Society of Coloproctology, Berlin

2017

0.5

Stichting BG ‘de Appendix, een cruciaal aanhangsel’, Delft

2018

0.25

Alpine Colorectal Meeting, Wengen

2018

0.5

Amsterdam Gastroenterology & Metabolism(AG&M) PhD
student retreat, Garderen

2018

0.5

Poster presentations
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Chirurgendagen, Veldhoven

2018

0.5

Peritoneal Surface Oncology Group International, Paris

2018

0.5

Colorectal Cancer Symposium, Amsterdam

2018

0.25

European Society of Coloproctology, Nice

2018

0.5

Chirurgendagen, Veldhoven

2019

0.5

Royal Society of Medicine, Amsterdam

2019

0.5

European Society of Coloproctology, Vienna

2019

0.5

Nederlands Congres Peritoneale Oncologie

2019

0.25

Wetenschapsdag Chirurgie regio 1&2, Amsterdam

2019

0.25

Symposium Experimenteel Onderzoek Heelkundige
Specialismen (SEOHS)

2019

0.25

Digestive Disease Days, Veldhoven (virtual)

2020

0.5

European Society of Coloproctology, Vilnius (virtual)

2020

0.5

United European Gastroenterology Week, Amsterdam (virtual)

2020

0.5

European Colorectal Congress, St. Gallen (virtual)

2020

0.5

2. Teaching

Year

Workload
(ECTS)

W.M. Allema, bachelor thesis

2018

1.0

J.E. Tuijp, bachelor thesis

2018

1.0

T.E. Pluimers, bachelor thesis

2018

1.0

3. Parameters of esteem

Year

Workload
(ECTS)

Dutch Cancer Society (KWF) Grant (COLOPEC 2 trial)

2018

n.a.

4. Other

Year

Workload
(ECTS)

Supervising

Grants

Committees
Amsterdam Gastroenterology & Metabolism(AG&M) PhD student 2018
retreat

1.0

Symposium Experimenteel Onderzoek Heelkundige Specialismen 2019
(SEOHS)

1.0

Stichting Wetenschappelijk Onderzoek Assistenten Heelkundige 2020
Specialismen (SWOAHS)

