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Introduction
Colorectal cancer
With over a million new cases per year worldwide, colorectal cancer is the third
most common malignancy.1 In the Netherlands, colorectal cancer comprises
about 14.000 new cases and almost 5000 deaths yearly.2 Either at time of
diagnosis or later during follow-up after initial surgery, metastases can occur. The
most prevalent metastatic site in colorectal cancer is the liver, followed by the
peritoneum and the lungs in both the synchronous and metachronous setting.3,4
Metastatic disease highly deteriorates prognosis, resulting in a five-year overall
survival of 11% in stage IV colorectal cancer patients as compared to 71% in
patients with stage I-III disease.2 In patients with peritoneal metastases, prognosis
is poorer as compared to prognosis in patients with liver metastases.3,5 In the
past decades, extensive research including multiple randomized controlled trials
is executed for the optimization of treatment for patients with colorectal liver
metastases, which has resulted in a median overall survival of about 61 months
in these patients.6,7 However, for colorectal peritoneal metastases, much less is
known about the optimal treatment strategy,8,9 despite the number of patients
being diagnosed with this severe type of metastatic colorectal cancer and its poor
prognosis, with a median survival of about 36 months when optimally treated
with cytoredutive surgery and hyperthermic intraperitoneal chemotherapy (CRSHIPEC), being the first choice treatment in eligible patients.2

Peritoneal metastases of colorectal origin
The peritoneum consists of epithelial tissue forming the inner lining of the
abdominal cavity, covering most intra-abdominal organs and the abdominal wall.
Peritoneal metastases are the result of intra-abdominal dissemination of tumor
cells, most frequently originating from colorectal, ovarian or gastric cancer and
can be deposited throughout the abdominal cavity.5,10,11 As different primary
tumors have different tumor biology and therefore require different treatment
strategies, this thesis only focuses on peritoneal metastases of colorectal origin,
in order to maintain homogeneity. Depending on extent, size, and location,
peritoneal metastases can cause severe symptoms of mechanical obstruction due
to large tumor deposits and/or ascites. These symptoms only occur in a part of
the patients and usually manifest in an advanced stage of disease.12 Moreover,
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the sensitivity of currently standard imaging techniques used in colorectal cancer
is limited.13 Therefore, diagnosis of peritoneal metastases is challenging and as a
result, the majority of patients present with already extensive peritoneal disease
at time of diagnosis.14

Curative vs. palliative intent treatment for colorectal peritoneal
metastases
In patients having distant systemic metastases or extensive intraperitoneal disease
(peritoneal cancer index >20 or all abdominal regions affected) at time of diagnosis,
CRS-HIPEC is considered not beneficial.15,16 These patients are usually only offered
palliative systemic treatment or by exception experimental treatments like PIPAC
(pressurized intraperitoneal aerosol chemotherapy), a technique of intraperitoneal
administration of chemotherapy which could increase locoregional efficacy and
decrease systemic toxicity. Patients with limited intraperitoneal disease may
be eligible for cytoreductive surgery followed by hyperthermic intraperitoneal
chemotherapy (CRS-HIPEC), being the standard of treatment for these patients in
the Netherlands.9,17 This thesis mainly focuses on the latter group.

Cytoreductive surgery and heated intraperitoneal chemotherapy
In patients with isolated and limited intra-peritoneal disease, CRS-HIPEC is
recommended by most (inter)national guidelines.9,17 During cytoreductive surgery,
all visible tumor is removed by the surgeon, followed by circulation of heated
chemotherapy throughout the abdomen. This treatment has come into practice
after a randomized controlled trial published in 2003, which showed a significantly
better overall survival in patients undergoing CRS-HIPEC compared to patients
undergoing palliative systemic therapy only, which was the standard treatment in
the absence of curative treatment options at the time.18,19 Nowadays, about 430
specialized centers worldwide perform this type of surgery,9 resulting in 5-year
survival of approximately 30%.20,21 In an attempt to further improve outcomes,
perioperative (i.e. neoadjuvant and adjuvant) systemic therapy may be added to
the surgical treatment.
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Perioperative systemic therapy
Unfortunately, local and/or systemic recurrence occurs in most patients with
colorectal peritoneal metastases, even after CRS-HIPEC. In 35-41% of all patients
this even occurs within one year after treatment.22,23 In an effort to prevent or delay
recurrence and prolong overall survival, various experts have advocated systemic
treatment in these patients either in a neoadjuvant setting, adjuvant setting or
a combination of both, as it may enhance preoperative tumor downstaging,
eradicate systemic micrometastases, and eliminate postoperative microscopic
residual disease. Others have questioned this strategy as compelling evidence to
support systemic treatment in addition to CRS-HIPEC is currently lacking and sideeffects may be severe, possibly causing postoperative morbidity and a decrease
in quality of life.
In the absence of consensus among experts, there is a wide variation in systemic
treatment protocols of these patients. In 2017, two systematic reviews addressing
the role of (neo)adjuvant systemic therapy in patients with colorectal peritoneal
metastases undergoing CRS-HIPEC were published.8,24 Both concluded that
available evidence on the value of (neo)adjuvant systemic therapy as part of
the treatment of colorectal peritoneal metastases was limited. There were no
randomized controlled trials (RCT’s) available and heterogeneity within the listed
prospective and retrospective observational cohort studies was evident.

Part I: Towards a multimodal treatment for colorectal
peritoneal metastases
A randomized controlled trial to investigate the value of systemic
chemotherapy in this setting
To address this evidence gap, the CAIRO6 trial was initiated in 2017. In this trial,
patients with resectable synchronous or metachronous colorectal peritoneal
metastases are randomized (1:1) for upfront CRS-HIPEC without (neo)adjuvant
systemic therapy (control arm) or CRS-HIPEC, preceded by neoadjuvant systemic
therapy and followed by adjuvant systemic therapy (experimental arm). In Chapter
2, a brief protocol summary of the CAIRO6 trial was described. This intentionto-treat trial is subdivided in a phase II and a phase III trial. The phase II trial,
which was completed early 2019, focused on safety, feasibility, and tolerability
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of perioperative systemic treatment, the response to neoadjuvant treatment and
the trial’s accrual. In Chapter 3, results of this phase II trial are depicted. Results
of the phase II trial were ultimately important in order to endorse continuation
of the phase III trial. Also, these results may guide clinical physicians in patient
counselling, both for trial participation (in the Netherlands) and to inform patients
with colorectal peritoneal metastases about safety and tolerability of perioperative
systemic therapy (worldwide). The primary endpoint of the ongoing phase III trial
is three-year overall survival, with the hypothesis of a 15% increase in overall
survival in the experimental arm, as compared to the control arm.

Patient-reported outcomes
Over the past few decades, great progress is achieved in the oncologic treatment
of many malignancies. However, aiming for the greatest treatment efficacy
may consequently involve prolongation and intensification of treatment. This
has resulted in an increasing group of cancer survivors, which has led to a new
focus in clinical research: patient-reported outcomes (PROs). In the CAIRO6 trial,
patients in the experimental arm underwent about three months of neoadjuvant
systemic treatment prior to surgery, and underwent another three months of
adjuvant systemic therapy after surgery, if clinical circumstances allowed for it.
As it is known that systemic chemotherapy may cause serious side effects,25 an
increase of treatment and symptom burden could have been the case in patients
the experimental arm compared to patients in de control arm. Therefore, all
participants in the CAIRO6 trial were asked to complete questionnaires regarding
quality of life and symptoms before, during and after completion of trial
treatment. For the phase II trial, patient-reported outcomes up to six months after
(intended) surgery were compared between the two treatment arms, as described
in Chapter 4. These results may inform clinicians and their patients on the effects
of perioperative systemic therapy on patient-reported outcomes in this setting,
and may also provide insight in the burden of perioperative systemic therapy in
other malignancies.
Besides PROs in CAIRO6, quality of life was also investigated using The PROFILES
registry, which is a Dutch registry system for comprehensive population-level PRO
monitoring, which collects longitudinal PRO data from cancer patients since 2008.
This registry also included many colorectal cancer patients undergoing surgical
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treatment. All of the included colorectal cancer patients constituted the so called
PROCORE study, which provides insight in both short-term and long-term PROs
after the surgical treatment of colorectal cancer. While quite some research on
patients undergoing CRS-HIPEC is performed, it is unknown to what extent this
treatment affects PROs compared to more conventional surgical treatments of
primary colorectal cancer. This first-time comparison is depicted in Chapter 5,
in which PROs of patients having undergone CRS-HIPEC (within the CAIRO6 trial)
were compared with PROs of colorectal cancer patients included in the PROCORE
study before, shortly after and one year after surgical treatment. By bringing
the surgical treatment of colorectal peritoneal metastases (CRS-HIPEC) into
perspective of other, frequently applied surgical treatments for colorectal cancer
patients, patients might be able to make a better judgement of what the proposed
treatment by their clinician entails.

Part II: Population-based studies in patients with
colorectal peritoneal metastases
Part I of this thesis is mainly based on data derived from a clinical trial, with
strict in- and exclusion criteria due to the experimental treatment being studied
in this trial. Part II comprises research based on nationwide data derived from
the Netherlands Cancer Registry (NCR). Data on patient- tumor and treatment
characteristics are routinely collected from all patients being diagnosed with any
malignancy in the Netherlands since 1989. The NCR is managed by the Netherlands
Comprehensive Cancer Organisation (Integraal Kankercentrum NederLand; IKNL),
which covers the complete Dutch population. Due to this structured approach of
data registration, the Netherlands has acquired a unique position as compared
to other countries, with complete, unselected data. Population-based studies are
important to bridge the gap of knowledge between clinical trials in highly selected
patients and unselected patients treated in everyday clinical practice.26,27 Except
insight in the effect of treatments which are applied on a large scale, populationbased studies also serve to acquire knowledge on the incidence and risk factors
for malignancies, which may guide future research focusing on the early detection
or prevention of malignant disease.

Adjuvant systemic therapy after CRS-HIPEC
In the Netherlands, unlike some other countries, neoadjuvant systemic therapy
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prior to CRS-HIPEC is currently only administered in patients with an advanced
primary tumor, initially unresectable peritoneal metastases or a poor general
condition.28 The value of this approach is currently being investigated in the
CAIRO6 trial. Following upfront CRS-HIPEC, an internationally debated topic is
whether patients with isolated synchronous colorectal peritoneal metastases
should receive adjuvant systemic chemotherapy. Some experts advocate routine
use of adjuvant systemic chemotherapy in this setting,9,17 while others recommend
adjuvant systemic chemotherapy only in case of lymph node involvement, and
some only state that adjuvant systemic chemotherapy could be considered.9
These inconsistencies reflect an absence of evidence on the association between
adjuvant systemic chemotherapy and overall survival. In Chapter 6, the association
between adjuvant systemic chemotherapy and overall survival was assessed in
a population-based cohort of patients undergoing CRS-HIPEC with or without
adjuvant systemic therapy as treatment for synchronous colorectal peritoneal
metastases. As this is a first-time comparison of these two treatment strategies
on a population-level, this may enhance clinical decision-making and guide future
research in the treatment of these patients.

The choice of chemotherapeutic regimen during HIPEC
Inevitably, quite some variance in the treatment of colorectal peritoneal metastases
is present around countries and physicians.9 As discussed above, one of the greatest
differences is present in perioperative systemic treatment strategies. Also in the
surgical treatment itself, some variance exist. Whilst oxaliplatin and mitomycin C
are the two most commonly administered types of intra-peritoneal chemotherapy
regimens during HIPEC worldwide, no consensus is achieved on which of the two
regimens is of preference regarding oncologic outcome.29 In the Netherlands, CRSHIPEC for colorectal peritoneal metastases is performed in eight specialized HIPECcenters. All these centers adhere to the same nationwide protocol with regard to
selection and treatment of patients and therefore, variability between centers is
limited.30 The only parameter that differs is the choice of intraperitoneal drug, as
over time, some HIPEC centers switched from 90 min triple dose mitomycin C to
30 min bidirectional oxaliplatin, as this appeared feasible and was associated with
a shorter HIPEC phase. Chapter 7 comprises a comparison between these two
HIPEC regimens with regard to overall survival. For this comparison, a nationwide
cohort including patients with synchronous colorectal peritoneal metastases
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having undergone CRS-HIPEC with either mitomycin C or oxaliplatin was analyzed.
Results from this analysis may guide clinicians performing CRS-HIPEC worldwide
in their decision making for the intraperitoneal regimen.

Risk factors for synchronous and metachronous peritoneal
metastases
Peritoneal metastases can develop and be diagnosed simultaneously with the
primary tumor (synchronous peritoneal metastases), or develop later, during followup after curative intent treatment of primary colorectal cancer (metachronous
peritoneal metastases). Ever since 2011, no studies on the incidence of peritoneal
metastases in patients with colorectal cancer are conducted on a populationbased level. With an increasing interest in peritoneal metastases, combined with
improved imaging techniques and increased awareness of peritoneal metastases,
reliable, up-to-date epidemiological data are needed to form a basis for future
clinical trials and to translate the findings to the impact on current clinical practice.
Therefore, a new study using recent data from IKNL was conducted. Chapter
8 provides an overview of the incidence of synchronous and metachronous
peritoneal metastases in an unselected cohort of patients with colorectal cancer.
Also, risk factors for both synchronous and metachronous peritoneal metastases
were identified.
Subsequently, it is unknown whether the tumor behavior differs between
synchronous and metachronous colorectal peritoneal metastases. A different
tumor behavior may result in a different prognosis and therefore require
adjusted treatment strategies. However, most international guidelines do
not take the presentation of colorectal peritoneal metastases into account in
recommendations regarding treatment. In Chapter 9, treatment strategies and
survival of patients with metachronous peritoneal metastases were investigated
and compared to treatment strategies and survival of patients with synchronous
peritoneal metastases. These data provide an up-to-date basis for future clinical
trials investigating new methodologies to improve the diagnosis and treatment of
colorectal peritoneal metastases, ultimately aiming for better prognosis in these
patients.
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Controversy on the definition of peritoneal/ovarian metastases
Unlike systemic metastases like liver- and lung metastases, which are the result
of hematogenous spread of tumor cells, peritoneal metastases are the result of
dissemination of tumor cells trough the abdominal cavity (peritoneal spread). 31–33
However, there is controversy about the way ovarian metastases develop. Some
say ovarian metastases should be acknowledged as peritoneal metastases (as a
result of intraperitoneal spread), while others suppose ovarian metastases to be
systemic metastases (as a result of hematogenous spread). Consequently, it is
unknown what the best treatment strategy is for women with ovarian metastases of
colorectal origin. Chapter 10 provides an overview of the incidence of synchronous
colorectal ovarian metastases in Dutch female patients with colorectal cancer,
identifies risk factors for the development of ovarian metastases and gives insight
in the survival of these patients according to different treatment strategies.
In summary, the work in this thesis focusses on patients with colorectal peritoneal
metastases. Part I addresses the optimization of treatment by adding perioperative
systemic therapy to the standard of treatment in the Netherlands (upfront CRSHIPEC only), which is investigated in the randomized controlled CAIRO6 trial. Part II
comprises nationwide studies on incidence, risk factors, treatment strategies and
survival in patients with colorectal peritoneal and ovarian metastases.
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Abstract
Background – Upfront cytoreductive surgery with HIPEC (CRS-HIPEC) is the
standard treatment for isolated resectable colorectal peritoneal metastases (PM)
in the Netherlands. This study investigates whether addition of perioperative
systemic therapy to CRS-HIPEC improves oncological outcomes.
Methods – This open-label, parallel-group, phase II-III, randomised, superiority
study is performed in nine Dutch tertiary referral centres. Eligible patients are
adults who have a good performance status, histologically of cytologically proven
resectable PM of a colorectal adenocarcinoma, no systemic colorectal metastases,
no systemic therapy for colorectal cancer within six months prior to enrolment,
and no previous CRS-HIPEC. Eligible patients are randomised (1:1) to perioperative
systemic therapy and CRS-HIPEC (experimental arm) or upfront CRS-HIPEC alone
(control arm) by using central randomisation software with minimsation stratified
by a peritoneal cancer index of 0-10 or 11-20, metachronous or synchronous
PM, previous systemic therapy for colorectal cancer, and HIPEC with oxaliplatin
or mitomycin C. at the treating physician’s discretion, perioperative systemic
therapy consists of either four 3-weekly neoadjuvant and adjuvant cycles of
capecitabine with oxaliplatin (CAPOX), six 2-weekly neoadjuvant and adjuvant
cycles of 5-fluorouracil/leucovorin with oxaliplatin (FOLFOX), or six 2-weekly
neoadjuvant cycles of 5-fluorouracil/leucovorin with irinotecan (FOLFIRI) followed
by four 3-weekly (capecitabine) or six 2-weekly (5-fluorouracil/leucovorin) adjuvant
cycles of fluoropyrimidine monotherapy. Bevacizumab is added to the first three
(CAPOX) or four (FOLFOX/FOLFIRI)) neoadjuvant cycles. The first 80 patients are
enrolled in a phase II study to explore the feasibility of accrual and the feasibility,
safety, and tolerance of perioperative systemic therapy. If predefined criteria
of feasibility and safety are met, the study continues as a phase III study with
3-year overall survival as primary endpoint. A total of 358 patients is needed to
detect the hypothesised 15% increase in 3-year overall survival (control arm 50%;
experimental arm 65%). Secondary endpoints are surgical characteristics, major
postoperative morbidity, progression-free survival, disease-free survival, healthrelated quality of life, costs, major systemic therapy related toxicity, and objective
radiological and histopathological response rates.
Discussion – This is the first randomised study that prospectively compares
oncological outcomes of perioperative systemic therapy and CRS-HIPEC with
upfront CRS-HIPEC alone for isolated resectable colorectal PM.
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Background
The peritoneum is the second most common isolated metastatic site of colorectal
cancer after the liver.1,2 Patients with isolated colorectal peritoneal metastases
(PM) have a poor median survival, ranging from several months to approximately
one year.2-6 In the Netherlands, nearly 30% of these patients undergo cytoreductive
surgery with hyperthermic intraperitoneal chemotherapy (CRS-HIPEC).6 Median
survival in this selected group approaches three year with a small chance of
cure.7,8 The increasing acceptance of CRS-HIPEC in clinical practice is supported
by a randomised study and several observational series.7,9-11 In the Netherlands,
upfront CRS-HIPEC is the current standard treatment for isolated resectable
colorectal PM.12 The addition of neoadjuvant and adjuvant systemic therapy,
together commonly referred to as perioperative systemic therapy, to CRS-HIPEC
has potential benefits and drawbacks.

Potential benefits of perioperative systemic therapy
Perioperative systemic therapy may eradicate systemic micrometastases.
Colorectal PM mostly arise from advances primary tumours with a high risk
of systemic spread.1,3,4 Indeed, systemic failure if common after CRS-HIPEC.13
Moreover, lymph node positivity is associated with poor outcomes after CRSHIPEC,14 probably due to higher systemic recurrence rates. Perioperative systemic
therapy could improve outcomes by decreasing the risk of systemic failure.
Secondly, neoadjuvant systemic therapy may decrease the intraperitoneal tumour
load. Objective morphological and histopathological responses to neoadjuvant
systemic therapy are reported in about 50 and 30% of patients with colorectal PM,
respectively.15,16 Patients with response could have favourable outcomes due to a
lower intraoperative disease load, a higher chance of a complete cytoreduction, and
less extensive surgery potentially leading to a lower postoperative morbidity.17,18
Thirdly, adjuvant systemic therapy may eradicate residual cancer cells after CRSHIPEC. This could improve oncological outcomes by decreasing recurrence rates,
as suggested by studies focusing on non-peritoneal colorectal metastases.19
Lastly, response assessment to neoadjuvant systemic therapy could improve
patient selection for CRS-HIPEC. Potentially harmful CRS-HIPEC may be avoided in
patients with early progression who are unlikely to benefit due to an unfavourable
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tumour biology, whereas patients with a favourable response could achieve
relevant long-term survival.20,21

Potential drawbacks of perioperative systemic therapy
Systemic therapy appears to be less effective for colorectal PM compared to
non-peritoneal colorectal metastases.22 This phenomenon may beexplained
by relative insensitivity of PM to systemic treatment,23 probably as a result of a
low intraperitoneal concentration of systemically administered drugs.24 Thereby,
preoperative disease progression and secondary unresectability could occur in
a substantial number of patients who receive neoadjuvant systemic therapy.25,26
Secondly, perioperative administration of systemic therapy may decrease its
reintroduction rate at disease recurrence, which occurs in the vast majority of
patients.8 As a result, perioperative systemic therapy probably only prolongs
the progression-free interval without improving overall survival, as previously
observed for resectable colorectal liver metastases.27,28
Thirdly, systemic therapy is associated with toxicity.29 Some patients could become
ineligible for CRS-HIPEC due to systemic therapy related toxicity. Moreover,
preoperative administration of bevacizumab may increase postoperative
complications after CRS-HIPEC.30 Perioperative systemic therapy and its toxicity
intensify and prolong the initial treatment period, which could interfere with
quality of life.
Lastly, perioperative systemic therapy and its toxicity could increase health care
cost, especially in the era of increasing use of targeted agents.31,32

Rationale for this study
For isolated resectable colorectal PM, there are no randomised studies that
prospectively compare the oncological efficacy of perioperative systemic
therapy and CRS-HIPEC with upfront CRS-HIPEC alone.33 The available evidence
solely consists of clinically heterogeneous, often non-consecutive observational
studies with high risks of selection bias.33 Notwithstanding the lack of evidence,
perioperative systemic therapy is widely administered to patients with isolated
resectable colorectal PM.33 However, administration and timing of perioperative
systemic
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therapy

vary

substantially

between

countries,

hospitals,

and

guidelines.9,33-35 More importantly, it remained unknown whether perioperative
systemic therapy has an intention-to-treat benefit in this setting.33-35 Therefore,
this study randomises patients with isolated resectable colorectal PM to receive
either perioperative systemic therapy and CRS-HIPEC or upfront CRS-HIPEC alone.

Rationale for perioperative systemic regimen
A total period of six months of perioperative systemic therapy is divided into three
months of neoadjuvant systemic therapy and three months of adjuvant systemic
therapy. A partially perioperative administration of systemic therapy could be
beneficial, since some patients are unable to receive adjuvant systemic therapy
due to postoperative morbidity.36 Moreover, systemic therapy may be better
tolerated before than after CRS-HIPEC, hence allowing increase dose-intensity. The
potential advantages of a perioperative strategy have already been demonstrated
in patients with other resectable gastrointestinal malignancies.37-39
The rationale for the neoadjuvant regimen is derived from first-line studies
in metastatic colorectal cancer. Doublet chemotherapy consisting of a
fluoropyrimidine with either oxaliplatin or irinotecan achieves higher response rates
than fluoropyrimidine monotherapy.40-43 Combinations of 5-fluorouracil/leucovorin
with oxaliplatin (FOLFOX), capecitabine with oxaliplatin (CAPOX), 5-fluorouracil/
leucovorin with irinotecan (FOLFIRI), and capecitabine with irinotecan (CAPIRI) have
similar efficacy,44 but the latter has an unfavourable toxicity profile.45-47 Although
triplet chemotherapy achieves higher response rates than doublet chemotherapy,
it substantially increases toxicity.48 Doublet chemotherapy may therefore be
preferable, since patients in this study have resectable disease without a need for
aggressive conversion therapy. The efficacy of doublet chemotherapy is increased
by the addition of epidermal growth factor (EGFR) inhibitors or bevacizumab.49,50
When added to doublet chemotherapy, similar response rates are observed for EGFR
inhibitors and bevavizumab.51-53 However, unexpectedly unfavourable outcomes
were observed after addition of the EGFR inhibitor cetuximab to perioperative
doublet chemotherapy for resectable colorectal liver metastases.54 Therefore,
bevacizumab seems to be the preferred targeted agent, as suggested by some
observational and experimental studies focusing on colorectal PM.16,55,56 It is not
beneficial to add EGFR inhibitors to doublet chemotherapy with bevacizumab.57,58
Taken together, neoadjuvant systemic therapy in this study comprises bevacizumab
with either CAPOX, FOLFOX, or FOLFIRI.
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The rationale for the adjuvant regimen is derived from adjuvant studies in
high-risk colon cancer. Fluoropyrimidine monotherapy is more effective than
observation,59,60 with a similar efficacy of capecitabine and 5-fluorouracil/
leucovorin.61 Addition of oxaliplatin to fluoropyrimidines is beneficial,62-64 while
addition of irinotecan is not.65-68 It is not beneficial to add targeted therapies to
adjuvant chemotherapy.69-73 Conclusively, adjuvant systemic therapy in this study
consists of either CAPOX, FOLFOX, or fluoropyrimidine monotherapy.

Rationale for the phase II-III approach
This is the first prospective multicentre study in patients with isolated resectable
colorectal PM in the Netherlands. Moreover, perioperative chemotherapy with
bevacizumab has never been prospectively investigated in this particular patient
population. As a result, little is known about the feasibility of conducting such a study
and about the feasibility, safety and tolerance of perioperative chemotherapy with
bevacizumab in this setting. These issues are carefully assessed by incorporation
of a randomised phase II (pilot) study, as previously successfully performed in the
FOxTROT study on preoperative chemotherapy for locally advanced resectable
colon cancer.74

Methods
This protocol summary follows the Standard Protocol Items: Recommendations
for Interventional Trials (SPIRIT) Statement.75

Study design
This is a multicentre, open-label, parallel-group, phase II-III, superiority study that
randomises eligible patients in a 1:1 ratio to receive either perioperative systemic
therapy and CRS-HIPEC (experimental arm) or upfront CRS-HIPEC alone (control
arm).

Objectives
Objectives of the phase II study are to explore the feasibility of accrual, the feasibility,
safety, and tolerance of perioperative systemic therapy, and the radiological and
histopathological response of colorectal PM to neoadjuvant systemic therapy.
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The primary objective of the phase III study is to compare survival outcomes
between both arms. Secondary objectives are to compare surgical characteristics,
major postoperative morbidity, health-related quality of life, and costs between
both arms. Secondary objectives confined to the experimental arm are to
assess major systemic therapy related toxicity and the objective radiological and
histopathological response of colorectal PM to neoadjuvant systemic therapy.

Study setting
In the phase II study, accrual, perioperative systemic therapy, and CRS-HIPEC are
restricted to nine study centres. These study centres include all Dutch tertiary
referral centres qualified for the surgical treatment of colorectal PM, consisting of
five university hospitals and four teaching hospitals.
In the subsequent phase III study, accrual and CRs-HIPEC remain restricted to the
nine study centres, whereas perioperative systemic therapy can be administered
in about fifteen additional satellite centres. These satellite centres are Dutch
university and (non-)teaching hospitals qualified for the systemic treatment of
patients with metastatic colorectal cancer. A list of study sites can be obtained at
ClinicalTrials.gov (NCT02758951).

Eligibility criteria
Patients
Eligible patients are adults who have a World Health Organisaton (WHO)
performance status of ≤1, histological or cytological proof of PM of a nonappendiceal colorectal adenocarcinoma with ≤50% of the tumour cells being signet
ring cells, resectable disease determined by abdominal computed tomography
(CT) and a diagnostic laparoscopy/laparotomy, no evidence of systemic colorectal
metastases within three months prior to enrolment, no systemic therapy for
colorectal cancer within six months prior to enrolment, no contraindications for
CRS-HIPEC, no previous CRS-HIPEC, and no concurrent malignancies that interfere
with the planned study treatment of the prognosis of resected colorectal PM.
Enrolled patients need to be discussed in a multidisciplinary team meeting in a
study centre prior to enrolment. Importantly, enrolment is allowed for patients
with radiologically non-measurable disease. The diagnostic laparoscopy/

31

2

laparotomy may be performed in a referring centre, provided that he peritoneal
cancer index (PCI) is appropriately scored and documented before enrolment.76
Patients are excluded in case of any comorbidity of condition that prevents safe
administration of the planned perioperative systemic therapy, determined by the
treating medical oncologist (e.g. inadequate bone marrow, renal or liver functions,
previous intolerance of fluoropyrimidines or both oxaliplatin and irinotecan,
dehydropyrimidine dehydrogenase deficiency, recent major cardiovascular
events, bleeding diathesis, pregnant or lactating women).

Participating centers
Study centres should be qualified as tertiary referral centres for the surgical
treatment of colorectal PM, with at least 20 procedures of CRS-HIPEC each year.
Satellite centres should be qualified for the systemic treatment of patients with
metastatic colorectal cancer.
Figure 1. General flowchart of the CAIRO6 study.

B blood for translational research; CRS-HIPEC cytoreductive surgery with hyperthermic intraperitoneal
chemotherapy; CT thoracoabdominal computed tomography; Q questionnaires (EQ-5D-5L, QLQ-C30,
QLQ-CR29, iMTA Productivity Cost Questionnaire, iMTA Medical Consumption Questionnaire); T tissue for
translational research.
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Interventions and procedures
Figure 1 shows a general flowchart of the study. Tables 1 and 2 present schedules
of enrolment, interventions, and assessments of the experimental arm and the
control arm, respectively.
Table 1. Schedule of enrolment, interventions, and assessments of the experimental arm.
Surgical Neoadjuvant CRS- Adjuvant 3 mo 6 mo 9 mo
outpatient treatment HIPEC treatment after after after
clinic
CRS- CRS- CRSHIPEC HIPEC HIPEC

Every
6 mo
thereafter

Enrolment
Eligibility screen

X

Informed consent

X

Treatment allocation

X

Interventions
Systemic
chemotherapy

X

Bevacizumab

Xa

CRS-HIPEC

X

X

Thoracoabdominal CT

Xb

X
X

Questionnaires

X

Xc

Translational blood
sampling

X

Xd

Translational tissue
sampling

Xe

Xd

X

X

X

X

X

X

X

X

X

Assessments
Baseline
characteristics

X

Systemic therapyrelated toxicity

X

Radiological response

X

X

Pathological response

X

Completeness of CRSHIPEC

X

Surgical characteristics

X

Postoperative
morbidity

X

Progression-free
survival

X

X

X

X

Disease-free survival
Overall survival

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Patient-reported
outcomes

X

X

X

X

X

X

Costs

X

X

X

X

X

X

CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; mo months; aadded to
the first three (CAPOX) or four (FOLFOX or FOLFIRI) neoadjuvant cycles; bafter three (CAPOX-bevacizumab)
or four (FOLFOX-bevacizumab or FOLFIRI-bevacizumab) neoadjuvant cycles; cafter completion of
neoadjuvant systemic therapy, before CRS-HIPEC; dbetween the first and second cycle of neoadjuvant
systemic therapy; eone day before and seven days after CRS-HIPEC.
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Table 2. Schedule of enrolment, interventions, and assessments of the control arm.

Surgical
CRSoutpatient HIPEC
clinic
Enrolment
Eligibility screen
Informed consent
Treatment allocation
Interventions
CRS-HIPEC
Thoracoabdominal CT
Questionnaires
Translational blood
sampling
Translational tissue
sampling
Assessments
Baseline characteristics
Completeness of CRSHIPEC
Surgical characteristics
Postoperative morbidity
Progression-free survival
Disease-free survival
Overall survival
Patient-reported
outcomes
Costs

3 mo 6 mo 9 mo
after after after
CRSCRSCRSHIPEC HIPEC HIPEC

12 mo
after
CRSHIPEC

Every
6 mo
thereafter

X
X
X
X
X
X
Xd

X
X
X

X

X
X
X

X
X
X

X

X
X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X

X

X

X

X

X

X

X
X

Xa
X

X
X
X
X
X
X

CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; mo months; aone day
before and seven days after CRS-HIPEC.

Figure 2 shows a flowchart of the perioperative systemic therapy in the experimental
arm. At the discretion of the treating medical oncologist, perioperative systemic
therapy consists of either:
•

Four three-weekly neoadjuvant and adjuvant cycles of CAPOX (130 mg/m2
body-surface area [BSA] of oxaliplatin, intravenously [IV] on day 1; 1000 mg/
m2 BSA of capecitabine, orally twice daily on days 1-14), with bevacizumab (7.5
mg/kg body weight, IV on day 1) added to the first three neoadjuvant cycles,
or;

34

•

Six two-weekly neoadjuvant and adjuvant cycles of FOLFOX (85 mg/m2 BSA of
oxaliplatin, IV on day 1; 400 mg/m2 BSA of bolus/continues 5-fluorouracil, IV
on day 1/1-2), with bevacizumab (5 mg/kg body weight, IV on day1) added to
the first four neoadjuvant cycles, or;

•

Six two-weekly neoadjuvant cycles of FOLFIRI (180 mg/m2 BSA or irinotecan,
IV on day 1; 400 mg/m2 BSA of leucovorin, IV on day 1; 400/2400 mg/m2 BSA
of bolus/continuous 5-fluorouracil, IV on day 1/1-2) and either four threeweekly (capecitabine (1000 mg/m2 BSA, orally twice daily on days 1-14) or
six two-weekly (400 mg/m2 BSA of leucovorin, IV on day 1; 400/2400 mg/m2
BSA of bolus/continuous f-fluorouracil, IV on day 1/1-2) adjuvant cycles of
fluoropyrimidine monotherapy, with bevacizumab (5 mg/kg body weight, IV
on day 1 added to the first four neoadjuvant cycles.

Neoadjuvant systemic therapy should start within four weeks after randomisation.
Adjuvant systemic therapy should start within twelve weeks after CRS-HIPEC. In
case of unacceptable toxicity or contra-indications to oxaliplatin of irinotecan in the
neoadjuvant setting, CAPOX or FOLFOX may be switched to FOLFIRI and vice versa.
In case of unacceptable toxicity or contraindications to oxaliplatin in the adjuvant
setting, CAPOX of FOLFOX may be switched to fluoropyrimidine monotherapy.
Dose reduction, co-interventions, and escape medication are not specified a priori,
but left to the discretion of the treating medical oncologist. Perioperative systemic
therapy can be prematurely discontinued due to radiological or clinical disease
progression, unacceptable toxicity, physician’s decision, or at patients request.
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Figure 2. Flowchart of the perioperative systemic therapy in the experimental arm.

CAPOX(-B) capecitabine, oxaliplatin, (bevacizumab); CRS-HIPEC cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy; CT computed tomography; FOLFIRI(-B) 5-fluorouracil, leucovorin, irinotecan,
(bevacizumab); FOLFOX(-B) 5-fluorouracil, leucovorin, oxaliplatin, (bevacizumab); a4 cycles of capecitabine
or 6 cycles of 5-fluorouracil with leucovorin.

CRS-HIPEC
CRS-HIPEC is performed according to the Dutch protocol in all study centres.77 the
choice of HIPEC medication (oxaliplatin or mitomycin C) is left to the discretion of
the treating physician, since neither one has a favourable safety or efficacy.78,79
In the control arm, CRS-HIPEC should be performed within six weeks after
randomisation. In the experimental arm, CRS-HIPEC should be performed within
six weeks after completion of neoadjuvant systemic therapy, and at least six weeks
after the last administration of bevacizumab to minimise the risk of bevacizumabrelated postoperative complications.80

Follow-up
In the control arm, thoracoabdominal CT is performed three, six, and twelve
months after CRS-HIPEC, and every six months thereafter until five years after
randomisation. In the experimental arm, thoraco-abdominal CT is performed
three and nine months after CRS-HIPEC, and every six months thereafter until five
years after randomisation. This follow-up schedule allows for an equal comparison
of progression-free survival between both arms (Figure 1).
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Questionnaires
EQ-5D-5L,81,82 EORTC QLQ-C30,83 EORTC QLQ-CR29,84 iMTA productivity cost
questionnaire (PCQ),85 and iMTA medical consumption questionnaire (MCQ)86
are sent to the patients before study treatment, after completion of neoadjuvant
systemic therapy (experimental arm), every three months after CRS-HIPEC until
one year postoperatively, and every six months thereafter until five years after
randomisation (Figure 1).

Translational research – blood
An additional 20 ml blood is drawn and collected in 10 ml Cell-free DNA BCT tubes
(streck, La Vista, NE, USA) during regular blood draws before study treatment,
between the first and the second cycle of neoadjuvant systemic therapy
(experimental arm), one day before CRS-HIPEC, seven days after CRs-HIPEC,
between the first and the second cycle of adjuvant systemic therapy (experimental
arm), and every follow-up visit until disease recurrence or five years after
randomisation (Figure 1). According to the manufacturer’s instructions, collected
specimens are sent to a central lab, where plasma and cell pellet are isolated and
stored at -80 °C.

Translational research – tissue
In all patients undergoing CRS-HIPEC, tissue specimens of colorectal PM and the
primary tumour are systematically collected and stored for translational research
in the study centres. Three resected colorectal PM, preferably from different
regions, are collected separately. When resected, three regions of up to ±1.5 cm3
are excised from the primary tumour. Tumour tissue of each metastasis and each
region of the primary tumour is stored as both formalin-fixed paraffin-embedded
tissue and fresh frozen tissue at -80 °C. Lastly, a piece of normal tissue is collected
and stored as fresh frozen tissue at -80 °C.
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Outcomes
Outcomes of the phase II study are to explore
•

the feasibility of accrual, based on the total accrual rate, the accrual rate in
each study centre, screening logs, and screening failures;

•

the feasibility of perioperative systemic therapy, based on the number of
patients that (1) start and complete neoadjuvant systemic therapy, with
or without dose reductions, (2) are scheduled for CRS-HIPEC, (3) undergo
complete CRS-HIPEC, and (4) start and complete adjuvant systemic therapy,
with or without dose reductions;

•

the safety of perioperative systemic therapy, based on the number of patients
with (1) sustemic therapy related toxicity, defined as grade ≥2 according to the
Common Terminology Criteria for Adverse Events (CTCAE) v4.0,87 up to one
month after the last administration of systemic therapy and (2) postoperative
morbidity, defined as grade ≥2 according to Calvien-Dindo,88 up to three
months after CRS-HIPEC;

•

the tolerance of perioperative systemic therapy, based on health-related
quality of life extracted from EQ-5D-5L, EORTC QLQ-C20, and QLQ-CR29
during study treatment;

•

the radiological and histopathological response of colorectal PM to neoadjuvant
systemic therapy, based on central review of thoraco-abdominal CT and
resected specimens, respectively. Classifications are not defined a priori.

The primary outcome of the phase III study is 3-year overall survival, defined as
the number of patients who are alive three years after randomisation. Secondary
outcomes in both arms are:
•

progression-free survival, defined as the time between randomisation and
disease progression before CRS-HIPEC, CRS-HIPEC in case of unresectable
disease, radiological proof of recurrence, or death;

•

disease-free survival, defined as the time between CRS-HIPEC and radiological
proof of recurrence or death;

•

health-related quality of life, extracted from questionnaires (EQ-5D-5L, EORTC
QLQ-C30, EORTC QLQ-CR29) at different points in time (Figure 1, Tables 1&2);

•

costs, derived from the Dutch costing guidelines for health care research at
the time of analysis, based on case report forms, hospital information systems
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and questionnaires (iMTA PCQ, iMTA MCQ, EQ-5D-5L) at different point in
time (Figure 1, Tables 1&2);
•

surgical characteristics of CRS-HIPEC (e.g. intraoperative complications,
operating time, visceral and peritoneal resections, completeness of
cytoreduction);

•

the number of patients with major postoperative morbidity, defined as grade
≥3 according to Clavien-Dindo, up to three months after CRS-HIPEC.

Secondary outcomes confined to the experimental arm are:
•

the number of patients with major systemic therapy related toxicity,
defined as grade ≥3 according to the CTCAE, up to one month after the last
administration of systemic therapy;

•

the number of patients with an objective radiological and histopathological
response of colorectal PM to neoadjuvant systemic therapy, determined by
central review of thoraco-abdominal CT and resected specimens, respectively.
Classifications are determined after exploration of the radiological and
histopathological response in the phase II study.

Sample size
The sample size of 80 (40 in each arm) for the phase II study is chosen pragmatically
as a sufficient number to explore the feasibility of accrual and the feasibility, safety,
and tolerance of perioperative systemic therapy. The sample size calculation of the
phase III study could only be based on a combination of low-quality observational
studies.15,16,20,21,36,57,89-91 A total number of 358 patients (179 in each arm) is needed
to detect the hypothesised 15% increase in 3-year overall survival (control arm
50%; experimental arm 65%) with 5% drop-out, 80% power, and a two-sided logrank test at p<0.05 is considered statistically significant in all analyses.
The median follow-up period is calculated by using the reverse Kaplan-Meier
methods. Kaplan-Meier curves of time-to-event variables are compared between
both arms by using the two-sided log-rank test. Unadjusted and confounderadjusted hazard ratios with two-sided 95% confidence intervals are estimated by
using Cox proportional hazards models. Subgroup analyses are performed with
stratification for relevant baseline characteristics that will be defined before the
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final dataset is locked. Data on patients who are event-free are censored on the
date the patient is last seen. Categorical baseline characteristics and categorical
outcomes are compared between both arms by using the Chi-square test or the
Fisher’s exact test where appropriate. Continuous baseline characteristics and
outcomes are compared between both arms by using the Mann-Whitney U test or
the student’s t test where appropriate. Health-related quality of life is graphically
presented across all time points and compared between both arms by using a
repeated measures analysis of variance. Incremental cost-effectiveness and costutility ratios are calculated for the extra costs per additional patient alive and the
extra costs per additional quality adjusted life year, respectively. Non-parametric
bootstrapping, drawing samples of the same size as the original samples and with
replacement, is applied to generate 95% confidence interval for (differences in)
costs and health outcomes. Cost-effectiveness planes are displayed and costeffectiveness acceptability curves are drawn for willingness-to-pay values up to
€100.000,-.

Data monitoring committee
The data monitoring committee (DMC) consists of a surgeon (CV), a medical
oncologist (HWML), and a statistician (AHZ), who are all independent from
the sponsor and competing interests. Their role is to monitor patient safety
through three interim analyses after 80 (phase II study), 160, and 240 patients
complete their study treatment. Relevant data are made available to the DMC
by the central data manager and the study statistician (MGAD). The study is
terminated after the first interim analysis if less than 50% of the patients in the
experimental arm undergo complete CRS-HIPEC or if the percentage of patients
with major postoperative morbidity (Clavien-Dindo grade ≥3) is ≥20% higher in the
experimental arm compared to the control arm. After each interim analyses, de
DMC reports their advice on study continuation to the study steering committee
(PHJH, CJAP, PJT, IHJTH). The study steering committee submits these reports to
the ethics committee and notifies the ethics committee when (part of) the advice
of the DMC is not followed. The study steering committee makes the final decision
to terminate or continue the study.
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Harms
Physicians of study centres report all serious adverse events (SAEs) or suspected
unexpected serious adverse reactions (SUSARs) to the coordinating investigators
within 24 hours. The coordinating investigators report SAEs/SUSARs through
the web portal ToetsingOnline to the ethics committee within seven days of first
knowledge for lethal or life-threatening SAEs/SUSARs, and within fifteen days
for other SAEs/SUSARs/ The time window for reporting SAEs/SUSARs is from
randomisation to three months after CRS-HIPEC or one month after the last
administration of systemic therapy. The clinical course of all SAEs/SUSARs is
followed until resolution, stabilisation, or determination that study participation is
not the underlying cause of the SAE/SUSAR.

Auditing
The study is audited by independent qualified monitors of IKNL as a study with
a moderate risk according to the brochure ‘Kwaliteitsborging mensgebonden
onderzoek 2.0’ by the Dutch Federation of University Medical Centres. During
the phase II study, each study centre is audited twice, with a focus on essential
study documents, informed consent procedures, eligibility criteria, source data
verification, and SAEs/SUSARs. Frequency and procedures for auditing of the
phase III study are not specified and depend on auditing reports of the phase II
study.

Research ethics approval
This study is approved by the Dutch competent authority (CCMO, The Hague,
Netherlands), a central ethics committee (MEC-U, Nieuwegein, Netherlands),
and the institutional review boards (IRBs) of all study centres. The study will be
submitted to the IRBs of the satellite centres once the accrual of the phase II study
is completed.

Protocol amendments
Important protocol modifications are communicated to all investigators, the Dutch
competent authority, the central ethics committee, the IRBs of all study centres,
and trial registries.

41

2

Consent and assent
Written informed consent is obtained by physicians at the outpatient clinics of the
study centres. Patients are given the possibility to give separate permission for
receiving questionnaires and for participation in blood and tissue collection for
translational research.

Confidentiality
Personal information about potential and enrolled patients is collected, shared,
and maintained according to the Dutch law (wet Bescherming Persoonsgegevens) to
protect confidentiality before, during, and after the study.

Declaration of interests
The investigators declare no competing interests. Hoffman-La Roche awarded an
unrestricted scientific grant for this investigator-initiated study, but has no role in
the design of the study, in the collection, analysis, and interpretation of data, and
in writing the manuscripts.

Access to data
The central data manager, study statistician, coordinating investigators, and the
study steering committee have access to the final datasets, without any contractual
agreements that limit such access.

Ancillary and post-study care
This study has no provisions for ancillary and post-study care. The sponsor
(Catharina Hospital, Eindhoven, Netherlands) in insured to provide cover for those
who suffer harm from study participation.

Dissemination policy
Results of the phase II and phase III studies are personally communicated to
participating patients. Results are communicated to healthcare professionals
through publication in peer-reviewed medical journals without any publication
restrictions. The manuscripts are written by the coordinating investigators, the
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study statistician, the study steering committee, and a professional English writer.
Authorship is granted to the central data manager, the DMC, and investigators
who analyze secondary outcomes (e.g. radiological or histopathological response).
Authorship for physicians of study centres is granted based on the number of
enrolled patients: one author for five (phase II) and twenty (phase III) patients,
and an additional author for each three (phase II) and fifteen (phase III) additional
patients. All other physicians and other healthcare professionals who contributed
to the study are listed as collaborators. The full protocol and Dutch informed
consent forms are publicly accessible.92 Participant-level datasets and statistical
codes will become available upon reasonable request.

