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1COLORECTAL PERITONEAL METASTASES

Colorectal cancer (CRC) is the third most common cancer diagnosis and the second most 

common cause of cancer-related deaths worldwide,1 accounting for nearly a million 

deaths each year.1 Most patients with CRC die of metastatic disease. After the liver 

and lungs, the peritoneum is the most common metastatic site of CRC.2,3 Historically, 

colorectal peritoneal metastases (CPM) were considered an end-stage metastatic 

entity, leading to mostly supportive treatment and death within weeks to months.4-7 

More recently, CPM have been increasingly regarded as a locoregional disease entity, 

particularly as CPM often occur without extraperitoneal metastases.8,9 This has led to 

development of a locoregional treatment strategy combining cytoreductive surgery and 

hyperthermic intraperitoneal chemotherapy (CRS-HIPEC).10-12 The aim of CRS-HIPEC is 

surgical resection of all visible cancer (CRS) followed by eradication of residual invisible 

cancer cells by a combination of heat and chemotherapy (HIPEC, Figure 1.1). Though 

CPM is still the most fatal metastatic entity of CRC,2,9 the increasing use of CRS-HIPEC 

has contributed to the significantly improving population-based survival of the entire 

group of patients with CPM on a nationwide level.6 To date, CRS-HIPEC provides the only 

chance of long-term survival or cure in these patients,13-16 with 5-year survival rates of 

±30% and cure rates of ±20% in highly selected patients.14-16 Based on a randomized trial 

and a growing body of non-randomized evidence,16-19 CRS-HIPEC is now recommended 

for selected patients with isolated resectable CPM in the vast majority of (inter)national 

guidelines.20 As a result, CRS-HIPEC is currently performed for CPM in hundreds of 

centers and thousands of patients around the globe each year.21

Figure 1.1 Hyperthermic intraperitoneal chemotherapy (HIPEC).
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PART 1 – CURRENT PRACTICE 

Due to its complexity, relevant morbidity, and steep learning curve,22-24 CRS-HIPEC is 

centralized in a restricted number of high-volume centers in the Netherlands and many 

other countries,25 whereas metastatic colorectal cancer is diagnosed and treated in all 

hospitals. In such countries, hospital of diagnosis with isolated CPM should ideally not 

influence the probability of undergoing curative intent CRS-HIPEC. However, in 2015, 

a nationwide survey among Dutch physicians involved in colorectal cancer treatment 

showed that about a quarter of surgeons and half of medical oncologists did not consider 

CRS-HIPEC as standard treatment for patients with isolated limited CPM.26 Thereby, 

the tendency to refer these patients for curative intent CRS-HIPEC may vary among 

hospitals of diagnosis, which could affect survival. To address this potential issue, 

chapter 2 describes a nationwide population-based retrospective cohort study that 

aimed to assess the association between hospital of diagnosis and the probability of 

undergoing CRS-HIPEC and survival in all Dutch patients diagnosed with CRC and 

isolated synchronous CPM since 2005.

Ever since their first meeting in 1998,27 surgical oncologists of the Peritoneal Surface 

Oncology Group International (PSOGI) have aimed to improve and standardize the 

surgico-oncological treatment of CPM by conducting multi-institutional research and 

by organizing biannual international meetings. During the 2014 meeting in Amsterdam, 

the first international recommendations for the treatment of CPM were developed 

and supported by 600 participants.28 In preparation of the PSOGI meeting in 2018, 

19 highly experienced PSOGI members from 19 different countries were invited to 

complete a survey to describe the current surgico-oncological treatment practice of 

CPM worldwide, to identify topics of high and low consensus, and to form a basis for 

future research and consensus meetings. Chapter 3 describes the results of this survey, 

which analyzed between-country differences in integration of CRS-HIPEC in clinical 

care, between-hospital differences in preoperative staging, (contra)indications for 

CRS-HIPEC, intraoperative assessment, CRS, HIPEC, perioperative (i.e. neoadjuvant, 

adjuvant) systemic therapy, and follow-up, and between-participant differences in their 

opinion about several potentially controversial topics of CPM treatment.