0.5
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DANKWOORD
Deze laatste pagina’s markeren het einde van een onvergetelijke periode waar ik
met bijzonder veel trots en plezier op terugkijk. Een proefschrift maak je niet alleen:
zonder de steun, het vertrouwen en de toewijding van velen was dit werk er nooit
geweest. Een aantal personen wil ik graag in het bijzonder bedanken.
Allereerst betuig ik graag mijn dank aan alle patiënten die bereid zijn deel te nemen
aan wetenschappelijke studies. Dankzij u is het mogelijk onze kennis te ontwikkelen
en de geneeskunde vooruit te helpen.
Prof. dr. Bemelman, beste Willem, wat was het een prachtig avontuur. Jouw
bevlogenheid en enthousiasme werkten als een katalysator voor mijn motivatie
om alles uit mijn promotietraject te halen. Jij ziet mogelijkheden waar anderen
opgeven, geen beer op de weg is onverslaanbaar. Ik bewonder de vrijheid en
het vertrouwen waarmee je me aan de slag liet gaan. Nog meer waardeer ik de
momenten waarop jij een helpende hand bood, wanneer je merkte dat ik aan
het spartelen was. Ik ben je dankbaar voor je onmiskenbare bijdrage aan dit
proefschrift, maar uiteraard ook voor alle keren dat je toegaf aan mijn drang om
weer eens iets te organiseren. Ik ben vereerd dat ik deel mocht uitmaken van jouw
onderzoeksgroep. Dank voor alle kansen die je me gegeven hebt, ik had het voor
geen goud willen missen.
Prof. dr. Tanis, beste Pieter, wat ben ik blij dat ik onder jouw hoede onderzoek heb
mogen doen. Met jouw analytisch vermogen, integriteit en oog voor detail til je
ieder project en manuscript naar een hoger niveau. Hoe druk je het ook had met
operaties, vergaderingen en andere onderzoekers, altijd was je bereid me te helpen
als ik vastliep. Het meest heb ik genoten van de in opzet korte overlegmomenten die
uitliepen op brainstormsessies van enkele uren. Je pure passie voor de wetenschap
en intrinsieke motivatie voor het verbeteren van de patiëntenzorg werken zeer
inspirerend en zijn van groot belang geweest voor dit proefschrift. Ik hoop dat we
onze samenwerking in de toekomst zullen voortzetten, want ik kan nog oneindig
veel van je leren.
Dr. van der Bilt, lieve Jar, wij hadden direct een goede klik. Je aanstekelijke
enthousiasme voor de wetenschap gecombineerd met het feit dat ik altijd bij je terecht
kan voor advies over zowel werk- als privézaken maakten jou de perfecte toevoeging
aan mijn promotieteam. Naarmate mijn promotietraject vorderde, ging jij een steeds
belangrijkere rol spelen. Niet alleen door je betrokkenheid als co-promotor, maar ook
door het vertrouwen dat je me gaf (en geeft) tijdens mijn eerste maanden als ANIOS
in het Flevoziekenhuis. Dankzij jou waren de laatste loodjes een stuk minder zwaar
en daar ben ik je heel dankbaar voor. Ik hoop nog lang van je te mogen afkijken, want
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de manier waarop jij de patiëntenzorg en wetenschap combineert met je privéleven
is een groot voorbeeld voor mij.
Beste leden van mijn promotiecommissie, prof. dr. Beets, dr. Boerma, prof. dr. Busch,
prof. dr. Dekker, prof. dr. van Delden en prof. dr. van de Vijver, hartelijk dank voor
het lezen en beoordelen van mijn proefschrift. Ik beschouw het als een eer dit
proefschrift tegenover u te mogen verdedigen.
Beste medeauteurs, veel dank voor de prettige samenwerking en de waardevolle
feedback op de manuscripten in dit proefschrift.
Prof. dr. Dijkgraaf, beste Marcel, ik herinner me onze eerste ontmoeting nog goed.
We bespraken de sample size voor de COLOPEC 2, en ik had het idee dat we een
andere taal spraken. Door onze nauwe samenwerking tijdens de FANCY studie kan