Discussion
This is the first randomised study that prospectively compares oncological
outcome of perioperative systemic therapy and CRS-HIPEC with upfront CRSHIPEC alone in patients with isolated resectable colorectal PM. Results of this
study will reveal whether addition of perioperative systemic therapy to CRS-HIPEC
has an intention-to-treat benefit for these patients.
To the knowledge of the authors, there are no ongoing first-line or (neo)
adjuvant randomised studies in metastatic colorectal cancer that could lead to
modifications of the perioperative systemic therapy within the study protocol on
the short term. However, there are two ongoing single arm phase II studies that
investigate perioperative systemic therapy for patients with resectable colorectal
PM who qualify for CRS-HIPEC. The BEV-IP study (NCT02399410) administers
perioperative combination chemotherapy with bevacizumab to 45 patients
with postoperative morbidity as primary outome.93 The CARCINO-SIS study
(NCT02591667) administers neoadjuvant triplet chemotherapy with bevacizumab
to 35 patients with histopathological response as primary outcome. Results of
these studies are actively followed to assess whether the study protocol needs
to be modified. Furthermore, four studies randomise patients with colorectal
peritoneal metastases after complete cytoreductive surgery: one to HIPEC with
oxaliplatin or no HIPEC (PRODIGE7, NCT00769405), one to concentration-based
or BSA-based HIPEC with oxaliplatin (COBOX, NCT 030228155), one to HIPEC with
mitomycin C or melphalan (NCT03073694), and one to HIPEC with mitomycin C
or early postoperative intraperitoneal chemotherapy with leucovorin/floxuridine
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(ICARUS, NCT01815359). Results of these studies are closely monitored to assess
whether HIPEC within the study protocol needs to be modified or omitted.
The study protocol has several potential limitations. Determination of resectable
colorectal PM prior to enrolment could be difficult, since both abdominal CT and
diagnostic laparoscopy tend to underestimate the PCI.94-97 Moreover, when the
diagnostic laparoscopy/laparotomy prior to enrolment may also be performed
in less experienced referring centres. As a result, patients with unresectable
disease may be enrolled in the study. However, it is assumed that stratification
by PCI equally divides these patients between both arms. Furthermore, when
the diagnostic laparoscopy/laparotomy is performed in a referring centre,
the PCI should be accurately scored and documented before patients can be
enrolled.76 In the future, diffusion-weighted MRI (DW-MRI) may be added to
the standard preoperative work-up given its promising preliminary results in
detecting resectable colorectal PM.98 Enrolment of patients with radiologically
non-measurable disease could impede response assessment to neoadjuvant
systemic therapy.99 However, since non-measurable colorectal PM are frequently
observed in clinical practice, especially in patients with a low PCI or metachronous
PM, the investigators decided to allow enrolment of these patients in order to
create a representative study population. Enrolment is also allowed for patients
who are referred to a study centre after a macroscopically complete resection of
colorectal PM in a referring centre, since it is assumed that microscopic (and often
macroscopic) colorectal PM are still present.
The study protocol has potential strengths. The accrual is expected to be feasible,
since potential study candidates are seen by dedicated specialized physicians
in all Dutch high-volume centres. Moreover, patients with isolated resectable
colorectal PM do not qualify for any other multicentre randomized studies in the
Netherlands. The phase II-III approach allows for adequate monitoring of the
feasibility and safety of perioperative systemic therapy in this setting. Extensive
assessment of health-related quality of life and costs could help to standardise
the treatment paradigm in the era of value-based medicine, whereas translational
side studies may open new avenues for research in the era of increasing insights
in the different molecular subtypes of colorectal cancer.
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Abstract
Importance – To date, there are no randomized trials investigating the value of
perioperative systemic therapy relative to cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy (CRS-HIPEC) alone for resectable colorectal
peritoneal metastases (CPM).
Objective – To assess the feasibility and safety of perioperative systemic therapy
in patients diagnosed with resectable CPM (primary objective) and the response
of CPM to neoadjuvant treatment (secondary objective) before proceeding to a
phase 3 trial.
Design, setting, and participants – This open-label parallel-group phase 2
randomized trial was conducted in all nine Dutch tertiary centers for the surgical
treatment of CPM. Eligible patients had pathologically proven isolated resectable
CPM and did not receive systemic therapy ≤6 months prior to enrolment. A total
of 80 patients (of 233 eligible and 151 approached) were enrolled from June 2017
through January 2019 with follow-up until October 2019.
Interventions – Randomization (1:1) to perioperative systemic therapy or CRSHIPEC alone. At physician’s discretion, perioperative systemic therapy comprised
either four three-weekly neoadjuvant and adjuvant cycles of CAPOX (capecitabine,
oxaliplatin), six two-weekly neoadjuvant and adjuvant cycles of FOLFOX
(5-fluorouracil, leucovorin, oxaliplatin), or six two-weekly neoadjuvant cycles of
FOLFIRI (5-fluorouracil, leucovorin, irinotecan) and either four three-weekly or
six two-weekly adjuvant cycles of capecitabine or 5-fluorouracil with leucovorin,
respectively. Bevacizumab was added to the first three (CAPOX) or four (FOLFOX/
FOLFIRI) neoadjuvant cycles.
Outcomes – Primary outcomes were proportions of macroscopic complete
CRS-HIPEC and Clavien-Dindo grade ≥3 postoperative morbidity. Key secondary
outcomes were centrally assessed rates of objective radiological response (i.e.
≥30% decrease in radiological peritoneal cancer index) and major pathological
response (i.e. Mandard tumor regression grade 1-2) of CPM to neoadjuvant
treatment. Outcomes were analyzed modified intention-to-treat in patients
starting neoadjuvant treatment (experimental arm) or undergoing upfront surgery
(control arm).
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Results – In 79 analyzed patients (43 [54%] males, mean age 62 years), the
experimental arm (37 patients) and the control arm (42 patients) did not differ
regarding proportions of macroscopic complete CRS-HIPEC (33 of 37 [89%] versus
36 of 42 [86%] patients, risk ratio 1.04 [95% confidence interval 0.88-1.23], p=.74)
and Clavien-Dindo grade ≥3 postoperative morbidity (8 of 37 [22%] versus 14 of
42 [33%] patients, risk ratio 0.65 [95% confidence interval 0.31-1.37], p=.25). No
treatment-related deaths occurred. Objective radiological and major pathological
response rates of CPM to neoadjuvant treatment were 28% and 38%, respectively.
Conclusions and relevance – In patients diagnosed with resectable CPM,
perioperative systemic therapy seems feasible, safe, and able to induce relevant
response of CPM. These results justify a phase 3 trial.
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Introduction
Although the additional benefit of hyperthermic intraperitoneal chemotherapy
(HIPEC) after cytoreductive surgery (CRS) remains debatable,1,2 CRS-HIPEC
is recommended for selected patients with resectable colorectal peritoneal
metastases (CPM) in the vast majority of (inter)national guidelines.3 Addition of
perioperative (i.e. neoadjuvant and adjuvant) systemic therapy to CRS-HIPEC may
improve oncologic outcomes by preoperative tumor downstaging, perioperative
eradication of systemic micrometastases, and postoperative elimination of
microscopic residual disease. On the other hand, perioperative systemic
therapy could induce toxicity, may increase postoperative morbidity (especially
when including bevacizumab4), and could result in preoperative intraperitoneal
progression and consequent inoperability given its assumed relative inefficacy
for CPM.5 To date, there are no randomized trials investigating the value of
perioperative systemic therapy for resectable CPM,6,7 leading to a wide variety in
its administration and timing among countries and hospitals.3,6,8 To address this
evidence gap, the CAIRO6 trial has been designed to assess whether perioperative
systemic therapy improves overall survival of patients diagnosed with resectable
CPM relative to CRS-HIPEC alone, the latter begin standard of care in the
Netherlands.9 As CAIRO6 is the first randomized trial investigating perioperative
systemic therapy in this setting, a randomized phase 2 trial, reported here, was
incorporated to assess the feasibility and safety of perioperative systemic therapy,
the response of CPM to neoadjuvant treatment, and the trial’s accrual before
proceeding to a phase 3 trial.

Methods
Design
CAIRO6 is an investigator-initiated, open-label, parallel-group, phase 2-3,
randomized, controlled, superiority trial conducted in all nine Dutch tertiary
centers for the surgical treatment of CPM. The trial is approved by a central ethics
committee (MEC-U, Nieuwegein, Netherlands, R16.056) and the institutional
review boards of all centers. The protocol is publicly available (https://dccg.nl/trial/
cairo-6) with a summary published elsewhere.10
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Patients
A complete list of eligibility criteria is presented in Supplementary Method 1. Briefly,
eligible patients were adults with a World Health Organization (WHO) performance
score of ≤1, pathologically proven isolated non-appendiceal CPM, both resectable
disease and a peritoneal cancer index (PCI) of ≤20 at diagnostic laparoscopy or
laparotomy,11 and no systemic therapy within six months prior to enrolment.
Enrolment was allowed for patients undergoing previous surgery for CPM and for
patients undergoing diagnostic laparoscopy or laparotomy in a referring center,
provided that the PCI was appropriately scored. Patients gave written informed
consent.

Randomization
Patients were randomized (1:1) to perioperative systemic therapy (experimental
arm) or CRS-HIPEC alone (control arm) using randomization software
with minimization stratified by PCI (≤10, >10), onset of CPM (synchronous,
metachronous), previous systemic therapy for colorectal cancer (yes, no), and
planned HIPEC regimen (oxaliplatin, mitomycin C).

Procedures
In the experimental arm, perioperative systemic therapy had to start within four
weeks after randomization. In the control arm, upfront CRS-HIPEC had to be
scheduled within six weeks after randomization.

Perioperative systemic therapy
The protocol summary includes a rationale for the trial’s perioperative systemic
therapy regimens,10 with details on doses, routes, and schedules of different
regimens presented in the Supplementary Method 2. Briefly, at physician’s
discretion, perioperative systemic chemotherapy comprised either four threeweekly neoadjuvant and four three-weekly adjuvant cycles of CAPOX (capecitabine,
oxaliplatin), six two-weekly neoadjuvant and six two-weekly adjuvant cycles of
FOLFOX (5-fluorouracil, leucovorin, oxaliplatin), or six two-weekly neoadjuvant
cycles of FOLFIRI (5-fluorouracil, leucovorin, irinotecan) followed by either
four three-weekly adjuvant cycles of capecitabine or six two-weekly cycles of
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5-fluorouracil with leucovorin. Bevacizumab was added to the first three (CAPOX)
or four (FOLFOX or FOLFIRI) neoadjuvant cycles. In case of unacceptable toxicity of
oxaliplatin or irinotecan during neoadjuvant treatment, CAPOX or FOLFOX could
have been switched to FOLFIRI and vice versa. In case of unacceptable toxicity
of oxaliplatin during adjuvant treatment, CAPOX or FOLFOX could have been
switched to capecitabine or 5-fluorouracil with leucovorin. Dose reductions were
left to the discretion of the treating physician. Perioperative systemic therapy was
terminated in case of disease progression, unacceptable toxicity, or at physician’s
or patient’s decision.
A restaging thoracoabdominal CT was performed after three (CAPOX-bevacizumab)
or four (FOLFOX-bevacizumab or FOLFIRI-bevacizumab) neoadjuvant cycles, or
earlier if neoadjuvant treatment was prematurely terminated. In case of systemic
progression, trial treatment was stopped. Patients with peritoneal progression
without systemic progression intentionally underwent CRS (if deemed resectable)
and HIPEC (if completely resected) without further perioperative systemic therapy.
Patients with stable disease or response intentionally completed neoadjuvant
treatment and underwent CRS (if deemed resectable) and HIPEC (if completely
resected) followed by adjuvant treatment. CRS-HIPEC had to be scheduled within
six weeks after completion of the last neoadjuvant cycle, and at least six weeks
after the last administration of bevacizumab to minimize the risk of bevacizumabrelated postoperative morbidity.12 Analogue to international guidelines in colon
cancer,13 adjuvant systemic chemotherapy had to start within 12 weeks after
macroscopic complete CRS-HIPEC.

Surgery
CRS-HIPEC was performed according to the standardized Dutch protocol in all
centers (Supplementary Method 3).14-16 In case of unresectable disease or macroscopic
incomplete CRS, trial treatment was stopped. After macroscopic complete CRSHIPEC, patients were followed according to a standardized schedule.10

Trial accrual
After completion of the present phase 2 trial, investigators of all participating
centers retrospectively reviewed a list of all patients scheduled for CRS-HIPEC
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for CPM during recruitment in their center. Using the trial’s eligibility criteria,
patients potentially eligible for trial participation were identified, and numbers not
approached or refusing to participate (including main reasons) were documented.

Outcomes
Primary feasibility and safety outcomes of the present phase 2 trial were the
proportion of patients undergoing macroscopic complete CRS-HIPEC and the
proportion of patients with Clavien-Dindo grade ≥3 postoperative morbidity
up to three months postoperatively.17 Key secondary outcomes were centrally
assessed rates of objective radiological response (using the radiological PCI
and the Response Evaluation Criteria in Solid Tumors [RECIST]11,18) and major
pathological response (using Mandard’s tumor regression grading [TRG] and the
peritoneal regression grading score [PRGS]19,20) of CPM to neoadjuvant treatment
(Supplementary Method 4). Other comparative outcomes were intraoperative
characteristics (e.g. PCI), hospital stay, readmissions, reoperations, and ClavienDindo grade 2 postoperative morbidity. Other descriptive outcomes were the
proportion of patients with Common Terminology Criteria for Adverse Events
(CTCAE, v4.021) grade ≥3 and grade 2 systemic therapy-related toxicity up to a
month after its last administration, and the ability to give trial treatment within
predefined time frames. Patient-reported outcomes will be separately reported.

Statistical analysis
The aim of CAIRO6 is to randomize 358 patients to detect a 15% increase in 3-year
overall survival (experimental arm 65%, control arm 50%) with 5% drop-out and
80% power at p<.05. Given the absence of prospective data regarding the feasibility
and safety of perioperative systemic therapy for resectable CPM, the investigators
and the ethics committee agreed upon an a priori determined sample size of 80
patients for the present phase 2 trial as a sufficient number to assess the phase
2 trial’s primary outcomes and their corresponding prespecified stopping criteria:
<50% of patients in the experimental arm undergoing macroscopic complete
CRS-HIPEC or a >20% higher proportion of Clavien-Dindo grade ≥3 postoperative
morbidity in the experimental arm relative to the control arm.10 Additionally, the
trial was stopped if these 80 patients were not enrolled within one year after the
last center started recruiting.10 As the stopping criteria of the present phase 2 trial
were not met, the independent data monitoring committee advised proceeding
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to a phase 3 trial, also including patients of the present phase 2 trial. Analyses
were performed two-sided at p<.05 using SAS (v9.4, Cary, NC, United States).
Continuous data were compared using Mann-Whitney U test or unpaired t test.
Categorical data were compared using χ2 test or Fisher’s exact test. Missing data
were not imputed. As the primary aim of the present phase 2 trial was to assess the
feasibility and safety of the actual treatment rather than treatment assignment,
outcomes were analyzed in a modified intention-to-treat population of all patients
starting neoadjuvant treatment (experimental arm) or undergoing upfront surgery
(control arm). Intraoperative and postoperative characteristics were separately
assessed in patients undergoing surgery (operated population) and in patients
undergoing macroscopic complete CRS-HIPEC (CRS-HIPEC population). The trial is
registered (Clinicaltrials.gov NCT02758951).

Results
Between June 15, 2017, and January 9, 2019, 233 patients were potentially eligible
for trial participation, of whom 82 (35%) were not approached for unknown
reasons, 71 (30%) refused trial participation for various reasons (Figure 1), and
80 (34%) were randomized (40 to each arm) in nine centers within one year
after the last center started recruiting in March 2018. The last patient completed
trial treatment in October 2019. Figure 1 presents the trial profile. The modified
intention-to-treat population comprised 79 patients, of whom 37 (47%) started
neoadjuvant treatment and 42 (53%) underwent upfront surgery (Figure 1).
Intention-to-treat and modified intention-to-treat populations had comparable
distributions of baseline characteristics (Supplementary Table 1). Table 1 shows
the baseline characteristics of the modified intention-to-treat population. Of 37
patients starting neoadjuvant treatment, 28 (76%) completed all neoadjuvant
cycles, all underwent surgery, 33 (89%) had macroscopic complete CRS-HIPEC,
22 (59%) started adjuvant treatment, and 12 (32%) completed all adjuvant cycles.
Reasons for not completing all (neo)adjuvant cycles are presented in Supplementary
Figure 1. Of 42 patients undergoing upfront surgery, 36 (86%) had macroscopic
complete CRS-HIPEC. Thereby, the operated population comprised the same 79
patients as the modified intention-to-treat population. The CRS-HIPEC population
included 69 patients (baseline characteristics in Supplementary Table 2).
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Table 1. Baseline characteristics of the modified intention-to-treat population.

Variable
Sex, n (%)
Male
Female
Age in years, mean (SD)
WHO performance score, n (%)
0
1
2
Primary tumor location, n (%)
Proximal colonb
Distal colonc
Rectum
Multiple
Histology, n (%)
Non-mucinous adenocarcinoma
Mucinous adenocarcinoma
Primary tumor status, n (%)
Resected
In situ
T-stage of primary tumord, n (%)
T0-3
T4
N-stage of primary tumord, n (%)
N0
N1
N2
Previous systemic chemotherapy for colorectal
cancer, n (%)
No
Adjuvant: a fluoropyrimidine with oxaliplatin
Adjuvant: fluoropyrimidine monotherapy
For metastatic disease
Previous resection of extraperitoneal colorectal
metastases, n (%)
No
Yes
Onset of peritoneal metastases, n (%)
Synchronous
Metachronous
Months from primary diagnosis to synchronous
peritoneal metastases, median (range)
Months from primary diagnosis to metachronous
peritoneal metastases, median (range)

Experimental Control Total
(n=37)
(n=42) (n=79)
18 (49)
19 (51)
59 (11)

25 (60) 43 (54)
17 (40) 36 (46)
64 (10) 62 (10)

27 (73)
9 (24)
1 (3)a

35 (83) 62 (78)
7 (17) 16 (20)
0 (0)
1 (1)a

16 (43)
19 (51)
1 (3)
1 (3)

15 (36) 31 (39)
26 (62) 45 (57)
1 (2)
2 (3)
0 (0)
1 (1)

34 (92)
3 (8)

39 (93) 73 (92)
3 (7)
6 (8)

27 (73)
10 (27)

25 (60) 52 (66)
17 (40) 27 (34)

16 (43)
21 (57)

23 (55) 39 (49)
19 (45) 40 (51)

13 (35)
16 (43)
8 (22)

16 (38) 29 (37)
12 (29) 28 (35)
14 (33) 22 (28)

27 (73)
9 (24)
1 (3)
0 (0)

32 (76) 59 (75)
9 (21) 18 (23)
1 (2)
2 (3)
0 (0)
0 (0)

34 (92)
3 (8)

42 (100) 76 (96)
0 (0)
3 (4)

20 (54)
17 (46)
1 (0-2)

24 (57) 44 (56)
18 (43) 35 (44)
1 (0-2) 1 (0-2)

14 (4-44)

21 (7-48) 19 (4-48)
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Table 1. (continued)

Variable
Months from diagnosis of peritoneal metastases to
trial enrolment, median (range)
Baseline PCI, median (range)
Modality of determining baseline PCI, n (%)
Laparoscopy
Laparotomy
Centre of determining baseline PCI, n (%)
Trial center
Referring center
Planned HIPEC regimen, n (%)
Mitomycin C
Oxaliplatin

Experimental Control Total
(n=37)
(n=42) (n=79)
1 (0-4)
1 (0-4) 1 (0-4)
3 (0e-15)

5 (0f-18) 5 (0-18)

22 (59)g
14 (38)g

36 (86) 58 (73)g
6 (14) 20 (25)g

18 (49)g
18 (49)g

25 (60) 43 (54)g
17 (40) 35 (44)g

30 (81)
7 (19)

34 (81) 64 (81)
8 (19) 15 (19)

HIPEC hyperthermic intraperitoneal chemotherapy; PCI peritoneal cancer index; SD standard deviation;
WHO world health organization; adue to severe obesity; bcaecum, ascending colon, hepatic flexure,
transverse colon; csplenic flexure, descending colon, sigmoid, rectosigmoid; dpathological stage used for
patients whose primary tumor was previously resected or patients in the control arm whose primary tumor
was resected during upfront cytoreductive surgery, clinical stage used for patients in the experimental
arm whose primary tumor was still in situ or patients in the control arm whose primary tumor was not
resected during upfront cytoreductive surgery; e2 patients in the experimental arm had a baseline PCI of
0; f3 patients in the control arm had a baseline PCI of 0; gin one patient, resectability was not determined
by laparoscopy or laparotomy, but by radiology only.

The proportion of patients undergoing macroscopic complete CRS-HIPEC did not
differ between both arms (experimental arm 33 of 37 patients [89%], control arm
36 of 42 patients [86%], risk ratio 1.04 [95% confidence interval 0.88-1.23], p=.74).
Table 2 and Supplementary Table 3 present intraoperative and postoperative
characteristics of the modified intention-to-treat (i.e. operated) population
and the CRS-HIPEC population, respectively. In the modified intention-to-treat
population, the proportion of patients with Clavien-Dindo grade ≥3 postoperative
morbidity did not differ between both arms (experimental arm 8 of 37 patients
[22%], control arm 14 of 42 patients [33%], risk ratio 0.65 [95% confidence interval
0.31-1.37], p=.25). No surgery-related mortality occurred. Other intraoperative
and postoperative characteristics did not differ between both arms, except for
PCI (lower in the experimental arm), ostomy formations (less in the experimental
arm), and hospital stay (shorter in the experimental arm) (Table 2). Details of
Clavien-Dindo grade 2 postoperative morbidity are shown in Supplementary Table
4. Table 3 presents the systemic therapy-related toxicity in the experimental arm.
CTCAE grade ≥3 systemic therapy-related toxicity occurred in 13 of 37 patients
(35%) without systemic therapy-related deaths. Details of CTCAE grade 2 systemic
therapy-related toxicity are shown in Supplementary Table 5.
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Figure 1. Trial profile.
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CAPOX(-B) capecitabine, oxaliplatin, (bevacizumab); CRS-HIPEC cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy; CT computed tomography; FOLFIRI(-B) 5-fluorouracil, leucovorin, irinotecan,
(bevacizumab); FOLFOX(-B); 5-fluorouracil, leucovorin oxaliplatin, (bevacizumab); amainly because patients
feared preoperative progression and subsequent inoperability; bincluded the same patients; cno
bevacizumab due to a wound dehiscence that developed after enrolment; dreasons for not completing all
(neo)adjuvant cycles are presented in Supplementary Figure 1.
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Table 2. Intraoperative and postoperative characteristics of the modified intention-to-treat (i.e. operated)
population, including details of Clavien-Dindo grade ≥3 postoperative morbidity and reoperations.

Variable
Intraoperative characteristics
Cytoreductive surgery, n (%)
Macroscopic complete
Not performed (open-close)
PCI, median (range)
Primary tumor resection, n (%)
Yes
No
Bowel anastomosis, n (%)
Yes
No
Ostomy formation, n (%)
Yes
No
Operating time in minutes, mean (SD)
HIPEC regimen, n (%)
Mitomycin C
Oxaliplatin
No HIPEC performed
Postoperative characteristics
Initial hospital stay in days, median (IQR)
Readmission, n (%)
Yes
No
Reoperation, n (%)
Yes
No
Any Clavien-Dindo grade ≥2
postoperative morbidity, n (%)
Yes
No
Any Clavien-Dindo grade ≥3
postoperative morbidity, n (%)
Yes
No
Any Clavien-Dindo grade 4 postoperative
morbidity, n (%)
Yes
No
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Experimental Control
(n=37)
(n=42)

Total
(n=79)

p-value

33 (89)
4 (11)a
5 (0-34)

36 (86)
6 (14)b
12 (0-28)

69 (87)
10 (13)
9 (0-34)

8 (22)
29 (78)

14 (33)
28 (67)

22 (28)
57 (72)

0.25

17 (46)
20 (54)

25 (60)
17 (40)

42 (53)
37 (47)

0.23

7 (19)
30 (81)
317 (122)

18 (43)
24 (57)
334 (155)

25 (32)
54 (68)
326 (140)

28 (85)
5 (15)
4

29 (81)
7 (19)
6

57 (83)
12 (17)
10

8 (6-16)

11 (8-16)

10 (7-16)

0.04

8 (22)
29 (78)

16 (38)
26 (62)

24 (30)
55 (70)

0.11

7 (19)
30 (81)

8 (19)
34 (81)

15 (19)
64 (81)

0.99

19 (51)
18 (49)

30 (71)
12 (29)

49 (62)
30 (38)

0.07

8 (22)
29 (78)

14 (33)
28 (67)

22 (28)
57 (72)

0.25

3 (8)
34 (92)

2 (5)
40 (95)

5 (6)
74 (94)

0.54

0.74
0.01

0.02
0.58
0.64

Table 2. (continued)

Variable

Experimental Control
(n=37)
(n=42)

Total
(n=79)

p-value

Details of Clavien-Dindo grade ≥3 postoperative morbidityc
Anastomotic leakage, grade 3
1 (3e)/(6f)
3 (7e)/(12f) 4 (5e)/(10f)
e
f
Anastomotic leakage, grade 4
1 (3 )/(6 )
0 (0)
1 (1e)/(2f)
Intra-abdominal abscess, grade 3
0 (0)
2 (5)
2 (3)
Intra-abdominal abscess, grade 4
2 (5)
1 (2)
2 (3)
Asystole, grade 4
0 (0)
1 (2)
1 (1)
Fascia dehiscence, grade 3
1 (3)
2 (5)
3 (4)
Ileus, grade 3
2 (5)
1 (2)
3 (4)
Gastroparesis, grade 3
1 (3)
2 (5)
3 (4)
Pneumothorax, grade 3
0 (0)
1 (2)
1 (1)
Postoperative hemorrhage, grade 3
0 (0)
1 (2)
1 (1)
Colonic fistula, grade 3
0 (0)
1 (2)
1 (1)
Bowel perforation, grade 3
0 (0)
1 (2)
1 (1)
Hydronephrosis, grade 3
0 (0)
1 (2)
1 (1)
Luxation double J catheter, grade 3
1 (3)
0 (0)
1 (1)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Reoperationse
Anastomotic leakage, grade 3
Anastomotic leakage, grade 4
Intra-abdominal abscess, grade 3
Intra-abdominal abscess, grade 4
Fascia dehiscence, grade 3
Ileus, grade 3
Postoperative hemorrhage, grade 3
Bowel perforation, grade 3
Tumor obstruction, grade 3

NA
NA
NA
NA
NA
NA
NA
NA
NA

1 (3f)/(6g)
1 (3f)/(6g)
0 (0)
2 (5)
1 (3)
1 (3)
0 (0)
0 (0)
1 (3)h

3 (7f)/(12g) 4 (5f)/(10g)
0 (0)
1 (1f)/(2g)
1 (2)
1 (1)
1 (1)
3 (4)
2 (5)
3 (4)
0 (0)
1 (1)
1 (1)
1 (1)
1 (1)
1 (1)
0 (0)
1 (1)h
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HIPEC hyperthermic intraperitoneal chemotherapy; IQR interquartile range; NA not applicable; PCI
peritoneal cancer index; SD standard deviation; aall due to unresectable peritoneal metastases; bfive due
to unresectable peritoneal metastases and one due to unexpected liver metastases; cas multiple ClavienDindo grade ≥3 adverse events could have occurred in one patient, numbers may not add up to the total
number of patients with any Clavien-Dindo grade ≥3 postoperative morbidity; ddue to low numbers, no
comparison was made between both arms; eas multiple reoperations could have been performed in one
patient, numbers may not add up to the total number of patients with a reoperation; fpercentage of all
patients; gpercentage of patients with a bowel anastomosis; hpatient had an early reoperation because of
tumor obstruction due to progressive disease after an open-close procedure, which was not considered
as a postoperative complication.
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Table 3. Systemic therapy-related toxicity, including details of CTCAE grade ≥3 systemic therapy-related
toxicity.

Variable, n (%)
CTCAE grade ≥2 systemic therapy-related toxicity
Anya
During neoadjuvant treatmentb
During adjuvant treatmentb
CTCAE grade ≥3 systemic therapy-related toxicity
Anya
During neoadjuvant treatmentb
During adjuvant treatmentb
CTCAE grade 4 systemic therapy-related toxicity
Anya
During neoadjuvant treatmentb
During adjuvant treatmentb
Details of CTCAE grade ≥3 systemic therapy-related toxicityd
Adverse event, n (%)
Ileus, grade 3
Ileus, grade 4
Diarrhea, grade 3
Nausea/vomiting, grade 3
Mucositis, grade 3
Infectious enterocolitis, grade 3
Abdominal infection (abscess), grade 3
Visceral arterial ischemia (due to intestinal stent), grade 3
Hypertension, grade 3
Catheter related infection, grade 3
Peripheral sensory neuropathy, grade 3
Anemia, grade 3
Platelet count decreased, grade 3
White blood cell decreased, grade 4
Neutrophil count decreased, grade 3
Neutrophil count decreased, grade 4
Gamma-glutamyltransferase increased, grade 3
Hypokalemia, grade 3
Leukemia, grade 4

Experimental
(n=37)
30 (81)
22 (59)
13 (59)c
13 (35)
12 (32)
2 (9)c
5 (14)
3 (8)
2 (9)c
Experimental
(n=37)
1 (3)
2 (5)
3 (8)
2 (5)
2 (5)
1 (3)
1 (3)
1 (3)
2 (5)
1 (3)
1 (3)
1 (3)
1 (3)
0 (0)
2 (5)
1 (3)
2 (5)
1 (3)
1 (3)

CTCAE common terminology criteria for adverse events; aeither during neoadjuvant or adjuvant treatment;
b
as multiple adverse events could have occurred in one patient, numbers may not add up; c22 patients
received adjuvant treatment; das multiple CTCAE grade ≥3 adverse events could have occurred in one
patient, numbers may not add up to the total number of patients with any CTCAE grade ≥3 systemic
therapy-related toxicity.

Table 4 presents the central review of radiological response (details in
Supplementary Table 6) and pathological response (details in Supplementary Table
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7) to neoadjuvant treatment. An objective radiological response was observed
in 2 of 13 evaluable patients (15%) according to RECIST and in 9 of 32 evaluable
patients (28%) according to the radiological PCI. Major (TRG1-2) and complete
(TRG1) pathological responses of CPM were observed in 13 (38%) and 8 (24%) of
34 evaluable patients, respectively.

3

Table 4. Centrally assessed radiological and pathological response to neoadjuvant treatment.

Response, n (%)

RECISTa

Radiological
PCIa

Evaluableb
Complete response
Partial response
Stable disease
Progressive disease
Central pathological review
Component
Response, n (%)
Peritoneal metastases, evaluableb
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Primary tumor, evaluableb
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Locoregional lymph nodes, evaluableb
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Overall, evaluableb
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

13
1 (8%)
1 (8%)
11 (85%)
0 (0%)

32
1 (3%)
8 (25%)
23 (72%)
2 (6%)

Mandard’s
TRGa
34
8 (24%)
5 (15%)
11 (32%)
5 (15%)
5 (15%)
8
1 (13%)
1 (13%)
4 (50%)
2 (25%)
0 (0%)
8
1 (13%)
0 (0%)
4 (50%)
3 (38%)
0 (0%)
35
9 (26%)
4 (11%)
12 (34%)
6 (17%)
4 (11%)

PRGSa
34
8 (24%)
16 (47%)
5 (15%)
5 (15%)
NA
8
1 (13%)
5 (63%)
2 (25%)
0 (0%)
NA
8
1 (13%)
4 (50%)
3 (38%)
0 (0%)
NA
35
9 (26%)
16 (46%)
6 (17%)
4 (11%)
NA

NA not applicable; PCI peritoneal cancer index; PRGS peritoneal regression grading score; RECIST response
evaluation criteria in solid tumors; TRG tumor regression grade; aclassifications explained in eMethods;
b
reasons for non-evaluability presented in Supplementary table 6.
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Supplementary Figure 2 shows violin plots of the ability to give trial treatments
within predetermined time frames. In the control arm, 39 of 42 patients (93%)
underwent surgery within six weeks after randomization. In the experimental arm,
35 of 37 patients (95%) started neoadjuvant treatment within four weeks after
randomization, 25 of 37 patients (68%) underwent surgery within six weeks after
the last neoadjuvant cycle, and 21 of 22 patients (95%) started adjuvant treatment
within 12 weeks after macroscopic complete CRS-HIPEC.

Discussion
In the present multicenter randomized phase 2 trial, perioperative systemic therapy
seemed feasible and safe in patients diagnosed with resectable CPM. Neoadjuvant
treatment induced objective radiological and major pathological responses of
CPM in approximately a quarter and one third of patients, respectively.
Two previous single-arm studies investigated perioperative systemic therapy
for isolated CPM: one study evaluated six three-weekly cycles of CAPOX prior to
CRS-HIPEC in 14 patients and another study investigated perioperative doublet
chemotherapy with cetuximab in 25 patients intentionally undergoing CRS-HIPEC
for KRAS wild-type tumors.22,23 Both studies revealed lower rates of macroscopic
complete CRS-HIPEC after neoadjuvant treatment (56%-57%) than the present
trial (89%), probably because determination of resectability by laparoscopy or
laparotomy was not required prior to enrolment in both studies. Other relevant
literature consists of observational studies describing outcomes of neoadjuvant
(or perioperative) systemic therapy for resectable CPM.6 However, as these
studies only included patients undergoing CRS-HIPEC, nothing is known about
the proportion and (probably poor) outcomes of patients not proceeding to CRSHIPEC after neoadjuvant treatment, for example due to toxicity or progression.
Hence, the present trial provides the first (modified) intention-to-treat randomized
comparison between perioperative systemic therapy and CRS-HIPEC alone for
resectable CPM. The proportion of grade 3-4 systemic therapy-related toxicity in
the present trial was comparable to that reported during three to six months of
adjuvant systemic chemotherapy following resection of stage 3 colon cancer.24
Although accrual of the present trial was considered feasible, approximately half
of patients refused trial participation after being informed, mainly because they
feared toxicity of – and progression during – neoadjuvant treatment leading to
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inoperability. Importantly, while patients with CPM are generally considered to
have relatively poor performance status and less response to systemic therapy,5
all trial patients who started neoadjuvant treatment underwent surgery. This
suggests that fear of missing a window to operate due to progression or toxicity
may not be justified. Moreover, proportions of macroscopic complete CRS-HIPEC
and postoperative morbidity did not differ between both arms. Altogether, these
results may be used to inform clinicians and patients about the feasibility and
safety of perioperative systemic therapy in this setting and justify a phase 3 trial.
Patient-reported outcomes of the present trial,10 which will be separately reported,
will increase insight in the burden of perioperative systemic therapy in this setting.
Few observational studies retrospectively assessed radiological response (two
studies25,26) and pathological response (one study26) of resected CPM to neoadjuvant
treatment, but did not describe their methods of radiological response assessment
and used a slightly different pathological classification, impeding comparison with
the present trial. RECIST appears of limited use in this setting, since radiological
response according to RECIST was non-evaluable in almost two thirds of patients in
the present trial. Using the radiological PCI may represent an alternative requiring
validation in the phase 3 trial. Even though CPM had to be pathologically proven
before enrolment, 24% of patients in the present trial had no residual cancer
cells in resected CPM after neoadjuvant treatment (TRG1). The proportion of
TRG1-2 (38%) in the present trial is comparable to that in resected colorectal liver
metastases after neoadjuvant doublet chemotherapy with bevacizumab (40%).27
Although this may suggest activity of systemic chemotherapy with bevacizumab in
CPM, the investigators could not completely exclude ‘false’ TRG1 due to removal of
all peritoneal disease before enrolment (e.g. complete biopsy of a single peritoneal
metastasis) or complete electrosurgical destruction of small peritoneal nodules
during CRS that were actually tumor-positive but not sent for pathology. This
underlines the importance of correlating these pathological findings to survival
in the phase 3 trial. The present trial revealed a lower intraoperative PCI during
(attempted) CRS-HIPEC in the experimental arm than in the control arm: a finding
also observed by a recent retrospective multi-institutional study from the United
States.28 This may indicate activity of neoadjuvant treatment. As intraoperative
PCI is one of the most important prognostic factors for survival in this setting,29
it will be interesting to see whether the observed difference in intraoperative PCI
translates into survival differences between both groups in the phase 3 trial.
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A recently presented randomized trial (PRODIGE7) revealed no overall survival
benefit of complete CRS with oxaliplatin-based HIPEC compared to complete CRS
alone in patients with extensively pretreated CPM.30 When published, final results
of this trial will be evaluated to decide whether oxaliplatin-based HIPEC needs
to be omitted in the phase 3 trial. Importantly, regardless of HIPEC, it remains
important to assess the value of perioperative systemic therapy for resectable
CPM.
The present trial has several (potential) limitations. First, allowing three different
perioperative systemic regimens may feel as a missed opportunity to standardize
the perioperative regimen for resectable CPM. However, as eligible patients
with metachronous CPM following primary resection could have had various
adjuvant regimens, toxicities to adjuvant treatment, and periods between
adjuvant treatment and trial enrolment, the availability of three perioperative
systemic regimens significantly contributed to the accrual of these patients and
the feasibility of the present trial, and probably strengthens the trial’s applicability
and external validity. Second, as the sample size of 80 patients was agreed
upon a priori due to an absence of guiding data, the present trial may have not
been adequately powered to detect potential statistically significant differences
in proportions of macroscopic complete CRS-HIPEC and major postoperative
morbidity between both arms. Nevertheless, the experimental arm’s higher
absolute proportion of macroscopic complete CRS-HIPEC and lower absolute
proportion of major postoperative morbidity strongly point toward the feasibility
and safety of perioperative systemic therapy for resectable CPM and did not come
close to the trial’s prespecified stopping criteria. Third, although resectability
had to be confirmed by a PCI of ≤20 during laparoscopy or laparotomy before
enrolment, 12% of patients scheduled for upfront surgery had unresectable CPM
after explorative laparotomy, probably often due to an underestimation of the
baseline PCI. This seems inevitable in pragmatic trials like the present trial, as
slightly higher open-close rates were reported by Dutch institutional series.31,32
Nevertheless, future implementation of preoperative imaging techniques with
potentially higher accuracy of detecting resectable CPM (e.g. diffusion-weighted
MRI33) may decrease enrolment of patients with unresectable disease in the
phase 3 trial. Fourth, about one third of all potentially eligible patients was not
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approached for trial participation for unknown reasons. Efforts will be undertaken
to decrease this number to minimize uncertainty about the phase 3 trial’s external
validity. Fifth, after randomization, two patients assigned to the experimental
arm preferred upfront surgery instead of starting neoadjuvant treatment. This
highlights the importance of optimal informed consent to minimize pre-treatment
crossovers in the phase 3 trial. Finally, not all trial treatments were given within
predetermined time frames, and some patients did not meet all eligibility criteria:
one patient was WHO 2 and had determination of resectability by radiology
only, and central pathological review revealed that another patient did not have
pathologically proven CPM before enrolment. As this could impair homogeneity of
the trial treatment and the trial population, these issues are points of consideration
in the phase 3 trial.

Conclusions
In patients diagnosed with resectable CPM, perioperative systemic therapy seems
feasible, safe, and able to induce relevant response of CPM. These results justify
a phase 3 trial.
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Abstract
Importance – CAIRO6 is the first randomized trial investigating patient-reported
outcomes (PROs) in patients receiving perioperative systemic therapy for
resectable colorectal peritoneal metastases (CPM).
Objective – To compare predefined PROs in patients undergoing perioperative
systemic

therapy

or

upfront

cytoreductive

surgery

with

hyperthermic

intraperitoneal chemotherapy (CRS-HIPEC) alone for resectable CPM (primary
objective) and to explore PROs in patients receiving perioperative systemic therapy
(secondary objective).
Design – Open-label parallel-group phase 2 randomized trial enrolling patients
between June 2017 and January 2019 with follow-up until October 2019.
Setting – Nine Dutch tertiary centers.
Participants – 80 (of 233 eligible and 151 approached) patients with pathologically
proven isolated resectable CPM without systemic therapy for colorectal cancer ≤6
months prior to enrolment.
Interventions – Randomization (1:1) to perioperative systemic therapy and CRSHIPEC (experimental arm) or upfront CRS-HIPEC alone (control arm). PROs were
assessed using EORTC QLQ-C30, EORTC QLQ-CR29, and EQ-5D-5L questionnaires
at baseline, after neoadjuvant treatment (experimental arm), and at three and six
months postoperatively.
Outcomes – Linear mixed modeling was used to compare five predefined PROs
(visual analogue scale, global health status, physical functioning, fatigue, C30
summary score) between both arms (primary objectives) and to longitudinally
analyze PROs in the experimental arm (secondary objectives), with determination
of clinical relevance of statistically significant differences.
Results – Of 79 analyzed patients, 37 (47%) received perioperative systemic
therapy. All predefined PROs were comparable between both arms at all time
points and returned to baseline at three or six months postoperatively. The
experimental arm had clinically relevant worsening of fatigue (mean difference
[MD] +14, p=0.001), loss of appetite (MD +15, p=0.003), hair loss (MD +18, p<0.001),
and loss of taste (MD +27, p<0.001) after neoadjuvant treatment. Except for loss of
appetite, these PROs returned to baseline at three or six months postoperatively.
78

Conclusions and relevance – In patients with resectable CPM, predefined PROs
were comparable between patients treated with upfront CRS-HIPEC alone and
patients treated with additional perioperative systemic therapy and returned to
baseline at three or six months postoperatively. Together with the trial’s previously
reported feasibility and safety data, these findings show acceptable tolerability of
perioperative systemic therapy in this setting.
Registration – Clinicaltrials.gov: NCT02758951.
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Introduction
Cytoreductive surgery (CRS) with or without hyperthermic intraperitoneal
chemotherapy (HIPEC) has been recommended for selected patients with
resectable colorectal peritoneal metastases in the majority of (inter)national
guidelines.1 Little is known about the value of perioperative systemic therapy for
resectable colorectal peritoneal metastases in the absence of randomized trials,2
leading to a wide variety in its administration among countries and hospitals.1-3
To address this evidence gap, the CAIRO6 trial randomizes these patients to
perioperative (i.e. neoadjuvant and adjuvant) systemic therapy and CRS-HIPEC
or CRS-HIPEC alone.4 Although superior survival of perioperative systemic
therapy is hypothesized,4 it prolongs and intensifies treatment, may lead to
(sometimes severe) toxicity,5 could increase postoperative morbidity (especially
when including bevacizumab6), and may result in preoperative intraperitoneal
progression and consequent inoperability given its assumed relative inefficacy
for colorectal peritoneal metastases.7 Altogether, this could also worsen patientreported outcomes (PROs). To address these issues, CAIRO6 incorporated a
randomized phase II trial to assess the feasibility, safety, and PROs of perioperative
systemic therapy in this setting.4,8 As part of this phase II trial, the present study
aimed to compare PROs between both treatment arms. A secondary aim was to
longitudinally explore PROs of patients receiving perioperative systemic therapy.

Methods
Design
CAIRO6 is an investigator-initiated, parallel-group, open-label, phase II-III,
randomized, superiority trial conducted in all nine Dutch tertiary hospitals for the
surgical treatment of colorectal peritoneal metastases. The trial is approved by
a central ethics committee (MEC-U, Nieuwegein, Netherlands, R16.056) and the
institutional review boards of all participating hospitals. The trial is registered
(Clinicaltrials.gov: NCT02758951). As the trial protocol and feasibility and safety
data of the phase II trial have been previously published,4,8 only brief descriptions
of eligible patients, randomization procedures, and interventions are provided.
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Patients
Eligible patients were adults with a World Health Organization performance status
of 0-1, pathologically proven isolated resectable colorectal peritoneal metastases,
no systemic therapy for colorectal cancer within six months prior to enrolment,
and no previous CRS-HIPEC.4,8 All patients gave written informed consent.

Randomization
Patients were randomized 1:1 to perioperative systemic therapy (experimental
arm) or CRS-HIPEC alone (control arm) using minimization stratified by previous
systemic therapy for colorectal cancer (yes, no), onset of peritoneal metastases
(synchronous, metachronous), peritoneal cancer index (≤10, >10), and planned
HIPEC regimen (mitomycin C, oxaliplatin).

Procedures
Perioperative systemic therapy
At physician’s discretion, perioperative systemic therapy comprised either six twoweekly neoadjuvant and six two-weekly adjuvant cycles of FOLFOX (5-fluorouracil,
leucovorin, oxaliplatin), four three-weekly neoadjuvant and four three-weekly
adjuvant cycles of CAPOX (capecitabine, oxaliplatin), or six two-weekly neoadjuvant
cycles of FOLFIRI (5-fluorouracil, leucovorin, irinotecan) followed by either six
two-weekly adjuvant cycles of 5-fluorouracil with leucovorin or four three-weekly
adjuvant cycles of capecitabine.4,8 Bevacizumab was added to the first three
(CAPOX) or four (FOLFOX or FOLFIRI) neoadjuvant cycles.4,8 In case of unacceptable
toxicity, it was allowed to switch from CAPOX or FOLFOX to FOLFIRI (and vice versa)
during neoadjuvant treatment and to fluoropyrimidine monotherapy during
adjuvant treatment. Perioperative systemic therapy was terminated in case of
disease progression, unacceptable toxicity, at patient’s request, or at physician’s
decision.

Surgery
CRS-HIPEC was performed according to the standardized Dutch protocol.9 CRS
was performed only if macroscopic complete CRS was deemed achievable after
explorative laparotomy. Only if macroscopic complete CRS was achieved, HIPEC
was performed using mitomycin C or oxaliplatin according to local protocol.9 In
81
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case of unresectable disease or macroscopic incomplete CRS, trial treatment was
stopped and patients were offered off-protocol palliative treatment.

PRO assessment
Patients were asked to give separate informed consent for PRO assessment. PROs
were assessed using three validated questionnaires (EORTC QLQ-C30,10 EORTC
QLQ-CR29,11 EuroQoL EQ-5D-5L12) before trial treatment, after completion of
neoadjuvant treatment (experimental arm only), and three and six months after
(intended) surgery. At patient’s preference, questionnaires were sent on paper or
electronically using certified software (Research Manager, Deventer, Netherlands).
Supplementary table 1 presents the PROs of each questionnaire. The manuals of
EORTC and EuroQol were used to calculate scores for all PROs.13-15 In general, PROs
can be divided in function scales (with higher scores indicating better functioning)
or symptom scales (with higher scores indicating worse symptoms). For the
primary study aim (i.e. comparison of PROs between both arms), five PROs were
predefined by the investigators as the most appropriate to assess overall health
and treatment tolerability: visual analogue scale, global health status, physical
functioning, fatigue, and C30 summary score. For the secondary study aim (i.e.
longitudinal exploration of PROs of patients receiving perioperative systemic
therapy in the experimental arm), all PROs were analyzed.

Statistical analysis
The investigators and the ethics committee agreed upon an a priori determined
sample size of 80 patients for the phase II trial as a sufficient number to
assess the feasibility and safety of perioperative systemic therapy.4,8 Given the
explorative nature of PRO analyses, no PRO hypothesis was defined a priori. As
the present study aimed to assess PROs of actual treatment rather than treatment
assignment, analyses were done in a modified intention-to-treat PRO population
of all patients starting neoadjuvant treatment (experimental arm) or undergoing
upfront surgery (control arm). Statistical tests were performed two-sided using
IBM SPSS Statistics (v25.0, IBM Corp, Armonk, NY, USA). Baseline characteristics
of the modified intention-to-treat PRO population were compared between both
arms using Student’s t test or Mann-Whitney-U test for continuous variables and
Chi-square test or Fisher’s exact test for categorical variables, with p<0.05 being
considered statistically significant for these comparisons.
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For the primary study aim (i.e. comparison of five predefined PROs between both
arms), all patients who completed questionnaires at two or more comparative
time points (i.e. baseline and three and six months postoperatively) were included.
In these patients, differential effects in scores over time and scores at each time
point were compared between both arms using linear mixed modeling (LMM)
with the use of maximum likelihood estimation and an unstructured covariance
matrix with a two-level structure (i.e. repeated time points [lower level], patients
[higher level]). If there were no statistically significant differences in differential
effects in scores over time and in scores at each time point, scores of both arms
were merged to longitudinally compare baseline scores with scores at subsequent
time points using LMM. To account for multiple testing in primary comparative
analyses, p<0.01 was considered statistically significant (Bonferroni correction:
p<0.05 divided by five main comparisons).
For the secondary study aim (i.e. longitudinal exploration of all PROs of patients
receiving perioperative systemic therapy in the experimental arm), all patients
who completed questionnaires at baseline and after neoadjuvant treatment were
included. In these patients, baseline scores were compared with scores measured
after neoadjuvant treatment using LMM. All PROs with a statistically significant
difference in scores between these time points were further analyzed and
(graphically) presented. To account for multiple testing in secondary explorative
analyses, statistical significance was pragmatically set at p<0.01.
For each statistically significant difference, a Cohen’s d (CD) effect size was
calculated to assess its clinical relevance, with CD ≥0.5 being considered clinically
relevant.16 Since means were used to determine effect sizes and to present
differences, all PRO scores were presented as mean (standard deviation)
regardless of distribution.

Results
Between June 15, 2017, and January 9, 2019, 233 patients were eligible for trial
participation, 80 were randomized (40 to each arm, baseline characteristics of
the intention-to-treat population in Supplementary table 2), and 79 gave informed
consent for PRO assessment (Figure 1). The modified intention-to-treat PRO pop-
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Figure 1. Patient pathway and questionnaire response rates (including reasons for non-response) at all
time points.
233 eligible patients
153 did not participate
82 were not approached for trial participation
71 refused trial participation
80 were enrolled and randomized

79 gave informed consent for PRO assessment

39 were randomized to the experimental arm

79 in intention-to-treat PRO population

39 (100%) completed baseline questionnaires

40 were randomized to the control arm
39 (98%) completed baseline questionnaires
1 (2%) did not complete baseline questionnaires
1 withdrew consent for all further PRO questionnaires

2 preferred upfront surgery
37 started neoadjuvant treatment

79 in modified intention-to-treat PRO population

35 (95%) completed questionnaires after neoadjuvant treatment

35 included in secondary explorative PRO analyses

42 underwent upfront surgery

2 (2%) did not complete questionnaires after neoadjuvant treatment
1 withdrew consent for all further PRO questionnaires
1 was critically ill due to progressive disease
37 underwent surgery
36 had complete CRS-HIPEC

33 had complete CRS-HIPEC
22 started adjuvant treatment
31 (84%) completed questionnaires 3 months postoperatively

35 (83%) completed questionnaires 3 months postoperatively

6 (16%) did not complete questionnaires 3 months postoperatively
4 deceased
1 withdrew consent for all further PRO questionnaires
1 unknown reason

7 (17%) did not complete questionnaires 3 months postoperatively
3 due to progressive disease
1 withdrew consent for all further PRO questionnaires
2 due to severe postoperative morbidity
1 unknown reason

30 (81%) did complete questionnaires 6 months postoperatively

30 (71%) did complete questionnaires 6 months postoperatively

7 (19%) did not complete questionnaires 6 months postoperatively
5 deceased
2 withdrew consent for all further PRO questionnaires

12 (29%) did not complete questionnaires 6 months postoperatively
6 due to progressive disease
2 deceased
2 due to severe postoperative morbidity
1 withdrew consent for all further PRO questionnaires
1 was critically ill due to off-protocol surgery

32 (86%) completed questionnaires at ≥2 comparative time pointsa

68 included in primary comparative PRO analyses

36 (86%) completed questionnaires at ≥2 comparative time pointsa

CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; PRO patient-reported
outcome; Q questionnaires; abaseline and three and six months postoperatively.

ulation comprised all these 79 patients, of whom 37 started neoadjuvant treatment
(experimental arm) and 42 underwent upfront surgery (control arm) (Figure 1).
Table 1 presents the baseline characteristics of the modified intention-to-treat
PRO population. The intention-to-treat population and the modified intentionto-treat PRO population had comparable distributions of baseline characteristics
(Table 1, Supplementary table 2).
Figure 1 presents the patient pathway and questionnaire response rates (including
reasons for non-response) at each time point. Overall response rates were
99% (78 of 79 patients) at baseline, 95% (35 of 37 patients) after completion
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of neoadjuvant treatment (experimental arm), 84% (66 of 79 patients) at three
months postoperatively, 76% (60 of 79 patients) at six months postoperatively,
and 87% (239 of 274 time points) in the entire phase II trial. Response rates were
comparable between both arms at all time points (data not shown). PRO scores
of all patients at all time points are presented in Table 2. Primary comparative
analyses and secondary explorative analyses were performed in 68 and 35 patients,
respectively (Figure 1). PRO scores of patients included in primary comparative
analyses and secondary explorative analyses are presented in Supplementary table
3 and Supplementary table 4, respectively.
Table 1. Baseline characteristics of the modified intention-to-treat PRO population.