ik nu met trots zeggen dat ik je versta. Ik heb enorm genoten van onze overleggen,
waarin je mij niet alleen verder hielp op wetenschappelijk gebied, maar ook altijd één
of twee filosofische wijsheden bijbracht. Zelfs in tijden waarin ik je bij voorkeur via
de mail, telefoon én WhatsApp lastig viel, bleef je bereid me te helpen. Dank voor je
geduld en voor al je adviezen, die blijven me voor altijd bij.
Beste betrokkenen van de Dutch Peritoneal Oncology Group, het is fantastisch dat
er steeds meer aandacht uitgaat naar het ontstaan, de diagnostiek en de behandeling
van peritoneale metastasen. Het probleem is al lang niet meer zo onderbelicht als
voorheen. In het bijzonder dank ik jullie voor jullie enthousiasme en betrokkenheid
bij de COLOPEC 2 trial.
Prof. dr. Vermeulen, beste Louis, beste Kristiaan, Maria, Maartje en Lisanne,
bedankt voor de samenwerking aangaande het muizenproject. Het bundelen van
onze krachten heeft geleid tot een prachtig eindresultaat. Dear Maria, thank you
for your patience and trust, even when you thought I broke the spine of a mouse on
the first day I went to the lab by myself.
Beste collaborators van de Dutch Snapshot Research Group, veel dank voor jullie
onophoudelijke enthousiasme en onvermoeibare inzet voor de FANCY studie. De
inclusies bleven dankzij jullie harde werk aan één stuk door binnenstromen en het
maakt me ontzettend trots dat we met zestig Nederlandse ziekenhuizen deze studie
tot een succes hebben gebracht. Beste leden van de stuurgroep, wat was het een feest
om met jullie de kar te trekken. Ik vind het waanzinnig dat we alle initiatieven vanuit
het land hebben samengebracht. Dank voor alle bemoedigende woorden, dat bleef
mij continu motiveren.
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Dr. van Dieren, beste Susan, dank dat je mij altijd binnen no time van statistisch
advies wilde voorzien. Dr. Snaebjornsson, beste Petur, dank voor je belangrijke input,
ik heb veel van je opgestoken. Beste Wies, Jari en Tessa, mijn Bachelor studenten,
dank voor jullie harde werk!
Beste secretaresses van G4, beste Els, Jacq, Indra, Ingrid, Joke en Ilse, dank voor jullie
hulp en ondersteuning, maar ook voor de gezelligheid op de afdeling. Ilse, dankzij
jou maakte ik me geen moment zorgen over de administratieve zaken tijdens de
afrondende fase van mijn promotietraject. Dank daarvoor!
Beste onderzoekers, arts-assistenten, PA’s en chirurgen van de afdeling Chirurgie
van locatie AMC, wat een feest om drie jaar lang onderdeel uit te maken van deze
groep. Wanneer werken niet als een plicht voelt, weet je dat je op je plek bent. Ik
krijg direct weer een grote glimlach op mijn gezicht als ik denk aan alle skivakanties,
zomerkampen, Sinterklaasavonden, kerstdiners, colarondjes, vrijdagmiddaglunches
en vele borrels. Dank voor alle mooie herinneringen!
Lieve Manouk en Wietse, jullie namen mij als (oudste) co-assistent onder jullie
hoede en introduceerden me bij prof. Bemelman. Dat vormde de springplank voor
mijn wetenschappelijke (en hopelijk chirurgische) carrière, waarvoor ik jullie heel
dankbaar ben. Laten we snel weer proosten, uiteraard op het studentenleven!
Lieve Bemelbinken en –babes, wat een fijne onderzoeksgroep. Niet alleen
heb ik enorm veel van jullie geleerd, maar bovenal heb ik genoten van jullie
gezelligheid tijdens de researchmeetings, BBQ’s en natuurlijk de congressen in
binnen- en buitenland. Ik kan me geen leuker team voorstellen om samen mee
te promoveren.
Dr. Buskens en dr. Hompes, beste Chris en Roel, bedankt voor jullie kritische
blik tijdens researchbesprekingen, welwillendheid om patiënten te includeren,
enthousiaste reacties op de projecten en natuurlijk voor de gezelligheid.
Lieve Lotje, ik kan me geen fijnere voorganger wensen. Hyperintelligent, geduldig
en ook nog eens in het bezit van zeer waardevolle kennis over de gebruiken van
een echte Parisienne. Dat jij nog een paar maanden terug kwam naar G4 was een
groot geschenk, niet in de minste plaats omdat we daardoor samen onze angst voor
muizen konden overwinnen. Ik hoop dat we later als MDL-arts en chirurg zullen
samenwerken. Dank voor je wijsheid en voor je vriendschap.
Lieve Ka, kreeg jij zomaar ineens de taak om als oudste co-assistent een Master
student te begeleiden. Ik zal je eerlijk zeggen dat ik best onder de indruk was van
jouw flamboyante verschijning en overtuigingskracht. De jaren daarna hebben vooral
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jouw onvermoeibaarheid en doorzettingsvermogen een onuitwisbare indruk op mij
achtergelaten. You are one of a kind. Bedankt dat je ons gezamenlijke traject zoveel
kleur hebt gegeven.
Lieve Sophie, binnen no time pakte jij mijn taken op, en dat terwijl ik je alles via
Zoom moest overdragen. Ik ben er 100% van overtuigd dat jij de COLOPEC 2 trial
en alle overige projecten tot een succesvol einde gaat brengen.
Lieve Lot, Jup, dr. Franken, wat ben ik blij dat jij de laatste maanden van je
promotietraject op G4 spendeerde en dat we nu al bijna een jaar samenwerken in het
Flevoziekenhuis. Alhoewel we qua karakter misschien enorm van elkaar verschillen,
denken we over veel zaken precies hetzelfde. Dat maakt onze vriendschap - want
daar kunnen we inmiddels wel van spreken - voor mij heel waardevol.
Lieve Bom, helft van Viviter Bomtiaenen, verjaardagsgenoot. Met jou is alles een
feest, of het nou gaat om het organiseren van een wintersport, het klaarmaken van
een Italiaans verjaardagsdiner of het bezoeken van een concert van Dua Lipa. Dat
we na drie jaar op G4 ook nog eens als Jut&Jul samen begonnen als ANIOS in het
Flevoziekenhuis was de kers op de taart. Bedankt voor je geduld, het is best lastig als
de klink zo nu en dan ijskoud is en de deur op het andere moment weer wagenwijd
open staat. Ik kijk ernaar uit de mooiste dag van het jaar de rest van ons leven samen
te blijven vieren.
Lieve chirurgen en arts-assistenten in het Flevoziekenhuis, wat ben ik trots om deel
uit te mogen maken van deze groep. Dankzij jullie ben ik een gelukkige dokter.
Samenwerken met jullie geeft me zoveel energie dat het is gelukt om in de avond- en
weekenduren mijn proefschrift af te ronden. Heel veel dank daarvoor! Dr. in ’t Hof,
beste Klaas, jij vangt signalen piekfijn op en hebt precies door welke assistent wat
nodig heeft. Ik ben je daar erg dankbaar voor. Ik hoop in de toekomst nog veel van
je te mogen leren.
Lieve pap en mam, dank voor het bijbrengen van normen en waarden, en voor de
vrijheid en het vertrouwen om zelfstandig keuzes te maken.
Lieve oma en bonusopa Gerard, mijn voorbeeld van ware liefde. Ik bewonder jullie
levenslust en geniet ervan om vanaf de zijlijn toe te zien hoe jullie samen van iedere
dag iets moois maken.
Lief schoonzusje, lieve Noella, door me na te laten denken over dingen die ik als
normaal beschouw laat je mij groeien. Ik ben heel blij dat jij een aantal jaar geleden
in Dennis’ en daardoor ook in mijn leven bent gekomen.
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Lieve 110e, lieve Tim, Chris, Kos en Laar, samen schreven we ons eerste boek. Ik vind
het bijzonder hoe vertrouwd het met jullie voelt, hoe lang we elkaar ook niet hebben
gezien. Reflecteren zullen we voor altijd blijven doen, maar nog meer kijk ik uit naar
alle nieuwe herinneringen die we zullen maken.
Lieve Hoogtijmaatjes, lieve Max, Luus, Heug, Warn en An, ons Nieuwjaarsdiner is