Sex, n (%)
Male
Female
Age in years, mean (SD)
WHO performance score, n (%)
0
1
2a
Primary tumor location, n (%)
Proximal colonb
Distal colonc
Rectum
Multiple
Primary tumor status, n (%)
Resected
In situ
Previous adjuvant systemic chemotherapy for
colorectal cancer, n (%)
No
Yes
Onset of peritoneal metastases, n (%)
Synchronous
Metachronous
Baseline peritoneal cancer index, median (range)
Planned HIPEC regimen, n (%)
Mitomycin C
Oxaliplatin

Experimental
arm (n=37)

Control
arm
(n=42)

18 (49)
19 (51)
59 (11)

25 (60)
17 (40)
64 (10)

27 (73)
9 (24)
1 (3)a

35 (83)
7 (17)
0 (0)

16 (43)
19 (51)
1 (3)
1 (3)

15 (36)
26 (62)
1 (2)
0 (0)

27 (73)
10 (27)

25 (60)
17 (40)

p-value
0.333

0.032
0.331

0.705

0.209

0.743
27 (73)
10 (27)

32 (76)
10 (24)

20 (54)
17 (46)
3 (0-15)

24 (57)
18 (43)
5 (0-18)

30 (81)
7 (19)

34 (81)
8 (19)

0.783

0.104
0.988

HIPEC hyperthermic intraperitoneal chemotherapy; SD standard deviation; WHO world health organization;
a
due to severe obesity; bcaecum, ascending colon, hepatic flexure, transverse colon; csplenic flexure,
descending colon, sigmoid, rectosigmoid; dresult of student’s t test, mann-whitney-u test did not change
significance of p-value.
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Primary comparative analyses
Figure 2 presents the primary comparisons of five predefined PROs between both
arms, with corresponding LMM shown in Supplementary table 5.
Visual analogue scale. Differential effects over time (p=0.315) and scores at each
time point were comparable between both arms (Figure 2A, Supplementary table 5).
Overall, compared to baseline, visual analogue scale worsened at three months
postoperatively (mean difference [MD] -10 [95% confidence interval (CI) -15 to -4],
p=0.001, CD 0.42) and returned to baseline at six months postoperatively (p=0.932)
(Supplementary table 5).
Global health status. Differential effects over time (p=0.444) and scores at each
time point were comparable between both arms (Figure 2B, Supplementary table
5). Overall, compared to baseline, global health status remained stable at three
months postoperatively (p=0.017) and at six months postoperatively (p=0.479)
(Supplementary table 5).
Physical functioning. Differential effects over time (p=0.460) and scores at each
time point were comparable between both arms (Figure 2C, Supplementary table
5). Overall, compared to baseline, physical functioning worsened at three months
postoperatively (MD -9 [95% CI -13 to -6], p<0.001, CD 0.50) and returned to
baseline at six months postoperatively (p=0.039) (Supplementary table 5).
Fatigue. Differential effects over time (p=0.642) and scores at each time point
were comparable between both arms (Figure 2D, Supplementary table 5). Overall,
compared to baseline, fatigue worsened at three months postoperatively (MD
+15 [95% CI 9 to 20], p<0.001, CD 0.71) and returned to baseline at six months
postoperatively (p=0.345) (Supplementary table 5).
C30 summary score. Differential effects over time (p=0.033) and scores at each
time point were comparable between both arms (Figure 2E, Supplementary table
5). Overall, compared to baseline, C30 summary score worsened at three months
postoperatively (MD -7 [95% CI -10 to -4], p<0.001, CD 0.56) and returned to
baseline at six months postoperatively (p=0.482) (Supplementary table 5).
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Figure 2. Primary comparisons of five predefined PROs between both arms.

4

Lines represent mean scores; dashed lines represent standard deviations.
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Secondary explorative analyses
Explorative LMM in the experimental arm showed that four PROs had a statistically
significant difference in scores between baseline and after neoadjuvant treatment:
fatigue, loss of appetite, hair loss, and loss of taste. Figure 3 presents these PROs,
with corresponding LMM shown in Supplementary Table 6. All other PROs had no
statistically significant difference in scores between baseline and after neoadjuvant
treatment.
Fatigue. Fatigue differed over time (p<0.001, Figure 3A, Supplementary Table 6):
compared to baseline, it worsened after neoadjuvant treatment (MD +14 [95% CI
6 to 23], p=0.001, CD 0.61), was still worse at three months postoperatively (MD
+17 [95% CI 9 to 26], p<0.001, CD 0.85), and returned to baseline at six months
postoperatively (p=0.931).
Loss of appetite. Loss of appetite differed over time (p<0.001, Figure 3B,
Supplementary Table 6): compared to baseline, it worsened after neoadjuvant
treatment (MD +15 [95% CI 5 to 25], p=0.003, CD 0.67) and was still worse at three
months postoperatively (MD +16 [95% CI 6 to 29], p=0.003, CD 0.66) and at six
months postoperatively (MD +14 [95% CI 4 to 25], p=0.007, CD 0.55).
Hair loss. Hair loss differed over time (p=0.002, Figure 3C, Supplementary Table 6):
compared to baseline, it worsened after neoadjuvant treatment (MD +18 [95% CI
9 to 27], p<0.001, CD 0.84), returned to baseline at three months postoperatively
(p=0.047) and at six months postoperatively (p=0.105).
Loss of taste. Loss of taste differed over time (p<0.001, Figure 3D, Supplementary
Table 6): compared to baseline, it worsened after neoadjuvant treatment (MD +27
[95% CI 19 to 36], p<0.001, CD 1.03), was still worse at three months postoperatively
(MD +16 [95% CI 7 to 25], p=0.001, CD 0.90), and returned to baseline at six months
postoperatively (p=0.074).
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Figure 3. PROs with a statistically significant difference in scores between baseline and after neoadjuvant
treatment in secondary explorative analyses in the experimental arm.

4

Lines represent mean scores; dashed lines represent standard deviations; hollow dots
indicate a statistically significant difference compared to baseline.
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Discussion
In patients with resectable colorectal peritoneal metastases, randomized to
perioperative systemic therapy or CRS-HIPEC alone, all predefined PROs (i.e.
visual analogue scale, global health status, physical functioning, fatigue, C30
summary score) were comparable between both arms at baseline and three
and six months postoperatively. These PROs returned to baseline at three or
six months postoperatively in both arms. Secondary explorative analyses in the
experimental arm showed statistically significant and clinically relevant worsening
of fatigue, hair loss, loss of taste, and loss of appetite after neoadjuvant treatment.
Except for loss of appetite, these PROs returned to baseline at three or six months
postoperatively.
To the knowledge of the authors, the present study is the first to compare PROs
between perioperative systemic therapy or CRS-HIPEC alone for resectable
colorectal peritoneal metastases. Findings of the present study provide relevant
insight in the burden of perioperative systemic therapy in this setting and show
acceptable treatment tolerability. Together with the previously demonstrated
safety and feasibility of perioperative systemic therapy in patients with resectable
colorectal peritoneal metastases,8 results of the present study justify a phase III
trial and may facilitate its informed consent. To the knowledge of the authors,
PROs have also never been compared between perioperative systemic therapy
and surgery alone in patients with other malignancies. As a result, findings
of the present study may also be valuable for physicians administering similar
perioperative systemic regimens to patients with other malignancies that require
extensive surgery.
A recent systematic review identified 14 other studies reporting PROs in patients
undergoing CRS-HIPEC.18 However, none of these studies specifically focused on
perioperative systemic therapy and its possible effect on PROs.18 Nevertheless,
the only two studies specifically focusing on PROs after CRS-HIPEC for colorectal
peritoneal metastases reported postoperative recovery times of PROs similar to
the present study.19,20
The present study showed worsening of fatigue, loss of appetite, hair loss, and
loss of taste after neoadjuvant treatment. Although these symptoms are generally
recognized as common observer-reported side effects of systemic therapy

90

for colorectal cancer in clinical trials,21 PROs after neoadjuvant treatment for
(potentially) resectable metastatic colorectal cancer have never been reported.
While all of the worsening PROs after neoadjuvant treatment (except for loss
of appetite) returned to baseline levels at three or six months postoperatively,
patients in the experimental arm underwent treatment for a considerably longer
period than patients in the control arm. Thereby, they may have experienced
a longer period of worsened PROs. Nevertheless, the present study suggests
that these worsening PROs after neoadjuvant treatment did not translate
into a postoperative difference in five predefined general PROs between both
arms, even though many patients in the experimental arm received adjuvant
treatment at time of the first postoperative PRO measurement at three months
postoperatively. Several factors may explain the absence of differences in these
predefined postoperative PROs between both arms. First, patients’ psychological
adaptation to their changing health status over time, a phenomenon called
response shift, could have contributed to the lack of worsening of postoperative
PROs in the experimental arm despite toxicity of perioperative systemic therapy.22
Second, patients receiving perioperative systemic therapy may have an increased
belief in cure,23 as this is the hypothesis of the CAIRO6 trial. Third, patients could
have had the perception that side effects of perioperative systemic therapy are
a sign of treatment efficacy.23 The latter two factors may have counteracted the
possible negative effects of perioperative systemic therapy and its toxicity on
PROs in the experimental arm.
The main strength of the present study is the overall response rate of 87%, which
is high compared to other PRO studies: 65% in a randomized trial of neoadjuvant
chemoradiotherapy and surgery versus surgery alone in esophageal cancer,
and 65% in a systematic review of metastatic colorectal cancer trials.22,24 Given
the severity of the disease and the treatment intensity, the authors expected a
higher chance of bias due to drop-outs. The main limitation of the present study is
the relatively small sample size of 80 patients. Though LMM allowed detection of
both statistically significant and clinically relevant differences, a larger sample size
could have detected additional statistically significant fluctuations in PROs that
may have been clinically relevant.
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Conclusions
In patients with resectable colorectal peritoneal metastases randomized to
perioperative systemic therapy or CRS-HIPEC alone, all predefined PROs were
comparable between both arms and returned to baseline at three or six months
postoperatively. Though several PROs worsened after neoadjuvant treatment, all
of these (except for loss of appetite) returned to baseline at three or six months
postoperatively. Together with the trial’s previously reported feasibility and safety
data, these findings show acceptable tolerability of perioperative systemic therapy
in this setting and justify a phase III trial.
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Abstract
Purpose – To compare patient-reported outcomes (PROs) in patients undergoing
cytoreductive

surgery

and

hyperthermic

intraperitoneal

chemotherapy

(CRS-HIPEC) for colorectal peritoneal metastases to PROs in colorectal cancer
(CRC) patients undergoing conventional surgery.
Methods – Data were extracted from the CAIRO6 trial (CRS-HIPEC group) and the
PROCORE study (conventional surgery group). Nine predefined PROs (derived
from the EORTC QLQ-C30 questionnaire) were compared at baseline, in the early
postoperative period and one year postoperatively, with correction for
treatment with systemic therapy using linear mixed modeling.
Results – In total, 331 patients were included; 71 in the CRS-HIPEC group and
260 in the conventional surgery group. All predefined PROs (fatigue, diarrhea,
C30 summary score, Global Health Status, physical, role, emotional, cognitive, and
social functioning) did not differ significantly between the groups at all three timepoints, and differential effects over time for all PROs did not differ significantly
between the groups. Significant worsening of fatigue, C30 summary score,
physical and role functioning (both groups), and cognitive and social functioning
(conventional surgery group only) was present in the early postoperative period.
All scores returned to baseline at one year postoperatively, except for physical and
cognitive functioning in the conventional surgery group. Emotional functioning
improved postoperatively in both groups compared to baseline.
Conclusion – Despite a more extensive procedure with greater risk of morbidity,
CRS-HIPEC in patients with colorectal peritoneal metastases did not have a greater
negative impact on PROs than conventional surgery in patients with CRC. Systemic
therapy did not affect these PROs. These findings may facilitate future patient
counselling and shared decision making in clinical practice.
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Introduction
Over the last decades, treatments for both non-metastatic and metastatic
colorectal cancer (CRC) have much improved by evolving into multimodality
treatments, including surgery, systemic therapy and/or radiotherapy. This has
resulted in prolonged survival and consequently, with this growing number of CRC
survivors, more emphasis on patient reported outcomes (PROs) is necessary in
clinical research.1
A randomized clinical trial published in 2003 showed that cytoreductive surgery
followed by hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) in selected
patients resulted in improved survival as compared to palliative chemotherapy
alone.2,3 Ever since, CRS-HIPEC has increasingly been performed in patients with
colorectal peritoneal metastases and it is recommended in most (inter)national
guidelines.4,5
Although the increasing application of CRS-HIPEC in this patient group has improved
prognosis significantly, it is an invasive treatment with considerable risk of morbidity
and mortality.6 While aiming for macroscopic radical resection of the tumor, CRSHIPEC usually requires multiple visceral resections, leading to higher risks of
morbidity as compared to conventional surgery for primary CRC.7,8 This could result
in an unacceptable treatment burden leading to a decrease in quality of life.
Patients with non-metastatic primary CRC comprise over a million new patients
yearly worldwide,9 and PROs are broadly investigated in these patients.10,11
Also, several studies in patients undergoing CRS-HIPEC focusing on PROs have
been published.12–17 However, no comparative studies are available. Therefore,
it remains unknown whether CRS-HIPEC affects PROs more extensively than
conventional surgery for primary CRC. Besides, in both patients with primary
CRC undergoing conventional surgery and in patients with colorectal peritoneal
metastases undergoing CRS-HIPEC, systemic therapy is often part of treatment.
This may additionally cause serious side effects which might consequently affect
PROs.18–20
The aim of this study was to compare PROs in patients undergoing CRS-HIPEC
for colorectal peritoneal metastases to PROs in patients undergoing conventional
surgery for CRC, in order to provide more insight into the burden of treatment in
these patients undergoing extensive treatment for metastatic CRC.
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Methods
Study design and setting
In this cohort study, PROs of patients undergoing CRS-HIPEC for CPM were compared
with PROs of patients undergoing conventional surgery for primary CRC. PROs of
patients undergoing CRS-HIPEC for CPM were prospectively collected in the phase
2 part of the CAIRO6 trial.21 CAIRO6 is an open-label parallel-group trial in all nine
Dutch tertiary centers for the surgical treatment of CPM, with randomization of
patients with resectable CPM to perioperative systemic therapy and CRS-HIPEC
or upfront CRS-HIPEC alone. PROs of patients undergoing conventional surgery
for primary CRC were prospectively collected in the PROCORE study.22 PROCORE
is a population-based, prospective cohort study in four Dutch centers that aims
to assess PROs of CRC treatment. The CAIRO6 trial and the PROCORE study were
both approved by a central ethics committee (MEC-U, Nieuwegein, Netherlands,
numbers NL57644.100.16 [CAIRO6] and NL51119.060.14 [PROCORE]) and the
institutional review boards of all participating centers.

Participants
Patients enrolled in CAIRO6 were adults with a WHO performance score of 0-1
and isolated resectable synchronous or metachronous CPM who did not receive
systemic therapy ≤6 months prior to enrolment. CAIRO6 patients were included
in the present study if they underwent complete CRS-HIPEC. These patients
constituted the ‘CRS-HIPEC group’. Patients enrolled in the PROCORE study were
adults with newly diagnosed CRC before the start of CRC treatment. To balance
patient groups, PROCORE patients were included in the present study if they
underwent curative intent resection for a T3-4N0-2 primary tumor. These patients
constituted the ‘conventional surgery group’. Participants in the PROCORE study
who underwent CRS-HIPEC for colorectal peritoneal metastases were included as
crossovers in the CRS-HIPEC group.

Treatments
All patients in the CRS-HIPEC group underwent cytoreductive surgery (CRS),
followed by the perfusion of heated chemotherapy through the peritoneal cavity
(HIPEC) to eradicate residual cancer cells. Depending on randomization, patients
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either underwent CRS-HIPEC alone (control arm of CAIRO6) or CRS-HIPEC with ±3
months of neoadjuvant systemic combination chemotherapy with bevacizumab
and ±3 months of adjuvant systemic combination chemotherapy (experimental
arm of CAIRO6).
All patients in the conventional surgery group underwent laparoscopic or open
tumor resection (right hemicolectomy, left hemicolectomy, sigmoidectomy, lowanterior resection (LAR), or abdomino-perineal resection (APR)), and (neo)adjuvant
systemic therapy if indicated according to the Dutch CRC guideline.23

PROs
Patients of both groups were asked to complete EORTC QLQ-C30 questionnaire
at three time points: at baseline (i.e. before the start of treatment), in the early
postoperative period (i.e. ±12 weeks postoperatively in the CRS-HIPEC group,
±5 weeks postoperatively in the conventional surgery group), and one year
postoperatively. Scores of all PROs were calculated according to the manuals of
EORTC.24,25 PROs can be divided in function scales (with higher score representing
better functioning, e.g. physical functioning) and symptom scales (with higher
scores indicating worse symptoms, e.g. fatigue). For the present study, the
following PROs were predefined as the most appropriate to assess overall health
and treatment tolerability in this setting: C30 summary score, Global Health Scale
(GHS), physical functioning, role functioning, emotional functioning, cognitive
functioning, social functioning, fatigue and diarrhea.

Data collection
Collected patient, tumor, and treatment characteristics included sex, age,
American Society of Anesthesiologists (ASA) classification, primary tumor location,
and treatment with (neo)adjuvant systemic therapy. For the CRS-HIPEC group,
these data were collected using the CAIRO6 trial database. For the conventional
surgery group, these data were extracted from the Netherlands Cancer Registry,16
which registers data of all Dutch patients diagnosed with cancer.
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Statistical analyses
All categorical patient and treatment characteristics were compared between
the two groups using Chi-square test. For all patients, mean scores on all PROs
at baseline, in the early postoperative period and one year postoperatively were
calculated. Patients who completed questionnaires at least at two time points
were included in further analysis. For the comparison of nine predefined PROs
between the groups, differential effects over time and scores at each time-point
were compared using linear mixed modeling, with the use of maximum likelihood
estimation and an unstructured covariance matrix with a two-level structure (i.e.
repeated time points [lower level], patients [higher level]). To adjust for possible
effects of systemic therapy on PROs, the same analyses were performed with
correction for treatment with systemic therapy. Within the two groups, longitudinal
comparisons between different time-points were conducted, also using linear
mixed modeling. For all PROs being significantly different between the groups,
Cohen’s D (CD) effect sizes were calculated to express clinical relevance. CD values
≥0.5 were considered clinically relevant. All tests were performed two-sided and
pragmatically conducted at p<0.01 to account for multiple testing. All statistical
analyses were performed using IBM SPSS Statistics version 25.0 for Windows (IBM
Corp, Armonk, NY, USA).

Results
Patients and treatments
In total, 331 patients were included: 71 in the CRS-HIPEC group and 260 in the
conventional surgery group (Figure 1). Patient, tumor and treatment characteristics
are presented in Table 1. Patients in the CRS-HIPEC group were significantly
younger than patients in the conventional surgery group (18% vs. 4% ≤50 years,
respectively, p<0.001), less frequently had tumors located in the rectum (4% vs.
26% in the conventional surgery group, p<0.001), and more frequently received
neoadjuvant systemic therapy (48% vs. 10% in the conventional surgery group,
p<0.001). The types of surgery in the conventional surgery group were right
hemicolectomy (n=93), left hemicolectomy (n=23), sigmoid resection (n=70), LAR
(n=63), APR (n=7) and (sub)total hemicolectomy (n=4).
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Figure 1. Patient flowchart.

5

CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy;
postoperatively; b±5 weeks postoperatively.

a

±12 weeks
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Table 1. Comparison of patient, tumor, and treatment characteristics between both groups.

CRS-HIPEC Conventional
group
surgery
group
(N=71)
(N=260)
Sex, n (%)
Male
Female
Age, n (%)
≤50
51-70
>70
ASA, n (%)
1-2
3-4
Unknown
Primary tumor location, n (%)
Right colon
Left colon
Rectum
Unknown
Any (neo)adjuvant systemic therapy, n (%)
No
Yes
Neoadjuvant systemic therapy, n (%)
No
Yes
Adjuvant systemic therapy, n (%)
No
Yes

p-value

0.176
36 (51)
35 (49)

156 (60)
104 (40)

13 (18)
40 (56)
18 (25)

11 (4)
135 (52)
114 (44)

65 (92)
6 (8)
-

211 (82)
40 (15)
9 (3)

24 (34)
42 (59)
3 (4)
2 (3)

96 (37)
94 (36)
68 (26)
1 (0)

38 (54)
33 (47)

165 (64)
95 (36)

37 (52)
34 (48)

235 (90)
25 (10)

49 (69)
22 (31)

189 (73)
71 (27)

<0.001

0.112

<0.001

0.133

<0.001

0.553

CRS-HIPEC: cytoreductive surgery and hyperthermic intraperitoneal chemotherapy, ASA: American Society
of Anesthesiologists classification.

Questionnaire completion rates
In the CRS-HIPEC group, 99% of patients (70/71) completed baseline questionnaires,
89% of patients (63/71) completed questionnaires in the early postoperative period
and 69% of patients (49/71) completed questionnaires one year postoperatively.
In the conventional surgery group, 98% of patients (256/260) completed baseline
questionnaires, 85% of patients (221/260) completed questionnaires in the early
postoperative period and 72% of patients (187/260) completed questionnaires
one year postoperatively.
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Comparative analyses of PROs between groups and longitudinal
comparisons within the groups
Comparisons and course of all predefined PROs between both groups are
presented in Figure 2, with corresponding linear mixed models in Table 2.
Longitudinal comparisons within groups are presented in Table 3.

Functional scales
C30 summary score. Differential effects over time (p=0.015) and scores at each
time-point did not differ significantly between the groups, neither after adjustment
for systemic therapy (Figure 2A, Table 2). In both groups, the C30 summary score
worsened in the early postoperative period (mean difference (MD) -7 [95% CI -11 –
-4], p<0.001, clinically relevant [CD 0.66], in the CRS-HIPEC group; MD -5 [95% CI -7
– -3], p<0.001, non-clinically relevant [CD 0.38] in the conventional surgery group)
but returned to baseline values at one year postoperatively (Table 3).
Global Health Status. Differential effects over time (p=0.811) and scores at each
time-point did not differ significantly between the groups, neither after adjustment
for systemic therapy (Figure 2B, Table 2). No significant worsening of Global Health
Status was present in either of the groups in the early postoperative period,
however, a significant improvement at one year postoperatively was present
when compared to baseline in the conventional surgery group (MD +7 [95% CI
4-10], p<0.001, non- clinically relevant [CD 0.38], Table 3).
Physical functioning. Differential effects over time (p=0.033) and scores at each
time-point did not differ significantly between the groups, also after adjustment
for systemic therapy (Figure 2C, Table 2). In both groups, physical functioning
worsened in the early postoperative period (MD -9 [95% CI -14 – -4], p<0.001,
clinically relevant [CD 0.58] in the CRS-HIPEC group; MD -8 [95% CI -11 – -7],
p<0.001, clinically relevant [CD 0.53] in the conventional surgery group). In the
CRS-HIPEC group, physical functioning returned to baseline scores at one year
postoperatively. In the conventional surgery group, physical functioning remained
worsened at one year postoperatively in comparison to baseline scores (MD -3
[95% CI -6 – -1], p=0.003, non- clinically relevant [CD 0.18], Table 3).
Role functioning. Differential effects over time (p=0.029) and scores at each timepoint did not differ significantly between the groups, neither after adjustment for
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systemic therapy (Figure 2D, Table 2). In both groups, role functioning worsened in
the early postoperative period (MD -12 [95% CI -25 – -7], p<0.001, clinically relevant
[CD 0.50] in the CRS-HIPEC group; MD -20 [95% CI -24 – -16], p<0.001, clinically
relevant [CD 0.68] in the conventional surgery group), but returned to baseline
values at one year postoperative (Table 3).
Emotional functioning. Differential effects over time (p=0.059) and scores at
each time-point did not differ significantly between the groups, neither after
adjustment for systemic therapy (Figure 2E, Table 2). In the CRS-HIPEC group,
no significant differences in emotional functioning were observed in the early
postoperative period, but a significant improvement of emotional functioning at
one year postoperatively was observed (MD +13 [95% CI 9 – 15], p=0.007, clinically
relevant [CD 0.50]) as compared to baseline. In the conventional surgery group,
emotional functioning improved in the early postoperative period (MD +7 [95% CI
4 – 9], p<0.001, non- clinically relevant [CD 0.37]) and one year postoperatively (MD
+8 [95% CI 2 – 13], p<0.001, clinically relevant [CD 0.65]) as compared to baseline
(Table 3).
Cognitive functioning. Differential effects over time (p=0.701) and scores at each
time-point did not differ significantly between the groups, also after adjustment for
systemic therapy (Figure 2F, Table 2). In the CRS-HIPEC group, scores on cognitive
functioning remained stable at all time-points. In the conventional surgery group,
significant worsening of cognitive functioning was present both in the early
postoperative period (MD -4 [95% CI -6 – -1], p=0.003, non- clinically relevant [CD
0.18]) and one year postoperatively (MD -3 [95% CI -5 – 0], p<0.001, non- clinically
relevant [CD 0.11]) as compared to baseline (Table 3).
Social functioning. Differential effects over time (p=0.006) and scores at each timepoint did not differ significantly between the groups, neither after adjustment
for systemic therapy (Figure 2G, Table 2). In the CRS-HIPEC group, scores on social
functioning remained stable at all time-points. In the conventional surgery group,
significant worsening of social functioning was present in the early postoperative
period (MD -8 [95% CI -12 – -6], p<0.001, non-clinically relevant [CD 0.37]), however,
this returned to baseline at one year postoperatively (Table 3).
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Symptom scales
Fatigue. Differential effects over time (p=0.047) and scores at each time-point did
not differ significantly between the groups, also after correction for treatment
with systemic therapy (Figure 2H, Table 2). In both groups, fatigue worsened in
the early postoperative period (MD +14 [95% CI 8 – 20], p<0.001, clinically relevant
[CD 0.72] in the CRS-HIPEC group; MD +12 [95% CI 9 – 16], p<0.001, non- clinically
relevant [CD 0.49] in the conventional surgery group), but returned to baseline
scores at one year postoperatively (Table 3).
Diarrhea. Differential effects over time (p=0.976) and scores at each time-point did
not differ significantly between the groups, neither after correction for treatment
with systemic therapy (Figure 2I, Table 2). No significant worsening of diarrhea
was found in either group, neither in the early postoperative period nor one year
postoperatively.
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Figure 2. Comparison of predefined patient-reported outcomes between the CRS-HIPEC group and the
conventional surgery group.

Continuous lines represent mean PRO scores; dotted lines represent standard deviations
of PRO scores.
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Table 2. Comparative analyses between groups using linear mixed modeling, with and without correction
for systemic therapy.

Unadjusted
PRO
C30 summary scorea
Comparison of differential effects
over time between both groups
Comparisons between the groups
at each measurementc
Baseline
Early postoperative periodd
One year postoperatively
Global Health Statusa
Comparison of differential effects
over time between both groups
Comparisons between the groups
at each measurementc
Baseline
Early postoperative periodd
One year postoperatively
Physical functioninga
Comparison of differential effects
over time between both groups
Comparisons between the groups
at each measurementc
Baseline
Early postoperative periodd
One year postoperatively
Role functioninga
Comparison of differential effects
over time between both groups
Comparisons between the groups
at each measurementc
Baseline
Early postoperative periodd
One year postoperatively
Emotional functioninga
Comparison of differential effects
over time between both groups
Comparisons between the groups
at each measurementc
Baseline
Early postoperative periodd
One year postoperatively

Adjusted for
systemic therapy
P-value 95% CI P-value

Mean
differenced

95% CI

NA

NA

0.015

NA

0.012

-1
-3
-2

-6 – 2
-8 – -1
-9 – -1

0.337
0.024
0.020

-6 – 2
-8 – -1
-9 - -1

0.312
0.021
0.017

NA

NA

0.811

NA

0.838

+6
+1
-1

-2 – 9
-5 – 6
-10 – 2

0.199
0.736
0.232

-2 – 9
-5 – 6
-10 – 2

0.206
0.753
0.222

NA

NA

0.033

NA

0.026

-2
-3
-2

-9 – 1
-9 – 1
-11 – 0

0.116
0.105
0.069

-9 – 1
-9 – 1
-11 – 0

0.102
0.090
0.057

NA

NA

0.029

NA

0.029

-9
-1
-6

-16 – 0
-11 – 5
-16 – 2

0.057
0.496
0.115

-16 – 0
-11 – 5
-16 – 2

0.059
0.501
0.118

0.059

NA

0.048

0.359
0.229
0.017

-8 – 3
-9 – 2
-14 – -2

0.329
0.205
0.014

NA

-1
-2
-4

-8 – 3
-9 – 2
-13 – -1
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Table 2. (continued)

Unadjusted
PRO
Cognitive functioninga
Comparison of differential effects
over time between both groups
Comparisons between the groups
at each measurementc
Baseline
Early postoperative periodd
One year postoperatively
Social functioninga
Comparison of differential effects
over time between both groups
Comparisons between the groups
at each measurementc
Baseline
Early postoperative periodd
One year postoperatively
Fatigueb
Comparison of differential effects
over time between both groups
Comparisons between the groups
at each measurementc
Baseline
Early postoperative periodd
One year postoperatively
Diarrheab
Comparison of differential effects
over time between both groups
Comparisons between the groups
at each measurementc
Baseline
Early postoperative periodd
One year postoperatively

Adjusted for
systemic therapy
P-value 95% CI P-value

Mean
differenced

95% CI

NA

NA

0.701

NA

0.690

-1
0
0

-5 – 5
-6 – 4
-7 – 5

0.940
0.610
0.721

-5 – 5
-6 – 4
-7 – 5

0.932
0.603
0.711

NA

NA

0.006

NA

0.006

-3
-4
-5

-12 – -0
-11 – 1
-15 – -2

0.042
0.090
0.015

-12 –-0
-11 – 1
-15 – -2

0.044
0.094
0.016

NA

NA

0.047

NA

0.048

+2
+4
+5

3 – 10
-1 – 12
-1 – 14

0.248
0.105
0.096

-3 – 10
-1 – 12
-1 – 14

0.251
0.107
0.099

NA

NA

0.976

NA

0.958

-7
0
+3

-12 – 1
-4 – 9
-2 – 12

0.083
0.495
0.189

-12 – 1
-4 – 9
-2 – 12

0.086
0.486
0.183

PRO patient-reported outcome; CI Confidence interval; NA not applicable; ; aHigher scores represent
better functioning; bHigher scores represent worse symptoms; cCalculated as CRS-HIPEC as compared
to conventional surgery (conventional surgery as reference); d+/- 12 weeks postoperatively in CRS-HIPEC
group, +/- 5 weeks postoperatively in conventional surgery group.

110

111

Mean
differencec

C30 summary scorea
Comparisons between time points within groups
Baseline vs. early postoperative periodd
-7
Early postoperative periodd vs. one year
+8
postoperatively
Baseline vs. one year postoperatively
+1
Global Health Statusa
Comparisons between time points
within groups
Baseline vs. early postoperative periodd
-7
Early postoperative periodd vs. one year
+7
postoperatively
Baseline vs. one year postoperatively
0
Physical functioninga
Comparisons between time points
within groups
Baseline vs. early postoperative periodd
-9
Early postoperative periodd vs. one year
+6
postoperatively
Baseline vs. one year postoperatively
-3
Role functioninga
Comparisons between time points
within groups
Baseline vs. early postoperative periodd
-12
Early postoperative periodd vs. one year
+18
postoperatively

PRO

NA

0.58
NA
NA

0.50
0.67

0.701

0.066
0.163
0.815

<0.001
0.146
0.074

<0.001
0.002

-5 – -3

-10 – 0
-2 – 10
-6 – 5

-14 – -4
-1 – 10
-10 – 0

-25 – -7
6 – 26

NA
NA

NA

<0.001
0.002
0.66
0.61

Cohen’s
De

-11 – -4
3 – 10

CRS-HIPEC (N=66)
95% CI P-value

Table 3. Linear mixed modeling on comparisons of scores over time within the groups.

-20
+21

-3

-8
+5

+7

-2
+9

+2

-5
+7

NA
0.47
0.38

0.53
0.34
0.18

0.68
0.75

0.018

0.119
<0.001
<0.001

<0.001
<0.001
0.003

<0.001
<0.001

0–4

-5 – 1
6 – 12
4 – 10

-11 – -7
3–8
-6 – -1

-24 – -16
15 – 25

NA

<0.001
<0.001

-7 – -3
5–9

0.38
0.54

Conventional surgery (N=237)
Mean
95% CI
P-value Cohen’s De
differencec
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Baseline vs. one year postoperatively
Emotional functioninga
Comparisons between time points
within groups
Baseline vs. early postoperative periodd
Early postoperative periodd vs. one year
postoperatively
Baseline vs. one year postoperatively
Cognitive functioninga
Comparisons between time points
within groups
Baseline vs. early postoperative periodd
Early postoperative periodd vs. one year
postoperatively
Baseline vs. one year postoperatively
Social functioninga
Comparisons between time points
within groups
Baseline vs. early postoperative periodd
Early postoperative periodd vs. one year
postoperatively
Baseline vs. one year postoperatively
Fatigueb
Comparisons between time points
within groups

PRO

Table 3. (continued)

-10 – 9

1 – 11
-4 – 7
9 – 15

-9 – 0
-3 – 6
-8 – 2

-15 – -1
-9 – 6
-1 – 15

+6
+7
+13

-3
+1
-2

-9
+9
0

0.073

0.018
0.749

0.193

NA

NA
NA

NA

NA
NA

0.50

0.007

0.031
0.525

0.37
NA

Cohen’s
De
NA

0.012
0.635

0.913

CRS-HIPEC (N=66)
95% CI P-value

Mean
differencec
+6

+2

-8
+10

-3

-4
+1

+8

+7
+1

-2 – 5

-12 – -6
7 – 14

-5 – 0

-6 – -1
-1 – 34

2 – 13

4 –9
3–8

0.11

0.37
0.47

<0.001

<0.001
<0.001

NA

0.18
0.05

0.003
<0.001

0.323

0.65

0.37
0.29
<0.001

<0.001
<0.001

Conventional surgery (N=237)
Mean
95% CI
P-value Cohen’s De
differencec
+1
-5 – 5
0.968
NA

8 – 20
-20 – 7
-6 – 7

2 – 14
-9 – 6
0 – 14

0

+7
-1
+6

0.064

0.012
0.669

0.908

<0.001
<0.001

CRS-HIPEC (N=66)
95% CI P-value

+14
-14

Mean
differencec

NA

NA
NA

NA

0.72
0.62

Cohen’s
De

-4

0
-4

-1

+12
-15

<0.001
<0.001
0.279

0.781
0.049
0.022

9 – 16
-18 – -11
-6 – 2

-4 – 3
-8 – 0
-8 – -1

NA

NA
NA

NA

0.49
0.61

Conventional surgery (N=237)
Mean
95% CI
P-value Cohen’s De
differencec

PRO patient-reported outcome; CI Confidence interval; NA not applicable; ; aHigher scores represent better functioning; bHigher scores represent worse symptoms;
c
Calculated as second mentioned (mean) time point minus first mentioned (mean) time point for longitudinal comparisons; d+/- 12 weeks postoperatively in
CRS-HIPEC group, +/- 5 weeks postoperatively in conventional surgery group; eCohen’s D effect sizes were calculated in case of statistically significant differences
between two time points.

Baseline vs. early postoperative periodd
Early postoperative periodd vs. one year
postoperatively
Baseline vs. one year postoperatively
Diarrheab
Comparisons between time points
within groups
Baseline vs. early postoperative periodd
Early postoperative periodd vs. one year
postoperatively
Baseline vs. one year postoperatively

PRO

Table 3. (continued)
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Discussion
This cohort study compared PROs in patients having undergone CRS-HIPEC
for colorectal peritoneal metastases to PROs in patients having undergone
conventional surgery for CRC. At all time-points, PROs did not differ significantly
between the groups, neither after correction for possible effects of systemic
therapy. Therefore, the present study results suggest that CRS-HIPEC in patients
with colorectal peritoneal metastases does not affect PROs more extensively than
conventional surgery in patients with CRC, without a significant effect of systemic
therapy.
During CRS-HIPEC, the aim is to radically resect all visible tumor including the
primary tumor if present. This typically is an extensive procedure including multiple
visceral resections, which is associated with a considerably higher risk of severe
postoperative morbidity than conventional surgery alone.7,8 Therefore, this could
lead to higher treatment and symptom burden. Previous studies investigating
PROs in patients undergoing CRS-HIPEC indeed showed worsening of PROs early
after surgery with recovery to baseline levels in approximately 6 to 12 months
postoperatively, which is comparable with the findings in the present study.12–17
Although both studies reporting PROs after CRS-HIPEC and studies reporting
PROs after curative colon resection for primary CRC are conducted extensively,10,11
no comparative studies are available. Therefore, the present study provides
new insight into the burden of treatment in patients undergoing CRS-HIPEC for
colorectal peritoneal metastases and may inform both clinicians and patients
about the burden of CRS-HIPEC, thereby facilitating future patient counselling.
Despite the more extensive treatment in the CRS-HIPEC group, no significantly
worsened scores in PROs were observed in comparison to the conventional
surgery group. This indicates that CRS-HIPEC does not have an additional negative
impact on PROs as compared to conventional surgery only.
As the addition of systemic therapy to the surgical treatment of any type of
CRC inevitably prolongs and intensifies treatment and possibly leads to (severe)
toxicity,26 consequent impact on PROs might be present. Therefore, correction
for treatment with systemic therapy was performed in comparative linear mixed
model analyses. However, no significant effect of systemic therapy on PROs was
observed in either group.

114

At one year postoperatively, all PROs in the CRS-HIPEC group had returned to
baseline values, but in the conventional surgery group, a worse physical and
cognitive functioning remained as compared to baseline. Even though other
researchers have previously described residual cognitive impairment at one
and two years after treatment in CRC patients,27 these effects were not clinically
relevant in the present study.
Despite being the first comparative study on PROs in patients undergoing CRSHIPEC or conventional surgery, this study has some limitations. Firstly, patients in
the CRS-HIPEC group were significantly younger than patients in the conventional
surgery group, which may have affected PROs. Secondly, the selection procedure
of patients for the two study groups was different. In the PROCORE study, all
patients undergoing conventional surgery for CRC in four hospitals were asked
to participate, while the CAIRO6 trial population comprised patients having to
meet much stricter criteria, due to its design and experimental interventions. This
has additionally resulted in different group sizes, being the third limitation of the
present study. However, in order to balance both groups as much as possible, only
patients diagnosed with T stage 3-4 were selected from the PROCORE study for
the conventional surgery group, as the vast majority of patients with colorectal
peritoneal metastases also present with T stage 3-4 CRC. Furthermore, appropriate
statistical analyses by means of linear mixed modeling were performed to account
for small group sizes. Another limitation is that data on postoperative morbidity,
which might have affected PROs (particularly in the early postoperative period)
were not available. Lastly, patients in the conventional surgery group completed the
questionnaire in the early postoperative period about five weeks postoperatively,
as compared to about 12 weeks postoperatively in the CRS-HIPEC group (data
not shown). This could have led to a worsened score of PROs in the conventional
surgery group at the early postoperative time-point as compared to the CRS-HIPEC
group due to patients being in an earlier postoperative recovery phase.
Despite a more extensive procedure with greater risk of morbidity, CRS-HIPEC in
patients with colorectal peritoneal metastases did not have a greater negative
impact on PROs than conventional surgery in patients with CRC. Systemic therapy
in addition to surgical treatment did not significantly affect PROs in either of
the groups. These results are valuable for patient counselling and support
shared decision making for the treatment of patients with colorectal peritoneal
metastases.
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Abstract
Importance – To date, there are no data on the value of adjuvant systemic
chemotherapy following upfront resection of isolated synchronous colorectal
peritoneal metastases.
Objective – to assess the association between adjuvant systemic chemotherapy
and overall survival following upfront resection of isolated synchronous colorectal
peritoneal metastases.
Design, setting, and participants – in this population-based, observational cohort
study using nationwide data from the Netherlands Cancer Registry (diagnoses
between January 1, 2005 and December 31, 217; follow-up until January 31, 2019),
393 patients with isolated synchronous colorectal peritoneal metastases who were
alive 3 months after upfront complete cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy were included. Patients allocated to the adjuvant
systemic chemotherapy group were matched (1:1) with those allocated to the
active surveillance group by propensity scores based on patient-, tumor-, and
treatment-level covariates.
Exposures – Adjuvant systemic chemotherapy, defined as systemic chemotherapy
without targeted therapy, starting within 3 months postoperatively.
Main outcomes and measures – Overall survival was compared between
matched groups using Cox proportional hazards regression analysis adjusted for
residual imbalance. A landmark analysis was performed by excluding patients
who died within 6 months postoperatively. A sensitivity analysis was performed to
adjust for unmeasured confounding by major postoperative morbidity.
Results – Of 393 patients (mean [SD] age 61 [10] years; 181 [46%] men), 172
patients (44%) were allocated to the adjuvant systemic chemotherapy group. After
propensity score matching of 142 patients in the adjuvant systemic chemotherapy
group with 142 in the active surveillance group, adjuvant systemic chemotherapy
was associated with improved overall survival compared with active surveillance
(median 39.2 [interquartile range, 21-1-111.1] months vs. 24.8 [interquartile
range, 15.0-58.4] months; adjusted hazard ratio [aHR] 0.66; 95% CI 0.49-0.88;
p=0.006), which remained consistent after excluding patients who died within 6
months postoperatively (aHR 0.68; 95% CI 0.50-0.93; p=0.02) and after adjustment
for major postoperative morbidity (aHR 0.71; 95% CI 0.53-0.95).
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Conclusions and relevance – Findings of this study suggest that in patients
undergoing upfront resection of isolated synchronous colorectal peritoneal
metastases, adjuvant systemic chemotherapy appeared to be associated with
improved overall survival. Although randomized trials are needed to address the
influence of potential residual confounding and allocation bias on this association,
results of this study may be used for clinical decision-making in this patient group
for whom no data are available.

6

123

Introduction
Up to one-quarter of patients with isolated synchronous colorectal peritoneal
metastases undergo cytoreductive surgery with hyperthermic intraperitoneal
chemotherapy (CRS-HIPEC) in an estimated 430 treatment centers worldwide.1,2 In
several countries, including the Netherlands,2,3 these patients routinely undergo
upfront CRS-HIPEC according to the protocol of the pioneer study by Verwaal et al.4
Unlike some national and international guidelines,3 neoadjuvant systemic therapy
is not recommended by the Dutch guideline5 and therefore is given only in cases of
an advanced primary tumor, initially unresectable peritoneal metastases, or a poor
general condition.6 Following upfront CRS-HIPEC, an internationally debated topic
is whether patients with isolated synchronous colorectal peritoneal metastases
should receive adjuvant systemic chemotherapy. Several experts and guidelines
recommend routine use of adjuvant systemic chemotherapy in this setting,2,3
while others recommend adjuvant systemic chemotherapy only in cases of lymph
node positivity,2 and some only state that adjuvant systemic chemotherapy could
be considered.2,3 These inconsistent recommendations reflect an absence of
data on the association between adjuvant systemic chemotherapy and overall
survival in this particular group.7 To address this evidence gap, the present study
aimed to assess the association between adjuvant systemic chemotherapy and
overall survival in patients undergoing upfront complete CRS-HIPEC for isolated
synchronous colorectal peritoneal metastases in the Netherlands after publication
of the pioneer study in 2003.4

Methods
Data source
For this observational cohort study, data were extracted from the nationwide
Netherlands Cancer Registry. Trained data managers of the Netherlands
Cancer Registry routinely collect information on tumor, patient, and treatment
characteristics from medical records. Primary tumor location, histologic
characteristics, and location of synchronous metastases are registered according
to the International Classification of Diseases for Oncology. Pathologic stage is
registered according to the tumor-node-metastasis classification valid at the time
of diagnosis. The vital status of patients is obtained by linkage to the Municipal
Records Database, which records all deaths in the Netherlands. All data of the
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Netherlands Cancer Registry are anonymized and de-identified. According to
the Central Committee on Research involving Human Subjects in The Hague, the
Netherlands, this study type does not require ethics approval in the Netherlands.
The study was approved by the privacy review board of the Netherlands Cancer
Registry. This study followed Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guideline.

Surgery
In the Netherlands, CRS-HIPEC is performed according to the standardized Dutch
protocol in 9 acknowledged, high-volume tertiary referral centers.8 For colorectal
peritoneal metastases, CRS is performed only if macroscopically complete
cytoreduction is deemed achievable after explorative laparotomy. Only after
macroscopically complete CRS, HIPEC is performed with use of either mitomycin C
or oxaliplatin at the physician’s discretion.

8

Cohort selection
The initial selection identified all Dutch patients with colorectal cancer diagnosed
from January 1, 2005 through December 31, 2017, with synchronous peritoneal
metastases undergoing complete CRS-HIPEC (Supplementary Table 1). Patients
were excluded in cases of an appendiceal primary tumor, an unspecified primary
tumor location, histologic characteristics other than adenocarcinoma, concomitant
extraperitoneal metastases, participation in the CAIRO6 trial,9 no histologically
proven peritoneal metastases, systemic therapy or radiotherapy before CRS-HIPEC,
unknown date of CRS-HIPEC, and unknown start date of systemic chemotherapy
after CRS-HIPEC (Supplementary Table 1). In addition, to account for immortal time
bias, patients were excluded if they died within 3 months postoperatively.10

Treatment allocation
In the Netherlands, adjuvant treatment following upfront resection of isolated
synchronous colorectal peritoneal metastases has been based on evidence in highrisk colon cancer. Following the Dutch national guideline,5 the European Society for
Medical Oncology consensus guideline,11 and several trials on adjuvant targeted
therapy published thereafter,12-16 patients were allocated to the adjuvant systemic
chemotherapy group if they started systemic chemotherapy (a fluoropyrimidine
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with oxaliplatin, fluoropyrimidine monotherapy, or not-otherwise-specified
chemotherapy regimen) (Supplementary Table 1) without targeted therapy within 3
months postoperatively. All other patients were allocated to the active surveillance
group, including those receiving targeted therapy within or starting systemic
chemotherapy later than 3 months postoperatively, because these therapies were
considered to be given as palliative rather than adjuvant treatment.

Primary outcome
The primary outcome was overall survival, defined as the time between the date of
CRS-HIPEC and the date of death or the date of last follow-up in censored patients.
Follow-up was conducted until January 31, 2019.

Covariates
Covariates included sex, age at diagnosis, period of diagnosis, primary tumor
location, pathologic T category, pathologic N category, histologic characteristics,
differentiation, weeks between cancer diagnosis and CRS_HIPEC, and initial length
of hospital stay after CRS-HIPEC (≤21 or >21 days) (Supplementary Table 1).

Statistical analysis
Continuous variables were compared between adjuvant systemic chemotherapy
and active surveillance using unpaired t test or Mann-Whitney test as appropriate.
Categorical variables were compared between both groups using Chi-squared test
or Fisher exact test as appropriate.
Each patient’s propensity score (i.e. the conditional probability of being
allocated to the adjuvant systemic chemotherapy group) was estimated using
a multivariable logistic regression model in which allocation to the adjuvant
systemic chemotherapy group was regressed on all variables listed in the
Covariates section.17 The propensity score was used to match patients of both
treatment groups in a 1:1 ratio using the greedy nearest-neighbor methods
without replacement within calipers of width equal to 0.2 of the SD of the logit
of the propensity score.18 Balance in covariates in the matched population was
evaluated using standardized differences.19 A standardized difference between
-0.10 and 0.10 indicated an adequate balance. Several covariates (i.e. pathologic T
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category, pathologic N category, differentiation, and initial length of hospital stay)
had missing data that could not be considered missing (completely) at random,
limiting the use of multiple imputation methods.20 Therefore, dummy variables of
missing data were included in the propensity score estimation model to ensure
that the proportions of patients with missing data were balanced between
matched groups.
The overall survival of matched adjuvant systemic chemotherapy and active
surveillance groups was estimated with the Kaplan-Meier methods and compared
between both groups using the long-rank test and Cox proportional hazards
regression analysis. The hazard ratio (HR) was adjusted (aHR) for covariates with
a standardized difference greater than 0.10 or smaller than -0.10 to account
for residual imbalance between matched groups.19 to address the sensitivity
of the HR to selection and allocation bias, these analyses were repeated after
excluding patients who died within 6 months postoperatively, patients receiving
targeted therapy within 3 months postoperatively, patients starting systemic
chemotherapy between 3 and 4 months postoperatively, and all 3 of these groups.
Cox proportional hazards regression analysis was used to assess the association
between adjuvant systemic chemotherapy and overall survival across different
levels of the following covariates: sex, age, period of diagnosis, pathologic T
category, pathologic N category, histologic characteristics, differentiation, and
initial length of hospital stay. Tests for interaction were used to evaluate the
heterogeneity of this association across different levels of these covariates.21
The Netherlands Cancer Registry does not record major postoperative morbidity,
which may be a source of bias owing to its potential association with postoperative
performance status, the probability of receiving adjuvant systemic chemotherapy,
and overall survival.22 Moreover, although the matching process aimed to balance
missing data between treatment groups, data on initial hospital stay (a surrogate
marker for major postoperative morbidity) were missing in a relevant number
of patients. Therefore, a sensitivity analysis using the formula described by Lin
et al23 was performed to quantify potential unmeasured confounding by major
postoperative morbidity. The proportions of major postoperative morbidity in
both treatment groups and its mortality HR were derived from a systematic search
of Dutch literature on this topic after 2005. The estimated major postoperative
morbidity rate was 15% based on, to the knowledge of the authors, the only study
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reporting major postoperative morbidity follow upfront resection of synchronous
colorectal peritoneal metastases.6 The proportion of major postoperative
morbidity was estimated to be ±2.3 times higher in the active surveillance group
(21%) than in the adjuvant systemic chemotherapy group (9%) based on, to the
knowledge of the authors, the only study reporting these proportions.22 Together
with the highest reported mortality HR (1.75),24,25 the estimated proportions were
included in the formula to assess whether adjustment for major postoperative
morbidity would have eliminated the association between adjuvant systemic
chemotherapy and overall survival.23
All analyses were performed using 2-sided testing, with findings considered
significant at p<0.05. Analyses were conducted with SAS, version 9.4 (SAS Institute
Inc).

Results
Of 930 initially identified patients, 393 were included (mean [SD] age 61 [10] years;
181 [46%] male), of whom 172 individuals (44%) were allocated to the adjuvant
systemic chemotherapy group (Figure 1). These 172 patients had a mean (SD) of 8
(2) weeks between CRS-HIPEC and the start of adjuvant systemic chemotherapy.
The median duration of adjuvant treatment was 21 (interquartile range [IQR] 1422) weeks in 102 patients with available data.
Table 1 presents a comparison of baseline variables between both treatment
groups. The adjuvant systemic chemotherapy and active surveillance groups
differed regarding period of diagnosis (e.g. 2014-2017: 65 [38%] vs. 134 [61%],
p<0.001), primary tumor location (e.g. distal colon: 85 [49%] vs. 81 [37%], p=0.03),
and initial length of hospital stay (e.g. >21 days: 6 [3%] vs. 37 [17%], p<0.001).

Following propensity score matching, 142 of the adjuvant systemic
chemotherapy group were matched with 142 patients of the active
surveillance group (Figure 1), leaving no statistically significant baseline
differences between matched groups. After propensity score matching,
the adjuvant systemic chemotherapy and active surveillance group had
residual imbalance regarding period of diagnosis (e.g. 2014-2017: 65
[46%] vs. 77 [54%], standardized difference -0.17), primary tumor location
(i.e. rectum: 7 [5%] vs. 3 [3%], standardized difference 0.11), histologic
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characteristics (i.e. signet ring cell adenocarcinoma: 11 [8%] vs. 6 [4%],
standardized difference 0.15), and initial length of hospital stay (i.e. >21
days: 6 [4%] vs. 16 [11%], standardized difference -0.27) (Table 1).
Figure 1. Patient selection, treatment allocation, and propensity score matching.

6

PRO patient-reported outcome; CI Confidence interval; NA not applicable; ; aHigher scores represent
better functioning; bHigher scores represent worse symptoms; cCalculated as second mentioned (mean)
time point minus first mentioned (mean) time point for longitudinal comparisons; d+/- 12 weeks
postoperatively in CRS-HIPEC group, +/- 5 weeks postoperatively in conventional surgery group; eCohen’s
D effect sizes were calculated in case of statistically significant differences between two time points.
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Sex, n (%)
Male
Female
Years of age, mean (SD)
Period of diagnosis, n (%)
2005-2009
2010-2013
2014-2017
Weeks from diagnosis to
CRS-HIPEC, median (IQR)
Primary tumor location, n (%)
Proximal colon
Distal colon
Rectum
Pathologic T category, n (%)
T0-3
T4
Missing data
Pathologic N category, n (%)
N0
N1
N2
Missing data

Variable

99 (45)
122 (55)
62 (10)
28 (13)
59 (27)
134 (61)
10 (7-14)

125 (57)
81 (37)
15 (7)
62 (28)
154 (70)
5 (2)
41 (19)
67 (30)
107 (48)
6 (3)

82 (48)
90 (52)
60 (11)
25 (15)
82 (48)
65 (38)
10 (7-13)

80 (47)
85 (49)
7 (4)
46 (27)
124 (72)
2 (1)
31 (18)
57 (33)
81 (47)
3 (3)

.88

.71

.03

.78

.12
<.001

.57

Unmatched population
ASC group AS group
p value
(n=172)
(n=221)

28 (20)
49 (35)
62 (44)
3 (2)

40 (28)
100 (70)
2 (1)

76 (54)
59 (42)
7 (5)

24 (17)
53 (37)
65 (46)
10 (7-14)

68 (48)
74 (52)
61 (10)

26 (18)
49 (35)
64 (45)
3 (2)

40 (28)
100 (70)
2 (1)

75 (53)
63 (44)
4 (3)

17 (12)
48 (34)
77 (54)
10 (7-14)

68 (48)
74 (52)
61 (10)

.99

>.99

.62

.86

.97
.29

>.99

Matched population
ASC group AS group p value
(n=142)
(n=142)

Table 1. Comparison of baseline variables between treatment groups in the unmatched and matched population.

-0.01
0.06
-0.03
-0.07

-0.03
0.05
-0.08

-0.20
0.26
-0.12

0.05
0.44
-0.47
0.01

0.06
-0.06
-0.16

0.00
-0.03
0.00
-0.01

0.00
0.00
0.00

0.01
-0.06
0.11

0.14
0.07
-0.17
-0.03

0.00
0.00
0.00

Standardized differencea
Unmatched
Matched

95 (55)
6 (3)
71 (41)

116 (52)
37 (17)
68 (31)

Unmatched population
ASC group AS group
p value
(n=172)
(n=221)
.53
96 (56)
131 (59)
63 (37)
79 (36)
13 (8)
11 (5)
.96
99 (58)
125 (57)
30 (17)
41 (19)
43 (25)
55 (25)
<.001
82 (58)
6 (4)
54 (38)

77 (54)
16 (11)
49 (35)

Matched population
ASC group AS group p value
(n=142)
(n=142)
.46
84 (59)
88 (62)
47 (33)
48 (34)
11 (8)
6 (4)
.89
79 (56)
80 (56)
27 (19)
24 (17)
36 (25)
38 (27)
.08
0.07
-0.27
0.07

-0.01
0.06
-0.03

0.02
-0.03
0.00

0.06
-0.45
0.22

-0.06
-0.01
0.15

-0.07
0.02
0.11

Standardized differencea
Unmatched
Matched

ASC adjuvant systemic chemotherapy; AS active surveillance; CRS-HIPEC cytoreductive surgery with hyperthermic intraperitoneal chemotherapy; IQR interquartile
range; SD standard deviation; SRC signet ring cell; aa standardized difference between -0.10 and 0.10 indicated an adequate balance.

Histologic characteristics, n (%)
Adenocarcinoma
Mucinous adenocarcinoma
SRC adenocarcinoma
Differentiation, n (%)
Well/moderately
Poor/undifferentiated
Missing data
Initial length of hospital stay
after CRS-HIPEC, n (%)
≤21 days
>21 days
Missing data

Variable

Table 1. (continued)
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Figure 2. Overall survival of adjuvant systemic chemotherapy and active surveillance groups in the
matched population.

CI confidence interval; HR hazard ratio.

In the entire matched population, the median follow-up was 25.9 (IRQ 15.7-46.8)
months and 186 patients (65%) died. Corresponding numbers were 35.9 (IQR 20.851.5) months and 91 deaths (64%) in the adjuvant systemic chemotherapy group
and 21.3 (IQR 12.5-34.7) months and 95 deaths (67%) in the active surveillance
group. The median overall survival was 35.2 (IQR 18.0-64.9) months in the entire
matched population, 39.2 (IQR 21.1-111.1) months in the adjuvant systemic
chemotherapy group, and 24.8 (IQR 15.0-58.4) months in the active surveillance
group (Figure 2). Overall survival rates were 86% (1 year), 49% (3 years), and 29%
(5 years) in the entire matched population: 92% (1 year), 55% (3 years), and 35%
(5 years) in the adjuvant systemic chemotherapy group; and 81% (1 year), 41%
(3 years), and 22% (5 years) in the active surveillance group (Figure 2). Adjuvant
systemic chemotherapy was associated with improved overall survival compared
with active surveillance (HR 0.64; 95% CI 0.48-0.86; p=0.003; aHR 0.66; aHR 0.66;
95% CI 0.49-0.88; p=0.006). This association remained consistent after excluding
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13 patients who died within 6 months postoperatively (aHR 0.68; 95% CI 0.50-0.93;
p=0.02), 4 patients starting systemic chemotherapy with targeted therapy within 3
months postoperatively (aHR 0.68; 95% CI 0.50-0.91; p=0.01), 13 patients starting
systemic chemotherapy between 3 and 4 months postoperatively (aHR 0.65; 95%
CI 0.48-0.87; p=0.004), and after excluding all 3 of these groups (aHR 0.70; 95% CI
0.53-0.95). The association between adjuvant systemic chemotherapy and overall
survival was homogeneous across different levels of all covariates except for
pathologic T category (Supplementary Figure 1).

Discussion
In this nationwide observational cohort study in patients who were alive 3 months
after upfront resection of isolated synchronous colorectal peritoneal metastases,
adjuvant systemic chemotherapy was associated with improved overall survival
compared with active surveillance.
Other observational studies have analyzed the association between adjuvant
systemic chemotherapy and overall survival after CRS-HIPEC for colorectal
peritoneal

metastases.26-37

However,

in

their

analyses,

included patients with metachronous peritoneal metastases,
cytoreductions,26-32,35,36

extraperitoneal

these
26-37

metastases,26,28-30,32-37

studies

incomplete
appendiceal

tumors,26,35,36 or systemic therapy before CRS-HIPEC.26,28-37 Moreover, most other
studies did not account for immortal time bias,26,27,29-36 did not define time frames
of adjuvant systemic chemotherapy,26-30,32-36 or did not primarily assess the
association between adjuvant systemic chemotherapy and overall survival.26-36
Only one study accounted for immortal time bias and primarily addressed the
association between adjuvant systemic chemotherapy and overall survival.37 This
French multicenter study revealed no overall survival benefit of adjuvant systemic
chemotherapy in 231 patients who underwent complete CRS-HIPEC for colorectal
peritoneal metastases and did not die due to early postoperative complications.
In contrast to the present study, nearly all patients in this study received systemic
chemotherapy before CRS-HIPEC, most of whom had a response of stable disease.
Altogether, the results of the present study could not be meaningfully compared
with previously published studies.
The present study reports a marked decrease in the proportion of patients
receiving adjuvant systemic chemotherapy follow upfront resection of isolated

133

6

synchronous colorectal peritoneal metastases in the Netherlands in recent years.
Before 2014, the Dutch colorectal cancer guideline did not include a statement
on the use of adjuvant systemic chemotherapy in this setting, while the updated
guideline of 2014 states that its use could be considered.5 Therefore, the decision to
administer adjuvant systemic chemotherapy largely depended on the preference
of physicians and patients.
However, after review of the available evidence on this topic in 2016,7 the use
of adjuvant systemic chemotherapy was no longer advised given the absence of
supporting evidence. This change in recommendation may explain the relatively
short follow-up of the active surveillance group compared with the adjuvant
systemic chemotherapy group.
What is the rationale for giving adjuvant systemic chemotherapy in this setting?
Similar to other institutional and population-based studies,6,38 the present study
suggests that synchronous colorectal peritoneal metastases predominantly arise
from advanced (mostly pT4 and pN2 category) primary tumors. Systemic failure
is common after CRS-HIPEC,39 probably because these tumors are at substantial
risk of systemic spread.40 Particularly in such high-risk tumors, adjuvant systemic
chemotherapy may improve oncologic outcomes by preventing systemic spread
through elimination of micrometastases. In addition to prevention of systemic
spread, adjuvant systemic chemotherapy could also decrease or delay locoregional
recurrences by eradication of postsurgical residual disease since visualization
and palpation may not adequately detect all malignant tissue during CRS.41-43 On
the other hand, the administration of adjuvant systemic chemotherapy could
decrease the systemic treatment options for recurrent disease, which occurs in
most patients with resected colorectal peritoneal metastases.39 Thereby, it could
be hypothesized that adjuvant systemic chemotherapy predominantly prolongs
recurrence-free survival without significantly improving overall survival.
As in any observational cohort study, survival outcomes of the present study
may have been affected by selection bias. Despite the use of propensity scorebased methods and a conditional landmark analysis, differences in unmeasured
covariates could have led to systematically different treatment groups. These
differences are illustrated by comparing the overall survival curve of the present
study with the intention-to-treat overall survival curves of landmark studies
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addressing the same topic in stage III colon cancer and pancreatic, gastric, and
biliary tract cancer.44-47 In these studies, the overall survival curves diverge after
approximately 10 to 18 months. The overall survival curve of the present study
already diverges after 3 months (when adjuvant systemic chemotherapy is still
administered), which may suggest an influence of residual selection bias due to
unmeasured confounding (e.g. due to major postoperative morbidity). Although a
sensitivity analysis was used to adjust for unmeasured confounding, the HR and
proportions of the unmeasured confounder were derived from Dutch institutional
series. Variations in these measures could have underestimated or overestimated
the confounder’s possible role in the association between adjuvant systemic
chemotherapy and improved overall survival.
The potential presence of residual confounding in the present study highlights
the importance of randomized clinical trials on this topic. However, previous
randomized clinical trials in the adjuvant setting following resection of colorectal
metastases have been preliminarily terminated owing to poor accrual.48,49
Moreover, feasible accrual and positive results were observed in previous studies
in the neoadjuvant or perioperative setting in esophageal and gastric cancer.50,51
Thereby, it seems preferable to conduct a randomized clinical trial on resectable
colorectal peritoneal metastases in the neoadjuvant or perioperative setting. The
Dutch Peritoneal Oncology Group designed the ongoing multicenter randomized
CAIRO6 trial to assess the intention-to-treat superiority of neoadjuvant and
adjuvant systemic therapy and CRS-HIPEC compared with upfront CRS-HIPEC
alone for resectable colorectal peritoneal metastases.9
Although results of CAIARO6 will become available within a few years and
observational studies are generally primarily hypothesis generating, results of the
present study may be used for clinical decision-making in the understudies and
increasing group of patients undergoing upfront resection of isolated synchronous
colorectal peritoneal metastases for whom, to the knowledge of the authors, no
data are available.52 Current guidelines are based on low-quality observational
studies in heterogeneous populations without subgroup analyses of this particular
patient group.26-37 Moreover, if CAIRO6 does not show superiority of a neoadjuvant
strategy, upfront surgery will remain standard care and the international debate
on adjuvant systemic chemotherapy will continue. In addition, even if neoadjuvant
treatment becomes standard care, there will still be patients undergoing upfront
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resection of isolated synchronous colorectal peritoneal metastases (e.g. during
emergency surgery). In both situations, data reported from the present study
may be used for adjuvant treatment decisions until data obtained in randomized
adjuvant trial (if these will ever be conducted) become available. In addition,
randomized clinical trials generally assess the efficacy of an intervention (i.e. the
effect under selected conditions), whereas population-based studies, such as the
present investigation, may provide additional information on the possible realworld benefit in the general population.

Limitations
In addition to limitations associated with selection bias, the present study has
several other limitations. The peritoneal cancer index is not registered in the
Netherlands Cancer Registry.53 Although unlikely to play a role in selection for
adjuvant treatment by itself, unmeasured differences in the peritoneal cancer
index may have been associated with survival outcomes. No data were available
on the date and treatment of recurrence. This lack of data could have led to
allocation bias because patients starting systemic chemotherapy within 3 months
postoperatively (now allocated to the adjuvant systemic chemotherapy group)
probably received palliative treatment for very early recurrent disease, while
patients starting systemic chemotherapy more than 3 months postoperatively
(now allocated to the active surveillance group) probably received late adjuvant
treatment. Although excluding patients starting systemic chemotherapy between
3 and 4 months postoperatively did not change the association between adjuvant
systemic chemotherapy and overall survival, allocation bias could theoretically
have affected study results. Insufficient data on adjuvant regimens, adjuvant
treatment duration, and disease recurrence impeded regimen-specific, durationspecific, and recurrence-free survival analyses. While the present study did not aim
to analyze such outcomes, it may be valuable to assess these outcomes in future
multicenter observational studies using more detailed institutional databases.
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Conclusions
In patients undergoing upfront resection of isolated synchronous colorectal
peritoneal metastases, adjuvant systemic chemotherapy appeared to be
associated with improved overall survival compared with active surveillance.
Although randomized clinical trials are needed to address the influence of potential
residual confounding and allocation bias on this association, results of the present
study may be used for clinical decision-making in this increasing, understudied
patient group for whom, to the knowledge of the authors, no data are available
at this time.
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Abstract
Objectives – In the Netherlands, limited variability exits in performance of
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (CRSHIPEC) among centers treating colorectal peritoneal metastases (PM), except
for the intraperitoneal drug administration. This offers a unique opportunity to
investigate any disparities in survival between the two most frequently used HIPEC
regimens worldwide: mitomycin C (MMC), and oxaliplatin.
Methods – This was a comparative, population-based cohort study of all Dutch
patients diagnosed with synchronous colorectal PM who underwent CRS-HIPEC
between 2014 and 2017. They were retrieved from the Netherlands Cancer
Registry. Main outcome was overall survival (OS). The effect of the intraperitoneal
drug on OS was investigated using multivariable Cox regression analyses.
Results – In total, 197 patients treated between 2014 and 2017 were included.
Among them, 177 (59.6%) received MMC and 120 (40.4%) received oxaliplatin.
Only primary tumor location was different between the two groups: more leftsided colon in the oxaliplatin group (47.5% vs. 33.3%, respectively, p=0.048). The
1-, 2-, and 3-year OS were 84.6% vs. 85.8%, 61.6% vs. 63.9% and 44.7% vs. 53.5%
in patients treated with MMC and oxaliplatin, respectively. Median OS was 30.7
months in the MMC group vs. 46.6 months in the oxaliplatin group (p=0.181).
In multivariable analyses, no influence of intraperitoneal drug on survival was
observed (adjusted HR 0.77 [0.53-1.13]).
Conclusions – Long-term survival between patients treated with either MMC or
oxaliplatin during CRS-HIPEC was not significantly different.
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Introduction
Synchronous peritoneal metastases (PM) are present in approximately 5% of all
patients with colorectal cancer (CRC).1-4 Nowadays, a selection of these patients
may undergo cytoreductive surgery (CRS) with hyperthermic intraperitoneal
chemotherapy (HIPEC).5-7
In the past, treatment of colorectal PM comprised palliative systemic therapy and
surgery only for symptomatic metastases. As a result, survival rates were poor with
a reported median survival of 7-8 months.8 This changed after a Dutch randomized
trial, published in 2003, which demonstrated improves survival in patients treated
with CRS-HIPEC plus systemic chemotherapy over patients treated with systemic
therapy alone (22.3 vs. 12.6 months).9 Ever since, CRS-HIPEC for PM of colorectal
origin is implemented as standard of care for selected patients in the Netherlands.
In 2004, about 10% of the patients with PM of colorectal origin were treated
with CRS-HIPE in the Netherlands. This proportion increased to 23% of patients
presenting with colorectal PM without distant metastases in 2014 treated in nine
specialized HIPEC-centers.8 All these centers adhere to the same nationwide
protocol with regard to the selection and treatment of patients and therefore,
variability between centers is limited.10
The only parameter that differs among Dutch HIPEC centers is the choice of
intraperitoneal drug. Following the aforementioned trial, all CRS-HIPEC procedures
were initially performed using the 90 min triple-dose MMC protocol.9 Over time,
some HIPEC centers switched to the 30 min bidirectional oxaliplatin protocol as
introduced in France, as this appeared feasible and was associated with a shorter
HIPEC phase.11 As a result, both oxaliplatin and mitomycin C (MMC) are currently
used during CRS-HIPEC for colorectal PM in the Netherlands according to surgeon’s
or hospital’s preference.12
No guidelines or consensus on the intraperitoneal drug during HIPEC yet exist, as
no survival benefit of either drug can be discerned from available literature.13 The
situation in the Netherlands offers a unique opportunity to compare the oncologic
outcome of MMC and oxaliplatin based CRS-HIPEC in colorectal PM. The aim of
this comparative population-based cohort study was to determine the effect of
each of the two intraperitoneal drugs on survival.
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Methods
Patients and setting
This was a population-based comparative cohort study of all patients that
underwent CRS-HIPEC as treatment for synchronous colorectal PM. Data were
retrieved from the Netherlands Cancer Registry (NCR), which is nationwide registry
comprising al newly diagnosed malignancies in the Netherlands.
From the start of the registration of patients undergoing CRS-HIPEC by the NCR in
2005 until 2013, only MMC was used during CRS-HIPEC for colorectal PM, except
for 2 patients being treated with oxaliplatin. From 2014 onwards, the oxaliplatin
based HIPEC was also implemented as a routine in several Dutch HIPEC centers. In
order to accurately compare both regimens, only patients treated for synchronous
PM with CRS-HIPEC between 2014 and 2017 were analysed in the present study.
Detailed information about the application of MMC and oxaliplatin during CRSHIPEC for colorectal PM over time is attached as Supplementary Figure 1.
Data on patient, tumor, and treatment characteristics are routinely collected by
rained data managers of the NCR. The tumor-node-metastasis (TNM) classification
was used for stage notification of the primary tumor, according to the edition valid
at time of cancer diagnosis. Information on vital status was obtained by annual
linkage to the municipal administration database, in which all deceased and
emigrated inhabitants are registered.
Follow-up was complete until January 31, 2019. At time of analysis, not all patients
diagnosed in 2017 were imported by the NCR yet. Therefore, the incidence rate
of patients treated in 2017 is dissimilar compared to the other years included in
this study. Since all data was anonymized, no ethics approval was required for this
study.
Only patients undergoing CRS-HIPEC for synchronous colorectal PM (i.e. no patients
with recurrent or metachronous PM) were included in this study. PM were defined
as synchronous PM is diagnosed simultaneous with the primary tumor or before
initiation of the primary tumor treatment. Patients with appendiceal carcinoma,
unspecified primary tumor location or histology other than adenocarcinoma
(signet cell ring carcinoma, neuro-endocrine tumors) were excluded. For patients
with multiple primary colorectal tumors, the tumor with the highest stage was
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included. Tumor location was subdivided into 3 anatomical subsites defined by the
International Classification of Disease-Oncology (ICD-O) codes: 1) right-sided colon
(C18.0, C18.2-C18.4: caecum, ascending colon, hepatic flexure and transverse colon);
2) left-sided colon (C18.5-C18.7: splenic flexure, descending colon and sigmoid);
and 3) rectum (C19.9-C20.9: rectosigmoid and rectum). Histology was subdivided
in to adenocarcinoma (8140, 8144, 8510) and mucinous adenocarcinoma (8480,
8481). Data on the presence of any extraperitoneal metastases (e.g. lung, liver),
the administration of any neoadjuvant and/or adjuvant chemotherapy and period
of diagnosis were included. Information about the HIPEC regimen in the different
hospitals was not recorded in the NCR but was based on the hospital’s HIPECprotocol at the time of treatment, considering that all primary CRS-HIPEC’s for
colorectal PM were performed using the hospital’s first choice regimen, according
to their protocol. As toxicity during previous systemic treatment with oxaliplatin
may be a contraindication for oxaliplatin-based HIPEC, the actual regimens
were verified in these hospitals. This confirmed that all patients indeed received
oxaliplatin-based HIPEC according to the hospital’s preference.

Statistical analyses
Baseline characteristics of the two groups based on HIPEC regimen were compared
using the Chi Square test or Fisher’s exact test as appropriate for categorical
variables, and the Wilcoxon rank sum test for not-normally distributed continuous
variables. Kaplan-Meier curves with the Log rank test were used to analyse overall
survival (OS) in patients treated with MMC and oxaliplatin in 2014-2017. OS was
defined as the time from CRS-HIPEC to death of any cause. Patients still alive
on January 31st 2019 were censored. Multivariable Cox regression analysis with
correction for sex, age, comorbidity, tumor location, T stage, N stage, histology,
differentiation, presence of extraperitoneal metastases, neoadjuvant treatment,
and adjuvant treatment was performed to investigate the direct influence of the
used HIPEC regimen on overall survival. All tests were two-sided and conducted
at the 5% level of significance. All analyses were performed using SAS/STAT®
statistical software (SAS system 9.4, SAS institute, Cary, NC, US).
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Results
Study population
Between January 2014 and December 2017, 297 patients who underwent CRSHIPEC for synchronous PM were registered in the NCR. Among them, 177 patients
(59.6%) received MMC and 120 patients (40.4%) received oxaliplatin during CRSHIPEC (Figure 1).
Figure 1. Number of patients with peritoneal metastases of colorectal origin, treated with CRS-HIPEC,
using either Mitomycin C or Oxaliplatin.

CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy.

Patient characteristics
Patient and tumor characteristics were similar between the two groups, except for
tumor location (Table 1). The primary tumor of patients treated with oxaliplatin was
mostly located in the left-sided colon (47.5%), while in patients treated with MMC,
primary tumors were mostly located at the right-sided colon (52.0%), p=0.048). the
presence of synchronous extraperitoneal metastases was not different between
both groups (16.9% vs. 20.3% in the MMC group and the oxaliplatin group,
respectively, p=0.398), and the administration of both neoadjuvant and adjuvant
systemic therapy also was comparable between the two groups: 25.4% vs. 27.5%,
p=0.700 and 23.7% vs. 27.5%, p=0.463, respectively.
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Table 1. Baseline characteristics of the study population.

Mitomycin C (N=177) Oxaliplatin (N=120)
Gender
Male
Female
Age
years, median (IQR)
N of comorbidities*
0
1
≥2
Tumor location
Right-sided colon
Left-sided colon
Rectum
T stage
0-3
4
Unknown
N stage
0
1-2
Unknown
Histology
Adenocarcinoma
Mucinous
Differentiation
Well/moderate
Poor
Unknown
Extraperitoneal
metastases
Yes
No
Neoadjuvant
treatment
Yes
No
Adjuvant treatment
Yes
No

P-value
0.349

76 (42.9%)
101 (57.1%)

45 (37.5%)
75 (62.5%)

64.0 (14)

62.5 (11.5)

49 (41.5%)
37 (31.4%)
32 (27.1%)

11 (28.2%)
14 (35.9%)
14 (35.9%)

92 (52.0%)
59 (33.3%)
26 (14.7%)

50 (41.7%)
57 (47.5%)
13 (10.8%)

51 (28.8%)
125 (70.6%)
1 (0.6%)

39 (32.5%)
80 (66.7%)
1 (0.8%)

0.509
0.314

0.048

0.756

7

0.419
37 (20.9%)
140 (79.1%)
0 (0.0%)

22 (18.3%)
97 (80.8%)
1 (0.8%)

117 (66.1%)
60 (33.9%)

91 (75.8%)
29 (24.2%)

106 (59.9%)
23 (13.0%)
48 (27.1%)

78 (63.3%)
21 (17.5%)
23 (19.2%)

0.072

0.222

0.398
30 (16.9%)
147 (83.1%)

25 (20.3%)
95 (79.2%)
0.700

45 (25.4%)
132 (74.6%)

33 (27.5%)
87 (72.5%)

42 (23.7%)
135 (76.3%)

33 (27.5%)
87 (72.5%)

0.463

*Data on comorbidities was only available on a subset of patients. Numbers may not add up to 100 percent
due to rounding.
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Survival
In the total study population, median OS was 33.2 months. For patients treated
with MMC, median OS was 30.7 months and for patients treated with oxaliplatin,
median OS was 46.6 months (p=0.181, unadjusted HR 0.79 [0.56-1.12], Figure
2). The 1-, 2-, and 3-year OS were 84.6% vs. 85.8%, 61.6% vs. 62.9% and 44.7%
vs. 53.5% in patients treated with MMC and oxaliplatin, respectively (Table 2). In
multivariable analysis, no significant difference in OS was observed between the
two groups after correction for confounding factors (adjusted HR 0.77 [0.53-1.13],
Table 3).
Figure 2. Overall survival after CRS-HIPEC for synchronous peritoneal metastases of colorectal origin, in
patients treated with mitomycin C or oxaliplatin between 2014 and 2017.

Table 2. Overall survival of patients treated with either mitomycin C or oxaliplatin during CRS-HIPEC
between 2014 and 2017.

Mitomycin C
Oxaliplatin
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N

Overall survival
1-year
2-year

3-year

Median

177
120

84.6%
85.8%

44.7%
53.5%

30.7
46.6

61.6%
63.9%

Table 3. Multivariable cox regression analyses to assess the influence of different patient and tumor
characteristics on overall survival.

Sex
Male
Female
Age
N of comorbidities
0
1
≥2
Unknown
Primary tumor location
Left colon
Right colon
Rectum
T stage
0-3
4
Unknown
N stage
0
1-2
Unknown
Histology
Adenocarcinoma
Mucinous adenocarcinoma
Differentiation
Good/moderate
Poor/undifferentiated
Unknown
Systemic metastases
No
Yes
Neoadjuvant systemic treatment
No
Yes
Adjuvant systemic treatment
No
Yes
HIPEC regimen
Mitomycin C
Oxaliplatin

HR

CI

Ref.
1.09
1.03

0.76-1.58
1.01-1.05

Ref.
1.47
1.00
1.08

0.84-2.57
0.56-1.81
0.65-1.78

Ref.
0.69
1.03

0.47-1.00
0.57-1.87

Ref.
1.60
4.70

1.04-2.45
1.06-20.89

Ref.
1.30
6.35

0.78-2.17
1.67-24.13

Ref.
0.67

0.43-1.05

Ref.
1.38
0.98

0.85-2.24
0.61-1.58

Ref.
1.28

0.82-2.00

Ref.
0.81

0.51-1.27

Ref.
0.87

0.57-1.31

Ref.
0.79

0.54-1.15
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Discussion
This population-based cohort study assessed OS in patients treated with either
MMC or oxaliplatin during CRS-HIPEC for synchronous PM of colorectal origin.
Although median OS appears to be markedly higher in the group treated with
oxaliplatin, this difference disappeared after correction for confounding factors.
Besides, no significant differences were observed in median and 1-, 2- and 3-year
OS.
Treatment of colorectal PM by CRS-HIPEC is not standardized throughout the
world. A recent review of variation in HIPEC regimens demonstrated a broad
heterogeneity in over 60 HIPEC-protocols regarding the usage of different drugs
and concentrations.14 MMC is the most commonly used drug during HIPEC for
colorectal PM worldwide, closely followed by oxaliplatin.14-16 This is in line with
practice in the Netherlands. Given the lack of evidence supporting one drug over
the other, the choice of the drug is now mainly based on the surgeon’s or hospital’s
preference. The shorter perfusion time of oxaliplatin-based HIPEC as compared to
MMC-based HIPEC (30 vs. 90 min) is an important argument to prefer oxaliplatin
over MMC.
Administration of neoadjuvant and/or adjuvant systemic therapy in addition to
CRS-HIPEC also varies throughout the world. Some advocate the administration
of in particular neoadjuvant systemic therapy to prolong long-term survival. This
is standard of care in most countries. In the Netherlands, however, perioperative
systemic therapy is not standard of care in patients undergoing CRS-HIPEC, as
there is no strong evidence for a survival benefit.17 This is reflected by the high
percentage (approximately 75%) of patients not treated with systemic therapy in
the current cohort. The value of systemic therapy is currently investigated in a
randomized controlled trial.18
In the current study, the location of the primary tumor differed significantly
between both groups with more right-sided tumors in the MMC group. As rightsided tumors are thought to have worse prognosis, this may contribute to the
shorter uncorrected survival in the MMC group.19 therefore, tumor sidedness was
included in the multivariable analysis which showed no significant differences
between both groups.
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Recently presented results of the PRODIGE-7 randomized controlled trial
demonstrated no survival benefit of HIPEC in addition to CRS compared to CRS
alone.20 Further, a recent matched-control study by Baratti et al. demonstrated
no survival benefit in patients treated with CRS and MMC-based HIPEC over
patients treated with neoadjuvant systemic therapy and CRS only.21 These studies
question the additional value of HIPEC after CRS for colorectal PM. However, it is
important to realize that in both studies, patients were extensively treated with
neoadjuvant systemic chemotherapy and consequently, this may have influenced
the responsiveness of peritoneal tumor cells to intraperitoneal chemotherapy. In
the Netherlands, systemic therapy is only given to a minority of the patients and
as such, HIPEC –either oxaliplatin- or MMC-based – may still be beneficial in this
setting. However, this clearly needs further evaluation in future trials, as well as a
search for more effective intraperitoneal chemotherapeutic agents to overcome
drug resistance in neoadjuvant treated patients. The same accounts for the added
value is systemic therapy as is currently investigated in the CAIRO6 trial.18
Previously published studies showed an inconsistency in terms of either MMC
or oxaliplatin favouring OS and/or disease-free survival (DFS). Two retrospective
studies on the comparison of MMC and oxaliplatin showed no differences in both
DFS and IS between MMC and oxaliplatin. The study by van Eden et al. reported
DFS of 12.5 months in MMC vs. 13.1 months in oxaliplatin, and OS of 37.2 months
in MMC vs. 29.4 months in oxaliplatin.22 Hompes et al. reported DFS of 13.8
months vs. 12.2 months and OS of 26.5 vs. 37.1 months in patients treated with
MMC vs. oxaliplatin, respectively.23 Another study reported OS of 32.7 months in
patients treated with MMC vs. 31.4 months in patients treated with oxaliplatin.24
An Australian study showed discordant results. A survival benefit was observed
in patients treated with oxaliplatin as compared to MMC (median OS 56 vs. 29
months, respectively, p=0.017), most pronounced in patients with a PCI of 1015.25 a recent systematic review including all these studies concluded that neither
MMC or oxaliplatin can be considered the preferred HIEPC regimen in terms of
DFS and OS, mainly based on the fact that published literature on each of the
two HIPEC regimens Is incomparable due to variability in patient cohorts with for
example different proportions of patients who received perioperative systemic
chemotherapy.13 The present study adds to the available literature, because of
optimal comparability regarding use of perioperative systemic therapy between
the two regimens, thereby providing a fair comparison.
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A strength of this study is the homogeneity in the selection and treatment of
this population-based cohort, as all HIPEC-centers in the Netherlands followed
the same protocol.10 However, minor variation between the different centers is
inevitable.
Although this study describes the first nationwide cohort to investigate differences
in survival between MMC and oxaliplatin used during CRS-HIPEC for patients with
synchronous colorectal PM, it has some drawbacks. Due to the unavailability of
data on the occurrence and timing of recurrent disease, the influence of HIPEC
regimen on DFS could not be investigated in this study. Also, the NCR does not
contain information on the extent of peritoneal disease (peritoneal cancer index;
PCI). Theoretically, the effect of oxaliplatin or MMC might be depending on the
PCI.25 Therefore, future studies should ideally include this information. However,
as all centers in the Netherlands adhere to the same protocol for the selection
of patients for CRS-HIPEC, a significant imbalance between both groups with
respect to the extent of peritoneal disease is unlikely. Furthermore, this study
did not include patients presenting with metachronous PM. Particularly patients
who received adjuvant systemic therapy following primary colon resection in the
past could hypothetically respond different to MMC and oxaliplatin. Adjuvant
systemic therapy after primary colon resection usually consists of a combination
of capecitabine or 5-fluorouracil with oxaliplatin (CAPOX of FOLFOX). In patients
presenting with PM after systemic treatment with oxaliplatin, CRS-HIPEC
using oxaliplatin might be less effective. Moreover, this study does not contain
information about postoperative complications. If either HIPEC regimen might be
equally effective, possible differences in complication rates may be an argument
for the choice of one regimen over another. The available literature on the effect
of the intraperitoneal drug on postoperative complications is inconclusive. Some
have reported increased complication rates with oxaliplatin as intraperitoneal
drug in particular intra-abdominal bleeding.26 Others did not observe a different
complication rate.22 Future studies should focus on patients with metachronous
PM and ideally include data on DFS, quality of life and costs.
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Conclusions
Both MMC and oxaliplatin are used in the Netherlands during HIPEC for patients
presenting with synchronous PM. The present study demonstrated no significant
statistical difference in overall survival between both HIPEC regimens and
therefore no preferred drug can be advised for these patients.
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Abstract
Introduction – To investigate the incidence of, factors associated with, and
differences between synchronous and metachronous colorectal peritoneal
metastases (CPM) in a population-based cohort.
Methods – Data from the Netherlands Cancer Registry were used. All patients
diagnosed with colorectal cancer (CRC) between 1 January and 30 June 2015 were
evaluated for synchronous or metachronous CPM (diagnosis £90 or >90 days after
surgery for primary CRC), and survival in 2019 (median follow-up 38.4 months).
Results – Of 7233 included patients, 409 (5.7%) were diagnosed with synchronous
CPM. Factors associated with synchronous CPM were mucinous (OR 2.72 [1.903.90]) or signet ring cell (SRC) histology (OR 6.58 [3.66-11.81]), T4 (OR 4.82 [3.686.32]), N1 (OR 1.66 [1.20-2.30]), or N2 stage (OR 3.27 [2.36-4.52]), and synchronous
systemic metastases (SM) (OR 3.13 [2.37-4.14]). After surgery for primary CRC,
326 patients developed metachronous CPM after a median time of 14.7 months
(3-year cumulative incidence: 5.5%). Factors associated with metachronous CPM
were younger age (HR 1.63 [1.10-2.42]), mucinous (HR 1.84 [1.20-2.82]) or SRC
histology (HR 2.43 [1.11-5.32]), T4 (HR 2.77 [2.07-3.70]), N1 (HR 2.90 [2.18-3.85]),
N2 (HR 3.19 [2.26-4.50]), and synchronous SM (HR 1.95 [1.43-2.66]).
Conclusion – This population-based study found the highest incidence of CPM
currently reported in literature and a strong association between the presence of
synchronous SM and both synchronous and metachronous CPM. These findings
may contribute to a tailored approach in the follow-up after primary CRC surgery
and guide future clinical trials investigating new strategies regarding risk-reduction
or early detection of metachronous CPM.
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Introduction
With over a million new cases yearly, colorectal cancer (CRC) is the third most
prevalent cancer worldwide.1 Although the treatment of CRC has evolved into
a multimodality approach including surgery, radiotherapy and/or systemic
chemotherapy, recurrent disease after curative treatment is common. After the
liver, the peritoneum is the second most common metastatic site for CRC spread.2,3
For long, CRC with peritoneal metastases was considered a non-curative disease
and therefore, its treatment gained little interest from scientific research.
However, a randomized controlled trial from 2003 showed that cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) lead to a
significantly better survival than palliative systemic therapy only.4 Therewith, a
curative treatment option for these patients was introduced. Consequently, this
led to an increasing interest in this disease aiming to improve its treatment, which
has resulted in the conduction of several large clinical trials.5,6
Unfortunately, the majority of patients have extensive, irresectable intraperitoneal
disease at time of diagnosis and are only eligible for palliative systemic
chemotherapy. In these patients, experimental treatment option like pressurized
intraperitoneal aerosol chemotherapy (PIPAC) or prolonged intraperitoneal
chemotherapy in addition to palliative systemic therapy are currently being
explored in clinical trials.7,8
The high proportion of patients presenting with extensive intraperitoneal disease
may be explained by the lack of clinical symptoms and poor detection rates of
currently available imaging methods.9,10 To overcome this phenomenon, several
clinical trials are investigating new options to reduce the risk of metachronous
peritoneal metastases by means of new adjuvant treatment strategies after
surgery for primary CRC and to detect metachronous peritoneal metastases in an
earlier stage during follow-up.11-13
Hence, there is a growing scientific interest in peritoneal metastases of CRC.
Reliable, up-to-date epidemiological data are needed to form a basis for future
clinical trials and to translate the findings to the impact on current clinical practice,
since previously reported incidences are based on older cohorts from 19952011.2,3,14-16 The present population-based study aimed to provide insight in the
differences between patients with synchronous and metachronous colorectal
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peritoneal metastases, and the incidence of and factors associated with the
development of synchronous and metachronous colorectal peritoneal metastases.

Methods
Data source
This nationwide population-based cohort study was performed with data from
the Netherlands Cancer Registry, in which all newly diagnosed malignancies in
the Netherlands are registered.17 These data on patient, tumor and treatment
characteristics are routinely collected by trained data-managers. The anatomical
sites of the primary tumor and metastases are registered according to the
International Classification of Disease – Oncology (ICD-O). The primary tumors
are staged according to the seventh edition of the Tumor Node Metastasis (TNM)
classification. In case of an unknown pathological TNM stadium, the clinical
TNM stadium was used. So far, the NCR only provided follow-up information on
vital status, which is obtained by annual linkage to the municipal administrative
database that registers all deceased and emigrated inhabitants of the
Netherlands. However, in 2019, data-managers from the NCR re-evaluated all CRC
patients diagnosed between 1 January 2015 and 30 June 2015 to obtain followup information regarding local or systemic recurrences and their treatment. For
the current study, the latest linkage to the municipal administrative database for
vital status was performed in February 2020. Since all data were anonymized, no
approval of the medical ethics committee was required for this study.

Patients and characteristics
All patients diagnosed with CRC between 1 January 2015 and 30 June 2015 in the
Netherlands were evaluated. Patients were excluded if they had a tumor located
in the appendix, a neuro-endocrine tumor or a tumor with histology other than
adenocarcinoma. In patients with multiple primary colorectal tumors, the firstly
diagnosed tumor was included or, if simultaneously diagnosed, the tumor with
the highest TNM stage was included. The tumor location was subdivided into
three anatomical subsites according to the ICD-O codes: 1) right-sided colon
(C18.0, C18.2-18.4: caecum, ascending colon, hepatic flexure, transverse colon); 2)
left-sided colon (C18.5-18.7: splenic flexure, descending colon and sigmoid); and 3)
rectum (C19.9-20.9: rectosigmoid and rectum). The histology of the primary tumor
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was divided into adenocarcinoma (8000, 8010, 8020, 8140, 8144, 8210, 8211, 8220
8255, 8261, 8262, 8263, 8560), mucinous adenocarcinoma (8480, 8481) or signet
ring cell carcinoma (8490). Data on occurrence, location and timing of colorectal
metastases was included, with locations being defined as peritoneal metastases
(C16.0-C16.9, C17.0-C17.9, C18.0-C18.9, C19.9, C20.9, C21.8, C23.9, C26.9,
C48.0-C48.8, C49.4-C49.5, C52.9, C53.9, C54.0-C54.9, C55.9, C56.9, C57.0-C57.8,
C66.9, C67.0-C67.9, C76.2) or systemic metastases (any other metastatic location).
Metastases were defined as synchronous metastases if diagnosed ≤90 days after
surgery for primary CRC (or ≤90 days after diagnosis if no surgery for primary CRC
was performed) and were defined as metachronous metastases if diagnosed >90
days after surgery for primary CRC. In patients without synchronous peritoneal
metastases, only patients who underwent surgery for primary CRC were selected
for further analyses (i.e. determining the 1- and 3-year cumulative incidence of
metachronous metastases). Patients with a high-risk primary tumor (i.e. T4 tumor
or lymph node involvement) were considered to have received adjuvant systemic
chemotherapy if they started systemic chemotherapy (a fluoropyrimidine
with oxaliplatin, fluoropyrimidine monotherapy, or a not-otherwise-specified
chemotherapy regimen) without targeted therapy within 90 days after surgery for
primary CRC.

Statistical analyses
The cumulative incidence of metachronous peritoneal metastases at 1 and 3 years
after primary surgery for CRC was calculated considering death as competing
event, as death may precede the development of metachronous peritoneal
metastases. Differences in the cumulative incidence of metachronous peritoneal
metastases were compared with the Gray’s test according to the presence of
synchronous systemic metastases and, in high-risk patients, according to the
administration of adjuvant systemic therapy. Baseline characteristics were
compared between patients with synchronous and patients with metachronous
peritoneal metastases. Differences in continuous variables between patients
with synchronous or metachronous peritoneal metastases were compared using
unpaired t-tests and presented as a mean (± standard deviation (SD)). Differences
in categorical variables between groups were compared using Χ2-tests and
presented as n (%). Missing data were not included in comparative analyses.
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Univariable logistic regression analyses were performed to identify factors
associated with the presence of synchronous peritoneal metastases. Variables
with a p<0.10 were subsequently combined in a multivariable logistic regression
model. Similarly, univariable cox competing risk regression analyses considering
death as competing event were performed to identify factors associated with the
development of metachronous peritoneal metastases, and variables with a p<0.10
were subsequently combined in a multivariable competing risk cox regression
model. Dummy variables of missing data were included in the multivariable
analyses. Both multivariable regression models were performed with respect
to the number of patients with peritoneal metastases (10 events per degree of
freedom) to prevent overfitting of the multivariable model.
The Kaplan Meier method was used to estimate the interval from surgery for
primary CRC to diagnosis of metachronous peritoneal metastases for patients with
or without synchronous systemic metastases, given the possibly more aggressive
tumor biology which may be associated with a higher metastatic potential.
Finally, a subgroup analysis was performed in patients with an indication for
adjuvant systemic therapy according to the Dutch national guideline for the
treatment of CRC in 201518 (i.e. T4 tumors and/or lymph node involvement). This
subgroup analysis included uni- and multivariable cox competing risk regression
analyses, and a calculation of the cumulative incidence of metachronous peritoneal
metastases stratified for the administration of adjuvant systemic chemotherapy.
All tests were two-sided and p<0.05 was considered statistically significant. All
analyses were performed using SAS statistical software (SAS system 9.4, SAS
Institute, Cary, NC, United States).

Results
Study population & incidence of synchronous and metachronous
peritoneal metastases
The final study population comprised 7233 patients. Figure 1 contains the study
flowchart, and provides an overview of the occurrence and onset (i.e. synchronous
versus metachronous) of systemic and peritoneal metastases. In total, 409 (5.7%)
patients were diagnosed with synchronous peritoneal metastases: 166 (2.3%) had
solitary synchronous peritoneal metastases and 243 (3.4%) had both synchronous
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Figure 1. Flowchart of the study population with the incidence and onset of peritoneal metastases.

8

systemic and peritoneal metastases. Among all patients without synchronous
peritoneal metastases who underwent surgery for primary CRC (n=5860), 326
patients were diagnosed with metachronous peritoneal metastases after a median
time of 14.7 months (IQR 9.1-22.4). The median follow-up for the diagnosis of
peritoneal metastases or last follow-up was 38.4 (IQR 15.3-45.4) months. The 1- and
3-year cumulative incidence of metachronous peritoneal metastases were 2.2%
and 5.5%, respectively. Out of 485 patients with synchronous systemic metastases
who underwent surgery for primary CRC, 81 patients developed metachronous
peritoneal metastases, which was considerably higher than in the 5375 patients
without synchronous systemic metastases who underwent surgery for primary
CRC (n=245): 1-year cumulative incidences of 8.2% vs 1.7%, respectively, and 3-year
cumulative incidences of 17.0% vs. 4.5%, respectively. Median time from surgery
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for primary CRC to diagnosis of metachronous peritoneal metastases was 15.0
(IQR 9.7-22.3) months for patients without synchronous systemic metastases and
12.5 (IQR 7.3-23.0) months for patients with synchronous systemic metastases
(p<0.001, Figure 2).
Figure 2. Proportion of patients with metachronous peritoneal metastases after surgery for primary CRC,
according to the presence of synchronous systemic metastases (p<0.001).

Differences between patients developing synchronous and
metachronous metastases
Table 1 contains a comparison of baseline characteristics between patients
with synchronous and metachronous peritoneal metastases. Patients with
metachronous peritoneal metastases more frequently had a well or moderately
differentiated tumor and a less advanced tumor and nodal stage (at primary
diagnosis), whereas patients with synchronous peritoneal metastases more
frequently had synchronous systemic metastases and a primary tumor histology
of a mucinous adenocarcinoma or a signet ring cell tumor.
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Table 1. Baseline characteristics of all patients with synchronous or metachronous CPM.

Synchronous
peritoneal
metastases
(N=409)
Age (years), mean (SD)
Sex, n (%)
Male
Female
ASA score, n (%)
ASA 1
ASA 2
ASA ≥3
Missing data
Primary tumor location, n (%)
Right colon
Left colon
Rectum
Tumor differentiation, n (%)
Good/moderate
Poor/undifferentiated
Missing data
Tumor histology, n (%)
Adenocarcinoma
Mucinous adenocarcinoma
Signet ring cell carcinoma
Tumor stage, n (%)
T0-3
T4
Missing data
Nodal stage, n (%)
N0
N1
N2
Missing data
Synchronous systemic metastases, n (%)
No
Yes
Colon perforation, n (%)
No
Yes
Missing data

Metachronous P valuea
peritoneal
metastases
(N=326)

69 ± 12

67 ± 11

0.062

225 (55)
184 (45)

180 (55)
146 (45)

0.956

29 (7)
138 (34)
75 (18)
167 (41)

63 (19)
162 (50)
56 (17)
45 (14)

<0.001

186 (45)
173 (42)
50 (12)

122 (37)
129 (40)
75 (23)

<0.001

167 (41)
67 (16)
175 (43)

241 (74)
51 (16)
34 (10)

<0.001

313 (77)
65 (16)
31 (6)

282 (86)
35 (11)
9 (3)

0.001

117 (29)
192 (47)
99 (24)

207 (63)
119 (37)
0 (0)

<0.001

83 (20)
104 (25)
165 (40)
57 (14)

92 (28)
126 (39)
106 (32)
2 (1)

<0.001

166 (41)
243 (59)

245 (75)
81 (25)

<0.001

203 (50)
24 (6)
182 (44)

288 (88)
20 (6)
18 (6)

<0.001

ASA American society of anesthesiologists score; SD standard deviation. aMissing data were not included
in comparative analyses.
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Factors associated with synchronous peritoneal metastases
Univariable logistic regression analyses are depicted in Supplementary table 1.
Multivariable logistic regression analyses identified the following factors to be
positively associated with the presence of synchronous peritoneal metastases
(Table 2): tumor histology of a mucinous adenocarcinoma (OR 2.72 [95%CI 1.903.90]), a signet ring cell carcinoma (OR 6.58 [95%CI 3.66-11.81]), T4 tumor stage
(OR 4.82 [95%CI 3.68-6.32]), N1 or (OR 1.66 [95%CI 1.20-2.30]), N2 stage (OR 3.27
[95%CI 2.36-4.52]), and the presence of synchronous systemic metastases (OR
3.13 [95%CI 2.37-4.14]). The following factors were negatively associated with the
presence of synchronous peritoneal metastases: ≥75 years of age at diagnosis (OR
0.78 [95%CI 0.60-0.99]) and a primary rectal tumor (OR 0.34 [95%CI 0.24-0.49]).