één van mijn lievelingstradities. Behalve dat het gourmetstel plaats heeft gemaakt
voor een luxe borrelplank, is er in al die jaren niets veranderd: de ribbelchips is nog
altijd favoriet, het thema is semi casual party chic, en ik fiets altijd met een glimlach
naar huis. Dank voor jullie vriendschap!
Lieve high rollers, van lotgenoten (junior co-assistenten op een krukje) naar vrienden
voor het leven. Lieve Flip, Soof en Cher, miss Acute Buik heeft nu écht een boek
geschreven. Dat ik met jullie mijn eerste stappen in de artsenwereld mocht zetten
was een groot cadeau. Dat ik jullie na al die jaren nog steeds tot mijn vrienden
mag rekenen, is nog veel meer waard. Lieve Sop en Door, vriendinnen, wat geniet
ik altijd van de momenten met jullie. Het maakt niet uit waar en wanneer, als het
maar bourgondisch is. Dank voor jullie oprechte interesse en betrokkenheid, jullie
zijn uniek.
Lief jaar 2010, ook al zien we elkaar niet meer iedere week, de basis is gelegd en de
vriendschap zal nooit vergaan. Dank voor de momenten van ontspanning. Wat kijk
ik ernaar uit weer met jullie op avontuur te gaan. Lieve Lau, hoe gezellig dat jij ook
in het AMC kwam promoveren. Zeuren en elkaar weer opbeuren: de koffietjes op het
Voetenplein en de wandelingen in het Vondelpark gaven me altijd weer energie om
door te gaan. Lieve Lot, met jou is het áltijd fijn. Niet alleen kunnen we uren praten,
maar dankzij ons zelfde gevoel voor humor heb ik ook vaak genoeg buikpijn van het
lachen. Onze weekendjes in de Spa, inclusief afgezaagd driegangendiner waar wij
maar wat van genieten, zorgen ervoor dat mijn batterij weer wordt opgeladen. Wat
mij betreft geldt voor altijd: Spek&Riet, us against the world. Ik ben heel trots op jou
en ontzettend blij dat je in mijn leven bent. Dank voor alles.
Lieve oud roomies, lieve Mel, Marjo en Liz. Wat hadden we het goed hè, als de vier
Claeszen in Oud-West. Er is niemand met wie ik mijn studentenbestaan liever had
afgesloten. Ik hoop dat we snel weer limoncello (en grappa) kunnen drinken. Lieve
Mel, jij bleek de perfecte toevoeging aan de evil three sisters. Wij kunnen het zo
heerlijk niet met elkaar eens zijn, zonder dat er een verhitte discussie ontstaat. Door
jou is niets vanzelfsprekend, en daar leer ik van. Dank voor al je verlichte ideeën
en natuurlijk voor je interesse in mijn muizenproject: hoofdstuk 3 is speciaal voor
jou. Lieve Marjokkie, mijn yearie en roomie in een. Met jou kan ik genieten van de
simpele dingen in het leven: (vega) kip tandoori, GTST en top 40 muziek. Ik zou onze
vriendschap echter tekort doen, als ik niet zou benoemen hoeveel ik de afgelopen
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jaren aan je heb gehad. Je gunt je dierbaren alles en staat altijd voor iedereen klaar.
Ik bewonder je om je moed en je doorzettingsvermogen. Je bent voor mij een heel
bijzonder en zeer dierbaar persoon. Ik zal je nooit uit het oog verliezen. Lieve Liz,
mijn dibbes, hoe ver weg ook, altijd dichtbij. Door jou voel ik me nooit alleen. Hand
in hand hebben we de grote stad ontdekt en een poging gedaan volwassen te worden.
Ik kan een boek schrijven over alles wat wij samen hebben meegemaakt, maar nooit
zal ik in woorden kunnen uitdrukken wat jij (samen met je familie) voor mij betekend
hebt en nog steeds doet. Zonder jou was ik niet geweest waar ik nu ben. Eén ding is
zeker: welke wegen we ook inslaan, onze paden zullen blijven kruisen, want jij bent
mijn familie en dat is voor altijd. Ik kan me geen beter maatje wensen, duizendmaal
dank dat jij er bent.
Lieve wij&zo, mijn basis, de altijd rijdende trein. Wat moet ik zonder jullie beginnen?
Al bijna vijftien jaar delen we lief en leed. Ik ben zo intens trots op en dankbaar voor