Factors associated with metachronous peritoneal metastases
Univariable cox regression analyses are depicted in Supplementary table 1. In
multivariable cox competing risk regression analyses, patients having mucinous
tumors or signet ring cell tumors were more likely to develop metachronous
peritoneal metastases (HR 1.84 [95%CI 1.20-2.82] and HR 2.43 [95%CI 1.11-5.32],
respectively). Also, T4 (HR 2.77 [95%CI 2.07-3.70]), N1 (HR 2.90 [95%CI 2.183.85]) or N2 stage (HR 3.19 [95%CI 2.26-4.50]), and the presence of synchronous
systemic metastases (HR 1.95 [95%CI 1.43-2.66]) were positively associated with
metachronous peritoneal metastases. Metachronous peritoneal metastases did
not occur more frequently in patients who presented with tumor perforation
(Table 2).
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Age (years)
<50
50-74
≥75
Sex
Male
Female
ASA score
ASA 1
ASA 2
ASA ≥3
Missing data
Primary tumor location
Right colon
Left colon
Rectum
Primary tumor differentiation
Good/moderate
Poor/none
Missing data
Tumor histology
Adenocarcinoma
Mucinous adenocarcinoma
Signet ring cell carcinoma
1.13
Ref
0.78
0.68
Ref
1.28
0.94
1.01
Ref
0.34
Ref
1.25
1.84
Ref
2.72
6.58

225 (5)
184 (6)
29 (3)
138 (4)
75 (6)
167 (10)
186 (8)
173 (6)
50 (2)
167 (3)
67 (11)
175 (15)
313 (5)
65 (12)
31 (38)

OR

180 (5)
146 (5)

0.628
Ref
0.049
0.087
Ref
0.143
0.706
0.922
Ref
<0.001
Ref
0.212
<0.001
Ref
<0.001
<0.001

0.69-1.87
Ref
0.60-0.99
0.43-1.06
Ref
0.92-1.78
0.70-1.28
0.79-1.30
Ref
0.24-0.49
Ref
0.88-1.77
1.38-2.46
Ref
1.90-3.90
3.66-11.81

282 (5)
35 (8)
9 (21)

241 (5)
51 (11)
34 (6)

122 (7)
129 (6)
75 (4)

63 (6)
162 (5)
56 (5)
45 (5)

24 (9)
221 (5)
81 (4)

P value

Metachronous
peritoneal
metastases
n (%)

95%CI

Multivariable
logistic regression analysis

27 (9)
249 (5)
133 (6)

Synchronous
peritoneal
metastases
n (%)

Ref.
1.84
2.43

Ref.
1.15
0.79

1.01
Ref.
0.92

-

Ref.
1.20-2.82
1.11-5.32

Ref.
0.82-1.61
0.50-1.24

0.78-1.31
Ref.
0.69-1.23

-

-

1.10-2.42
Ref.
0.72-1.22

1.63
Ref.
0.94
-

95% CI

HR

Ref.
0.005
0.026

Ref.
0.426
0.303

0.939
Ref.
0.576

-

-

0.015
Ref.
0.632

P value

Multivariable
Cox regression analysis

Table 2. Multivariable logistic regression analyses and multivariable cox regression analyses for the presence of synchronous peritoneal metastases and the
development of metachronous peritoneal metastases after primary tumor resection, respectively.
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Ref
4.82
3.30
Ref
1.66
3.27
2.69
Ref
3.13
Ref
1.45
2.31

83 (2)
104 (6)
165 (15)
57 (15)
NA
NA
NA
166 (3)
243 (18)
203 (3)
24 (10)
182 (16)

OR

Ref
0.88-2.40
1.75-3.06

Ref
2.37-4.14

-

Ref
1.20-2.30
2.36-4.52
1.75-4.12

Ref
3.68-6.32
2.25-4.83

95%CI

Ref
0.149
<0.001

Ref
<0.001

-

Ref
0.002
<0.001
<0.001

Ref
<0.001
<0.001

P value

Multivariable
logistic regression analysis

118 (2)
192 (19)
99 (27)

Synchronous
peritoneal
metastases
n (%)

ASA American society of anesthesiologists score; OR odds ratio; HR hazard ratio; CI confidence interval.

Tumor stage
T0-3
T4
Missing data
Nodal stage
N0
N1
N2
Missing data
Primary tumor resection margins
Clear resection margins
No clear resection margins
Missing data
Synchronous systemic metastases
No
Yes
Tumor perforation
No
Yes
Missing data

Table 2. (continued)

288 (5)
20 (10)
18 (5)

245 (5)
81 (17)

286 (6)
27 (18)
13 (2)

92 (3)
126 (10)
106 (15)
2 (1)

207 (4)
119 (19)
0 (0)

Metachronous
peritoneal
metastases
n (%)

Ref.
0.81
0.92

Ref.
1.95

Ref.
1.50
0.70

Ref.
2.90
3.19
0.83

Ref.
2.77
-

HR

Ref.
0.48-1.35
0.57-1.49

Ref.
1.43-2.66

Ref.
0.94-2.39
0.38-1.29

Ref.
2.18-3.85
2.26-4.50
0.19-3.71

Ref.
2.07-3.70
-

95% CI

Ref.
0.410
0.728

Ref.
<0.001

Ref.
0.089
0.250

Ref.
<0.001
<0.001
0.807

Ref.
<0.001

P value

Multivariable
Cox regression analysis

Subgroup analysis in patients with high-risk tumors
In all patients with T4 tumor stage and/or lymph node involvement (n=2242),
the cumulative incidence of metachronous peritoneal metastases were 5.0%
and 11.2% at 1 and 3 years after surgery for primary CRC, respectively (Figure
3). In patients who received adjuvant treatment (n=1024), the 1- and 3-year
cumulative incidences of metachronous peritoneal metastases were 3.5% and
9.8%, respectively. In patients who did not receive adjuvant treatment (n=1218),
the 1- and 3-year cumulative incidences of metachronous peritoneal metastases
were 6.3% and 12.8%, respectively. Uni- and multivariable cox competing risk
regression analyses showed that adjuvant treatment was significantly associated
with a lower risk of metachronous peritoneal metastases (HR 0.65 [95%CI 0.480.88]) and that no clear resection margins of the primary tumor were associated
with a significantly higher risk of metachronous peritoneal metastases (HR 1.75
[95%CI 1.12-2.75]). The associations between the other factors and metachronous
peritoneal metastases remained similar to those in the total study population
(Table 3).
Figure 3. Proportion of patients with high risk primary tumors with metachronous peritoneal metastases
after surgery for primary CRC, according to adjuvant systemic chemotherapy strategy (p=0.027)
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Age (years)
<50
50-74
≥75
Sex
Male
Female
ASA score
ASA 1
ASA 2
ASA ≥3
Missing data
Primary tumor location
Right colon
Left colon
Rectum
Primary tumor differentiation
Good/moderate
Poor/none
Missing data
Tumor histology
Adenocarcinoma
Mucinous adenocarcinoma
1.72
Ref.
1.05
Ref.
1.17
1.07
Ref.
0.93
1.25
1.21
Ref.
0.72
Ref.
1.59
1.25
Ref.
1.51

24 (18)
168 (11)
65 (11)
139 (11)
118 (12)
47 (12)
131 (11)
41 (10)
38 (14)
105 (14)
105 (12)
47 (8)
182 (11)
46 (16)
29 (13)
218 (11)
30 (15)

Metachronous peritoneal
metastases n(%)

Ref.
1.03-2.21

Ref.
1.15-2.21
0.85-1.85

0.92-1.58
Ref.
0.51-1.02

0.77-1.50
Ref.
0.65-1.32
0.87-1.79

Ref.
0.92-1.50

1.12-2.64
Ref.
0.79-1.40

<0.001

0.016

0.014

0.569

0.205

0.044

Univariable cox regression
analysis
HR
95%CI
P value

Ref.
1.83

Ref.
1.29
0.82

1.11
Ref.
0.56

-

-

1.91
Ref.
0.84

Ref.
1.15-2.92

Ref.
0.93-1.80
0.49-1.36

0.84-1.47
Ref.
0.38-0.82

-

-

1.24-2.94
Ref.
0.62-1.15

Ref.
0.010

Ref.
0.133
0.435

0.481
Ref.
0.003

-

-

0.003
Ref.
0.275

Multivariable cox regression
analysis
HR
95%CI
P value

Table 3. Uni- and multivariable Cox regression analyses in the subgroup of patients with high risk primary tumors for the likelihood of metachronous peritoneal
metastases after primary tumor resection.

3.25
Ref.
1.96
0.78

Ref.
1.78
Ref.
1.09
1.05
Ref.
0.76

9 (31)
227 (11)
24 (21)
6 (8)

191 (10)
66 (18)
225 (11)
17 (12)
15 (12)
154 (13)
103 (10)

Metachronous peritoneal
metastases n(%)

Ref.
0.59-0.97

Ref.
0.66-1.80
0.62-1.77

Ref.
1.35-2.37

Ref.
1.28-3.00
0.34-1.78

1.64-6.41

0.028

0.933

<0.001

0.006

Univariable cox regression
analysis
HR
95%CI
P value

ASA American society of anesthesiologists score; HR hazard ratio; CI confidence interval.

Signet ring cell carcinoma
Primary tumor resection margins
Clear resection margins
No clear resection margins
Missing data
Synchronous systemic
metastases
No
Yes
Tumor perforation
No
Yes
Missing data
Adjuvant treatment
No
Yes

Table 3. (continued)
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175

Ref.
0.65

-

Ref.
1.52

Ref.
1.75
0.80

3.59

Ref.
0.48-0.88

-

Ref.
1.11-2.07

Ref.
1.12-2.75
0.34-1.84

1.59-8.11

Ref.
0.005

-

Ref.
0.009

Ref.
0.015
0.594

0.002

Multivariable cox regression
analysis
HR
95%CI
P value

Discussion
The present study showed that synchronous peritoneal metastases were
diagnosed in 5.7% of CRC patients. The 3-year cumulative incidence of
metachronous peritoneal metastases was 5.5%, which developed after a median
time of 14.7 months after surgery for primary CRC. This is the highest incidence
of colorectal peritoneal metastases reported to date in population-based
studies,2,3,14-16 and therefore provides an up-to-date overview of the incidence
of and factors associated with colorectal peritoneal metastases in a populationbased cohort in which modern diagnostic and treatment strategies were applied.
As such, this study will be of additional value to previously published studies and
provides a basis for future clinical research regarding the prevention, detection,
and treatment of this severe disease.
Previously published population-based studies reported an incidence of 4.7% and
4.8% for synchronous PM (patients diagnosed between 1995-2011)3,19 and 3.5%,
and 4.9% for metachronous PM (patients diagnosed between 1995-2008).14,16 The
higher incidence found in the present study, which comprised patients who were
diagnosed with CRC in 2015, may be due to the expansion of both knowledge and
awareness of this disease during follow-up after primary CRC surgery (especially
in patients with high-risk tumors), accompanied by improvements in diagnostic
imaging techniques.
Besides T4 stage, lymph node involvement and mucinous or signet ring cell
histology, which have previously been identified as high-risk features for peritoneal
metastases,14,20-22 the presence of synchronous systemic metastases was strongly
associated with both synchronous and metachronous peritoneal metastases
compared to patients without synchronous systemic metastases. This suggests
that a more intensive follow-up of the peritoneal cavity is designated in patients
with curatively treated synchronous systemic metastases, and it may also guide
future patient selection for clinical trials investigating new approaches to prevent
or detect metachronous peritoneal disease after primary surgery for CRC in an
early stage.
In the subgroup of patients with high risk tumors (i.e. T4 tumor stage, lymph
node involvement), adjuvant systemic therapy after surgery for primary CRC was
associated with a lower risk to develop metachronous peritoneal metastases.
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Nevertheless, still 10% of patients being treated with adjuvant systemic
chemotherapy developed metachronous peritoneal metastases. This stresses
the need to further improve adjuvant treatment regimens to further lower the
incidence of metachronous peritoneal metastases. Furthermore, two recently
published studies investigated new strategies to lower the risk on metachronous
peritoneal metastases, but both showed negative results: the PROPHYLOCHIP
trial did not show a benefit in disease-free survival of an additional systematic
second-look surgery plus oxaliplatin-HIPEC in 150 patients with perforated CRC,
or non-perforated CRC with synchronous peritoneal or ovarian metastases, who
all underwent extensive adjuvant oxaliplatin-based systemic chemotherapy.11 The
COLOPEC trial, in which 204 patients with perforated or T4 colon cancer were
included, also concluded that adjuvant oxaliplatin-HIPEC shortly after surgery
did not improve peritoneal metastasis-free survival over adjuvant systemic
chemotherapy alone.12 Hence, the currently available treatment strategies aiming
to minimise the risk of metachronous peritoneal metastases in patients with highrisk colon cancer are insufficient, emphasising the need for future research.
As the clinical diagnosis of peritoneal metastases is complicated due to limited
sensitivity of currently available imaging techniques, as well as the lack of
symptoms in most patients before advanced disease stages, the COLOPEC II trial
was initiated. This currently recruiting trial investigates second- and third-look
surgeries (without HIPEC) after primary surgery (with or without adjuvant systemic
therapy) for T4 stage CRC with or without lymph node involvement.13 However,
patients presenting with synchronous systemic metastases are excluded from this
trial. Considering the results of the present study, future research focusing on
different strategies for the prevention and treatment of metachronous peritoneal
metastases should also consider to include patients with synchronous systemic
metastases given their high risk of metachronous peritoneal metastases.
Although the present study provides new insights in both synchronous and
metachronous peritoneal metastases, it has some potential drawbacks. Firstly,
given its retrospective design, it was unknown whether all primary tumor
resections were performed with curative intent, especially in the subgroup of
patients with synchronous systemic metastases. Palliative tumor resection could
have been a treatment strategy in case of obstructive disease without aiming for
curation in some patients. In these patients undergoing treatment with palliative
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intent, a higher incidence rate of metachronous peritoneal metastases could have
been the case. Finally, data on the extent of intraperitoneal disease (peritoneal
cancer index) was lacking, which may also have been associated with the patient
characteristics included in this study.
In conclusion, the present study provides updated and new insights into the
incidence of and factors associated with synchronous and metachronous peritoneal
metastases, based on an up-to-date nationwide cohort. Besides well-known risk
factors for metastatic disease in CRC (i.e. T4 tumors, lymph node involvement),
the presence of synchronous systemic metastases was strongly correlated with
the development of metachronous peritoneal metastases. Although adjuvant
treatment lowered the risk of metachronous peritoneal metastases in patients
with high-risk tumors, the incidence of metachronous peritoneal metastases was
still remarkably higher than in the general cohort, suggesting that particularly in
these patients, currently available treatment strategies may be insufficient and
new treatment strategies are designated. These findings may contribute to a
tailored approach in the follow-up of patients after primary CRC surgery and guide
future clinical trials investigating new strategies for the risk-reduction and early
detection of metachronous peritoneal metastases after colorectal surgery.
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Abstract
Objectives – To compare treatment strategies and survival in patients with
synchronous or metachronous colorectal peritoneal metastases (CPM) in a
nationwide cohort.
Methods – All patients from the Netherlands Cancer Registry with synchronous
or metachronous CPM whose primary CRC was diagnosed between 1 January and
30 June 2015 were included. Treatments were categorized into A) cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC), B) palliative
treatment, C) best supportive care. Overall survival (OS, in all patients) and
disease-free survival (DFS, in patients who underwent CRS-HIPEC) were compared
between both groups.
Results – In total, 743 out of 7233 patients were diagnosed with CPM, including
409 patients with synchronous and 334 with metachronous CPM. Median OS was
8.1 months vs. 12.0 months in patients with synchronous and metachronous
CPM, respectively (p=0.003). After multivariable correction, OS did no longer differ
between patients with synchronous or metachronous CPM (HR 1.03 [0.83-1.27]).
Patients diagnosed with metachronous CPM more often underwent CRS-HIPEC
than patients with synchronous CPM (16% vs. 8%, respectively, p=0.001), and DFS
and OS were not statistically different between both groups (median DFS: 21.5 vs.
14.1 months, respectively [p=0.094]; median OS 37.8 vs. 35.8 months, respectively
[p=0.553]).
Conclusion – This population-based study showed that survival in patients
diagnosed with synchronous or metachronous CPM did not significantly differ.
This suggests that a similar prognosis may be expected for patients selected for
treatment, regardless of the onset of CPM.
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Introduction
Colorectal cancer (CRC) is the third most common malignancy worldwide.1 About
a third of patients are confronted with metastatic disease, either at the time of
diagnosis or later during follow-up after curative treatment.2 After the liver, the
peritoneum is the second most common metastatic site of CRC.3,4 Colorectal
peritoneal metastases occur in about 10% of CRC patients and are diagnosed
during the initial treatment of the primary tumor (synchronous peritoneal
metastases) or during follow-up (metachronous peritoneal metastases).2
Although risk factors for synchronous and metachronous peritoneal metastases
are alike,2 it is unknown whether the tumor behavior differs between synchronous
and metachronous colorectal peritoneal metastases. A different tumor
behavior may result in a different prognosis and therefore require adjusted
treatment strategies.5,6 Recently, an Italian society of experts in peritoneal
surface malignancies defined and approved different diagnostic and therapeutic
algorithms for synchronous and metachronous colorectal peritoneal metastases.7
However, most international guidelines do not take the presentation of colorectal
peritoneal metastases into account in recommendations regarding treatment.8–11
Also, in some randomized trials, the synchronous or metachronous presentation of
colorectal peritoneal metastases is used as a stratification factor.12 Still, it remains
unclear whether any differences exist between synchronous and metachronous
colorectal peritoneal metastases and, if so, how this affects prognosis in an
unselected population.
This population-based study aimed to provide insight in the treatment strategies
and prognosis of patients with synchronous or metachronous colorectal peritoneal
metastases and to identify characteristics associated with prognosis, providing
an up-to-date basis for future clinical research in patients with synchronous and
metachronous colorectal peritoneal metastases.

Methods
Data source
Data from the Netherlands Cancer Registry (NCR) were used for the conduction of
the current nationwide population-based cohort study. The NCR registers all newly
diagnosed malignancies in the Netherlands, and trained data-managers from the
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NCR routinely collect patient, tumor and treatment characteristics. Each year, the
vital status of all patients is checked by linkage to the municipal administrative
database, in which all deaths of Dutch inhabitants are registered. For the current
study, the latest linkage to the municipal administrative database was performed
in February 2020. In 2019, all patients diagnosed with CRC between 1 January and
30 June 2015 were reassessed to obtain follow-up information on loco-regional
and/or systemic recurrences and their treatment. All data were anonymized,
therefore not requiring approval of the medical ethics committee.

Patients and characteristics
Patients with an appendiceal tumor, a neuro-endocrine tumor, or a tumor
with histology other than adenocarcinoma were excluded. Only patients who
developed synchronous or metachronous peritoneal metastases (defined as any
of the following metastatic locations according to the International Classification
of Disease – Oncology [ICD-O]: C16.0-C16.9, C17.0-C17.9, C18.0-C18.9, C19.9,
C20.9, C21.8, C23.9, C26.9, C48.0-C48.8, C49.4-C49.5, C52.9, C53.9, C54.0-C54.9,
C55.9, C56.9, C57.0-C57.8, C66.9, C67.0-C67.9, C76.2) were included for analyses.
All other metastatic locations were registered as systemic metastases. Metastases
were considered synchronous if diagnosed ≤90 days after surgery for primary
CRC, or ≤90 days after diagnosis if no surgery for primary CRC was performed.
Among patients without synchronous peritoneal metastases, only patients
who underwent surgery for primary CRC were evaluated for the development
of metachronous metastases. Metastases were considered metachronous if
diagnosed >90 days after surgery for primary CRC.
The primary tumor location was subcategorized according to the ICD-O: 1)
right-sided colon (C18.0, C18.2-18.4: caecum, ascending colon, hepatic flexure,
transverse colon); 2) left-sided colon (C18.5-18.7: splenic flexure, descending colon
and sigmoid); and 3) rectum (C19.9-20.9: rectosigmoid and rectum). The primary
tumor histology was defined as adenocarcinoma (8000, 8010, 8020, 8140, 8144,
8210, 8211, 8220 8255, 8261, 8262, 8263, 8560), mucinous adenocarcinoma (8480,
8481) or signet ring cell carcinoma (8490).
The treatment of peritoneal metastases was defined as: 1) cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) with or without
systemic chemotherapy and/or radiotherapy; 2) palliative treatment (systemic
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chemotherapy, metastasectomy, and/or radiotherapy without curative intent); 3)
no tumor-directed treatment, only best supportive care (BSC).

Statistical analyses
Baseline characteristics of patients with synchronous peritoneal metastases
were compared to those of patients with metachronous peritoneal metastases.
Continuous variables were presented as mean (± standard deviation (SD)) and
compared with the unpaired t-test. Categorical variables were presented as n (%)
and compared with the Χ2-test. Different treatment strategies were compared
between patients with synchronous or metachronous peritoneal metastases
using the Χ2-test. All tests were two-sided and p<0.05 was considered statistically
significant.
Median overall survival (OS) was determined with the Kaplan Meier method and
compared between patients with synchronous and metachronous peritoneal
metastases, as well as between patients treated with different treatment strategies,
with the log-rank test. Median OS was calculated from the first diagnosis of
peritoneal metastases until death or loss to follow-up. Disease free survival (DFS)
was only determined in patients who underwent CRS-HIPEC, and was calculated
from the date of CRS-HIPEC until the diagnosis of metastases (loco-regional and/
or systemic metastases) thereafter.
Univariable cox regression analyses were performed in patients with peritoneal
metastases (as one group), and in patients with synchronous or metachronous
peritoneal metastases (as two groups) to identify risk factors affecting OS. Variables
with a p<0.10 were subsequently combined in multivariable cox regression models
with respect to the number of deaths in each group (10 deaths per degree of
freedom) to prevent overfitting. Dummy variables of missing data were included
in the multivariable analyses. All analyses were performed using SAS statistical
software (SAS system 9.4, SAS Institute, Cary, NC, United States).

Results
Study population
In total, 7233 patients were diagnosed with CRC between 1 January and 30 June
2015. Among them, 409 (5.7%) patients presented with synchronous peritoneal

187

9

Table 1. Baseline characteristics of the study population.

Synchronous
Metachronous
peritoneal metastases peritoneal metastases
(N=409)
(N=334)
Age (years)
Sex
Male
Female
ASA
ASA 1
ASA 2
ASA ≥3
Missing data*
Primary tumor location
Right-sided colon
Left-sided colon
Rectum
Tumor differentiation
Good/moderate
Poor/undifferentiated
Missing data*
Tumor histology
Adenocarcinoma
Mucinous
adenocarcinoma
Signet ring cell carcinoma
Tumor stage
T0-3
T4
Missing data*
Nodal stage
N0
N1
N2
Missing data*
Synchronous systemic
metastases
No
Yes
Colon perforation
No
Yes
Missing data*

P value

69 ± 12

67 ± 11

0.062

225 (55)
184 (45)

185 (55)
149 (45)

0.918

29 (7)
138 (34)
75 (18)
167 (41)

63 (19)
165 (49)
57 (17)
49 (15)

<0.001

186 (45)
173 (42)
50 (12)

126 (38)
132 (39)
76 (23)

<0.001

167 (41)
67 (16)
175 (43)

248 (74)
52 (16)
34 (10)

0.002

313 (77)
65 (16)

282 (86)
35 (11)

0.001

31 (6)

9 (3)

118 (29)
192 (47)
99 (24)

210 (63)
124 (37)
0 (0)

<0.001

83 (20)
104 (25)
165 (40)
57 (14)

97 (29)
126 (38)
109 (32)
2 (1)

<0.001

166 (41)
243 (59)

252 (75)
82 (25)

<0.001

203 (50)
24 (6)
182 (44)

293 (88)
21 (6)
20 (6)

0.106

All values are mean ± standard deviation or n (%); *Missing data were not included in the Chi-squared
analyses; ASA American association of anesthesiologists; PM peritoneal metastases.
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metastases. Among 5860 patients without synchronous peritoneal metastases
who underwent surgery for primary CRC, 334 (5.7%) patients were diagnosed with
metachronous peritoneal metastases during follow-up. Median follow-up after
surgery was 38.4 (IQR 15.3-45.4) months. Baseline characteristics of patients with
synchronous and metachronous colorectal peritoneal metastases are presented
in Table 1. Patients with synchronous peritoneal metastases were more frequently
diagnosed with a poorly/undifferentiated tumor, T4 tumor stage, and synchronous
systemic metastases than patients with metachronous peritoneal metastases.

Treatments
Figure 1 provides an overview of the applied treatment strategies in patients with
synchronous or metachronous peritoneal metastases. Overall, the distribution
of applied treatment strategies was significantly different between patients with
synchronous and metachronous peritoneal metastases (p<0.001). Patients with
metachronous peritoneal metastases more frequently underwent CRS-HIPEC
(16% vs. 8%, p=0.001), and less frequently underwent palliative treatment (55%
vs. 69%, p<0.001) than patients with synchronous peritoneal metastases. A similar
number of patients with metachronous peritoneal metastases and patients with
synchronous peritoneal metastases received BSC (29% vs. 23%, p=0.051).
Figure 1. Treatment strategies in patients with synchronous or metachronous colorectal peritoneal
metastases

PM peritoneal metastases; CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy.
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Disease-free survival
The DFS of patients with synchronous and metachronous peritoneal metastases
who underwent CRS-HIPEC is shown in Figure 2. The median DFS of patients with
synchronous peritoneal metastases was 14.1 months (interquartile range [IQR]
8.2-29.2 months) and the median DFS of patients with metachronous peritoneal
metastases was 21.5 months (IQR 8.0-not reached), but did not significantly differ
between the groups (p=0.094). The site(s) of first recurrence after CRS-HIPEC in
patients with synchronous and metachronous peritoneal metastases are shown
in Figure 3. No differences in the pattern of recurrence were observed in patients
with synchronous and metachronous peritoneal metastases (p=0.950).
Figure 2. Disease-free survival of patients with synchronous or metachronous colorectal peritoneal
metastases after CRS-HIPEC.

PM peritoneal metastases; CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy.
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Figure 3. Sites of recurrent disease after CRS-HIPEC in patients with synchronous or metachronous
colorectal peritoneal metastases.

PM peritoneal metastases.

Overall survival
The median OS of all patients with peritoneal metastases was 9.1 [IQR 2.6-22.5]
months with a 1-year OS of 44% and 3-year OS of 13%. Patients with synchronous
peritoneal metastases had a worse OS than patients with metachronous
peritoneal metastases (median 8.1 months [IQR 2.0-20.5] vs. 12.0 months [IQR 3.525.5], respectively, p=0.003, Figure 4a). However, after multivariable cox regression
analysis, the presentation of peritoneal metastases did not significantly affect OS
(metachronous peritoneal metastases: HR 1.03 [95%CI 0.83-1.27], as compared to
synchronous peritoneal metastases; Table 2).
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Table 2. Uni- and multivariable cox regression analyses for overall survival of the entire study cohort.

Median OS
(months)

Univariable analyses
HR

Age
<50
50-74
≥75
Sex
Male
Female
ASA score
ASA 1
ASA 2
ASA 3-6
Missing data
Primary tumor
location
Right colon
Left colon
Rectum
Primary tumor
differentiation
Good/moderate
Poor/undifferentiated
Missing data
Tumor histology
Adenocarcinoma
Mucinous
adenocarcinoma
Signet ring cell
carcinoma
Tumor stage
T0-3
T4
Missing data
Nodal stage
N0
N1
N2
Missing data
Synchronous
systemic metastases
No
Yes
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95% CI P value

Multivariable analyses
HR

95% CI P value

<0.001
15.6
11.9
4.2

0.80
Ref
1.74

0.59-1.09
Ref
1.47-2.07

9.4
8.7

Ref
1.12

Ref
0.96-1.31

17.6
12.1
5.7
4.6

0.72
Ref
1.44
1.80

0.55-0.94
Ref
1.16-1.79
1.50-2.17

0.84
Ref
1.05

0.61-1.15
Ref
0.86-1.26

0.283
Ref
0.654

-

-

-

0.92
Ref
1.16
1.26

0.69-1.22
Ref
0.93-1.45
1.02-1.56

0.571
Ref
0.202
0.034

Ref
0.87
1.12

Ref
0.73-1.05
0.88-1.44

Ref
0.141
0.356

Ref
2.00
1.21

Ref
Ref
1.57-2.52 <0.001
0.97-1.51 0.096

0.156

<0.001

0.019
7.3
11.4
9.7

Ref
0.79
0.87

Ref
0.66-0.93
0.69-1.08
<0.001

14.2
3.6
5.3

Ref
2.52
1.66

Ref
2.03-3.13
1.39-1.98

9.5
9.1

Ref
0.97

Ref
0.77-1.22

Ref
0.83

Ref
0.64-1.07

3.8

1.83

1.32-2.53

1.51

1.06-2.15 0.024

9.5
11.7
3.7

Ref
1.02
2.21

Ref
0.86-1.21
1.75-2.79

Ref
1.12
1.20

Ref
0.92-1.35
0.90-1.60

12.8
10.8
8.3
2.8

0.74
0.91
Ref
2.28

0.60-0.91
0.75-1.10
Ref
1.71-3.04

0.82
1.01
Ref
1.74

0.66-1.03 0.087
0.83-1.23 0.937
Ref
Ref
1.27-2.38 <0.001

Ref
1.22

Ref
Ref
1.02-1.47 0.034

0.003
Ref
0.148

<0.001
Ref
0.257
0.220

<0.001

<0.001
12.1
6.7

Ref
1.36

Ref
1.17-1.59

Table 2. (continued)

Median OS
(months)

Univariable analyses
HR

Tumor perforation
No
Yes
Missing data
Presentation of PM
Synchronous
Metachronous
Treatment of PM
Best supportive care
Palliative treatment
CRS-HIPEC

12.2
9.4
8.2

Ref
0.98
1.85

8.1
12.0

Ref
0.79

1.8
12.2
36.0

4.56
Ref
0.31

95% CI P value
<0.001
Ref
0.70-1.38
1.55-2.19
0.003
Ref
0.67-0.92
<0.001
3.77-5.51
Ref
0.23-0.43

Multivariable analyses
HR

95% CI P value

Ref
0.99
1.06

Ref
0.69-1.41
0.86-1.31

Ref
0.958
0.593

Ref
1.03

Ref
0.83-1.27

Ref
0.813

4.44
Ref
0.40

3.57-5.52 <0.001
Ref
Ref
0.29-0.55 <0.001

ASA American association of anesthesiologists; CI confidence interval; CRS cytoreductive surgery;
HIPEC hyperthermic intraperitoneal chemotherapy; HR hazard ratio; OS overall survival; PM peritoneal
metastases.

In patients who underwent CRS-HIPEC, median OS of the entire cohort was 36.0
months (IQR 22.5-not reached). Median OS did not significantly differ between
patients with synchronous or metachronous peritoneal metastases (35.8 months
[IQR 26.2-not reached] vs. 37.8 months [IQR 17.3-not reached], respectively; p=0.553,
Figure 4b).
In patients who received palliative treatment, median OS of the entire cohort was
12.2 months (IQR 4.9-22.7). OS was worse in patients with synchronous peritoneal
metastases than in patients with metachronous peritoneal metastases (median
10.0 months [IQR 3.6-20.6] vs. 15.4 months [IQR 6.8-25.6], respectively, p<0.001,
Figure 4c).
In patients who received BSC only, median OS of the entire cohort was 1.8 months
(IQR 0.9-3.9). OS was worse in patients with synchronous peritoneal metastases
than in patients with metachronous peritoneal metastases (1.3 months [IQR 0.63.2] vs. 2.1 months [IQR 1.0-4.6], respectively, p=0.021, Figure 4d).
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Figure 4. Overall survival of patients with synchronous or metachronous colorectal peritoneal
metastases.

PM peritoneal metastases; CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy.

Factors associated with overall survival
The results of univariable cox regression analyses for the OS of both patients with
synchronous or metachronous peritoneal metastases are shown in Supplementary
Table 1. The results of the multivariable cox regression analyses of both patients
with synchronous and metachronous peritoneal metastases are shown in Table 3.
In patients with synchronous peritoneal metastases, an ASA score ≥3 (adjusted
Hazard Ratio [HR] 1.43 [95% Confidence Interval (CI) 1.05-1.94]), a primary tumor
located in the rectum (HR 1.63 [95%CI 1.15-2.31]), and a poorly/undifferentiated
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primary tumor (HR 2.06 [95%CI 1.48-2.85]) were significantly associated with a
worse OS. Treatment with CRS-HIPEC (HR 0.35 [95%CI 0.22-0.57]) was significantly
associated with better OS than palliative treatment. BSC (HR 4.11 [95%CI 3.005.63]) was significantly associated with worse OS than palliative treatment.
In patients with metachronous peritoneal metastases, a poorly/undifferentiated
primary tumor (HR 2.00 [95%CI 1.42-2.80]) and a signet ring cell carcinoma (HR
2.70 [95%CI 1.24-5.88]) were significantly associated with a worse OS. An N0
status (HR 0.64 [95% CI 0.45-0.92]) was significantly associated with a better OS.
Treatment with CRS-HIPEC (HR 0.43 [95%CI 0.28-0.67]) was significantly associated
with a better OS than palliative treatment. BSC (HR 4.95 [95%CI 3.60-6.81]) was
significantly associated with a worse OS than palliative treatment.
Table 3. Multivariable Cox Regression analyses for overall survival in patients with synchronous and
metachronous peritoneal metastases.

Synchronous PM
Median HR
95% CI
OS
(months)
Age
<50
50-74
≥75
Sex
Male
Female
ASA stage
ASA 1
ASA 2
ASA ≥3
Missing data
Primary tumor
location
Right-sided colon
Left-sided colon
Rectum
Primary tumor
differentiation
Good/moderate
Poor/none
Missing data

15.9
10.0
3.8

0.86
Ref
0.95

8.4
7.3

-

18.6
11.3
5.2
3.8

0.88
Ref
1.43
1.31

7.0
9.9
6.3

14.9
3.7
5.3

P
value

0.56-1.32 0.494
Ref
Ref
0.75-1.21 0.672

Metachronous PM
Median
HR
95% CI P value
OS
(months)
14.5
14.3
4.6

0.84 0.52-1.35 0.472
Ref
Ref
Ref
1.19 0.86-1.64 0.294

12.2
10.4

Ref
Ref
Ref
1.01 0.78-1.30 0.969

0.55-1.38 0.567
Ref
Ref
1.05-1.94 0.023
1.01-1.72 0.049

16.4
12.2
6.1
10.4

0.95 0.65-1.38 0.775
Ref
Ref
Ref
0.87 0.62-1.23 0.420
1.15 0.80-1.67 0.457

Ref
0.93
1.63

Ref
Ref
0.74-1.17 0.545
1.15-2.31 0.006

8.5
13.5
12.4

Ref
2.06
1.23

Ref
Ref
1.48-2.85 <0.001
0.94-1.59 0.130

14.1
3.2
12.1

-

-

-

-

-

Ref
Ref
Ref
2.00 1.42-2.80 <0.001
0.75 0.43-1.30 0.301
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Table 3. (continued)

Synchronous PM
Median HR
95% CI
OS
(months)
Tumor histology
Adenocarcinoma
Mucinous
adenocarcinoma
Signet ring cell
carcinoma
Tumor stage
T0-3
T4
Missing data
Nodal stage
N0
N1
N2
Missing data
Synchronous
systemic
metastases
No
Yes
Tumor
perforation
No
Yes
Missing data
Adjuvant
treatment after
primary surgery
for colorectal
cancer
No
Yes
Treatment of
PM
Best supportive
care
Palliative
treatment
CRS- HIPEC

P
value

Metachronous PM
Median
HR
95% CI P value
OS
(months)

8.2
9.9

Ref
0.81

Ref
Ref
0.59-1.11 0.191

13.0
6.6

Ref
Ref
Ref
1.22 0.74-2.01 0.434

4.2

1.32

0.87-2.01 0.192

3.2

2.70 1.24-5.88 0.012

7.8
12.0
3.7

Ref
1.19
1.25

Ref
Ref
0.91-1.56 0.203
0.91-1.71 0.163

12.4
11.2
-

8.4
9.0
10.9
2.8

0.96
0.97
Ref
1.70

0.71-1.31 0.802
0.73-1.28 0.812
Ref
Ref
1.21-2.39 0.002

17.9
12.2
5.3
10.5

10.6
5.5

Ref
1.18

Ref
Ref
0.93-1.49 0.174

12.7
8.7

-

-

-

12.6
13.3
7.0

Ref
0.80
1.24

Ref
Ref
0.49-1.30 0.366
0.96-1.59 0.100

12.0
7.6
13.1

-

-

-

NA
NA

NA
NA

1.3

4.11

10.0

Ref

35.8

0.35

NA
NA

NA
NA

3.00-5.63 <0.001
Ref

Ref

0.22-0.57 <0.001

-

-

-

0.64 0.45-0.92 0.015
1.08 0.80-1.46 0.622
Ref
Ref
Ref
2.06 0.49-8.64 0.323

9.0
17.4

Ref
Ref
Ref
0.84 0.63-1.13 0.250

2.1

4.95 3.60-6.81 <0.001

15.4

Ref

37.8

0.43 0.28-0.67 <0.001

Ref

Ref

OS, overall survival; HR, adjusted hazard ratio; CI, confidence interval; ASA, American Society of
Anesthesiologists; NA, not applicable; PM, peritoneal metastases; CRS, cytoreductive surgery; HIPEC,
hyperthermic intraperitoneal chemotherapy
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Discussion
To the best of the knowledge of the authors, the present study was the first
to compare treatment strategies and survival in patients with synchronous
or metachronous colorectal peritoneal metastases in a nationwide cohort.
Overall survival was not significantly different in patients with synchronous or
metachronous peritoneal metastases after correction for covariables, even though
patients with metachronous peritoneal metastases were more often treated with
CRS-HIPEC than patients with synchronous peritoneal metastases. Moreover,
both OS and DFS did not differ significantly between patients with synchronous or
metachronous peritoneal metastases who underwent CRS-HIPEC.
Although OS in patients with synchronous or metachronous peritoneal metastases
was not significantly different after correction for covariables, the more
favorable crude OS of patients with metachronous peritoneal metastases could
be explained in different ways. Firstly, the late presentation of metachronous
peritoneal metastases may itself suggest a less aggressive tumor behavior, thus
resulting in better OS. However, metachronous peritoneal metastases mostly
occur in patients with high-risk tumors, who are designated for adjuvant systemic
therapy after primary surgery according to most (inter)national guidelines to
minimize the risk of metastatic recurrence.13,14 Therefore, if metachronous
peritoneal metastases occur regardless of adjuvant systemic therapy, it may
instead suggest a more aggressive tumor biology. Secondly, the better crude OS
in patients with metachronous peritoneal metastases may be related to lead-time
bias. After primary treatment for CRC, patients undergo standardized followup during several years, which may have resulted in the early diagnosis of less
advanced metachronous peritoneal metastases. On the other hand, patients with
synchronous peritoneal metastases may remain unnoticed until an advanced
stage of disease, given the absence of clinical symptoms in most patients.15 The
higher number of patients with metachronous peritoneal metastases being
treated with CRS-HIPEC compared to the number of patients with synchronous
peritoneal metastases being treated with CRS-HIPEC in the present study supports
this hypothesis. Furthermore, synchronous colorectal peritoneal metastases
are frequently discovered (in an emergency setting) in non-academic hospitals,
that are not specialized HIPEC-centers, which is known to affect the likelihood of
eventually undergoing CRS-HIPEC.16

197

9

In the present study, DFS and OS in patients with synchronous or metachronous
peritoneal metastases who underwent CRS-HIPEC were non-significantly different.
Another comparative study, which included patients from two Dutch HIPECcenters, showed a significantly longer DFS of 15 months in 231 patients with
synchronous peritoneal metastases compared to 11 months in 202 patients with
metachronous peritoneal metastases, without a difference in overall survival.17
Recently, Min Wong et al.5 demonstrated no differences in DFS, but showed a
better OS in patients with metachronous peritoneal metastases (45 months)
than in patients with synchronous peritoneal metastases (27 months). A similar
trend was observed in a third study, with no difference in DFS but a better OS in
patients with metachronous peritoneal metastases (28 months) than in patients
with synchronous peritoneal metastases (7 months). However, in the latter study,
survival was calculated from the diagnosis of primary CRC instead of from the
diagnosis of peritoneal metastases, explaining the much longer survival of patients
with metachronous colorectal peritoneal metastases.6
Other population-based studies which reported survival of all patients with
synchronous peritoneal metastases demonstrated a median OS of 8-9 months
(diagnosis in 2002-2011)4,18 which is similar to the present study. For metachronous
peritoneal metastases, a median OS of 6 months was reported (diagnosis of
primary CRC in 2003-2008),19 which is lower compared to the OS of the patients
in the present study. This improvement over time in patients with metachronous
peritoneal metastases may be due to improved diagnostic modalities and better
follow-up with higher awareness for metachronous peritoneal metastases after
primary surgery for CRC, especially since no improvement was found in patients
with synchronous peritoneal metastases. However, currently available data on
the association between the intensity of follow-up after primary CRC treatment
and OS is rather contradictory with two meta-analyses conducted in 201920 and
201621 concluding that the intensification of surveillance of CRC patients does not
result in a cancer-specific survival benefit. Furthermore, a systematic review from
2017 concluded that although there might be a survival benefit for patients with
stage I-III CRC, the existence of this benefit is questionable in patients with stage
IV CRC.22 In addition, a randomized controlled trial concluded that intensified CEA
measurements resulted in earlier recurrence detection and a higher proportion
of patients who could be treated with curative intent. However, this did not result
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in a survival benefit.23,24 As previously noted, patients with synchronous colorectal
peritoneal metastases were less likely to be treated with CRS-HIPEC, which may be
responsible for this phenomenon.
The extent of peritoneal metastases (peritoneal cancer index (PCI)) was unknown
in the patients included in the present study as this is not registered by the
NCR. The PCI is known to affect prognosis25 and hypothetically, patients with
metachronous peritoneal metastases may have had a lower PCI than patients with
synchronous peritoneal metastases, explaining the higher percentage of patients
with metachronous colorectal peritoneal metastases treated with CRS-HIPEC.
However, such a difference was not observed in previous studies.5,17 Furthermore,
the primary tumor being in situ in patients with synchronous peritoneal metastases
may have had a negative impact on treatment and prognosis. Moreover, some
patients with metachronous peritoneal metastases were excluded from this
analysis if they did not undergo surgery for primary CRC. These patients may have
had a worse prognosis since they were not able to undergo surgery. Possibly, as
patients who did not undergo surgery were excluded, this may have led to an
overestimation of the overall survival in the group of patients with metachronous
peritoneal metastases. Also, selection bias will likely have influenced the received
treatment, possibly resulting in the overestimation of the beneficial effect of
CRS-HIPEC and, to a lesser extent, palliative treatment, since patients who are fit
enough to receive treatment are more likely to actually undergo treatment than
patients with a poor clinical condition. Unfortunately, the NCR does not register
the reason for (not) choosing a certain treatment. Still, all patients were treated
according to the national guideline for colorectal cancer, which defines selection
criteria for eligibility for CRS-HIPEC (e.g. PCI <20, limited small bowel involvement,
absence of systemic metastases).
In conclusion, the OS of patients with synchronous and metachronous colorectal
peritoneal metastases did not significantly differ. Also within the subgroup of
patients treated with CRS-HIPEC, disease-free and overall survival as well as the
pattern of recurrence were comparable. This suggests that a similar prognosis
may be expected for patients selected for treatment, regardless of the onset of
CPM.
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Abstract
Objective – The aim of this nationwide study was to provide insight in the
incidence, risk factors, treatment, and survival of patients with ovarian metastases
from colorectal cancer (CRC).
Methods – data from the Netherlands Cancer Registry were used. All newly
diagnosed female CR patients between 2008 and 2016 were included. Treatment
was categorized as follows: cytoreductive surgery followed by hyperthermic
intraperitoneal chemotherapy (CRS-HIPEC); resection of the primary tumor;
palliative treatment; and no treatment. Overall survival (OS) was investigated
using Kaplan-Meier and multivariable Cox regression analyses.
Results – Of 53.883 female CRC patients, 11.343 (21.1%) had metastases at time
of diagnosis. Among them, 471 (4.2%) had ovarian metastases. Within the latter
group, 27.2% received CRS-HIPEC; 38.4% underwent resection of the primary
tumor; 25.3% received palliative treatment; and 9.1% received no treatment.
Median OS of all patients with ovarian metastases was 17.5 months. In patients
receiving CRs-HIPEC, OS was significantly longer than in patients undergoing
resection only (median OS 34.1 vs. 17.5 months, adjusted HR 0.44 [0.33-0.66]).
Five-year OS was 28.5% for patients having underwent CRS-HIPEC, 11.0% for
patients having underwent resection of the primary tumor, 1.2% for patients
having underwent palliative treatment, and 0.0% for patients without treatment.
Conclusion – synchronous ovarian metastases are diagnosed in 4.2% of female
colorectal patients presenting with metastatic disease. Risk factors were young
age, T4/N+ tumor and histology of signet ring cell carcinoma. Median OS of the
entire cohort was 17.5 months, ranging from 3.1 months in patients without
treatment to 34.1 months in patients undergoing CRS-HIPEC.
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Introduction
The ovaries are a common site for metastases from a variety of primary tumors,
of which the colon and stomach are the most prevalent.1 Rapid and extensive
tumor growth may result in obstruction of the gastrointestinal tract. Occasionally,
the large ovarian metastases are the presenting symptom of colorectal cancer
(CRC) and may then be mistakenly diagnosed as primary ovarian cancer. Final
diagnosis is often made using histopathological examination. Ovarian metastases
of colorectal origin are rare and hence, accurate data on incidence, treatment, and
prognosis of this metastatic form of CRC is lacking, and there are no populationbased studies that look into these features.
The treatment options for advances CRC have expanded over the last decades,
mostly by the additional value of adjuvant systemic therapy for T4/N+ tumors.2
However, in case of ovarian metastases from primary CRC, the additional role
of systemic therapy is controversial. As progression under chemotherapy is not
uncommon, and – in case of neoadjuvant treatment – response at ovarian sites
is usually not seen.3,4 To date, the best treatment for these ovarian metastases
is unclear. There is an ongoing discussion about how ovarian metastases
develop from primary CRC. Some experts advocate ovarian metastases to
be the result of lymphatic tumor spread, while others believe they occur as a
result of haematogenous spread.5-7 Furthermore, a growing group of experts
consider ovarian metastases to be the result of peritoneal metastatic spread
and advocate treatment by radical resection of the primary tumor and the
metastases (cytoreductive surgery (CRS)) followed by the administration of
heated intraperitoneal chemotherapy (HIPEC).8-10 The purpose of this study was to
determine the incidence, risk factors, treatment strategies, and survival of female
CRC patients with ovarian metastases.

Methods
Data source
Data were extracted from a population-based database: the Netherlands Cancer
Registry (NCR). This registry covers all newly diagnosed cancer patients in the
Netherlands. Information on patient, tumor, and treatment characteristics is
consistently extracted from patients’ files by trained data managers of the NCR.
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Anatomical site of the primary tumor and metastases is registered according to
the International Classification of Disease – Oncology (ICD-O). the tumor-nodemetastasis (TNM) classification is used for stage notification of the primary
tumor, according to the edition valid at time of cancer diagnosis. Comorbidities
are registered for one region in the Netherlands, according to a slightly modified
version of the Charlson comorbidity index.11 information about vital status is
obtained by conjoining NCR data with the Municipal Records Database, which
documents all deaths in the Netherlands. All data in the NCR are anonymized;
therefore, no ethics approval was acquired for this study.

Study population
For this study, all female patients diagnosed with CRC between 2008 and 2016 were
evaluated. Patients with neuro-endocrine or appendix tumors were excluded. For
patients with multiple primary colorectal tumors, the tumor with the highest stage
was included.
Patient characteristics included in this study were age, number of comorbidities,
and year of diagnosis. Tumor characteristics included in this study were primary
tumor location, tumor stage, differentiation grade, histology, and presence and
location of any metastases. Primary tumor location was divided into anatomical
subsites: proximal colon (caecum, ascending colon, hepatic flexure, transverse
colon, and splenic flexure; C18.0, C18.2-C18.5), distal colon (descending colon and
sigmoid, C18.6-18.7), colon nog otherwise specified (C18.8-C18.9), and rectum
(rectosigmoid and rectum, C19.9-C20.9). in case of unknown pathological T of N
stage, clinical T of N stage was used.
Patients were subcategorized into four groups as follows: (1) ovarian metastases
(± peritoneal metastases), which comprises all patients with isolated ovarian
metastases (C56.9), as well as patients with ovarian metastases and peritoneal
metastases (C48.0-C48.2, C48.8), where ovarian metastases were either unilateral
or bilateral, (2) ovarian and other metastases, which comprises all patients with
ovarian metastases and distant systemic metastases (e.g. lung, liver), (3) other
metastases, which comprises all patients with any metastases other than ovarian
metastases, and (4) no metastases, which comprises all non-metastasized patients.
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Treatments
Treatments were categorized in to the following groups: (1) tumor resection,
being resection of the primary colorectal tumor (with or without metastasectomy
or systemic therapy), (2) CRS-HIPEC, (3) palliative treatment, including palliative
systemic therapy and/or palliative metastasectomy, without resection of the
primary tumor, and (4) no treatment, when no surgical or systemic treatment was
given, except for a possible ileostomy/colostomy in case of near obstruction in a
palliative setting.

Statistical methods
Incidence rates were calculated as the number of new patients per 100.000
inhabitants per year and were age standardized using the European Standardized
Rate (ESR), and trends were calculated through the Annual Percent Chance (APC).
Patient and tumor characteristics were compared between the four groups and
analyzed using Chi-squared tests. The possible independent influence of age,
T stage, N stage, differentiation grade, histology, tumor location, and time of
diagnosis on the presence of ovarian metastases was tested using multivariable
logistic regression analyses. Treatment was compared between patients with
ovarian metastases only and patients with ovarian and other metastases and
tested using the Chi-square test. Survival analyses were performed for all
patients. Crude median OS was determined by use of the Kaplan-Meier methods.
For patients with ovarian metastases, the independent influence of age, T stage,
N stage, differentiation grade, histology, tumor location, time of diagnosis,
treatment, and presence of other metastases on survival was analyzed by means
of a multivariable Cox regression analysis. OS was defined as the time from
diagnosis to death. Patients still alive on January 31, 2018 were censored. All
analyses were performed using SAS/STAT® statistical software (SAS system 9.4,
SAS Institute, Cary, NC, United States). All tests were two-sided and conducted at
the 5% level of significance.
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Results
The final stud population consisted of 53.883 female patients with CRC, diagnosed
between 2008 and 2016 in the Netherlands. Among them, 11.343 (21.1%) presented
with metastatic disease. Synchronous ovarian metastases were diagnosed in 471
(4.2%) patients, of whom 204 (43.3%) had isolated ovarian metastases and 267
(56.7%) had both ovarian and other distant metastases (Figure 1).
Figure 1. Flowchart of the study population.

Incidence of ovarian metastases
The absolute number of newly diagnosed patients with concurrent ovarian
metastases from CRC increased over time (Table 1). The European Standardized
Incidence Rate also increased over time from 0.33 per 100.000 individuals in 2008
to 0.67 per 100.000 individuals in 2016 (Figure 2). The Annual Percent Chance (APC)
is 6.1% which is a significant yearly increase (p=0.02).
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Figure 2. Trends in incidence of female patients with newly diagnosed colorectal cancer with synchronous
ovarian metastases (N=471) between 2008 and 2016 in The Netherlands (European Standardized Rate).

ESR European standardized rate.

Patient characteristics of the study population
There were considerable differences in patient and tumor characteristics between
the four groups (Table 1). Median age of patients having ovarian metastases was
60.8 years and 61.4 years for patients having both ovarian and other metastases.
These patients having ovarian metastases were significantly younger compared
to patients having other non-ovarian metastases (median 71.0 years, p<0.001).
furthermore, patients with metastases more often had T4 tumors, with the highest
proportion of T4 tumors in the group of patients having only ovarian metastases
(p<0.001). signet ring cell carcinoma and mucinous adenocarcinoma occurred
more frequently in the groups with ovarian metastases compared to the groups
with other or no metastases (p<0.001).
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Table 1. Patient and tumor characteristics of the study population.

Site(s) of metastases
Age
<50
50-69
≥70
Number of
comorbidities*
0
1
≥2
T-stage
0-3
4
Unknown
N-stage
0
1
2
Unknown
Differentiation
grade
Well/moderate
Poor/undifferentiated
unknown
Histology
Adenocarcinoma
Mucinous
adenocarcinoma
Signet cell carcinoma
Other/NOS
Tumor location
Ascending colon
Descending colon
Sigmoid
Rectum
Time of diagnosis
2008 – 2010
2011 – 2013
2014 – 2016

Ovarian
(N= 204)

Ovarian +
other
(N= 267)

Systemic
(N= 10.872)

No
(N= 42.540)

45 (22%)
109 (53%)
50 (25%)

49 (7%)
145 (54%)
73 (27%)

727 (7%)
4552 (42%)
5593 (51%)

1916 (5%)
16268 (38%)
24356 (57%)

p-value
<0.001

<0.001
33 (46%)
19 (27%)
19 (27%)

46 (52%)
24 (27%)
19 (21%)

1179 (34%)
1155 (33%)
1171 (33%)

3905 (30%)
4003 (31%)
5171 (40%)

60 (29%)
113 (55%)
31 (15%)

69 (26%)
119 (45%)
79 (30%)

4753 (44%)
3030 (28%)
3089 (28%)

34792 (82%)
5457 (13%)
2291 (5%)

41 (20%)
58 (28%)
75 (37%)
30 (15%)

44 (16%)
66 (25%)
101 (38%)
56 (21%)

2274 (21%)
3478 (32%)
3224 (30%)
1896 (17%)

25729 (60%)
9398 (22%)
4480 (11%)
2933 (7%)

<0.001

<0.001

<0.001
110 (54%)
35 (17%)
59 (29%)

122 (46%)
45 (17%)
100 (37%)

4440 (41%)
1713 (16%)
4719 (43%)

27979 (66%)
5275 (12%)
9286 (22%)

137 (67%)
40 (20%)

208 (78%)
44 (16%)

9137 (84%)
901 (8%)

36126 (85%)
4575 (11%)

24 (12%)
3 (1%)

11(4%)
4 (2%)

220 (2%)
614 (6%)

411 (1%)
1428 (3%)

99 (49%)
64 (31%)
12 (6%)
29 (14%)

116 (43%)
109 (41%)
16 (6%)
26 (10%)

4602 (42%)
3046 (28%)
458 (4%)
2766 (25%)

18132 (43%)
11946 (28%)
743 (2%)
11719 (28%)

62 (30%)
62 (30%)
80 (39%)

69 (26%)
79 (30%)
119 (45%)

3373 (31%)
3706 (34%)
3793 (35%)

13251 (31%)
13606 (32%)
15683 (37%)

<0.001

<0.001

<0.001

NOS: Not otherwise specified; *Data on comorbidities were only available for a subgroup of patients.
Percentages might not add up due to rounding.
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Risk factors for ovarian metastases
As shown in Table 2, women aged over 50 years were less likely to develop ovarian
metastases compared to women aged under 50 (proportion ovarian metastases
1.2% in women aged 50-69 and 0.4% in women aged over 70 vs. 3.4% in women
aged under 50, adjusted OR 0.36 [0.28-0.47] and adjusted OR 0.11 [0.09-0.15],
respectively). Furthermore, T4 tumors were more likely to metastasize to the
ovaries than T0-T3 tumors (2.7% vs. 0.3%, adjusted OR 5.76 [4.58-7.25]), and
tumors with lymph node involvement (1.0% vs. 0.3%, adjusted OR 2.23 [1.682.96] and 2.2% versus 0.3%, adjusted OR 3.98 [3.02-5.25] for N1 and N2 stage,
respectively). A poor differentiation grade, however, lowered the risk of developing
ovarian metastases in this cohort (adjusted OR 0.75 [0.57-1.00]), compared to well/
moderately differentiated tumors (1.1% vs. 0.8%). The sigmoid was the most likely
location of the primary tumor to metastasize to the ovaries (2.3%).
Table 2. Multivariable logistic regression analyses for the likelihood of ovarian metastases among female
colorectal cancer patients diagnosed between 2008 and 2016 in the Netherlands.

Age
<50
50-69
≥70
T-stage
0-3
4
Unknown
N-stage
0
1
2
Unknown
Differentiation grade
Well/moderate
Poor/undifferentiated
Unknown
Histology
Adenocarcinoma
Mucinous
adenocarcinoma
Signet cell carcinoma
Other/NOS

Patients with
Adjusted OR
ovarian metastases
(N=471)

95% CI

94 (3.4%)
254 (1.2%)
123 (0.4%)

Ref.
0.36
0.11

Ref.
0.28 – 0.47
0.09 – 0.15

129 (0.3%)
232 (2.7%)
110 (2.0%)

Ref.
5.76
5.96

Ref.
4.58 – 7.25
4.34 – 8.15

85 (0.3%)
124 (1.0%)
176 (2.2%)
86 (1.8%)

Ref.
2.23
3.98
2.27

Ref.
1.68 – 2.96
3.02 – 5.25
2.27 – 4.60

232 (0.7%)
80 (1.1%)
159 (1.1%)

Ref.
0.75
0.97

Ref.
0.57 – 1.00
0.76 – 1.23

345 (0.8%)
84 (1.5%)

Ref.
2.08

Ref.
1.61 – 2.70

35 (5.3%)
7 (0.3%)

3.59
0.26

2.41 – 5.45
0.12 – 0.55
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Table 2. (continued)

Tumor location
Ascending colon
Descending colon
Sigmoid
Rectum
Time of diagnosis
2008 – 2010
2011 – 2013
2014 – 2016

Patients with
Adjusted OR
ovarian metastases
(N=471)

95% CI

215 (0.9%)
173 (1.1%)
28 (2.3%)
55 (0.4%)

Ref.
1.19
1.69
0.48

Ref.
0.97 – 1.48
1.11 – 2.58
0.35 – 0.65

131 (0.8%)
141 (0.8%)
199 (1.0%)

Ref.
1.15
1.50

Ref.
0.90 – 1.47
1.19 – 1.89

OR Odds Radio; CI Confidence Interval ; NOS Not otherwise specified.

Treatments in patients with ovarian metastases
Of all patients with synchronous ovarian metastases (with or without other
metastases, n=471), 128 (27.2%) patients received CRS-HIPEC, 181 (38.4%) patients
underwent resection of the primary tumor, 119 (25.3%) received palliative
treatment, and 43 patients (9.1%) received no treatment (Figure 3). Among the
patients who received CRS-HIPEC, 84 (65.6%) also received adjuvant chemotherapy.
Among the patients who underwent resection of the primary tumor, 58 (32.0%)
patients also underwent metastasectomy (i.e. ovarian, liver, or lung metastases), 24
patients (13.3%) also received adjuvant systemic therapy, and 82 (45.3%) patients
also underwent both metastasectomy and adjuvant systemic therapy. Among
the patients who received palliative treatment, 10 (8.4%) patients underwent
metastasectomy (without resection of the primary tumor), 82 (68.9%) received
systemic therapy, and 27 (22.7%) received both. Treatments differed between
patients with or without other metastases besides ovarian metastases (p<0.001).

Survival of the study population
Median OS for all patients with ovarian metastases was 17.5 months; 14.2 months
for patients with ovarian and other metastases, and 25.5 months for patients
with ovarian metastases without other distant metastases. The crude 5-year OS
was 12.3%; 4.5% for patients with ovarian and other metastases, and 21.8% for
patients with ovarian metastases without other distant metastases (Figure 4a).
Patients with other metastases (without ovarian metastases) showed a median
survival of 10.7 months and a 5-year crude OS of 9.9% (Table 3).
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Figure 3. Observed percentages of different treatment strategies in female colorectal cancer patients
with ovarian metastases (with or without other metastases), diagnosed between 2008 and 2016 in the
Netherlands.

HIPEC hyperthermic intraperitoneal chemotherapy.

Table 3. Survival of female colorectal cancer patients, categorized by the presence and site of metastases.

No metastases
Ovarian metastases
Ovarian and other
metastases
Other metastases

N

Median overall
survival (months)

5-year crude
survival

42.540
204
267

117
25.5
14.2

67.2%
21.8%
4.5%

10.872

10.7

9.9%

10

Factors influencing survival in patients with ovarian metastases
Independent effects of patient, tumor, and treatment characteristics on survival
in all patients with ovarian metastases are shown in Table 4. Patients over the
age of 70 years had the worst prognosis compared to patients of younger age
(12.0 months vs. 24.5 months, adjusted HR 1.61 [1.17-2.23]). T stage, lymph
node involvement, and tumor histology had no significant effect on OS. Poorly/
undifferentiated tumors showed worse OS than well/moderately differentiated
tumors (13.5 months vs. 24.6 months, adjusted HR 1.43 [1.70-1.92]). Patients
diagnosed between 2011 and 2013 showed better OS compared to patients
diagnosed between 2008 and 2010 (18.0 vs 17.1 months, adjusted HR 1.34 [1.031.74]). However, patients diagnosed after these aforementioned periods (2014-
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Table 4. Multivariable cox regression survival analyses for all patients with ovarian metastases (N=471).

Age
<50
50-69
≥70
T-stage
0-3
4
Unknown
N-stage
0
1
2
Unknown
Differentiation grade
Well/moderate
Poor/undifferentiated
Unknown
Histology
Adenocarcinoma
Mucinous
adenocarcinoma
Signet cell carcinoma
Other/NOS*
Tumor location
Ascending colon
Descending colon
Sigmoid
Rectum
Time of diagnosis
2008 – 2010
2011 – 2013
2014 – 2016
Treatment
Primary tumor resection
HIPEC
Palliative
None
Other metastases
No
Yes

Crude median
overall survival
(months)

Adjusted HR

95% CI

24.5
20.0
12.0

Ref.
1.19
1.61

Ref.
0.89 – 1.58
1.17 – 2.23

23.2
23.1
9.9

Ref.
1.27
1.89

Ref.
0.98 – 1.65
1.27 – 2.81

17.5
22.6
21.5
8.6

Ref.
1.23
1.15
1.25

Ref.
0.89 – 1.72
0.84 – 1.59
0.85 – 1.84

24.6
13.5
11.8

Ref.
1.43
1.51

Ref.
1.07 – 1.92
1.16 – 1.96

17.9
20.7

Ref.
1.18

Ref.
0.89 – 1.56

12.9
-

1.25
1.21

0.85 – 1.84
0.51 – 2.85

14.4
20.7
11.0
23.6

Ref.
0.78
1.09
0.76

Ref.
0.62 – 0.98
0.70 – 1.71
0.53 – 1.08

17.1
18.0
18.2

Ref.
1.34
1.28

Ref.
1.03 – 1.74
0.97 – 1.67

17.5
34.1
12.6
3.1

Ref.
0.44
0.96
2.96

Ref.
0.33 – 0.60
0.66 – 1.40
1.92 – 4.58

25.5
14.2

Ref.
1.31

Ref.
1.03 – 1.65

HR:
Hazard
Ratio;
CI:
Confidence
Interval;
NOS:
Not
otherwise
specified;
Hyperthermic Intraperitoneal Chemotherapy 					
*Number too small to report adequate survival rates.
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HIPEC:

Figure 4. a) Overall survival of patients with ovarian (±other) metastases. b) Overall survival of patients
with ovarian metastases in accordance with different treatment strategies.

10

CRS-HIPEC cytorecutive surgery and hyperthermic intraperitoneal chemotherapy.
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2016) did not show significant better OS compared to patients diagnosed between
2008 and 2010 (18.2 vs 17.1 months, adjusted 1.28 [0.97-1.67]). The presence of
other metastases besides ovarian metastases led to worse OS compared with
ovarian metastases only (14.2 months vs. 25.5 months, adjusted HR 1.31 [1.031.65]). OS was better in patients that underwent CRS-HIPEC compared to resection
of the primary tumor (34.1 months vs. 17.5 months, adjusted HR 0.44 [0.33-0.60]).
Although crude median OS in patients undergoing palliative treatment was lower
(12.6 months) than for patients undergoing resection of the primary tumor (17.5
months), it did not differ significantly in multivariable analysis (adjusted HR 0.96
[0.66-1.40], Figure 4b).

Discussion
To the best of our knowledge, this is the first nationwide study that investigated the
incidence, risk factors, treatment, and survival of synchronous ovarian metastases
of primary CRC. Previously reported incidence numbers are quite divergent: 3%
was reported in a study published in 1981, while 14% was reported in another
study.12,13 In the present study, synchronous ovarian metastases were present in
about 4% of all metastatic CRC patients. The aforementioned studies were based
on hospital cohorts unlike the nationwide cohort in the present study, which may
partly explain the differences in incidences reported. Moreover, in up to 45% of
the cases, ovarian tumors may mistakenly be assumed to be primary ovarian
tumors or metastases from other primary tumors.14
Besides, inconsequent usage of terminology is an issue in the literature concerning
ovarian metastases. Both “Krukenberg tumor” and “metastases of gastrointestinal
origin” are frequently used but are very indiscriminate: actual Krukenberg tumors
ought to have specific features, and ovarian metastases from CRC are biologically
dissimilar relative to ovarian metastases from primary gastric cancer, but are
regularly assembled in studies.15,16
In the present cohort, women at younger are were more likely to present with
synchronous ovarian metastases compared to older women. This is in line with
previously published results and reinforces the hypothesis that premenopausal
CRC patients are more likely to develop ovarian metastases.13,17-20
It is remarkable that patients with ovarian-only metastases have a considerably
longer median OS compared to patients with other distant metastases, even
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though treatments for liver and lung metastases from CRC have improved over
the past years. This is opposite to formerly described comparisons of survival rates
from ovarian metastases and other metastases.21-23 In the present cohort, median
OS for all patients with ovarian metastases (with or without other metastases) was
similar to earlier reported survival rates in smaller cohorts.24-25
Regardless of treatment, we believe that the reported outcome in this study
demonstrate that the presence of ovarian metastases may not be as adverse as
it is commonly thought, especially when adequate treatment can be performed.
Surprisingly, patients that underwent resection of the primary tumor did not show
better survival compared to patients undergoing palliative therapy (palliative
metastasectomy and/or palliative systemic therapy, leaving the primary tumor
in situ). Patients who underwent CRS-HIPEC showed significantly better survival
compared to patients who underwent any other treatment. This is in line with
previously reported results.18,26
The rationale to perform CRS-HIPEC in patients with colorectal ovarian
metastases is that they are thought to be the result of peritoneal metastatic
spread themselves and often are accompanied by peritoneal metastases. During
the study period, about a quarter of the patients with ovarian metastases were
treated with CRS-HIPEC. Survival of these patients was longer as compared to
patients having undergone resection of the primary tumor alone. Despite this
significant difference, a selection bias should certainly be kept in mind. Patients
having distant metastases besides ovarian metastases are usually not considered
candidates to undergo CRS-HIPEC and will have a worse prognosis. Also, patients
with extensive intraperitoneal disease (Peritoneal Cancer Index (PCI) > 20) are
perceived ineligible for CRS-HIPEC, as it is known that CRs-HIPEC is not beneficial
in these cases.27-29 unfortunately, no correction for PCI was achievable since data
on PCI wat not available. The role of HIPEC as an adjunct to CRS for colorectal
peritoneal metastases was recently questioned by the French PRODIGE-7 study
and likewise will need further research for the treatment of colorectal ovarian
metastases as well.30
Although this is the first nationwide study on ovarian metastases of colorectal
origin, it has several limitations. The NCR only comprises patients with
synchronous ovarian metastases from CRC. Consequently, there is no data
available on a number of patients with metachronous ovarian metastases
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from CRC, as metachronous ovarian metastases are reported in about 1-7% of
metastatic CRC patients.31-33 Furthermore, there is no data available on followup except for patients’ vital status. Therefore, no information about disease-free
survival is available in the present study. Another limitation of this study is the fact
that data on comorbidities was only available for a subgroup of patients. Hence,
a good overview of the possible risks of the different treatment regimens was not
obtained which might be of great value in (shared) decision-making when it comes
to different treatment modalities for patients with ovarian metastases from CRC.
The data reported in this study suggest that young female CRC patients are
at greater risk to develop ovarian metastases. Currently, there is an ongoing
discussion about the implementation of prophylactic salpingo-oophorectomy in
female patients undergoing surgery for CRC.32,34-36 Further research by means of a
randomized controlled trial could provide more insight in the value of prophylactic
salpingo-oophorectomy in female CRC patients. Such a trial is currently in
preparation in the Netherlands.

Conclusion
In this population-based study, the incidence of synchronous ovarian metastases
in metastatic CRC patients is 4.2%. these metastases tend to occur in younger
patients with signet ring cell tumors. Median OS of these patients is 17.5 months,
ranging from 3.1 months in untreated patients to almost 3 years after CRS-HIPEC.
In general, patients with ovarian metastases show better survival compared
to patients with metastases to other organs. These findings are valuable when
consulting patients diagnosed with colorectal ovarian metastases.
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Summary and general discussion
Outcomes of the studies included in this thesis further emphasize the importance
of scientific research of colorectal peritoneal metastases in different ways. Firstly,
the incidence of colorectal peritoneal metastases is increasing. Secondly, the
prognosis of patients with colorectal peritoneal metastases remains poor, despite
currently available treatment strategies. This underlines the need for further
improvement of treatments for patients with colorectal peritoneal metastases.
In the absence of randomized data on the value of perioperative systemic
therapy in addition to cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy (CRS-HIPEC) in patients with colorectal peritoneal metastases,1
the CAIRO6 trial was initiated in 2017. The protocol summary of the CAIRO6
trial, including a rationale for the perioperative systemic therapy regimens and
detailed information about the recruitment, randomization, surgical treatment,
perioperative treatment, and follow-up of participants, is described in Chapter
2. After inclusion by the coordinating investigators, participants were 1:1
randomized into upfront cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy (CRS-HIPEC) alone (control arm), or perioperative systemic therapy
and CRS-HIPEC (experimental arm). The trial is subdivided in a phase II and a phase
III trial. After inclusion of the first 80 patients, feasibility of the trial’s accrual, and
feasibility, safety and tolerance of perioperative systemic therapy were analyzed
(phase II trial). If predefined stopping criteria based on these outcomes were not
met, the independent data monitoring board would approve continuation of the
phase III trial.
The primary outcome of the phase III trial is three-year overall survival, with a
hypothesized 15% higher overall survival in the experimental group (experimental
group: 65%, control group: 50%). Secondary outcomes of the phase III trial are
surgical characteristics, major postoperative morbidity, progression-free survival,
disease-free survival, health-related quality of life, costs, major systemic therapy
related toxicity, and objective radiological and pathological response rates.
This study is currently the only ongoing randomized trial focusing on the value
of first-line or (neo)adjuvant treatment in these patients. Other ongoing or
completed trials in patients with colorectal peritoneal metastases like the COBOX
trial and the ICARUS trial are closely monitored as results of these studies may
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necessitate alterations in the current protocol with regard to HIPEC. Particularly
the recently published results of the PRODIGE-7 trial,2 as discussed further below,
are of utmost importance for the CAIRO6 study and all HIPEC-centers worldwide.
Importantly, regardless of HIPEC, the main research question of CAIRO6, being the
value of perioperative systemic therapy remains relevant.
Two previous single-arm studies investigated perioperative systemic therapy
for isolated colorectal peritoneal metastases: one single-center study assessed
six three-weekly cycles of CAPOX prior to CRS-HIPEC in 14 patients.3 Another
multicenter study evaluated perioperative doublet chemotherapy with cetuximab
in 25 patients with KRAS wild type tumors intentionally undergoing CRS-HIPEC.4
Unfortunately, this trial was prematurely terminated due to insufficient accrual.
In January 2019, the 80th patient was included in the CAIRO6 trial, which completed
the phase II trial, of which the results are presented in Chapter 3. Analyses were
performed modified intention-to-treat in patients starting neoadjuvant treatment
(experimental arm) or undergoing upfront CRS-HIPEC (control arm). All 80 patients
were included within one year after opening of the last study center, indicating the
trial’s accrual to be feasible. The proportion of complete CRS-HIPEC as well as the
proportion of major postoperative morbidity (defined as Clavien-Dindo grade ≥3)
were similar between both arms. No treatment related deaths occurred in either
of the arms. Also, all patients in the experimental arm were scheduled for CRSHIPEC.
The number of complete CRS-HIPEC was higher in the CAIRO6 phase II trial (89%)
than in the two abovementioned trials (56-57%). This is probably because, unlike
in the CAIRO6 trial, determination of resectability by laparoscopy or laparotomy
was not required prior to enrolment in both studies. Together with the differences
in (duration of) systemic regimens, this impedes comparison of these studies
with the present trial. Other relevant literature consists of observational studies
describing outcomes of neoadjuvant (or perioperative) systemic therapy for
resectable colorectal peritoneal metastases.1 However, as these studies only
included patients undergoing CRS-HIPEC, nothing is known about the proportion
and (probably poor) outcomes of patients not proceeding to CRS-HIPEC after
neoadjuvant treatment, for example due to toxicity or progressive disease. Hence,
the present trial provides the first (modified) intention-to-treat randomized
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comparison between perioperative systemic therapy and CRS-HIPEC alone in this
setting.
The proportion of grade 3-4 systemic therapy-related toxicity in the present trial
was lower than in trials assessing first-line palliative systemic chemotherapy with
bevacizumab for metastatic colorectal cancer,5 probably due to differences in
patient selection, extent of disease, and (duration of) systemic treatment. However,
it was comparable to the proportion of grade 3-4 systemic therapy-related toxicity
of three to six months of adjuvant systemic chemotherapy following resection of
stage III colon cancer.6
These results imply perioperative systemic therapy to be safe and feasible in
patients with colorectal peritoneal metastases, justifying continuation of the
phase III trial. Also, these results may be used to inform clinicians and patients
about the safety and feasibility of perioperative systemic treatment in this setting.
Finally, as approximately half of eligible patients refused trial participation after
being informed (mainly because they feared intensity of perioperative systemic
therapy and toxicity of – and progression during- neoadjuvant treatment leading
to inoperability), these results may guide trial recruitment in the phase III trial.
Tolerability of perioperative systemic treatment was measured by patientreported outcomes (PROs), as described in Chapter 4. While this study was the
first to provide insight in PROs of perioperative systemic therapy in this setting,
previous studies have focused on the effects of CRS-HIPEC on PROs. In these
studies, similar results were found, although information about any neoadjuvant
or adjuvant systemic therapy and its possible effects on PROs was lacking.7–11 Given
the nature of the treatment and the disease, five predefined PROs were chosen to
compare between groups at baseline and at three and six months after (intended)
surgery: visual analogue scale, global health status, physical functioning, fatigue
and C30 summary score. None of the PROs were significantly different at any of
the time points between groups, and all values returned to baseline at six months
postoperatively. This indicated that perioperative systemic therapy did not worsen
PROs more than CRS-HIPEC only, and that all effects which were present shortly
after surgery recovered to baseline values at six months postoperatively.
As no previous PRO-studies that included data on perioperative systemic therapy
were available, secondary explorative analyses were performed on all PROs
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in the experimental arm. After completion of neoadjuvant treatment in the
experimental arm, significant worsening of fatigue, loss of appetite, hair loss and
loss of taste was observed as compared to baseline. Particularly hair loss and loss
of taste were found to be highly clinically relevant. Although these symptoms are
generally recognized as common side effects of systemic chemotherapy,6 PROs
after neoadjuvant treatment for metastatic colorectal cancer have never been
reported. Except for loss of appetite, all of abovementioned PROs returned to
baseline levels at three or six months after (intended) surgery. This study offered
a unique opportunity to look into the effect of perioperative systemic therapy
versus surgery alone on PROs of patients with colorectal peritoneal metastases
in a randomized controlled setting. Its findings are promising considering the
hypothesized overall survival benefit in patients with colorectal peritoneal
metastases receiving perioperative systemic treatment in the phase III CAIRO6
trial. Furthermore, this study provides insight in the tolerability of this treatment,
facilitates informed consent of the phase III trial and informs physicians worldwide
on the burden of perioperative systemic therapy in patients undergoing CRS-HIPEC
for colorectal peritoneal metastases. Also, it might be valuable for physicians
applying multimodality treatments for other severe malignancies.
Chapter 5 comprises a comparison of patient-reported outcomes in patients
undergoing CRS-HIPEC and patients undergoing conventional surgery for primary
colorectal cancer. The latter group comprises over a million new patients yearly
and therefore, quality of life and the impact of treatment has extensively been
studied in this patient group. During CRS-HIPEC, the aim is to radically resect
all macroscopically visible tumor. Therefore, this procedure is usually more
extensive than conventional colorectal surgery, as it may require multiple visceral
resections. This may lead to higher morbidity and mortality, affecting the burden
of disease in these patients. Nine predefined outcomes (fatigue, diarrhea, C30
summary score, global health status, physical-, role-, emotional-, cognitive-, and
social functioning) were investigated at baseline (prior to start of treatment), in
the early postoperative period, and one year postoperatively. Results showed that
CRS-HIPEC did not have a greater impact on PROs than conventional surgery for
primary colorectal cancer. In the early postoperative period, a worsening of fatigue,
C30 summary score, physical-, and role functioning was seen in both groups and
a worsening of cognitive- and social functioning was seen in the conventional
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surgery group. At one year postoperatively, all scores returned to baseline values
in both groups. Additional systemic chemotherapy did not affect PROs. One can
conclude that although a more extensive procedure with a higher morbidity-risk,
CRS-HIPEC in patients with peritoneal metastases did not have a greater impact
on postoperative PROs compared to conventional colorectal surgery in patients
with primary colorectal cancer. These results provide new insights in the impact
of treatment on PROs in patients undergoing CRS-HIPEC, which is informative for
clinicians and patients worldwide, contributing to improved patient counseling in
this patient group.
The systemic treatment of colorectal peritoneal metastases differs among countries,
but also within countries, perspectives on the preferred treatment strategies have
changed over time. Before 2014, the Dutch colorectal cancer guideline did not
include a statement on the use of adjuvant systemic chemotherapy in patients
with colorectal peritoneal metastases undergoing CRS-HIPEC, while the updated
guideline of 2014 states that it could be considered.12 Therefore, the decision to
administer adjuvant systemic chemotherapy largely depended on the preference
of physicians and patients. Following the publication of a systematic review
in 2017, which did not show a beneficial effect of adjuvant systemic therapy,1
this was no longer advised within the Dutch guideline. However, a comparison
between these two strategies (upfront CRS-HIPEC alone or upfront CRS-HIPEC
followed by adjuvant systemic chemotherapy) within a cohort resembling the
patient group eligible for this treatment in the Netherlands had not been made so
far. Previously published studies addressing this question included patients with
incomplete cytoreductions,13–20 extraperitoneal metastases,13–15,18–24 appendiceal
tumors,13,19,20 or systemic therapy before CRS-HIPEC.13–15,17–24 Chapter 6 describes
this comparison within a nationwide Dutch cohort, in which all patients underwent
upfront CRS-HIPEC for synchronous colorectal peritoneal metastases. Patients
who started systemic chemotherapy without targeted therapy within 3 months
postoperatively were allocated to the adjuvant systemic chemotherapy group. All
other patients were allocated to the active surveillance group. Overall survival was
significantly better in the adjuvant systemic chemotherapy group (median 39.2
months) than in the surveillance group (median 24.8 months). Although this study
accounted for immortal time bias, which was not done in most abovementioned
studies,13,15,17–23,25 its results might still have been affected by residual bias. The
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overall survival curve of this study already diverges after 3 months (when adjuvant
systemic chemotherapy is still administered), which may suggest an influence
of residual selection bias due to unmeasured confounding (e.g. due to major
postoperative morbidity), despite the use of propensity score-based methods
and a conditional landmark analysis. This may have led to an overestimation of
the association between adjuvant systemic chemotherapy and improved overall
survival. As results of CAIRO6 will only become available within a few years, the
results of this population-based study may be used for clinical decision-making
in this patient group. Also, if CAIRO6 does not show superiority of a neoadjuvant
strategy, upfront surgery will remain standard care and the international debate on
adjuvant systemic chemotherapy may continue. On the other hand, if neoadjuvant
treatment becomes standard care, there will still be patients undergoing upfront
resection of isolated synchronous colorectal peritoneal metastases (e.g. during
emergency surgery). In both situations, data from this study may be used for
treatment decisions.
Chapter 7 comprises the comparison between the two mostly applied HIPEC
regimens: oxaliplatin and mitomycin C. This population-based study included
patients who underwent CRS-HIPEC for colorectal peritoneal metastases between
2014 and 2017. As all HIPEC-centers in the Netherlands adhere to the same
nationwide protocol with regard to the selection and treatment of patients, the
only parameter that differs is the choice of HIPEC regimen, as this is currently
mainly based on the surgeon’s or hospital’s preference. Although median overall
survival seemed longer in patients treated with oxaliplatin (46.6 months) than
in patients treated with mitomycin C (30.7 months), no significant difference in
overall survival between the two regimens was observed. Therefore, according to
this study, both treatment regimens are justified to apply during HIPEC in patients
with colorectal peritoneal metastases. However, while the studies included in
this thesis were executed, a worldwide discussion among experts and clinicians
treating patients with colorectal peritoneal metastases arose after publication
of the results from the French PRODIGE-7 trial. This study demonstrated no
survival benefit of HIPEC in addition to CRS compared to CRS alone. This study
was conducted in 17 French study centers and randomized patients with isolated
colorectal peritoneal metastases (peritoneal cancer index; PCI ≤25) into CRS-HIPEC
with oxaliplatin or CRS alone, in association with systemic chemotherapy. Both
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median overall survival (41.7 in the HIPEC arm vs. 41.2 in the non-HIPEC arm) and
median relapse-free survival (13.1 in the HIPEC arm vs. 11.1 in the non-HIPEC arm)
were not significantly different between the groups. The reported overall survival
of the entire cohort (41.2 months) was exceptionally high compared to previously
reported studies, in which overall survival was about 36 months maximum.26,27
Although this seems promising, the external validity of the PRODIGE-7 trial is
debatable. Firstly, relevant data on the selection of patients who were enrolled
in the trial were missing. Therefore, important data on the proportion of patients
who did not proceed to surgery after neoadjuvant treatment (for instance as
a result of progressive disease) were not available. It remains unclear whether
patient and tumor characteristics from these patients differed from the eventual
study population. Secondly, all participants underwent intensive neoadjuvant
systemic treatment (58% of whom received at least six cycles), and only one patient
discontinued this treatment because of progressive disease. This phenomenon
indicates that the PRODIGE-7 trial probably enrolled a selected population with
favorable tumor biology. Consequently, this could explain the high survival rates
as mentioned before. Furthermore, neoadjuvant systemic treatment in this trial
was mostly oxaliplatin-based and therefore, patients in this study might have
had less additional benefit of oxaliplatin-based HIPEC than patients undergoing
upfront CRS-HIPEC. Consequently, ever since the publication of these results,
oxaliplatin-based HIPEC, or even HIPEC in general has been questioned. However,
these results should not be extrapolated to all patients undergoing CRS-HIPEC for
colorectal peritoneal metastases worldwide, as many patients undergo upfront
CRS-HIPEC due to the absence of data on the value of systemic treatment in this
setting. This underlines the importance of the CAIRO6 study.
Previously, all available population-based studies on the incidence and risk factors
for colorectal peritoneal metastases were based on cohorts including patients who
were diagnosed between 1995 and 2008.28–32 As (systemic) treatment strategies,
imaging techniques and awareness of peritoneal metastases among clinicians
have significantly improved over the last years, an update study was conducted.
Chapter 8 describes the results of a population-based study which included
patients who were diagnosed with colorectal cancer in 2015, with follow-up until
2019. This study showed the highest incidence of both synchronous (5.7%) and
metachronous (5.5% [3-year cumulative incidence]) peritoneal metastases ever

230

described in population-based cohorts of colorectal cancer patients. Besides this
increasing incidence, a strong correlation between the presence of synchronous
systemic metastases and the development of metachronous peritoneal
metastases was found. With more patients being treated with curative intent
as a result of treatment improvements, the presence of synchronous systemic
metastases should be recognized as an important risk factor for the development
of metachronous peritoneal metastases. These findings may contribute to a more
tailored approach in the follow-up after primary colorectal cancer surgery and
guide future clinical trials investigating new strategies regarding risk-reduction or
early detection of metachronous colorectal peritoneal metastases.
Subsequently, a comparison between patients with synchronous peritoneal
metastases and patients with metachronous peritoneal metastases was made with
regard to applied treatment strategies and survival (Chapter 9). Crude median OS
was better in patients with metachronous peritoneal metastases than in patients
with synchronous peritoneal metastases: 12 months vs. 8 months, respectively.
After correction for all covariables showing an association with survival in
univariable analysis, overall survival did not significantly differ between patients
with synchronous or metachronous peritoneal metastases. However, significantly
more patients diagnosed with metachronous peritoneal metastases underwent
CRS-HIPEC (16%) than patients with synchronous peritoneal metastases (8%). This
may be due to the phenomenon that patients undergo standardized follow-up
after primary colorectal surgery, which may have resulted in the early diagnosis
of less advanced metachronous peritoneal metastases, while on the other hand,
patients with synchronous peritoneal metastases may remain unnoticed until
an advanced stage of disease, given the absence of clinical symptoms in most
patients.

33

Also, synchronous peritoneal metastases are frequently discovered

(in an emergency setting) in non-academic hospitals that are not specialized
HIPEC-centers, which is known to affect the likelihood of eventually undergoing
CRS-HIPEC.34 Unfortunately, no data on the PCI was available, which is the most
important factor to determine a patients’ eligibility for CRS-HIPEC and prognosis.
Among all patients who underwent CRS-HIPEC, both disease-free and overall
survival did not differ between the groups. These findings are contrasting
previous findings as one study found a better disease-free survival in patients
with synchronous peritoneal metastases without a difference in overall survival,35
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while another study found better overall survival in patients with metachronous
peritoneal metastases without differences in disease-free survival.36 Findings from
our study suggest that timing of the development of peritoneal metastases should
not be taken into account in determining treatment strategies or for stratification
in clinical trials. Given these findings, in hindsight, the stratification for timing of
diagnosis as was done in the CAIRO6 trial was probably not required.
There is an ongoing discussion about how ovarian metastases develop from primary
colorectal cancer. Some experts advocate ovarian metastases to be the result of
lymphatic tumor spread, while other believe they occur as a result of hematogenous
spread.37–39 Interestingly, a growing group of experts consider ovarian metastases
to be the result of peritoneal metastatic spread, and consequently, they advocate
treatment by CRS-HIPEC. Chapter 10 comprises a population-based study on the
incidence, treatment, risk factors, and survival of patients with ovarian metastases
of colorectal origin. An incidence of 4% in all female metastatic colorectal cancer
patients was found. Although executed in hospital cohorts instead of populationbased cohorts, previously published studies reported an incidence of 3%40 and
14%.41 Women aged under 50 years were more at risk for the development of
ovarian metastases compared to women over 50 years of age, which supports
the hypothesis that premenopausal colorectal cancer patients are more likely to
develop ovarian metastases.41–45 Among patients with ovarian metastases, 27%
underwent CRS-HIPEC, 38% underwent resection of the primary tumor (with or
without metastasectomy), 25% underwent palliative treatment, and 9% received
best supportive care. Overall survival was best in patients who underwent CRSHIPEC (median 34 months), followed by primary tumor resection (median 18
months) and palliative treatment (median 13 months). Despite this significantly
better overall survival in patients treated with CRS-HIPEC, a selection bias should
be kept in mind. Patients who have distant metastases besides ovarian metastases,
as well as patients with extensive intraperitoneal disease (PCI>20) are usually not
considered eligible for CRS-HIPEC and will have a worse prognosis.14,46,47 Since
ovarian metastases are frequently accompanied by peritoneal metastases, and
data on PCI was not available in the NCR, it remains unknown to what extent
this might have altered survival in these groups. Nevertheless, the significantly
better overall survival in patients who underwent CRS-HIPEC further reinforces
the hypothesis that ovarian metastases are the result of peritoneal tumor spread.
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Based on the results of this study, CRS-HIPEC is recommended in patients with
colorectal ovarian metastases, if clinical circumstances allow for it.

Future perspectives
As a result of the combination of clinical and translational studies, there is a growing
understanding that both the indication for and the type of systemic treatment
in colorectal cancer should no longer be based on traditional clinical parameters
such as tumor stage and lymph node status alone. Other factors, such as the
mutational status of the tumor, microsatellite (in)stability, sidedness of the tumor
(left versus right), age and gender of the patient should be considered as well.
Recent studies have shown that tumor specific properties may be of importance
in the treatment of peritoneal metastases as well.

Consensus Molecular Subtypes (CMS)
In 2015, a methodology for colorectal cancer classification based on geneexpression was established.48 Combining six subtyping algorithms resulted in the
“Consensus Molecular Subtype (CMS) classification”. This classification comprises
four subtypes in total (CMS1-4), each of which having specific biological behavior
and subsequent implications for optimal treatment and prognosis. The CMS4
subtype, also known as the mesenchymal subtype, is considered the most difficult
to treat and most the lethal subtype. This subtype is characterized by stromal
infiltration, overexpression of extracellular matrix proteins and high mixture with
non-cancer cells. Furthermore, it is associated with the activation of transforming
growth factor β (TGF β) signaling, angiogenesis, matrix remodeling pathways and
complement inflammatory system. All of these features correlate with aggressive
tumor behavior resulting in poor disease control and prognosis.49 Based on its
characteristics, the CMS4 subtype is the most likely subtype to metastasize to
distant organs.
Ever since the development of this new classification system, further research
found that the CMS4 subtype was significantly less sensitive to 5-FU and oxaliplatin
as compared to the other CMS subtypes in an in vitro and in vivo study.50 This
implicates that CMS4 tumors are (partially) chemotherapy-resistant. A clinical
study investigating the effects of adjuvant oxaliplatin-based chemotherapy
demonstrated that patients with CMS4 subtype tumors showed worse prognosis
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as compared to patients with other subtypes, regardless of clinical tumor stage.51
Hence, both translational and clinical studies have shown that CMS4 tumors are
less sensitive to oxaliplatin-based chemotherapy as compared to other subtypes.
A recent study demonstrated that the CMS4 subtype is highly prevalent in
primary tumors of patients presenting with peritoneal metastases (60%), which
is significantly higher than the incidence of CMS4 in all patients with stage I-IV
colorectal cancer (23%).52 More importantly, the majority of peritoneal metastases
(75%) were classified as CMS4. This is significantly higher as compared to the
incidence of CMS4 in liver metastases as reported in two other studies (47% and
46%).53,54
The finding that CMS4 is the predominant subtype in peritoneal metastases plus
that this subtype is relatively resistant to oxaliplatin, as described above, needs to
be confirmed in larger future studies. These findings would indeed confirm the
longstanding notion amongst experts that peritoneal metastases are resistant to
systemic chemotherapy. Interestingly, recent in-vitro studies using patient-derived
organoids of colorectal peritoneal metastases also showed oxaliplatin-resistance
in doses that are currently used in HIPEC-regimens.55 Besides a very promising
tool for individual-patient level testing of drug efficacy prior to HIPEC, this suggests
that oxaliplatin might be inefficient during HIPEC.
If overrepresentation of oxaliplatin-resistant CMS4 will be proven in colorectal
peritoneal metastases, it may have profound consequences for the treatment of
peritoneal metastases. Firstly, the systemic treatment of these patients should be
re-evaluated as most regimens are currently oxaliplatin-based. Secondly, it would
provide – at least in part – an explanation why recent RCTs investigating the efficacy
of HIPEC may have failed to show such an effect. In both the French PRODIGE-7
trial2 and the Dutch COLOPEC-trial,56 an oxaliplatin-based HIPEC-regimen was
used. This may indeed not be effective in intrinsically oxaliplatin-resistant CMS4type peritoneal metastases. Thus, not the HIPEC-procedure by itself as tested in
these trials but the chemotherapeutic agent used during HIPEC may be ineffective.
Future research in the treatment of peritoneal metastases, both systemically and
intraperitoneally during HIPEC, should focus on investigating cytotoxic agents
specifically towards CMS4-subtype tumors.
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KRAS and BRAF pathways
Besides CMS4, mutations occurring in the genome of the peritoneal metastases
may be important when considering systemic treatment in these patients. The BRAF
and KRAS proteins act as downstream secondary messengers of the epidermal
growth factor receptor (EGFR), which regulates cancer-cell proliferation, apoptosis
and tumor-induced neoangiogenesis.57 Anti-EGFR therapy prevents intracellular
tyrosine kinase activation and, in that way, it counteracts the activation of KRAS
and BRAF proteins. The application of these regimens is proven to be effective in
metastatic colorectal cancer patients, resulting in improved overall survival, most
effectively in combination with standard cytostatic regimens.58–61 As such, antiEGFR may also be considered in patients with peritoneal metastases. However,
mutations in these signaling pathways downstream from EGFR may induce
pathway activation which is independent of EGFR. As a result, EGFR blockage at
the cell surface by EGFR-targeted regimens is ineffective in patients having such
mutations.62
KRAS gene mutations are present in 35-45% of patients with metastatic colorectal
cancer.63 Furthermore, in patients with the KRAS wildtype, another 40-60% of
patients are non-responders to EGFR-targeted therapy.64 Previous studies suggest
this insensitivity could be due to mutations in other genes, like BRAF.62 BRAF
mutations are present in 5-10% of metastatic colorectal tumors.65,66 However,
most studies on this subject included mainly patients with colorectal liver
metastases.67–73
A recently published study by Graf et al.74 demonstrated that KRAS mutations were
present in 46% of patients with colorectal or appendiceal peritoneal metastases.
BRAF mutations were present in 11% of these patients and were associated with
worse overall survival compared to BRAF wildtype tumors. KRAS mutations were
not associated with worse overall survival in this study. Another study presented
a higher percentage of BRAF mutations in patients with isolated colorectal
peritoneal metastases, compared to patients with non-peritoneal metastases
from colorectal cancer (18% vs. 9%).75 Moreover, in this study, BRAF mutations
were not associated with worse overall survival, as compared to wildtype BRAF
patients. A third study also demonstrated impaired overall survival in KRAS/BRAF
mutated tumors as compared to wildtype tumors, and this was regardless the
administrated therapy.76 Taken together, mutations in the cancer genome such
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as in KRAS and BRAF have an important prognostic effect in colorectal peritoneal
metastases. Future research should elucidate the mechanisms by which these
mutations impair survival, potentially identifying targets for more effective
treatment.

Circulating tumor DNA
Liquid biopsies involving cell-free circulating tumor DNA (ctDNA) are rapidly
emerging as an important and minimally invasive adjunct to existing tools for
molecular testing, insight in tumor heterogeneity, cancer testing, and cancer
monitoring.77,78 Multiple studies reported that patients with metastatic colorectal
cancer have high plasma levels of cell-free circulating tumor DNA (ctDNA).79–82
Furthermore, ctDNA was detectable in 39% of preoperative samples from patients
with peritoneal metastases from various origins, including colorectal cancer.83
Although the number of patients in the latter group was limited, these findings
raised questions about the clinical utility of ctDNA in patients with colorectal
peritoneal metastases. As part of the CAIRO6 trial, liquid biopsies are collected at
baseline, during treatment and during follow-up of all participants. These samples
are examined for the presence of ctDNA. Within this translational study, the
main question is: Is detectable ctDNA in the plasma of CAIRO6 participants indicative
for the presence of systemic metastases? If ctDNA would be detectable in these
patients, alterations in ctDNA levels over time could indicate development of
systemic metastases. Therewith, ctDNA levels may become a sensitive parameter
for the early detection of recurrent disease in patients with colorectal peritoneal
metastases in the future.

CAIRO6 trial
After publication of the CAIRO6 phase II trial, which proved perioperative systemic
chemotherapy to be safe and feasible in patients with colorectal peritoneal
metastases undergoing CRS-HIPEC, inclusion of the CAIRO6 phase III trial
continued. Currently, accrual of patients is still ongoing. The CAIRO6 trial is the
first trial on this subject conducted in an intention-to-treat population, thereby
providing insight in the actual value of perioperative systemic therapy with regard
to overall survival in all patients undergoing treatment for colorectal peritoneal
metastases. Hence, there is no selection bias resulting in a population consisting
of only fit patients who actually underwent CRS-HIPEC. Final results of the CAIRO6
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trial will eventually lead to possible modifications in (inter)national guidelines
regarding the treatment of patients with colorectal peritoneal metastases, either
by recommending or discouraging neoadjuvant and/or adjuvant systemic therapy
as part of treatment in these patients. Secondary outcomes like health-related
quality of life, costs, and surgical characteristics may further guide clinical decision
making for clinicians and their patients worldwide.

Emphasis and improvements on quality of life studies
While treatment strategies are improving and individualizing towards patient’s
tumour characteristics and their sensitivity for certain regimens or applications,
this could -besides a feasibly better survival- lead to a clinical working method which
may be too focused on efficacy. As a result, one could overlook the consequences
for patients’ physicial and psychological well-being during and after treatment.
With the increasing availability of clinical data on quality of life by means of patientreported outcomes, not only patients, but also physicians can become more
conscious about the effects of the chosen treatments. Therefore, patient-reported
outcomes should play a leading role in future treatment decisions. However, the
currently best available (and therefore “golden standard”) questionnaires, as also
used in this thesis, may oftenly indicate statistically significant differences between
different study groups, but its clinical relevance may be questionable. Therefore,
optimization of methodological tools to measure quality of life is designated.