onze vriendschap. Iedere dag opnieuw zou ik voor jullie kiezen. Lieve Claire, Daan,
Meek, Mies en Stel, stuk voor stuk hebben jullie een bijzonder plekje in mijn hart.
Ik kijk uit naar de vele avonturen en tientallen jaren vriendschap die nog volgen.
Lieve Joy, jouw zorgzaamheid kent geen grenzen. Verander nooit, ik ben gek op jou!
Lieve An, hoe druk je het ook hebt, vergeten te vragen hoe het met een ander gaat
zal jij nooit. Dat is echt heel bijzonder en maakt jou uniek, je vriendschap is mij heel
veel waard. Lieve Flo, mijn wifey. Jij kent me door en door. Jouw mening is voor mij
vaak de belangrijkste en naar jouw advies luister ik altijd. Een Siamese tweeling
sinds de brugklas (in groep 8 waren we immers geen vriendinnen), loslaten zal ik
je nooit. Lieve Lous, hoe wij naar elkaar zijn toegegroeid vind ik heel bijzonder.
Bij jou kan ik alles zeggen wat ik denk, maar meestal heb ik maar weinig woorden
nodig. Wij snappen elkaar zó goed, het is een feest der herkenning. Dankjewel voor
alles, je bent goud waard. Lieve Laar, zonder jou zou niet alleen de omslag, maar dit
hele proefschrift er niet zijn. Altijd ben je bereid met me mee te denken, en je geeft
me precies het vertrouwen en de steun die ik nodig heb. Het gevoel dat ik altijd bij
jou terecht kan zorgt voor rust. Je bent voor mij van onschatbare waarde. Ik ben
ongelooflijk trots dat ik jou al zo lang tot mijn allerbeste vriendinnetjes mag rekenen.
Lieve Taar, mijn beste G4-maatje, maar inmiddels zoveel meer dan dat. Vanaf dag
1 waren we als twee handen op één buik, of zoals wij liever zeggen: als twee billen
in één broek. Uitgepraat zijn we nooit, onbegrijpelijk voor anderen, maar voor ons
niet meer dan logisch. In nog geen vijf jaar tijd heb je jezelf onmisbaar gemaakt en
me laten zien wat onvoorwaardelijke steun betekent. Ik heb dan ook geen moment
getwijfeld jou als mijn taranimf te vragen, want er is niemand anders die tegelijkertijd
aan mijn zij, rug en elleboog kan staan. Met afstand ben jij het allergrootste geschenk
dat ik aan mijn promotietijd overhoud. Jij bent mijn soulmate en door jou geloof ik
dat telepathie bestaat. Bedankt dat jij ons motto in stand houdt en mijn mijlpalen
viert als ik het zelf niet doe. Bedankt dat je nooit opgeeft en beter weet wat ik
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nodig heb dan ikzelf. Het leven is een achtbaan, maar met jou kan ik de wereld aan.
Superlatieven schieten tekort. Bedankt dat je er was, bent en altijd zal zijn.
En dan tot slot, mijn twee grote voorbeelden, mijn broer en zus. Lieve Den, al je hele
leven lang houd jij als opperhoofd in de gaten of alles wel goed gaat met je kleine
zusjes. Je bent mijn held, of zoals Jimmy Cooper ooit zei: ‘You’re my hero!’ Jouw
voetstappen zal ik altijd volgen. Ik ben vereerd dat jij op mijn promotie namens de
Baassies naast me staat. Lieve Lau, zonder twijfel de dapperste en avontuurlijkste van
ons drieën. Jij lijkt voor niets bang. Vanaf jongs af aan heb ik kunnen zien hoe jij altijd
jezelf blijft, en je door niks of niemand gek laat krijgen. Daarmee heb je mij geleerd
met beide benen op de grond te blijven staan. Liefste broer en zus, jullie hebben geen
idee hoe fijn het is om jullie kleine zusje te zijn. Jullie kennen mij beter dan wie dan
ook en geven me een gevoel van veiligheid dat niet in woorden uit te drukken valt.
Als twee steunpilaren staan jullie altijd voor me klaar. Op jullie kan ik bouwen. Dank
voor de onvoorwaardelijke liefde en support. Ik ben trots op ons drieën. Samen staan
we sterk, dat hebben we wel bewezen. Ik hou van jullie.

Vivian Bastiaenen
Amsterdam, 28 februari 2021
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