Conclusion
There is currently no consensus regarding the value of systemic therapy either
in a neoadjuvant setting, adjuvant setting or both, in patients with colorectal
peritoneal metastases undergoing CRS-HIPEC. As such, the decision whether or
not to add systemic treatment to CRS-HIPEC remains a matter of expert opinion.
The currently recruiting phase III CAIRO6 trial aims to answer this question. In the
future, systemic treatment of patients with peritoneal metastases will probably
become individualized, based on their specific cancer genome and the consensus
molecular subtype of their metastases. Diagnostic adjuncts like liquid biopsies
may provide further insight in tumor characteristics, and advanced in-vitro testing
of drug sensitivity prior to start of treatment, such as patient derived organoid
technologies, may help to further enhance tailored treatment.
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Introduction / Research aims
This thesis focused on patients with peritoneal metastases of colorectal origin, with
most emphasis on patients with limited intraperitoneal disease. These patients
may be eligible for cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy (CRS-HIPEC), a surgical procedure in which all visible tumor is
resected by the surgeon (CRS), followed by the circulation of heated chemotherapy
solution throughout the abdomen (HIPEC). Since about twenty years, this
treatment has increasingly been applied in selected patients with this severe
type of metastatic colorectal cancer. Still, recurrent disease unfortunately occurs
in most patients and survival after this treatment is about 3 years on average.
However, it is the best available treatment for these patients resulting in the best
survival so far. This illustrates the need for further improvement of treatment
options for these patients.
In other types of cancer like gastric cancer or esophageal cancer, much research
is performed on perioperative treatment strategies, i.e. administration of
neoadjuvant (prior to surgery) or adjuvant (after surgery) systemic chemotherapy.
As the administration of systemic chemotherapy is usually associated with better
survival, it is nowadays routinely administrated in patients with these types of
cancer. For colorectal peritoneal metastases, this was never investigated, although
many clinicians expect that also in these patients, systemic chemotherapy prior to
and after surgery may be beneficial. Therefore, the CAIRO6 trial was initiated in 2017.
This multicenter trial randomizes patients with colorectal peritoneal metastases
into two treatment groups: a) upfront CRS-HIPEC without any perioperative
systemic chemotherapy, being the standard of treatment for all patients in the
Netherlands and b) neoadjuvant systemic chemotherapy (prior to CRS-HIPEC)
and adjuvant systemic chemotherapy (after CRS-HIPEC) in addition to CRS-HIPEC.
This thesis comprises a descriptive article about how the study is executed in
the Netherlands, as well as the results of the phase II study, which showed this
treatment to be safe and feasible in these patients, without worsening quality of
life. Also, these treatments have the same impact on quality of life as frequently
performed surgeries for primary colorectal cancer. Other parts of this thesis
focused on patients with peritoneal (or ovarian) metastases in general, with data
retrieved from the Netherlands Cancer Registry. These nationwide data provide
insight in the risk factors and incidence of colorectal (or ovarian) metastases from
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colorectal cancer, and provide insight into the severity of this disease. Several
aspects of the treatment of these patients (i.e. the chemotherapeutic regimens
used during HIPEC or the administration of chemotherapy after surgery) were
investigated on a nation-wide level.

Target population
Firstly, the results of this thesis are of interest for patients who are diagnosed
with colorectal peritoneal metastases and their doctors treating them. As the
CAIRO6 trial aims to directly investigate the efficacy of an experimental treatment
strategy (perioperative systemic chemotherapy in addition to CRS-HIPEC) and
compare it to the currently standard of care in the Netherlands (CRS-HIPEC
without perioperative systemic chemotherapy), the results of this trial will be of
great value for these patients. The phase III trial which aims to show whether
this additional perioperative systemic therapy is beneficial in terms of prognosis
is still ongoing. Nevertheless, studies included in this thesis already show that
perioperative systemic chemotherapy is safe and feasible in these patients, as
no increased risk for postoperative complications was seen in these patients as
compared to patients who did not receive systemic chemotherapy. Furthermore,
systemic chemotherapy did not worsen quality of life. Also, CRS-HIPEC in general
did not have a greater impact on quality of life than conventional colorectal
surgery. These results are valuable for patients undergoing these treatments and
their clinicians determining the patients’ treatment strategies.
Secondly, the results of this thesis are of interest for patients with colorectal
cancer without (peritoneal) metastases, as three population-based studies in this
thesis focused on patients with colorectal cancer in general, and investigated their
risk factors for peritoneal or ovarian metastases. These results are informative for
patients who are diagnosed with colorectal cancer and may also enhance clinical
decision making with regard to follow-up, as these risk factors may be considered
by the treating clinicians.
Thirdly, two chapters in this thesis focused on the treatment of patients with
colorectal peritoneal metastases on a nationwide level. Both the types of
chemotherapy used during CRS-HIPEC (the chemotherapeutic regimen which
is used to circulate through the abdomen) and the routinely administration of
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systemic chemotherapy after CRS-HIPEC (adjuvant systemic therapy) were
investigated. It showed that both HIPEC regimens which are currently being used
in the Netherlands (oxaliplatin and mitomycin C) are equally effective, and that
systemic chemotherapy after CRS-HIPEC may be beneficial to prolong prognosis.
As all of these studies were performed on nationwide databases, its results
present real world data and therefore provide reliable information which can be
translated to clinical practice.

Relevance
Ever since the implementation of CRS-HIPEC as standard of care for selected
patients, colorectal peritoneal metastases are considered a curative disease
with possible long-term survival in selected patients. Still, this disease remains
aggressive with high relapse-rates despite extensive surgical procedures.
Perioperative systemic therapy might prolong relapse-free survival and overall
survival (as investigated in the CAIRO6 trial), which would subsequently lead to
an increasing group of peritoneal metastases-survivors. This could possibly lead
to new challenges and needs in the future (e.g. altered post-operative quality of
life, strategies on duration and intensity of follow-up) which must be anticipated
by clinical health care and research. Furthermore, this thesis described that the
number of patients with peritoneal metastases within the total group of colorectal
cancer patients in the Netherlands has increased over the last years, which would
make this research even more relevant for the patient population with colorectal
cancer. Also, quality of life studies in this thesis showed that additional systemic
therapy in patients undergoing extensive surgery does not worsen quality of life.
These findings might also be valuable for clinical decision-making in patients
with other severe malignancies in whom a comparable multimodality treatment
strategy is considered.
Finally, possible changes in the treatment of patients with colorectal peritoneal
metastases as a result of the CAIRO6 trial will also influence hospital policies,
health insurances, and the pharmaceutical industry. If perioperative systemic
chemotherapy would become standardized, this would lead to modifications in
care paths and increase costs. In patients with ovarian metastases from colorectal
cancer, CRS-HIPEC appeared to be the most efficient treatment strategy. Although
some experts already advocated CRS-HIPEC in these patients, others did not.
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This has led to a variation among treatment strategies of colorectal ovarian
metastases. If all patients with ovarian metastases eligible for CRS-HIPEC would
routinely undergo this procedure, it would increase health care costs accordingly.
A cost-effectiveness analysis is designated to investigate whether the routinely
administration of CRS-HIPEC would be viable in this patient group.

Activities / Innovation
Since half of the studies included in this thesis are population-based, the results
from this thesis are informative for a wide range of clinicians, patients, and
researchers from different countries around the globe. As the treatment of
colorectal peritoneal metastases is more and more changing into a multimodality
approach, clinicians from different areas of expertise, such as surgery, oncology,
radiotherapy, and radiology may find results of the studies included in this thesis
useful in their clinical work. Furthermore, findings from the studies in this thesis
may serve as a base for future clinical research as they present an accurate
overview of incidences, risk factors and currently applied treatment strategies
which reflect real-world, contemporary clinical practice in the Western world.
Although the systemic treatment regimens being administered in the
experimental arm of the CAIRO6 trial are well-known chemotherapeutics which
are broadly administered in patients with (metastatic) colorectal cancer, this trial
is the first randomized controlled trial to investigate its efficacy in patients with
colorectal peritoneal metastases undergoing CRS-HIPEC. While CRS-HIPEC is also
recommended in most international guidelines for the treatment of this disease,
no evidence for the efficacy of systemic chemotherapy exist yet. Besides, this
thesis comprises the first comparison of patient-reported outcomes (quality of
life) between patients who did, and patient who did not undergo perioperative
systemic chemotherapy. The CAIRO6 phase III trial will eventually show whether
perioperative systemic chemotherapy is beneficial in patients with colorectal
peritoneal metastases undergoing CRS-HIPEC. The results of this study may lead
to changes in (inter)national guidelines about treating these patients, therewith
changing clinical care for patients with colorectal peritoneal metastases worldwide.
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Het colorectaal carcinoom
Dikke darmkanker, oftewel het colorectaal carcinoom, wordt elk jaar in meer
dan een miljoen mensen wereldwijd vastgesteld. Daarmee is het de derde meest
voorkomende kankersoort.1 In Nederland worden er elk jaar 14.000 nieuwe
patiënten gediagnosticeerd met een colorectaal carcinoom en overlijden er
jaarlijks zo’n 5000 patiënten aan.2 Zowel ten tijde van diagnose, als later tijdens
de follow-up kunnen uitzaaiingen (metastasen) ontstaan. De meest voorkomende
plekken waar deze metastasen ontstaan, zijn de lever, het buikvlies (peritoneum)
en de longen.3,4 Wanneer er sprake is van gemetastaseerde ziekte, verslechtert de
prognose significant: deze patiëntengroep kent een vijfjaarsoverleving van 11%,
waar de patiëntengroep met niet-gemetastaseerde ziekte een vijfjaarsoverleving
van 71% heeft.2 Bij patiënten met peritoneale metastasen is deze prognose
daarnaast ook nog slechter dan bij patiënten met levermetastasen.3,5 In de
afgelopen decennia is er uitgebreid onderzoek verricht naar de optimalisatie
van de behandeling voor patiënten met colorectale levermetastasen.6,7 Echter,
binnen de peritoneale metastasen is er veel minder bekend over de optimale
behandeling,8,9 ondanks het aanzienlijk aantal patiënten dat hiermee te maken
krijgt en de slechte prognose.

Peritoneale metastasen en hun behandeling
Peritoneale metastasen kunnen afhankelijk van hun aantal, grootte en locatie
voor ernstige symptomen zorgen. Echter, deze symptomen komen niet bij alle
patiënten voor en wanneer ze voorkomen, is er vaak al sprake van gevorderde
ziekte.10 Ook doordat de huidige beeldvormende technieken slechts in
beperkte mate deze afwijkingen kunnen detecteren,11 is de diagnose van deze
peritoneale metastasen lastig. Als gevolg daarvan presenteert de meerderheid
van de patiënten zich met al vergevorderde ziekte ten tijde van diagnose.12 Deze
patiënten, evenals patiënten welke tevens metastasen op andere locaties hebben
(levermetastasen of longmetastasen), komen alleen nog in aanmerking voor een
palliatief behandeltraject.
Dit proefschrift richt zich voornamelijk op de patiëntengroep met beperkte
intraperitoneale ziekte. Deze patiënten komen mogelijk in aanmerking voor
cytoreductieve chirurgie met intraperitoneale, verwarmde chemotherapie
(cytoreductive surgery and hyperthermic, intraperitoneal chemotherapy; CRS-
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HIPEC), hetgeen de voorkeursbehandeling is voor deze patiënten in Nederland
en vele andere landen.9,13 Tijdens deze operatieve ingreep worden alle zichtbare
tumordeposities door de chirurg verwijderd (CRS), waarna er verwarmde
chemotherapie gecirculeerd wordt door de buikholte (HIPEC). Deze behandeling
wordt tegenwoordig in ongeveer 430 gespecialiseerde centra wereldwijd
toegepast, en resulteert in een vijfjaarsoverleving van ongeveer 30%. Helaas
keert bij de meeste patiënten de ziekte weer terug. Bij 35-41% van de patiënten
gebeurt dit al in het eerste jaar na CRS-HIPEC.14,15 Om de overleving te verbeteren,
pleiten sommige clinici ervoor dat perioperatieve systemische chemotherapie
(chemotherapie voorafgaand aan de operatie en na de operatie) moet worden
toegevoegd aan de behandeling. Deze chemotherapie kan namelijk zorgen voor
tumor downstaging voorafgaand aan de operatie, uitwassen van micrometastasen
in de bloedbaan, en postoperatief uitroeien van achtergebleven kankercellen in
de buikholte. Echter, andere experts opteren juist dat het geven van systemische
chemotherapie rondom een ingrijpende operatie als CRS-HIPEC voor ernstige
complicaties kan zorgen, met als gevolg verlies van kwaliteit van leven voor deze
patiënten. Bovendien is nog nooit bewezen dat systemische chemotherapie
werkzaam is voor deze vorm van kanker. In 2017 is er een systematic review
gepubliceerd welke op basis van alle beschikbare literatuur concludeerde dat
er geen eenduidig antwoord is op de vraag of systemische chemotherapie van
meerwaarde is voor deze patiëntengroep.8

Deel 1: een multimodale behandeling voor
colorectale peritoneale metastasen
CAIRO6
Om bovenstaande vraag te kunnen beantwoorden, is de CAIRO6 studie opgezet.
In deze studie worden patiënten met colorectale peritoneale metastasen
gerandomiseerd

tussen

CRS-HIPEC

zónder

perioperatieve

systemische

chemotherapie en CRS-HIPEC mét perioperatieve systemische chemotherapie.
In hoofdstuk 2 staat in een protocol-samenvatting beschreven hoe deze studie
in Nederland wordt uitgevoerd, met hierin details omtrent patiënten werving,
randomisatie, chirurgische behandeling, systemische behandeling en follow-up.
De CAIRO6 studie is opgesplitst in twee delen: de fase II studie en de fase III studie.
De fase II studie, gericht op de veiligheid en haalbaarheid van de toepassing
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van systemische chemotherapie in deze setting betrof de eerste 80 patiënten.
Voorafgaand aan de studie werden bepaalde voorwaarden (stop-criteria) opgesteld
in overleg met een onafhankelijke beoordelingscommissie. Als niet aan deze
stop-criteria werd voldaan, dan zou de onafhankelijke beoordelingscommissie
voortzetting van de fase III studie goedkeuren. De primaire uitkomstmaat van
de fase III studie is driejaarsoverleving, waarin de hypothese is gesteld dat de
experimentele groep (CRS-HIPEC mét perioperatieve systemische chemotherapie)
15% meer overleving zou laten zien dan de controlegroep (CRS-HIPEC zónder
perioperatieve systemische chemotherapie; 65% vs. 50%). Belangrijke secundaire
uitkomstmaten voor de fase III studie zijn chirurgische karakteristieken, ernstige
postoperatieve morbiditeit, progressievrije overleving, ziektevrije overleving,
kwaliteit van leven, kosten, ernstige toxiciteit gerelateerd aan systemische
chemotherapie, en objectiveerbare radiologische en pathologische respons op
neoadjuvante systemische chemotherapie. Deze studie is de eerste en momenteel
enige gerandomiseerde studie wereldwijd welke deze systemische chemotherapie
onderzoekt als aanvulling op CRS-HIPEC in deze patiëntengroep.
In januari 2019 is de 80e patiënt geïncludeerd in de CAIRO6 fase II studie. De
resultaten van deze fase II studie zijn beschreven in hoofdstuk 3. Alle 80 patiënten
zijn geïncludeerd binnen 1 jaar na opening van het laatste studiecentrum, wat
erop wijst dat de studie haalbaar is in uitvoering (vooraf gestelde voorwaarde
1). Het percentage complete CRS-HIPEC procedures en het percentage ernstige
postoperatieve complicaties (Clavien-Dindo ≥3) was in beide groepen gelijk, er zijn
geen patiënten overleden, en alle patiënten in de experimentele arm zijn gepland
voor CRS-HIPEC na hun neoadjuvante traject. Hieruit blijkt dat het geven van
systemische chemotherapie in deze setting veilig is (vooraf gestelde voorwaarde
2). Het percentage complete CRS-HIPEC procedures binnen de CAIRO6 fase II
studie (89%) was aanzienlijk hoger in vergelijking met twee eerder uitgevoerde
enkel-armige studies welke perioperatieve systemische therapie voor geïsoleerde
colorectale peritoneale metastasen onderzochten (56-57%).16,17 Waarschijnlijk
komt dit doordat binnen deze studies, in tegenstelling tot de CAIRO6 studie,
beoordeling van resectabiliteit door middel van laparoscopie of laparotomie niet
noodzakelijk was alvorens patiënten geïncludeerd mochten worden. Dit, tezamen
met de verschillen in de (duur van) chemotherapeutica tussen deze studies,
zal de vergelijking van uiteindelijke overlevingsresultaten tussen deze studies
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bemoeilijken. Het percentage graad 3-4 systemische therapie geassocieerde
toxiciteit in de CAIRO6 fase II trial (CTCAE ³3) was lager (35%) dan in eerder
gepubliceerde trials welke eerstelijns palliatieve systemische chemotherapie
met bevacizumab onderzochten in patiënten met gemetastaseerd colorectaal
carcinoom,18 wat verklaard zou kunnen worden door verschillen in patiëntselectie,
uitgebreidheid van ziekte, en (duur van) systemische behandeling. Behalve dat
deze aangetoonde veiligheid in de fase II studie ertoe heeft geleid dat de fase
III studie voortgezet mag worden, kunnen deze resultaten bijdragen aan beter
inzicht in de veiligheid en haalbaarheid van perioperatieve systemische therapie
in de klinische praktijk. Tevens kunnen deze resultaten bijdragen aan de inclusie
van patiënten in de CAIRO6 fase III studie.

Patient-reported outcomes
In hoofdstuk 4 van dit proefschrift is beschreven hoe de kwaliteit van leven
(uitgedrukt in patient-reported outcomes; PROs) van patiënten in de controle en
de experimentele groep was tijdens en na afronding van hun behandeling. De
kwaliteit van leven werd voor aanvang van behandeling, drie maanden na CRSHIPEC en zes maanden na CRS-HIPEC gemeten middels gestandaardiseerde
vragenlijsten. Bij patiënten in de experimentele arm werd de kwaliteit van
leven nog eenmaal extra gemeten, na de afronding van het neoadjuvante
behandelingstraject met systemische therapie, voor CRS-HIPEC. De vergelijking
van deze twee behandelingsstrategieën in deze setting met focus op PROs was
nog nooit eerder uitgevoerd. Met daarbij dus ook een afwezig referentiekader
in de bestaande literatuur, werd er pragmatisch gekozen voor een vijftal vooraf
gedefinieerde uitkomstmaten: visual analogue scale, global health status, C30
summary score, fysiek functioneren, en vermoeidheid. Geen enkele van deze
uitkomstmaten was significant verschillend tussen de groepen op geen enkele van
de meetmomenten. Daarnaast herstelden de waarden van alle uitkomstmaten
naar baseline waarden op drie of zes maanden na CRS-HIPEC. Deze resultaten
tonen aan dat perioperatieve systemische therapie geen additionele negatieve
invloed op PROs heeft ten opzichte van CRS-HIPEC alleen, en dat alle postoperatieve
dalingen tijdelijk waren, omdat alle waarden terug herstelden naar baseline
waarden binnen zes maanden na CRS-HIPEC.
Als gevolg van deze resultaten omtrent veiligheid, haalbaarheid en PROs heeft de
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onafhankelijke beoordelingscommissie akkoord gegeven op het continueren van
de CAIRO6 fase III studie. Uiteindelijk zullen 358 patiënten geïncludeerd worden
in de gehele CAIRO6 studie waarbij bovengenoemde primaire en secundaire
eindpunten getoetst zullen worden.
In hoofdstuk 5 wordt de kwaliteit van leven van de hierboven beschreven
patiënten in de CAIRO6 fase II studie vergeleken met de kwaliteit van leven in
patiënten welke conventionele chirurgie ondergaan voor een primair colorectaal
carcinoom. Deze laatste groep betreft meer dan een miljoen patiënten per jaar
wereldwijd. Derhalve is er binnen deze groep veel ervaring en kennis opgedaan
met betrekking tot kwaliteit van leven en de invloed van behandeling daarop.
Doordat tijdens CRS-HIPEC gestreefd wordt naar een macroscopisch radicale
resectie, betreft deze ingreep doorgaans een veel uitgebreidere resectie dan een
conventionele darmresectie. Als gevolg gaat deze uitgebreidere ingreep gepaard
met een hoger morbiditeits- en mortaliteitsrisico, wat een grote impact op de
ziektelast van de patiënt heeft, en daarmee de kwaliteit van leven beïnvloedt.
In de analyses waren ditmaal negen vooraf gedefinieerde uitkomstmaten
(vermoeidheid, diarree, C30 summary score, global health status, fysiek -, rol -,
emotioneel -, cognitief -, en sociaal-functioneren) opgenomen en werd vergeleken
tussen de groepen op drie meetmomenten: baseline (voor start behandeling),
in de vroege postoperatieve periode, en een jaar postoperatief. In de analyses
werd gecorrigeerd voor eventuele gegeven systemische chemotherapie in beide
groepen. Uit de resultaten bleek dat CRS-HIPEC geen grotere impact had op
PROs dan conventionele chirurgie voor het primair colorectaal carcinoom. Er
werd in de vroege postoperatieve periode een verslechtering van vermoeidheid,
C30 summary score, fysiek-, en rol-functioneren gezien in beide groepen en een
verslechtering van cognitief- en sociaal-functioneren in de conventionele chirurgie
groep. Een jaar na de operatie waren alle waarden weer hersteld naar baseline
waarden. Additionele systemische chemotherapie bleek geen significant effect
op de scores te hebben. Hieruit kan geconcludeerd worden dat ondanks een
uitgebreidere operatie met een groter morbiditeitsrisico, CRS-HIPEC in patiënten
met colorectale peritoneale metastasen geen grotere impact had op postoperatieve
PROs vergeleken met conventionele darmresecties in patiënten met een primair
colorectaal carcinoom, en dat additionele systemische chemotherapie hier geen
significant effect op had. Deze studie biedt nieuwe inzichten in de impact van
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behandeling op kwaliteit van leven in patiënten welke CRS-HIPEC ondergaan in
verband met colorectale peritoneale metastasen. Dit is informatief voor clinici en
patiënten wereldwijd en kan bijdragen aan een betere patiëntenvoorlichting voor
deze patiëntengroep.

Deel 2: population-based studies in patiënten
met colorectale peritoneale metastasen
De behandeling van colorectale peritoneale metastasen is niet in alle landen
hetzelfde, en ook in landen zijn er door de jaren heen aanpassingen gemaakt in
richtlijnen, omdat de opvatting over wat de beste behandelingsstrategie voor deze
patiënten is aan veranderingen onderhevig is. Voor 2014 stond er in de Nederlandse
richtlijn voor het behandelen van peritoneale metastasen niets opgenomen over
het geven van adjuvante systemische therapie na CRS-HIPEC. In 2014 is deze richtlijn
vernieuwd, waarna in de richtlijn werd opgenomen dat adjuvante systemische
therapie overwogen kon worden,19 waarmee het uiteindelijke besluit nog steeds
werd gedreven door de voorkeur van arts en patiënt. In de praktijk werd adjuvante
systemische therapie in Nederland veel gegeven. In 2017 is er een systematic
review gepubliceerd welke geen correlatie tussen adjuvante systemische therapie
en een betere prognose liet zien.8 Sindsdien wordt adjuvante systemische therapie
in Nederland niet meer gegeven. Echter, het ontbrak aan vergelijkende studies van
deze twee behandelingsstrategieën op populatie-niveau. Eerdere studies omtrent
deze vraag hadden patiënten met incomplete cytoreducties,20–27 extraperitoneale
metatasen,20–22,25–31 appendix tumoren,20,26,27 of neoadjuvante systemische therapie
voor CRS-HIPEC20–22,24–30 geïncludeerd. Resultaten van dergelijke studies zijn
daarom niet interpretabel op de Nederlandse patiëntenpopulatie welke upfront
(zonder systemische voorbehandeling) CRS-HIPEC ondergaat. Hoofdstuk 6 van
dit proefschrift bevat deze vergelijking binnen een landelijke studie waarin alle
patiënten upfront CRS-HIPEC hebben ondergaan voor synchrone colorectale
peritoneale metastasen. Algehele overleving was significant beter in patiënten
welke adjuvante systemische therapie ondergingen (mediane overleving 39
maanden) vergeleken met patiënten welke geen adjuvante systemische therapie
ondergingen (mediane overleving 25 maanden). Alhoewel er in deze studie
rekening is gehouden met immortal time bias, hetgeen in eerder uitgevoerde
bovengenoemde studies niet gedaan was, kunnen de resultaten van deze studie

257

13

nog steeds onderhevig zijn aan bias. Het feit dat het verschil in overleving tussen
de groepen al op 3 maanden na operatie zichtbaar wordt, kan duiden op een
residuale selectie bias op basis van factoren die niet in de studie mee konden
zijn genomen (bijvoorbeeld postoperatieve morbiditeit), ondanks de toepassing
van propensity score matching bij analyses. Als gevolg hiervan kan er sprake zijn
van een overschatting van de associatie tussen adjuvante systemische therapie en
verbeterde overleving. Ondanks dat resultaten van de CAIRO6 fase III studie binnen
enkele jaren beschikbaar zullen zijn, kunnen de resultaten van deze studie reeds
dienen als ondersteuning voor klinische besluitvorming in deze patiëntengroep.
Tevens, indien de CAIRO6 studie geen superioriteit voor neoadjuvante systemische
therapie aantoont, zal upfront CRS-HIPEC de standaardbehandeling blijven en
zal het al dan niet geven van adjuvante systemische therapie een internationaal
discussiepunt blijven. Wanneer neoadjuvante systemische therapie wel onderdeel
van de standaardbehandeling wordt, zullen er altijd patiënten blijven die upfront
CRS-HIPEC ondergaan (bijvoorbeeld in een spoedoperatie). In beide situaties
blijven de data van deze studie waardevol voor de beslissing omtrent adjuvante
systemische therapie na CRS-HIPEC.
In hoofdstuk 7 wordt de vergelijking van de effectiviteit van de twee meest
gebruikte chemotherapeutica tijdens HIPEC weergegeven: oxaliplatin en
mitomycine C. Binnen deze studie werden patiënten welke CRS-HIPEC ondergingen
voor colorectale peritoneale metastasen tussen 2014 en 2017 geïncludeerd. Alle
patiënten worden in Nederland volgens hetzelfde HIPEC-protocol behandeld,
waardoor de selectie van patiënten geschikt voor deze operatie, pre- en
postoperatieve zorg, en chirurgische karakteristieken bij deze patiënten allemaal
gelijk zijn. Het enige variabele binnen deze behandeling is het spoelmiddel wat
gebruikt wordt tijdens HIPEC, welk nu op basis van de voorkeur van ziekenhuis
of chirurg gekozen wordt. De mediane algehele overleving was 47 maanden in
patiënten welke oxaliplatin kregen en 31 maanden in patiënten welke mitomycine
C kregen. Ondanks dat dit verschil evident lijkt, was dit niet significant verschillend
tussen de twee groepen. Op basis van deze studie kan men dus rechtvaardigen
om beide middelen te gebruiken tijdens HIPEC. Echter, terwijl de studies uit deze
thesis werden uitgevoerd, speelde er een wereldwijde discussie tussen experts
en clinici omtrent de behandeling van colorectale peritoneale metastasen. De
aanleiding hiervoor was de presentatie van preliminaire resultaten van de Franse
PRODIGE-7 studiegroep op het jaarlijkse ASCO congres in 2018.32 Hun studie
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toonde geen superioriteit van CRS-HIPEC over CRS alleen: de algehele overleving
was niet significant verschillend tussen patiënten welke enkel cytoreductieve
chirurgie (CRS) ondergingen en patiënten welke cytoreductieve chirurgie, gevolgd
door HIPEC (CRS-HIPEC) ondergingen. Binnen deze studie werden alle HIPEC
procedures uitgevoerd met oxaliplatin. De gerapporteerde overleving binnen deze
studie was uitzonderlijk hoog (mediane overleving 41 maanden) in vergelijking met
eerder gepubliceerde overlevingscijfers in deze patiëntencategorie welke CRSHIPEC ondergingen (mediane overleving maximaal 36 maanden).33,34 Alhoewel
dit veelbelovend lijkt, dient men rekening te houden met een zekere selectie
bias in deze studie, daar alleen patiënten geïncludeerd werden welk minstens
6 cycli of systemische therapie ondergingen en welke allen complete CRS-HIPEC
ondergingen. Dit fenomeen roept vragen op omtrent de externe validiteit van
deze trial. Desalniettemin, waar de uiteindelijke resultaten nog steeds op zich
laten wachten, zou er geconcludeerd kunnen worden dat HIPEC met oxaliplatin
toch ineffectief blijkt, in tegenstelling tot de bevindingen in de vergelijkende studie
welke in dit proefschrift is opgenomen.
Eerder gepubliceerde landelijke studies over de incidentie van en risicofactoren
voor colorectale peritoneale metastasen baseerden zich op cohorten van
patiënten welke waren gediagnosticeerd met colorectale peritoneale metastasen
tussen 1995 en 2008.3–5,35,36 Gezien het feit dat de (systemische) behandelingen,
beeldvormende technieken en kennis binnen dit ziektebeeld sterk zijn verbeterd
in de afgelopen jaren, werd een update-studie uitgevoerd. In hoofdstuk 8 zijn
de resultaten van deze landelijke studie opgenomen. In deze studie worden
de incidentie van synchrone (5.7%) en metachrone (5.5% [3-jaars cumulatieve
incidentie]) peritoneale metastasen beschreven, welke de hoogst beschreven
incidenties zijn in de huidige beschikbare literatuur. Behalve de toegenomen
incidentie werd er ook een sterke correlatie tussen de aanwezigheid van synchrone
systemische metastasen en de ontwikkeling van zowel synchrone als metachrone
peritoneale metastasen gezien. Waar door verbeteringen in behandelingen
tegenwoordig steeds meer patiënten in opzet curatief behandeld kunnen worden,
is deze bevinding omtrent systemische metastasen erg waardevol voor de klinische
praktijk. Zo kunnen de bevindingen van deze studie fungeren als de basis voor
toekomstige klinische studies waarin nieuwe strategieën omtrent risico-reductie
of vroege detectie van metachrone colorectale peritoneale metastasen worden
onderzocht.
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In hoofdstuk 9 wordt beschreven hoe patiënten met synchrone of metachrone
peritoneale metastasen in Nederland worden behandeld en wat de prognose van
deze patiënten is. Ongecorrigeerde mediane overleving bleek beter in patiënten
met metachrone peritoneale metastasen dan in patiënten met synchrone
peritoneale metastasen: 12 maanden vs. 8 maanden, respectievelijk. Na correctie
voor alle variabelen welke in univariabele analyses geassocieerd waren met
overleving, bleek er geen verschil meer te bestaan in algehele overleving tussen
de twee groepen. Echter, significant meer patiënten met metachrone peritoneale
metastasen ondergingen CRS-HIPEC (16%) in vergelijking met patiënten met
synchrone peritoneale metastasen (8%). Dit zou verklaard kunnen worden door
het fenomeen dat patiënten na primaire colorectale chirurgie gestandaardiseerde
follow-up ondergaan, wat geresulteerd kan hebben in de vroege diagnose van
minder vergevorderde metastasen. Aan de andere kant kunnen patiënten met
synchrone peritoneale metastasen lang onopgemerkt blijven aangezien veel
patiënten asymptomatisch blijven.37 Tevens worden synchrone peritoneale
metastasen frequent ontdekt (in een spoedsetting) in ziekenhuizen welke
niet gespecialiseerd zijn in CRS-HIPEC. Het is bekend dat het centrum waar de
peritoneale metastasen voor het eerst gezien zijn invloed heeft op de uiteindelijke
kans om CRS-HIPEC te ondergaan.38 Helaas was er binnen onze studie geen data
beschikbaar met betrekking tot de uitgebreidheid van intraperitoneale ziekte
(peritoneal cancer index; PCI), hetgeen de belangrijkste factor is bij het bepalen of
een patiënt in aanmerking komt voor CRS-HIPEC, en welke een sterke associatie
met prognose kent. Binnen alle patiënten welke CRS-HIPEC ondergingen bleken
zowel ziektevrije overleving als algehele overleving niet significant te verschillen
tussen patiënten met synchrone en metachrone peritoneale metastasen. Deze
bevindingen zijn niet conform resultaten uit eerdere (niet landelijke) studies
welke deze vraag onderzochten: een studie vond betere ziektevrije overleving
in patiënten met synchrone peritoneale metastasen zonder een verschil in
algehele overleving,39 terwijl een andere studie juist betere algehele overleving
vond in patiënten met metachrone peritoneale metastasen zonder verschillen in
ziektevrije overleving.40 Bevindingen van onze studie suggereren dat de timing van
het ontwikkelen van peritoneale metastasen niet in acht hoeft worden genomen
bij het bepalen van de beste behandelstrategie voor patiënten noch dat dit als
stratificatiefactor in klinische trials meegenomen hoeft te worden.
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Er bestaat een voortdurende discussie omtrent de ontstaanswijze van ovariële
metastasen vanuit het colorectaal carcinoom. Sommige experts zijn van mening dat
ovariële metastasen resulteren uit lymfatische verspreiding van tumorcellen, waar
anderen vinden dat deze ovariële metastasen ontstaan als gevolg van hematogene
verspreiding.41–43 Er zijn steeds meer experts die ovariële metastasen beschouwen
als het resultaat van peritoneale verspreiding van tumorcellen, en daarmee wordt
gepleit om deze patiënten te behandelen middels CRS-HIPEC. Hoofdstuk 10 van
dit proefschrift omvat een landelijke studie omtrent de incidentie, behandelingen,
risicofactoren en overleving van patiënten met ovariële metastasen van colorectale
origine. Een incidentie van 4% in alle vrouwelijke patiënten met gemetastaseerd
colorectaal carcinoom werd gevonden. Eerdere studies (weliswaar uitgevoerd met
behulp van ziekenhuis cohorten in plaats van landelijke cohorten) toonden een
incidentie tussen de 3% en 14%.44,45 Vrouwen onder de vijftig jaar liepen meer
risico op het ontwikkelen van ovariële metastasen vergeleken met vrouwen
boven de vijftig jaar. Dit ondersteunt de hypothese die suggereert dat ovariële
metastasen vaker ontstaan in premenopauzale patiënten.45–49 Binnen patiënten
met ovariële metastasen onderging 27% CRS-HIPEC, 38% resectie van de primaire
colorectale tumor (met of zonder metastasectomie), 25% onderging palliatieve
therapie, en 9% onderging geen actieve behandeling. Algehele overleving was het
best in patiënten welke CRS-HIPEC ondergingen (mediaan 34 maanden), gevolgd
door primaire tumorresectie (mediaan 18 maanden) en palliatieve behandeling
(13 maanden). Ondanks de significant betere overleving in patiënten welke CRSHIPEC ondergingen, speelt hierbij een zekere selectie bias. Patiënten welke behalve
ovariële metastasen ook (andere) afstandsmetastasen hebben, evenals patiënten
met uitgebreide intraperitoneale ziekte (PCI>20), zijn doorgaans niet geschikt voor
CRS-HIPEC, en hebben meestal een slechtere prognose.21,50,51 Aangezien ovariële
metastasen vaak gepaard gaan met peritoneale metastasen, en data omtrent de
PCI niet beschikbaar waren in binnen deze studie, blijft het onduidelijk in hoeverre
dit effect heeft gehad op survival. Desalniettemin versterkt de significant betere
algehele overleving in patiënten welke CRS-HIPEC ondergingen de hypothese
dat ovariële metastasen ontstaan als gevolg van peritoneale tumorverspreiding.
Op basis van deze studie kan CRS-HIPEC als voorkeursbehandeling geadviseerd
worden in geselecteerde patiënten met colorectale ovariële metastasen.
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Supplementary Method 1 Complete list of eligibility criteria.
Inclusion criteria
Eligible patients were adults who had:
•

a WHO performance status of ≤1;

•

histological or cytological proof of peritoneal metastases of a non-appendiceal
colorectal adenocarcinoma with ≤50% of malignant cells being signet ring
cells;

•

resectable disease determined by CT and a PCI of ≤20 at diagnostic laparoscopy
or laparotomy1;

•

no evidence of systemic (e.g. liver, lung) colorectal metastases within three
months prior to enrolment;

•

no systemic therapy for colorectal cancer within six months prior to enrolment;

•

no contraindications for CRS-HIPEC, determined by the treating surgical
oncologist;

•

no previous CRS-(HIPEC);

•

no concurrent malignancies that interfere with the planned trial treatment or
the prognosis of resected CPM.

Exclusion criteria
Patients were excluded in case of any contraindication for the planned perioperative
systemic therapy, determined by the treating medical oncologist, e.g.:
•

inadequate bone marrow, renal, or liver functions (e.g. hemoglobin <6.0
mmol/L, neutrophils <1.5 x 109/L, platelets <100 x 109/L, serum creatinine >1.5
x upper limit of normal [ULN], creatinine clearance <30 ml/min, bilirubin >2 x
ULN, serum liver transaminases >5 x ULN);
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•

previous intolerance of fluoropyrimidines or both oxaliplatin and irinotecan,
to such an extent that the medical oncologist could not consider the patient
eligible for the planned systemic therapy;

•

dehydropyrimidine dehydrogenase deficiency;

•

serious active infections;

•

severe diarrhea;

•

stomatitis or ulceration of the mouth and gastrointestinal tract;

•

recent major cardiovascular events;

•

unstable or uncompensated respiratory or cardiac disease;

•

bleeding diathesis or coagulopathy;

•

pregnancy or lactation.

Supplementary Method 2 Doses, routes, and schedules of perioperative systemic
regimens.
CAPOX-bevacizumab
Four three-weekly neoadjuvant and four-three weekly adjuvant cycles of oral
capecitabine (1000 mg/m2 body surface area [BSA], twice daily on days 1-14) and
intravenous oxaliplatin (130 mg/m2 BSA on day 1), with intravenous bevacizumab
(7.5 mg/kg of body weight on day 1) added to the first three neoadjuvant cycles.

FOLFOX-bevacizumab
Six two-weekly neoadjuvant and six two-weekly adjuvant cycles of intravenous
5-fluorouracil (400 mg/m2 BSA bolus on day 1 followed by 2400 mg/m2 BSA
continuous infusion on days 1-2), intravenous leucovorin (400 mg/m2 BSA on
day 1), and intravenous oxaliplatin (85 mg/m2 BSA on day 1), with intravenous
bevacizumab (5 mg/kg of body weight on day 1) added to the first four neoadjuvant
cycles.

FOLFIRI-bevacizumab
Six two-weekly neoadjuvant cycles of intravenous 5-fluorouracil (400 mg/m2 BSA
bolus on day 1 followed by 2400 mg/m2 BSA continuous infusion on days 1-2),
intravenous leucovorin (400 mg/m2 BSA on day 1), and intravenous irinotecan (180
mg/m2 BSA on day 1), with intravenous bevacizumab (5 mg/kg of body weight on
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day 1) added to the first four neoadjuvant cycles, followed by either four threeweekly adjuvant cycles of oral capecitabine (1000 mg/m2 BSA, twice daily on days
1-14) or six two-weekly adjuvant cycles of 5-fluorouracil (400 mg/m2 BSA bolus
on day 1 followed by 2400 mg/m2 BSA continuous infusion on days 1-2) with
leucovorin (400 mg/m2 BSA on day 1).
Supplementary Method 3 Cytoreductive surgery and HIPEC according to the
Dutch protocol.
After explorative laparotomy, CRS was only performed if the PCI was ≤20 and
macroscopic complete CRS was deemed achievable. Only after macroscopic
complete CRS (i.e. a completeness of cytoreduction [CC] score of 0 or an R-1
resection depending on the local classification used),11,15 HIPEC was performed at
41-42 ℃ using the open technique with either mitomycin C (35 mg/m2, 90 minutes)
or oxaliplatin (460 mg/m2, 30 minutes) with intravenous leucovorin (20 mg/m2, 10
minutes) and 5-fluorouracil (400 mg/m2, 15 minutes) according to local protocol.14
Both regimens were allowed, since a recent systematic review showed that no
meaningful survival comparison between these regimens could be made.16 HIPEC
regimens or doses were not adjusted based on previous systemic therapies.
Supplementary Method 4 Central radiological and pathological review.
After completion of the present phase 2 trial, the investigators collected all baseline
CTs, restaging CTs, and resected specimens of patients in the experimental arm.
Radiological and pathological response to neoadjuvant treatment were both
evaluated by two independent assessors blinded to clinical outcomes. Radiological
response was assessed using the Response Evaluation Criteria in Solid Tumors
(RECIST) and the radiological PCI.11,18 When in situ, the primary tumor was not
included in the radiological PCI. Pathological response was classified according to
Mandard’s tumor regression grading (TRG) and the Peritoneal Regression Grading
Score (PRGS).19,20

Radiological response
Response according to RECIST was classified as complete response, partial
response, stable disease, progressive disease, or non-evaluable.18 Analogue to
RECIST, response according to radiological PCI was classified as complete response
(i.e. disappearance of all peritoneal lesions), partial response (i.e. ≥30% decrease
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of PCI), stable disease (i.e. <30% decrease or <20% increase of PCI), progressive
disease (i.e. ≥20% increase of PCI), or non-evaluable. For both classifications, an
objective radiological response was defined as complete or partial response.

Pathological response
Mandard’s TRG was classified as TRG1 (i.e. no residual cancer cells), TRG2 (i.e.
rare residual cancer cells scattered through fibrosis), TRG3 (i.e. increased residual
cancer cells, but predominant fibrosis), TRG4 (i.e. residual cancer cells outgrowing
fibrosis), TRG5 (i.e. no regressive features), or non-evaluable.19 PRGS was classified
as PRGS1 (i.e. no residual cancer cells), PRGS2 (i.e. major regressive features,
few residual cancer cells), PRGS3 (i.e. minor regressive features, predominance
of residual cancer cells), PRGS4 (i.e. no regressive changes), or non-evaluable.20
In patients whose primary tumor was resected during cytoreductive surgery,
separate regression scores were determined for all three tumor components
(i.e. peritoneal metastases, primary tumor, and locoregional lymph nodes). In
these patients, the overall response was based on the mean regression score in
all tumor components. In patients with a previously resected primary tumor, the
overall response was based on the regression score in peritoneal metastases only.
When multiple peritoneal metastases were resected, a mean regression score was
determined for all peritoneal metastases together. Major pathological response
was defined as TRG1 or TRG2.
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Sex, n (%)
Male
Female
Age in years, mean (SD)
WHO performance score, n (%)
0
1
2
Primary tumor location, n (%)
Proximal colonb
Distal colonc
Rectum
Multiple
Histology, n (%)
Non-mucinous adenocarcinoma
Mucinous adenocarcinoma
Primary tumor status, n (%)
Resected
In situ
T-stage of primary tumord, n (%)
T0-3
T4
Unknown

Variable

24 (60)
16 (40)
64 (10)
33 (83)
7 (18)
0 (0)
14 (35)
25 (63)
1 (3)
0 (0)
37 (93)
3 (8)
23 (58)
17 (43)
21 (53)
19 (48)
0 (0)

19 (48)
21 (53)
60 (11)
30 (75)
9 (23)
1 (3)a
17 (43)
21 (53)
1 (3)
1 (3)
37 (93)
3 (8)
29 (73)
11 (28)
18 (45)
21 (53)
1 (3)e

39 (49)
40 (50)
1 (1)e

52 (65)
28 (35)

74 (93)
6 (8)

31 (39)
46 (58)
2 (3)
1 (1)

63 (79)
16 (20)
1 (1)a

43 (54)
37 (46)
62 (10)

0.80

0.16

>0.99

0.74

0.59

0.05

0.26

16 (43)
21 (57)
0 (0)

27 (73)
10 (27)

34 (92)
3 (8)

16 (43)
19 (51)
1 (3)
1 (3)

27 (73)
9 (24)
1 (3)a

18 (49)
19 (51)
59 (11)

23 (55)
19 (45)
0 (0)

25 (60)
17 (40)

39 (93)
3 (7)

15 (36)
26 (62)
1 (2)
0 (0)

35 (83)
7 (17)
0 (0)

25 (60)
17 (40)
64 (10)

39 (49)
40 (51)
0 (0)

52 (66)
27 (34)

73 (92)
6 (8)

31 (39)
45 (57)
2 (3)
1 (1)

62 (78)
16 (20)
1 (1)a

43 (54)
36 (46)
62 (10)

0.48

0.21

0.87

0.71

0.33

0.03

0.33

Intention-to-treat population
Modified intention-to-treat population
Experimental Control Total
p-value Experimental Control
Total
p-value
(n=40)
(n=40)
(n=80)
(n=37)
(n=42)
(n=79)

Supplementary Table 1. Comparison of baseline characteristics in the intention-to-treat and the modified intention-to-treat population.
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N-stage of primary tumord, n (%)
N0
N1
N2
Unknown
Previous systemic chemotherapy for
colorectal cancer, n (%)
No
Adjuvant: a fluoropyrimidine with oxaliplatin
Adjuvant: fluoropyrimidine monotherapy
For metastatic disease
Previous resection of extraperitoneal
colorectal metastases, n (%)
No
Yes
Onset of PM, n (%)
Synchronous
Metachronous
Months from primary diagnosis to
synchronous PM, median (range)
Months from primary diagnosis to
metachronous PM, median (range)
Months from diagnosis of PM to trial
enrolment, median (range)
Baseline PCI, median (range)

Variable

Supplementary Table 1. (continued)
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31 (78)
9 (23)
0 (0)
0 (0)

40 (100)
0 (0)
24 (60)
16 (40)
1 (0-2)

20 (7-48) 19 (4-48)

29 (73)
9 (23)
2 (5)
0 (0)

37 (93)
3 (8)
21 (53)
19 (48)
1 (0-2)
14 (4-44)

5 (0g-18) 4 (0-18)

3 (0f-15)

1 (0-4)

1 (0-4)

1 (0-4)

45 (56)
35 (44)
1 (0-2)

77 (96)
3 (4)

60 (75)
18 (23)
2 (3)
0 (0)

15 (38)
11 (28)
14 (35)
0 (0)

14 (35)
17 (43)
8 (20)
1 (3)e

29 (36)
28 (35)
22 (28)
1 (1)e

0.06

0.41

0.32

0.78

0.50

0.24

0.61

0.25

3 (0f-15)

1 (0-4)

14 (4-44)

20 (54)
17 (46)
1 (0-2)

34 (92)
3 (8)

27 (73)
9 (24)
1 (3)
0 (0)

13 (35)
16 (43)
8 (22)
0 (0)

44 (56)
35 (44)
1 (0-2)

76 (96)
3 (4)

59 (75)
18 (23)
2 (3)
0 (0)

29 (37)
28 (35)
22 (28)
0 (0)

5 (0g-18)

1 (0-4)

5 (0-18)

1 (0-4)

21 (7-48) 19 (4-48)

24 (57)
18 (43)
1 (0-2)

42 (100)
0 (0)

32 (76)
9 (21)
1 (2)
0 (0)

16 (38)
12 (29)
14 (33)
0 (0)

0.10

0.37

0.08

0.90

0.78

0.10

0.74

0.39

Intention-to-treat population
Modified intention-to-treat population
Experimental Control Total
p-value Experimental Control
Total
p-value
(n=40)
(n=40)
(n=80)
(n=37)
(n=42)
(n=79)
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34 (85)
6 (15)
24 (60)
16 (40)
32 (80)
8 (20)

25 (63)h
14 (35)h
18 (45)h
21 (53)h
32 (80)
8 (20)

64 (80)
16 (20)

42 (53)h
37 (46)h

59 (74)h
20 (25)h

>0.99

0.22

0.03

30 (81)
7 (19)

18 (49)h
18 (49)h

22 (59)h
14 (38)h

34 (81)
8 (19)

25 (60)
17 (40)

36 (86)
6 (14)

64 (81)
15 (19)

43 (54)h
35 (44)h

58 (73)h
20 (25)h

0.99

0.40

0.01

Intention-to-treat population
Modified intention-to-treat population
Experimental Control Total
p-value Experimental Control
Total
p-value
(n=40)
(n=40)
(n=80)
(n=37)
(n=42)
(n=79)

HIPEC hyperthermic intraperitoneal chemotherapy; PCI peritoneal cancer index; PM peritoneal metastases SD standard deviation; WHO world health organization;
a
due to severe obesity; bcaecum, ascending colon, hepatic flexure, transverse colon; csplenic flexure, descending colon, sigmoid, rectosigmoid; dpathological stage
used for patients whose primary tumor was previously resected or patients in the control arm whose primary tumor was resected during upfront cytoreductive
surgery, clinical stage used for patients in the experimental arm whose primary tumor was still in situ or patients in the control arm whose primary tumor was not
resected during upfront cytoreductive surgery; ein one patient, clinical T-stage and clinical N-stage could not be adequately determined on baseline radiology; f 2
patients in the experimental arm had a baseline PCI of 0; g3 patients in the control arm had a baseline PCI of 0; hin one patient, resectability was not determined by
laparoscopy or laparotomy, but by radiology only.

Modality of determining baseline PCI, n (%)
Laparoscopy
Laparotomy
Centre of determining baseline PCI, n (%)
Trial center
Referring center
Planned HIPEC regimen, n (%)
Mitomycin C
Oxaliplatin

Variable

Supplementary Table 1. (continued)

Supplementary Table 2. Baseline characteristics of the CRS-HIPEC population.

Variable
Sex, n (%)
Male
Female
Age in years, mean (SD)
WHO performance score, n (%)
0
1
2
Primary tumor location, n (%)
Proximal colonb
Distal colonc
Rectum
Multiple
Histology, n (%)
Non-mucinous adenocarcinoma
Mucinous adenocarcinoma
Primary tumor status, n (%)
Resected
In situ
T-stage of primary tumord, n (%)
T0-3
T4
N-stage of primary tumord, n (%)
N0
N1
N2
Previous systemic chemotherapy for colorectal
cancer, n (%)
No
Adjuvant: a fluoropyrimidine with oxaliplatin
Adjuvant: fluoropyrimidine monotherapy
For metastatic disease
Previous resection of extraperitoneal colorectal
metastases, n (%)
No
Yes
Onset of PM, n (%)
Synchronous
Metachronous
Months from primary diagnosis to synchronous
PM, median (range)
Months from primary diagnosis to metachronous
PM, median (range)

Experimental Control
(n=33)
(n=36)

Total
(n=69)

14 (42)
19 (58)
60 (11)

22 (61)
14 (39)
64 (10)

36 (52)
33 (48)
62 (10)

25 (76)
7 (21)
1 (3)a

31 (86)
5 (14)
0 (0)

56 (81)
12 (17)
1 (1)a

14 (42)
17 (52)
1 (3)
1 (3)

11 (31)
24 (67)
1 (3)
0 (0)

25 (36)
41 (59)
2 (3)
1 (1)

32 (97)
1 (3)

33 (92)
3 (8)

65 (94)
4 (6)

26 (79)
7 (21)

23 (64)
13 (36)

49 (71)
20 (29)

13 (39)
20 (61)

22 (61)
14 (39)

35 (51)
34 (49)

12 (36)
13 (39)
8 (24)

12 (33)
10 (28)
14 (39)

24 (35)
23 (33)
22 (32)

23 (70)
9 (27)
1 (3)
0 (0)

26 (72)
9 (25)
1 (3)
0 (0)

49 (71)
18 (26)
2 (3)
0 (0)

30 (91)
3 (9)

36 (100)
0 (0)

66 (96)
3 (4)

17 (52)
16 (48)
0 (0-2)

19 (53)
17 (47)
1 (0-2)

36 (52)
33 (48)
1 (0-2)

14 (4-44)

20 (7-48) 19 (4-48)
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Supplementary Table 2. (continued)

Variable
Months from diagnosis of PM to trial enrolment,
median (range)
Baseline PCI, median (range)
Modality of determining baseline PCI, n (%)
Laparoscopy
Laparotomy
Centre of determining baseline PCI, n (%)
Trial center
Referring center
Planned HIPEC regimen, n (%)
Mitomycin C
Oxaliplatin

Experimental Control
(n=33)
(n=36)
1 (0-4)
1 (0-4)

Total
(n=69)
1 (0-4)

3 (0-14)

5 (0-18)

4 (0-18)

19 (58)e
13 (39)e

31 (86)
5 (14)

50 (72)e
18 (26)e

17 (52)e
15 (45)e

22 (61)
14 (39)

39 (57)e
29 (42)e

26 (79)
7 (21)

29 (81)
7 (19)

55 (80)
14 (20)

CRS cytoreductive surgery; HIPEC hyperthermic intraperitoneal chemotherapy; PCI peritoneal cancer
index; PM peritoneal metastases; SD standard deviation; WHO world health organization; adue to severe
obesity; bcaecum, ascending colon, hepatic flexure, transverse colon; csplenic flexure, descending colon,
sigmoid, rectosigmoid; dpathological stage used for patients whose primary tumor was previously
resected or patients in the control arm whose primary tumor was resected during upfront cytoreductive
surgery, clinical stage used for patients in the experimental arm whose primary tumor was still in situ or
patients in the control arm whose primary tumor was not resected during upfront cytoreductive surgery;
e
in one patient, resectability was not determined by laparoscopy or laparotomy, but by radiology only.

Supplementary Table 3. Intraoperative and postoperative characteristics of the CRS-HIPEC population,
including details of Clavien-Dindo grade ≥3 postoperative morbidity and reoperations.

Variable
Intraoperative characteristics
PCI, median (range)
Primary tumor resection, n (%)
Yes
No
Bowel anastomosis, n (%)
Yes
No
Ostomy formation, n (%)
Yes
No
Operating time in minutes, mean (SD)
HIPEC regimen, n (%)
Mitomycin C
Oxaliplatin

276

Experimental Control
(n=33)
(n=36)

Total
(n=69)

p-value

0.004
0.17

4 (0-14)

11 (0-20)

8 (0-20)

7 (21)
26 (79)

13 (36)
23 (64)

20 (29)
49 (71)

17 (52)
16 (48)

24 (67)
12 (33)

41 (59)
28 (41)

0.20

0.006
6 (18)
27 (82)
344 (94)
28 (85)
5 (15)

18 (50)
24 (35)
18 (50)
45 (65)
372 (132) 359 (115)
29 (81)
7 (19)

57 (83)
12 (17)

0.32
0.64

Supplementary Table 3. (continued)

Variable

Experimental Control
(n=33)
(n=36)

Total
(n=69)

p-value

Postoperative characteristics
Initial hospital stay in days, median
8 (7-16)
12 (8-21) 10 (7-16)
0.09
(IQR)
Readmission, n (%)
0.06
Yes
6 (18)
14 (39)
20 (29)
No
27 (82)
22 (61)
49 (71)
Reoperation, n (%)
0.68
Yes
6 (18)
8 (22)
14 (20)
No
27 (82)
28 (78)
55 (80)
Any Clavien-Dindo grade ≥2
0.01
postoperative morbidity, n (%)
Yes
16 (48)
28 (78)
44 (64)
No
17 (52)
8 (22)
25 (36)
Any Clavien-Dindo grade ≥3
0.17
postoperative morbidity, n (%)
Yes
7 (21)
13 (36)
20 (29)
No
26 (79)
23 (64)
49 (71)
Any Clavien-Dindo grade 4
0.57
postoperative morbidity, n (%)
Yes
3 (9)
2 (6)
5 (7)
No
30 (91)
34 (94)
64 (93)
Details of Clavien-Dindo grade ≥3 postoperative morbiditya
Anastomotic leakage, grade 3
1 (3c)/(6d)
3 (8c)/(13d) 4 (6c)/
NA
(10d)
Anastomotic leakage, grade 4
1 (3c)/(6d)
0 (0)
1 (1c)/(2d)
NA
Intra-abdominal abscess, grade 3
0 (0)
2 (6)
2 (3)
NA
Intra-abdominal abscess, grade 4
2 (6)
1 (3)
3 (4)
NA
Asystole, grade 4
0 (0)
1 (3)
1 (1)
NA
Fascia dehiscence, grade 3
1 (3)
2 (6)
3 (4)
NA
Ileus, grade 3
1 (3)
1 (3)
2 (3)
NA
Gastroparesis, grade 3
1 (3)
2 (6)
3 (4)
NA
Pneumothorax, grade 3
0 (0)
1 (3)
1 (1)
NA
Postoperative hemorrhage, grade 3
0 (0)
1 (3)
1 (1)
NA
Colonic fistula, grade 3
0 (0)
1 (3)
1 (1)
NA
Luxation double J catheter, grade 3
1 (3)
0 (0)
1 (1)
NA
Reoperationse
Adverse event, n (%)
Experimental Control
Total p-valueb
(n=33)
(n=36)
(n=69)
Anastomotic leakage, grade 3
1 (3c)/(6d)
3 (8c)/(13d) 4 (6c)/(10d)
NA
e
Reoperations (continued)
Anastomotic leakage, grade 4
1 (3c)/(6d)
0 (0)
1 (1c)/(2d)
NA
Intra-abdominal abscess, grade 3
0 (0)
1 (2)
1 (1)
NA
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Supplementary Table 3. (continued)

Variable

Experimental Control
(n=33)
(n=36)
2 (6)
1 (1)
1 (3)
2 (5)
1 (3)
0 (0)
0 (0)
1 (1)
0 (0)
1 (1)

Intra-abdominal abscess, grade 4
Fascia dehiscence, grade 3
Ileus, grade 3
Postoperative hemorrhage, grade 3
Bowel perforation, grade 3

Total
(n=69)
3 (4)
3 (4)
1 (1)
1 (1)
1 (1)

p-value
NA
NA
NA
NA
NA

CRS cytoreductive surgery; HIPEC hyperthermic intraperitoneal chemotherapy; IQR interquartile range;
NA not applicable; PCI peritoneal cancer index; SD standard deviation; aas multiple Clavien-Dindo grade
≥3 adverse events could have occurred in one patient, numbers may not add up to the total number of
patients with any Clavien-Dindo grade ≥3 postoperative morbidity; bdue to low numbers, no comparison
was made between both arms; cpercentage of all patients; dpercentage of patients with a bowel
anastomosis; eas multiple reoperations could have been performed in one patient, numbers may not add
up to the total number of patients with a reoperation.

Supplementary Table 4. Details of Clavien-Dindo grade 2 postoperative morbidity in the modified
intention-to-treat (i.e. operated) and the CRS-HIPEC population.

Adverse event,
n (%)
Gastroparesis
Pneumonia
Urinary tract
infection
Wound infection
Intra-abdominal
abscess
Ileus
Anastomotic
leakage
Bowel perforation
Pneumothorax
Thromboembolic
event
Infected
hematoma
Urinary retention
Delirium

Modified intention-to-treat
population
Experimental Control
Total
(n=37)
(n=42)
(n=79)
2 (5)
8 (19)
10 (13)
3 (8)
4 (10)
7 (9)
2 (5)
3 (7)
5 (6)

CRS-HIPEC population
Experimental Control
(n=33)
(n=36)
2 (6)
7 (19)
3 (9)
4 (11)
2 (6)
3 (8)

Total
(n=69)
9 (13)
7 (10)
5 (7)

1 (3)
1 (3)

4 (10)
3 (7)

5 (6)
4 (5)

1 (3)
1 (3)

3 (8)
3 (8)

4 (6)
4 (6)

2 (5)
1 (3a)/(6b)

3 (7)
0 (0)

5 (6)
1 (1a)/(2b)

1 (3)
1 (3a)/(6b)

2 (6)
0 (0)

3 (4)
1 (1a)/(2b)

0 (0)
1 (3)
0 (0)

1 (2)
0 (0)
1 (2)

1 (1)
1 (1)
1 (1)

0 (0)
1 (3)
0 (0)

1 (3)
0 (0)
1 (3)

1 (1)
1 (1)
1 (1)

0 (0)

1 (2)

1 (1)

0 (0)

1 (3)

1 (1)

0 (0)
1 (3)

1 (2)
0 (0)

1 (1)
1 (1)

0 (0)
1 (3)

0 (0)
0 (0)

0 (0)
1 (1)

CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; multiple Clavien-Dindo
grade 2 adverse events could have occurred in one patient; apercentage of all patients; bpercentage of
patients with a bowel anastomosis.
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Supplementary Table 5. Details of CTCAE grade 2 systemic therapy-related toxicity in the experimental
arm.

Adverse event, n (%)
Diarrhea
Nausea/vomiting
Peripheral neuropathy
Abdominal pain
Colonic perforation
Constipation
Mucosal infection
Anorexia
Phlebitis
Laryngospasm
Allergic reaction
Dysgeusia
Skin ulceration
Chest pain – cardiac
Hypertension
Dizziness
Thromboembolic event
Stroke
Pancreatitis
Lung infection
Fatigue
Chronic kidney disease
Fever
Depression
Vaginal hemorrhage
Hiccups
Ascites
Anxiety
Increased urinary frequency
Neutrophil count decreased
Hypokalemia
Platelet count decreased
Alanine aminotransferase increased

Experimental
(n=37)
10 (27)
9 (24)
8 (22)
2 (5)
1 (3)
2 (5)
1 (3)
1 (3)
1 (3)
1 (3)
5 (14)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
5 (14)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)
1 (3)

CTCAE common terminology criteria for adverse events; multiple CTCAE grade 2 adverse events could
have occurred in one patient.
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Supplementary Table 6. Details of central review of radiological and pathological response to neoadjuvant treatment.
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CR complete response; CT computed tomography; NA not applicable; NE non-evaluable; PCI peritoneal cancer index; PD progressive disease; PR partial response;
PRGS peritoneal regression grading score; RECIST response evaluation criteria in solid tumors; SD stable disease; TRG tumor regression grade (Mandard); apatient
had resection of symptomatic ovarian metastases (and several other lesions) between baseline CT and enrolment, and was therefore classified as non-evaluable;
b
classified as stable disease by the treating physicians; cpatient did not undergo cytoreductive surgery due to extensive peritoneal disease, but had palliative primary
tumor resection and peritoneal biopsies for response assessment; donly the primary tumor was sent to pathology, as patient had no suspected peritoneal lesions
during cytoreductive surgery (despite having pathologically proven peritoneal metastases before enrolment); epatient had an (emergency) resection of the primary
tumor (± biopsy or biopsies of peritoneal metastases) between baseline CT and enrolment, and was therefore classified as non-evaluable; fpatient did not undergo
cytoreductive surgery due to extensive peritoneal disease and severe progression during neoadjuvant treatment, and had no palliative primary tumor resection or
peritoneal biopsies for response assessment; galthough patient had a strong suspicion of metachronous colorectal peritoneal metastases (on imaging and during
laparoscopy) before enrolment and no residual cancer cells in all resected specimens during cytoreductive surgery, central pathological review revealed that the
peritoneal metastases were not pathologically proven before enrolment, and pathological regression was therefore classified as non-evaluable rather than TRG1 or
PRGS1; hpatient did not undergo cytoreductive surgery due to extensive peritoneal disease, but had peritoneal biopsies for response assessment.
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Supplementary Table 6. (continued)
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Supplementary Figure 1. Reasons for not completing all (neo)adjuvant cycles.

CAPOX(-B) capecitabine, oxaliplatin, (bevacizumab); FOLFIRI(-B) 5-fluorouracil, leucovorin, irinotecan,
(bevacizumab); FOLFOX(-B); 5-fluorouracil, leucovorin oxaliplatin, (bevacizumab); aone patient had no
bevacizumab due to a post-enrolment wound dehiscence.

Supplementary Figure 2. Violin plots of the ability to give trial treatment within predetermined time
frames.

CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; IQR interquartile
range; aincluded seven patients who prematurely terminated neoadjuvant treatment and consequently
had to wait at least six weeks for surgery given the recent administration of bevacizumab.
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Chapter 4
Supplementary Table 1. PROs of each questionnaire.

Questionnaire

PROs – Function scalesa

PROs – Symptom scalesb

EQ-5D-5L

Visual analogue scale; Index
value
Global health status; Physical
functioning; Role functioning;
Emotional functioning;
Cognitive functioning; Social
functioning, C30 summary
score
Weight; Body image; Sexual
interest (males); Sexual
interest (females)

-

EORTC QLQ-C30

EORTC QLQ-CR29

Fatigue; Nausea and vomiting; Pain;
Dyspnea; Insomnia; Loss of appetite;
Constipation; Diarrhea; Financial
difficulties

Urinary frequency; Urinary incontinence;
Dysuria; Abdominal pain; Buttock pain;
Bloating; Blood and mucus in stool;
Dry mouth; Hair loss; Loss of taste;
Flatulence; Fecal incontinence; Sore skin;
Stool frequency; Embarrassment; Stoma
care problems; Impotence (males);
Dyspareunia (females); Anxiety

PROs patient-reported outcomes; EORTC European organization for research and treatment of cancer;
a
higher score indicates better functioning; bhigher score indicates worse symptoms.
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Supplementary Table 2. Baseline characteristics of intention-to-treat trial population.

Experimental Control
(n=40)
(n=40)
Sex, n (%)
Male
Female
Age in years, mean (SD)
WHO performance score, n (%)
0
1
2a
Primary tumor location, n (%)
Proximal colonb
Distal colonc
Rectum
Multiple
Primary tumor status, n (%)
Resected
In situ
Previous adjuvant systemic chemotherapy for
colorectal cancer, n (%)
No
Yes
Onset of peritoneal metastases, n (%)
Synchronous
Metachronous
Baseline peritoneal cancer index, median (range)
Planned HIPEC regimen, n (%)
Mitomycin C
Oxaliplatin

P-value
0.262

19 (48)
21 (52)
60 (11)

24 (60)
16 (40)
64 (10)

30 (75)
9 (23)
1 (3)a

33 (83)
7 (17)
0 (0)

17 (43)
21 (53)
1 (3)
1 (3)

14 (35)
25 (63)
1 (3)
0 (0)

30 (75)
10 (25)

23 (57)
17 (43)

0.047
0.587

0.742

0.160

0.606
29 (73)
11 (27)

31 (78)
9 (23)

21 (53)
19 (48)
3 (0-15)

24 (60)
16 (40)
5 (1-18)

32 (80)
8 (20)

32 (80)
8 (20)

0.499

0.064
>0.999

HIPEC hyperthermic intraperitoneal chemotherapy; SD standard deviation; WHO world health organization;
a
due to severe obesity; bcaecum, ascending colon, hepatic flexure, transverse colon; csplenic flexure,
descending colon, sigmoid, rectosigmoid.
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EQ-5D-5L
Index value
Visual analogue scale
EORTC QLQ-C30
Global health status
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea/vomiting
Pain
Dyspnea
Insomnia
Loss of appetite
Constipation
Diarrhea
Financial difficulties
C30 summary score
EORTC QLQ-CR29
Urinary frequency
Urinary incontinence
Dysuria

PRO, mean (SD)

Questionnaire

0.84 (0.19)
75 (20)
75 (20)
85 (17)
76 (29)
75 (18)
89 (12)
76 (20)
26 (19)
6 (16)
18 (24)
06 (16)
27 (22)
41 (36)
7 (18)
10 (19)
6 (19)
82 (11)
30 (21)
9 (17)
4 (11)

77 (16)
85 (17)
74 (26)
75 (18)
89 (17)
84 (19)
24 (19)
2 (7)
23 (23)
8 (17)
19 (24)
6 (18)
5 (15)
8 (22)
9 (21)
86 (11)

25 (22)
4 (11)
4 (14)

Control
arm

0.85 (0.16)
77 (19)

Experimental
arm

Baseline

25 (24)
06 (20)
1 (6)

69 (16)
82 (16)
66 (25)
78 (22)
83 (22)
81 (22)
39 (27)
5 (9)
13 (21)
11 (18)
25 (30)
22 (27)
1 (6)
16 (24)
12 (24)
81 (10)

0.79 (0.22)
68 (22)

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA

After neoadjuvant
treatment
Experimental Control
arm
arm

25 (22)
4 (14)
2 (8)

70 (20)
77 (17)
61 (27)
84 (18)
88 (18)
77 (23)
41 (22)
10 (20)
21 (25)
17 (26)
18 (28)
23 (29)
9 (21)
15 (24)
10 (23)
80 (13)

0.79 (0.22)
68 (22)

31 (25)
12 (23)
3 (9)

70 (20)
74 (20)
60 (28)
76 (23)
82 (18)
71 (25)
38 (23)
16 (30)
27 (24)
23 (23)
31 (28)
36 (39)
9 (23)
17 (27)
6 (15)
74 (15)

0.77 (0.16)
65 (28)

23 (25)
6 (20)
0 (0)

77 (18)
86 (12)
77 (24)
85 (20)
85 (19)
86 (17)
25 (21)
6 (12)
11 (20)
10 (22)
14 (23)
21 (31)
0 (0)
10 (16)
9 (20)
87 (11)

0.86 (0.20)
79 (14)

29 (25)
15 (19)
2 (6)

72 (18)
79 (19)
69 (26)
76 (22)
82 (18)
76 (27)
30 (23)
10 (17)
21 (24)
16 (21)
25 (25)
24 (36)
8 (21)
16 (28)
3 (10)
80 (13)

0.82 (0.13)
74 (12)

Three months
Six months
postoperatively
postoperatively
Experimental Control arm Experimental Control arm
arm
arm

Supplementary Table 3. PRO scores of 68 patients included in primary comparative analyses.
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Experimental
arm
19 (19)
3 (10)
10 (20)
2 (5)
8 (17)
3 (13)
3 (13)
16 (22)
1 (6)
7 (16)
15 (21)
14 (30)
24 (25)
29 (34)
8 (21)
46 (25)
88 (25)
85 (22)
36 (24)
17 (17)

Control
arm
29 (28)
6 (15)
15 (20)
6 (15)
8 (18)
0 (0)
04 (13)
21 (23)
6 (13)
4 (11)
11 (20)
9 (19)
7 (15)
25 (37)
0 (0)
44 (30)
85 (22)
91 (13)
28 (22)
10 (16)

Baseline

After neoadjuvant
treatment
Experimental Control
arm
arm
14 (19)
NA
9 (19)
NA
10 (18)
NA
2 (5)
NA
22 (28)
NA
19 (28)
NA
32 (36)
NA
24 (26)
NA
6 (16)
NA
11 (20)
NA
13 (17)
NA
14 (27)
NA
19 (26)
NA
29 (34)
NA
12 (17)
NA
59 (25)
NA
81 (25)
NA
81 (22)
NA
31 (21)
NA
16 (17)
NA

Three months
Six months
postoperatively
postoperatively
Experimental Control arm Experimental Control arm
arm
arm
20 (28)
24 (25)
14 (21)
23 (25)
4 (14)
10 (24)
2 (8)
14 (27)
14 (22)
20 (27)
11 (20)
16 (26)
5 (3)
6 (10)
1 (3)
4 (10)
11 (18)
19 (25)
10 (16)
17 (23)
12 (20)
13 (22)
10 (23)
9 (18)
19 (22)
19 (31)
11 (22)
15 (23)
28 (24)
23 (23)
19 (24)
31 (26)
6 (18)
21 (27)
3 (10)
16 (28)
5 (15)
15 (25)
7 (14)
15 (28)
9 (15)
21 (25)
11 (17)
22 (26)
13 (28)
28 (27)
11 (27)
25 (29)
4 (12)
24 (34)
4 (12)
8 (19)
21 (31)
42 (41)
29 (33)
43 (39)
13 (17)
11 (24)
14 (30)
0 (0)
65 (26)
51 (28)
66 (22)
56 (30)
83 (28)
80 (26)
82 (27)
87 (21)
80 (21)
79 (22)
81 (21)
79 (19)
31 (20)
19 (17)
40 (23)
26 (27)
21 (17)
04 (12)
14 (17)
3 (10)

NA not applicable; PRO patient-reported outcome; SD standard deviation; EORTC European organization for research and treatment of cancer.

Abdominal pain
Buttock pain
Bloating
Blood/mucus in stool
Dry mouth
Hair loss
Loss of taste
Flatulence
Fecal incontinence
Sore skin
Stool frequency
Embarrassment
Stoma care problems
Impotence (m)
Dyspareunia (f)
Anxiety
Weight
Body image
Sexual interest (m)
Sexual interest (f)

PRO, mean (SD)

Questionnaire

Supplementary Table 3. (continued)
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0.79 (0.22)
66 (24)
68 (16)
80 (18)
67 (24)
78 (22)
82 (22)
75 (19)
38 (27)
6 (9)
13 (21)
11 (18)
24 (29)
22 (26)
3 (10)
15 (23)
11 (23)
81 (10)
25 (24)
6 (19)
1 (6)
14 (19)

76 (15)
84 (18)
75 (25)
74 (18)
89 (17)
85 (19)
24 (18)
2 (7)
22 (22)
9 (17)
20 (25)
7 (18)
5 (14)
10 (22)
9 (20)
85 (11)
26 (23)
5 (12)
5 (14)
19 (19)

Score

0.57
0.71
0.16
0.11

0.02
0.20
0.04
0.15
0.04
0.02
0.004
0.04
0.08
0.54
0.44
0.002
0.54
0.26
0.33
0.007

0.13
0.03

p-valuea

After neoadjuvant treatment

0.84 (0.16)
77 (18)

Score

PRO, mean (SD)

EQ-5D-5L
Index value
Visual analogue scale
EORTC QLQ-C30
Global Health Status
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea/vomiting
Pain
Dyspnea
Insomnia
Loss of appetite
Constipation
Diarrhea
Financial difficulties
C30 summary score
EORTC QLQ-CR29
Urinary frequency
Urinary incontinence
Dysuria
Abdominal pain

Baseline

Questionnaire

0.54
0.71
0.16
0.19

0.02
0.32
0.05
0.06
0.02
0.03
0.006
0.02
0.07
0.53
0.39
0.009
0.53
0.15
0.26
0.006

0.21
0.03

p-valueb

25 (22)
4 (14)
2 (8)
20 (28)

70 (20)
77 (17)
61 (27)
84 (18)
88 (18)
77 (23)
41 (22)
10 (20)
21 (25)
17 (26)
18 (28)
23 (29)
9 (21)
15 (24)
10 (23)
80 (13)

0.79 (0.22)
68 (22)

Three months
postoperatively
Score

Supplementary Table 4. PRO scores of 35 patients in the experimental arm included in secondary explorative analyses.
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23 (25)
6 (20)
0 (0)
14 (21)

77 (18)
86 (12)
77 (24)
85 (20)
85 (19)
86 (17)
25 (21)
6 (12)
11 (20)
10 (22)
14 (23)
21 (31)
0 (0)
10 (16)
9 (19)
87 (11)

0.86 (0.20)
79 (14)

Six months
postoperatively
Score
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Score

PRO, mean (SD)
Buttock pain
Bloating
Blood/mucus in stool
Dry mouth
Hair loss
Loss of taste
Flatulence
Fecal incontinence
Sore skin
Stool frequency
Embarrassment
Stoma care problems
Impotence (m)
Dyspareunia (f)
Anxiety
Weight
Body image
Sexual interest (m)
Sexual interest (f)

Score
9 (19)
11 (20)
2 (5)
23 (28)
21 (28)
30 (35)
24 (25)
6 (15)
11 (20)
12 (16)
14 (26)
21 (25)
25 (33)
11 (16)
57 (27)
81 (25)
82 (22)
29 (21)
15 (17)

p-valuea
0.17
0.62
0.66
0.01
0.001
<0.001
0.08
0.21
0.50
0.48
1.00
0.35
>0.99
0.50
0.005
0.17
0.29
0.75
>0.99

After neoadjuvant treatment
p-valueb
0.16
0.79
0.66
0.04
0.001
<0.001
0.09
0.21
0.42
0.67
0.76
0.32
>0.99
0.48
0.02
0.16
0.46
0.47
>0.99

Three months
postoperatively
Score
4 (14)
14 (22)
1 (3)
11 (18)
12 (20)
19 (22)
28 (24)
6 (18)
5 (15)
9 (15)
13 (28)
4 (12)
21 (31)
13 (17)
65 (26)
83 (28)
80 (21)
31 (20)
21 (17)

Six months
postoperatively
Score
2 (8)
11 (20)
1 (3)
10 (16)
10 (23)
11 (22)
19 (24)
3 (10)
7 (14)
11 (17)
11 (27)
4 (12)
29 (33)
14 (30)
66 (22)
82 (27)
81 (21)
40 (23)
14 (17)

PRO patient-reported outcome; SD standard deviation; EORTC European organization for research and treatment of cancer; apaired t test; bwilcoxon signed-rank test
as sensitivity analysis.

4 (11)
12 (20)
1 (5)
10 (19)
3 (12)
3 (12)
15 (22)
2 (8)
8 (16)
14 (21)
13 (29)
25 (24)
25 (33)
8 (21)
45 (25)
87 (25)
85 (21)
31 (26)
16 (17)

Baseline

Questionnaire

Supplementary Table 4 (continued)

Supplementary Table 5. Primary comparative analyses of five PROs in both arms using linear mixed
modelling.

PRO
Visual analogue scale
Comparison of differential effect in scores
over time between arms
Comparison of scores at each time point
between arms
Baseline
Three months postoperatively
Six months postoperatively
Longitudinal analyses after merging scores
of both arms
Baseline vs. three months postoperatively
Baseline vs. six months postoperatively
Global health status
Comparison of differential effect in scores
over time between arms
Comparison of scores at each time point
between arms
Baseline
Three months postoperatively
Six months postoperatively
Longitudinal analyses after merging scores of
both arms
Baseline vs. three months postoperatively
Baseline vs. six months postoperatively
Physical functioning
Comparison of differential effect in scores
over time between arms
Comparison of scores at each time point
between arms
Baseline
Three months postoperatively
Six months postoperatively
Longitudinal analyses after merging scores
of both arms
Baseline vs. three months postoperatively
Baseline vs. six months postoperatively
Fatigue
Comparison of differential effect in scores
over time between arms
Comparison of scores at each time point
between arms
Baseline
Three months postoperatively
Six months postoperatively

Mean
difference

95% CI

P-value Cohen’s
da

-

-

0.315

-

+2b
+3b
+5b

-8 to 11
-7 to 12
-3 to 17

0.687
0.574
0.191

-

-10c
+1c

-15 to -4
-5 to 6

0.001
0.932

0.42
-

-

-

0.444

-

+1b
+0b
+5b

-7 to 11
-9 to 9
-3 to 16

0.656
0.949
0.176

-

-6c
-1c

-11 to -1
-7 to 3

0.017
0.479

-

-

-

0.460

-

+0b
+3b
+7b

-9 to 8
-6 to 11
-2 to 16

0.886
0.520
0.122

-

-9c
-2c

-13 to -6
-8 to 0

<0.001
0.039

0.50
-

-

-

0.642

-

-2b
+3b
-5b

-13 to 7
-7 to 13
-17 to 4

0.608
0.553
0.213

-
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Supplementary Table 5. (continued)

PRO
Longitudinal analyses after merging scores
of both arms
Baseline vs. three months postoperatively
Baseline vs. six months postoperatively
C30 summary score
Comparison of differential effect in scores
over time between arms
Comparison of scores at each time point
between arms
Baseline
Three months postoperatively
Six months postoperatively
Longitudinal analyses after merging scores
of both arms
Baseline vs. three months postoperatively
Baseline vs. six months postoperatively

Mean
difference

95% CI

P-value Cohen’s
da

+15c
+3c

9 to 20
-3 to 8

<0.001
0.345

0.71
-

-

-

0.033

-

+4b
+6b
+7b

-3 to 9
-1 to 11
1 to 13

0.260
0.103
0.022

-

-7c
+0c

-10 to -4
-4 to 2

<0.001
0.482

0.56
-

CI confidence interval; PRO patient-reported outcome; amean difference divided by pooled standard
deviation; bscore of experimental arm minus score of control arm; cscore of last mentioned time point
minus baseline score.
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Supplementary Table 6. Linear mixed modeling analyses of PROs with a statistically significant difference
in score between baseline and after neoadjuvant treatment in the experimental arm.

PRO
Fatigue
Differential effect in scores over time
Baseline vs. after neoadjuvant treatment
Baseline vs. three months postoperatively
Baseline vs. six months postoperatively
Loss of appetite
Differential effect in scores over time
Baseline vs. after neoadjuvant treatment
Baseline vs. three months postoperatively
Baseline vs. six months postoperatively
Hair loss
Differential effect in scores over time
Baseline vs. after neoadjuvant treatment
Baseline vs. three months postoperatively
Baseline vs. six months postoperatively
Loss of taste
Differential effect in scores over time
Baseline vs. after neoadjuvant treatment
Baseline vs. three months postoperatively
Baseline vs. six months postoperatively
C30 summary score
Differential effect in scores over time
Baseline vs. after neoadjuvant treatment
Baseline vs. three months postoperatively
Baseline vs. six months postoperatively

Mean
differencea

95% CI

p-value Cohen’s db

+14
+17
+1

6 to 23
9 to 26
-8 to 9

<0.001
0.001
<0.001
0.931

0.61
0.85
-

+15
+16
+14

5 to 25
6 to 29
4 to 25

0.005
0.003
0.003
0.007

0.67
0.66
0.55

+18
+9
+7

9 to 26
0 to 18
-1 to 17

0.002
<0.001
0.047
0.105

0.84
-

+27
+16
+8

19 to 36
7 to 25
-1 to 18

<0.001
<0.001
0.001
0.074

1.03
0.90
-

-4
-5
+2

-8 to 0
-10 to -2
-3 to 5

0.001
0.021
0.001
0.672

0.42
-

CI confidence interval; PRO patient-reported outcome; ascore of subsequent time point minus baseline
score; bmean difference divided by pooled standard deviation.
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Chapter 5 – no supplementary data
Chapter 6
Supplementary Table 1. Definitions of cohort selection, adjuvant treatment, and covariates.

Initial cohort selection

ICD-O topography and morphology codes

Colorectal cancer –
topographical codes
Colorectal cancer –
morphological codes

C18 colon (89%); C19 rectosigmoid junction (2%); C20
rectum (8%)
8020 carcinoma, undifferentiated, NOS (0.1%);
8070 squamous cell carcinoma, NOS (0.1%); 8140
adenocarcinoma, NOS (42%); 8144 adenocarcinoma,
intestinal type (7%); 8263 adenocarcinoma in
tubulovillous adenoma (0.3%); 8470 mucinous
cystadenocarcinoma, NOS (0.3%); 8480 mucinous
adenocarcinoma (35%); 8481 mucin-producing
adenocarcinoma (6%); 8490 signet ring cell
adenocarcinoma (10%); 8510 medullary adenocarcinoma
(0.1%)
C17 small intestine (0.2%); C48 retroperitoneum
and peritoneum (95%); C56 ovary (4%); C57 other
and unspecified female genital organs (0.2%); C494
connective, subcutaneous and other soft tissues of
abdomen (0.6%); C762 abdomen, NOS (0.1%)
ICD-O topography and morphology codes

Synchronous peritoneal
metastases

Excluded after initial cohort
selection
Appendiceal primary tumor
Unspecified primary tumor
location
Histology other than
adenocarcinoma
Concomitant extraperitoneal
metastases

Definition of adjuvant
treatment
Targeted agents

292

C181 appendix
C188 overlapping lesion of colon; C189 colon, NOS
8020 carcinoma, undifferentiated, NOS; 8070 squamous
cell carcinoma, NOS
All except for: C16 stomach; C17 small intestine; C18
colon; C19 rectosigmoid junction; C20 rectum; C21
anus and anal canal; C23 gallbladder; C24 other and
unspecified parts of biliary tract; C25 pancreas; C26
other and ill-defined digestive organs; C422 spleen; C48
retroperitoneum and peritoneum; C494 connective,
subcutaneous and other soft tissues of abdomen; C495
connective, subcutaneous and other soft tissues of pelvis;
C52 vagina; C53 cervix uteri; C54 corpus uteri; C55 uterus,
NOS; C56 ovary; C57 other and unspecified female genital
organs; C66 ureter; C67 bladder; C762 abdomen, NOS;
C763 pelvis, NOS; C772 intra-abdominal lymph nodes;
C775 pelvic lymph nodes
Netherlands Cancer Registry treatment codes
432000 monoclonal antibody; L01XC07 bevacizumab

Supplementary Table 1. (continued)

Initial cohort selection
Systemic chemotherapy

ICD-O topography and morphology codes
420000 systemic chemotherapy; 422000 platinumcontaining chemotherapy; 423000 chemotherapy with
levamisole/leucovorin; 4GA000 CAPOX; 4GC000 FOLFOX;
L01BC02 5-FU; L01BC06 capecitabine; L01XA03 oxaliplatin
A fluoropyrimidine with
422000 platinum-containing chemotherapy; 4GA000
oxaliplatin
CAPOX; 4GC000 FOLFOX; L01XA03 oxaliplatin
Fluoropyrimidine
423000 chemotherapy with levamisole/leucovorin;
monotherapy
L01BC02 5-FU; L01BC06 capecitabine
Chemotherapy, NOS
420000 systemic chemotherapy
Definition of covariates
ICD-O topography and morphology codes
Primary tumor location –
C180 caecum; C182 ascending colon; C183 hepatic
proximal colon
flexure of colon; C184 transverse colon
Primary tumor location – distal C185 splenic flexure of colon; C186 descending colon;
colon
C187 sigmoid colon
Primary tumor location –
C19 rectosigmoid junction; C20 rectum
rectum
Histology – adenocarcinoma
8140 adenocarcinoma, NOS; 8144 adenocarcinoma,
intestinal type; 8510 medullary adenocarcinoma
Histology – mucinous
8480 mucinous adenocarcinoma; 8481 mucin-producing
adenocarcinoma
adenocarcinoma
Histology – signet ring cell
8490 signet ring cell adenocarcinoma
adenocarcinoma
5-FU 5-fluorouracil, leucovorin; CAPOX capecitabine, oxaliplatin; FOLFOX 5-fluorouracil,
leucovorin, oxaliplatin; ICD-O international classification of diseases for oncology; NOS not
otherwise specified.
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Supplementary figure 1. Association between adjuvant systemic chemotherapy and overall survival
across different levels of covariates in the matched population.

Favors ASC group

Favors active surveillance group

n Hazard ratio (95% CI)

Sex

0.89

Male

136

0.65 (0.43 - 0.98)

Female

148

0.62 (0.42 - 0.94)

<60

113

0.59 (0.36 - 0.97)

60-69

110

0.66 (0.42 - 1.04)

>69

61

0.63 (0.35 - 1.13)

2005-2009

41

0.69 (0.35 - 1.35)

2010-2013

101

0.74 (0.48 - 1.15)

2014-2017

142

0.52 (0.32 - 0.84)

Proximal colon

151

0.59 (0.40 - 0.88)

Distal colon

122

0.79 (0.51 - 1.23)

Rectum

11

0.19 (0.03 - 1.16)

pT0-3

80

1.13 (0.66 - 1.95)

pT4

200

0.47 (0.33 - 0.67)

54

0.54 (0.27 - 1.07)

pN1

98

0.74 (0.45 - 1.22)

pN2

126

0.58 (0.38 - 0.89)

Adenocarcinoma

172

0.61 (0.42 - 0.89)

Mucinous adenocarcinoma

95

0.60 (0.37 - 1.00)

Signet ring cell adenocarcinoma

17

1.00 (0.31 - 3.18)

Years of age at diagnosis

0.95

Period of diagnosis

0.55

0.26

Primary tumor location

Pathological T-stageb

0.008

Pathological N-stageb

0.69

pN0

Histology

0.73

Differentiationb

0.97

Well/moderately

159

0.74 (0.50 - 1.10)

Poorly/undifferentiated

51

0.75 (0.40 - 1.41)

159

0.63 (0.42 - 0.95)

>21 days

22

0.93 (0.34 - 2.51)

All patients

284

0.64 (0.46 - 0.86)

Initial hospital stayb

0.78

<=21 days

0.10

Pa

0.25

0.50

1

2

4

10

Hazard ratio (95% CI)

ASC adjuvant systemic chemotherapy; CI confidence interval; atest for interaction; bmissing
data not included.
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Chapter 7
Supplementary Figure 1. Use of mitomycin C (MMC) and oxaliplatin and the total number of patients
treated by CRS-HIPEC for synchronous colorectal peritoneal metastases undergoing CRS-HIPEC over
time.

*Not all patients treated in 2017 were registered in the NCR yet at time of analyses.
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Age (years)
<50
50-74
≥75
Sex
Male
Female
ASA score
ASA 1
ASA 2
ASA ≥3
Missing data
Primary tumor
location
Right colon
Left colon
Rectum
Primary tumor
differentiation
Good/moderate
Poor/none
1.88
Ref
1.20
Ref
1.14
0.65
Ref
1.55
2.62

1.34
Ref
0.33

Ref
3.77

225 (5)
184 (6)
29 (3)
138 (4)
75 (6)
167 (10)

186 (8)
173 (6)
50 (2)

167 (3)
67 (11)

OR

Ref
2.81-5.08

1.08-1.67
Ref
0.24-0.45

0.44-0.98
Ref
1.16-2.06
2.07-3.31

Ref
0.93-1.39

1.25-2.86
Ref
0.97-1.49

95%CI

<0.001

<0.001

<0.001

0.218

0.009

P value

Univariate logistic regression
analysis

27 (9)
249 (5)
133 (6)

Synchronous
peritoneal
metastases

241 (5)
51 (11)

122 (7)
129 (6)
75 (4)

63 (6)
162 (5)
56 (5)
45 (5)

180 (5)
146 (5)

24 (9)
221 (5)
81 (4)

Metachronous
peritoneal
metastases
n (%)

Ref.
2.29

1.23
Ref.
0.72

1.22
Ref.
1.04
1.02

Ref
1.16

2.10
Ref.
0.99

HR

Ref.
1.69-3.11

0.96-1.57
Ref.
0.54-0.95

0.91-1.63
Ref.
0.77-1.41
0.74-1.42

Ref
0.93-1.44

1.38-3.20
Ref.
0.77-1.28

95% CI

<0.001

0.001

0.602

0.182

0.002

P value

Univariate Cox regression
analysis

Supplementary Table 1. Univariable logistic regression analyses and univariable cox regression analyses for the presence of synchronous peritoneal metastases
and the development of metachronous peritoneal metastases after primary tumor resection, respectively.

Chapter 8
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Missing data
Tumor histology
Adenocarcinoma
Mucinous
adenocarcinoma
Signet ring cell
carcinoma
Tumor stage
T0-3
T4
Missing data
Nodal stage
N0
N1
N2
Missing data
Primary tumor
resection margins
Clear resection margins
No clear resection
margins
Missing data
Synchronous systemic
metastases
No

OR
5.40
Ref
2.72
12.22

Ref
11.13
17.70
Ref
3.08
8.17
8.68

NA
NA
NA

Ref

313 (5)
65 (12)
31 (38)

118 (2)
192 (19)
99 (27)
83 (2)
104 (6)
165 (15)
57 (15)

NA
NA
NA

166 (3)

Ref

NA

NA
NA

Ref
2.29-4.13
6.22-10.73
6.08-12.40

Ref
8.75-14.15
13.20-23.74

7.71-19.37

Ref
2.05-3.60

95%CI
4.33-6.75

<0.001

NA

<0.001

<0.001

<0.001

P value

Univariate logistic regression
analysis

175 (15)

Synchronous
peritoneal
metastases

Supplementary Table 1. (continued)
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245 (5)

13 (2)

286 (6)
27 (18)

92 (3)
126 (10)
106 (15)
2 (1)

207 (4)
119 (19)
0 (0)

9 (21)

282 (5)
35 (8)

Metachronous
peritoneal
metastases
n (%)
34 (6)

Ref.

0.37

Ref.
3.33

Ref.
3.84
5.95
0.48

Ref.
5.09
0 (0)

4.42

Ref.
1.60

HR
1.12

Ref.

0.21-0.64

Ref.
2.24-4.97

Ref.
2.93-5.02
4.49-7.86
0.12-1.96

Ref.
4.06-6.39
-

2.25-8.71

Ref.
1.12-2.28

95% CI
0.78-1.61

<0.001

<0.001

<0.001

<0.001

<0.001

P value

Univariate Cox regression
analysis

298

7.42
Ref
3.15
5.48

243 (18)
203 (3)
24 (10)
182 (16)

OR

Ref
2.02-4.92
4.44-6.78

6.03-9.14

95%CI
<0.001

P value

Univariate logistic regression
analysis

288 (5)
20 (10)
18 (5)

81 (17)

Metachronous
peritoneal
metastases
n (%)

ASA American society of anesthesiologists score; OR odds ratio; HR hazard ratio; CI confidence interval.

Yes
Tumor perforation
No
Yes
Missing data

Synchronous
peritoneal
metastases

Supplementary Table 1. (continued)

Ref.
1.81
1.04

3.83

HR

Ref.
1.14-2.87
0.64-1.67

2.97-4.93

95% CI

0.040

P value

Univariate Cox regression
analysis
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Age
<50
50-74
≥75
Sex
Male
Female
ASA score
ASA 1
ASA 2
ASA ≥3
Missing data
Primary tumor location
Right-sided colon
Left-sided colon
Rectum
Primary tumor differentiation
Good/moderate
Poor/none
Missing data
Tumor histology
Adenocarcinoma
Mucinous adenocarcinoma
0.74
Ref
1.57
Ref
1.04
0.76
Ref
1.42
2.04
Ref
0.79
1.11
Ref
2.67
1.82
Ref
0.83

8.4
7.3
18.6
11.3
5.2
3.8
7.0
9.9
6.3
14.9
3.7
5.3
8.2
9.9

Ref
0.63-1.10

Ref
1.98-3.61
1.45-2.28

Ref
0.64-0.98
0.81-1.53

0.49-1.17
Ref
1.06-1.91
1.60-2.59

Ref
0.85-1.27

0.48-1.14
Ref
1.27-1.95

Synchronous PM
HR
95% CI

15.9
10.0
3.8

Median OS
(months)

0.064

<0.001

0.040

<0.001

0.728

<0.001

P value

13.0
6.6

14.1
3.2
12.1

8.5
13.5
12.4

16.4
12.2
6.1
10.4

12.2
10.4

14.5
14.3
4.6

Median OS
(months)

Ref
1.18

Ref
2.34
1.09

Ref
0.78
0.79

0.70
Ref
1.48
1.26

Ref
1.24

0.86
Ref
1.95

Ref
0.80-1.75

Ref
1.70-3.24
0.73-1.65

Ref
0.59-1.03
0.57-1.09

0.49-0.99
Ref
1.07-2.04
0.89-1.80

Ref
0.97-1.58

0.54-1.36
Ref
1.48-2.56

Metachronous PM
HR
95% CI

0.006

<0.001

0.162

0.002

0.081

<0.001

P value

Supplementary Table 1. Univariable Cox Regression analyses for overall survival in patients with synchronous and metachronous peritoneal metastases.
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1.43
Ref
0.92
1.98
0.91
1.03
Ref
2.38
Ref
1.34
Ref
0.93
2.19

4.76
Ref
0.27

7.8
12.0
3.7
8.4
9.0
10.9
2.8
10.6
5.5
12.6
13.3
7.0

1.3
10.0
35.8

3.66-6.20
Ref
0.17-0.42

-

Ref
0.59-1.48
1.77-2.72

Ref
1.09-1.65

0.69-1.20
0.80-1.33
Ref
1.75-3.26

Ref
0.72-1.17
1.49-2.63

0.98-2.07

Synchronous PM
HR
95% CI

4.2

Median OS
(months)

<0.001

<0.001

0.005

<0.001

<0.001

P value

2.1
15.4
37.8

9.0
17.4

12.0
7.6
13.1

12.7
8.7

17.9
12.2
5.3
10.5

12.4
11.2
-

3.2

Median OS
(months)

4.93
Ref
0.40

Ref
0.77

Ref
1.06
0.69

Ref
1.21

0.60
0.79
Ref
1.24

Ref
1.08
-

3.62

3.73-6.53
Ref
0.26-0.61

Ref
0.59-0.99

Ref
0.64-1.76
0.39-1.24

Ref
0.92-1.59

0.44-0.82
0.60-1.05
Ref
0.31-5.05

Ref
0.84-1.38
-

1.84-7.11

Metachronous PM
HR
95% CI

<0.001

0.042

0.409

0.187

0.014

0.552

P value

hazard ratio; OS overall survival; PM peritoneal metastases.

ASA American association of anaesthesiologists; CI confidence interval; CRS cytoreductive surgery; HIPEC hyperthermic intraperitoneal chemotherapy; HR adjusted

Signet ring cell carcinoma
Tumor stage
T0-3
T4
Missing data
Nodal stage
N0
N1
N2
Missing data
Synchronous systemic metastases
No
Yes
Tumor perforation
No
Yes
Missing data
Adjuvant treatment after surgery
for primary colorectal cancer
No
Yes
Treatment of PM
Best supportive care
Palliative treatment
CRS-HIPEC

Supplementary Table 1. (continued)

Chapter 10 – no supplementary data
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alles wat eetbaar is heeft me enorm gefascineerd en liep als een rode draad door
onze zolderweken heen. Ook na onze PhD’s hoop ik nog veel met je te kunnen
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komen dan ben jij het wel!
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Ik blijf graag je aanspreekpunt voor wanneer je hulp nodig hebt en je kunt altijd
bij me terecht!
Vincent, ik heb er alle vertrouwen in dat CAIRO6 bij jou in goede handen is. Ik wens
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De hockeymaatjes bij OR, ik ben enorm blij met deze heerlijke ‘breek-de-week’
op woensdag, de gezamenlijke liefde voor witte trapistjes, en de positiviteit,
strijdlust en gezelligheid in welke ik met open armen ben ontvangen. Op nog vele
overwinningen!
Lieve jaarclubgenootjes, dit jaar is het 10 jaar geleden dat DJC Hermosae ontstond.
Ik kan het bijna niet geloven! Wat hebben we het mooi gehad in Maastricht. Tussen
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Lieve Lot, mijn eerste maatje in Maastricht. Nooit had ik gedacht dat er zo’n goede
vriendschap zou ontstaan met letterlijk de eerste persoon die ik tegenkwam, en
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Als jij straks tropenarts bent in verweggistan, kom ik als chirurg bij jou werken!
Carolin: the best souvenir I took home from my Sydney-trip. You’re the most
unexpected friend I’ve ever gotten and I am very happy that you decided not to
stay in Sydney forever but to move to Amsterdam. We once decided that the best
friends are “the ones you take to parties AND you can bring home to your parents".
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Lieve Mileen, als je drie keer met dezelfde persoon in huis gaat wonen, zelfs
als je de overstap van Maastricht naar Eindhoven maakt, moet je het wel heel
gezellig hebben samen. En zo is het! Nu zijn we allebei min of meer aan een
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Dan, mijn liefste meisjes: An, Fleur, Jace, Milou en Nous. Met jullie ben ik opgegroeid
en deel ik zoveel herinneringen! Ik besef me dat onze long-lasting friendship uniek
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is voor altijd!
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wie ik blijdschap en overwinningen, maar ook ergernissen en teleurstellingen zo
kan delen als jij. Ik ben trots op ons en blij dat we deze weg (en vele andere in
de 16 jaar dat ik je ken) samen ingeslagen zijn. We zeggen het niet zo vaak tegen
elkaar, maar ik ben mega blij met jou als vriendinnetje. Jij en Law zijn (gelukkig!)
niet meer weg te denken uit mijn leven en ik weet zeker dat dat nooit meer zal
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Fleur, jouw oprechte interesse in een vakgebied waar je zelf niets van moet hebben
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Lieve Geertje, wat had ik je graag dit eindresultaat willen laten zien. Tijdens al onze
gesprekken over mijn hockey, studie, en later promotie straalde je trots ervan af.
Lieve papa en mama, jullie hebben me de beste jeugd gegeven die een kind zich
kan wensen. Jullie onvoorwaardelijke steun, liefde en vertrouwen samen met een
ongekende betrokkenheid, maakt dat ik zonder enige druk, maar altijd met een
hand in de rug, vol vertrouwen en goede moed aan uitdagingen kon beginnen.
Dat was vroeger al zo, maar je beseft je als kind pas later echt hoe waardevol en
belangrijk dit is. Zonder jullie stond ik nooit waar ik vandaag sta, en daar ben ik
enorm dankbaar voor en trots op. Ik hou van jullie!
Marijn, ik kan soms nog steeds niet beseffen hoe fijn wij het samen hebben. Bij jou
kom ik thuis, voel ik me op mijn best, en met jou kan ik alles delen: van mijn low’s
binnen mijn PhD waarin jij als geen ander wist de situatie(s) te relativeren, tot de
leukste, onbenulligste, en gelukkigste momentjes uit ons leven waarin we zo blij
kunnen zijn voor en met elkaar. Ik heb heel veel zin en vertrouwen in ons verdere
leven samen, in alles wat er komen gaat, om maar te beginnen met ons nieuwe
fijne huis! I couldn’t love you more.
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