Two important findings of this PSOGI survey formed the basis of the other two parts 

of this thesis. First, the survey showed low consensus on the value of perioperative 

systemic therapy for CPM. In patients with resectable CPM, about half of participants 

recommended neoadjuvant systemic therapy, whereas the other half recommended 

upfront CRS-HIPEC. After CRS-HIPEC for CPM, about two thirds of participants 

recommended adjuvant systemic therapy, whereas the other participants recommended 
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1adjuvant systemic therapy only in case or lymph node positivity or no adjuvant systemic 

therapy at all. To address this apparently controversial issue, part 2 of this thesis critically 

evaluated available evidence on this topic, followed by several studies assessing the 

value of perioperative systemic therapy for resectable CPM. Second, the survey showed 

low consensus on the best treatment of unresectable CPM. About half of participants 

recommended palliative systemic therapy, whereas the other half recommended a 

new palliative treatment option: oxaliplatin-based pressurized intraperitoneal aerosol 

chemotherapy (PIPAC-OX). Though recommended by these experts, PIPAC-OX was 

not available in the Netherlands (and many other countries) at that time, probably due 

to limited data on its value for unresectable CPM. To address this seemingly relevant 

issue, part 3 of this thesis critically evaluated available evidence on this topic, followed 

by several studies assessing the potential of PIPAC-OX for unresectable CPM.

PART 2 – CURATIVE INTENT SETTING

To date, CRS-HIPEC is performed in up to 30% of patients diagnosed with CRC and 

isolated CPM.6 The increasing use of both CRS-HIPEC and systemic therapy in this setting 

has led to combined treatment strategies,6 with use of perioperative systemic therapy 

for resectable or resected CPM in several centers worldwide.29 Addition of perioperative 

systemic therapy to CRS-HIPEC may improve oncological outcomes by preoperative 

tumor downstaging, perioperative eradication of systemic micrometastases, and 

postoperative elimination of residual disease. Despite this clear theoretical rationale, 

recommendations on the use, timing, and types of perioperative systemic therapy 

for resectable CPM significantly vary between countries, hospitals, guidelines, and 

experts.20,21,29 Though this controversy is likely caused by a lack of evidence on this 

topic, this evidence and its quality have never been systematically reviewed. Therefore, 

chapter 4 describes a systematic review of available evidence on the association of 

perioperative systemic therapy with survival and postoperative morbidity in patients 

with resectable CPM in order to assess whether its current widespread use in this 

setting is justified, to identify potentially beneficial perioperative systemic regimens, 

and to provide future research directions.

One of the important findings of this systematic review was the paucity of data on the 

association between adjuvant systemic therapy and overall survival. This association 

was reported in 12 retrospective studies,30-41 of which nearly all included heterogeneous 

cohorts of patients with synchronous and metachronous CPM,30-41 complete and 

incomplete CRS,30-36,39,40 and isolated and non-isolated CPM,30,32-34,36-41 and patients 

undergoing both neoadjuvant systemic therapy and upfront CRS.30,32-41 Moreover, most 
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studies did not primarily aim to assess the association between adjuvant systemic 

chemotherapy and survival,30-40 did not define time frames of adjuvant systemic 

chemotherapy,30-34,36-40 and did not account for immortal time bias.30,31,33-40 Altogether, 

results of these studies were difficult to interpret. Moreover, the three studies with 

sufficiently interpretable data showed no association between adjuvant systemic 

chemotherapy and improved survival.31,32,41 Despite the lack of supporting data, adjuvant 

systemic chemotherapy has been administered for resected CPM in several Dutch 

centers and in many centers worldwide,20,29 potentially leading to unnecessary toxicity 

and less systemic treatment options in case of recurrent disease. To address this 

evidence gap, chapter 5 describes a nationwide retrospective cohort study that aimed 

to assess the association between adjuvant systemic chemotherapy and survival in all 

patients undergoing upfront complete CRS-HIPEC for isolated synchronous CPM in 

the Netherlands since 2003.

Although this study showed a strong association between adjuvant systemic 

chemotherapy and improved overall survival relative to active surveillance, its 

retrospective observational design inevitably led to the possibility of selection and 

allocation bias. In order to eliminate the influence of these bias on the observed 

association, patients undergoing upfront CRS-HIPEC for CPM should ideally be 

randomized to adjuvant systemic chemotherapy or active surveillance. However, 

previous randomized trials of adjuvant systemic chemotherapy for resected metastases 

of CRC have been preliminary terminated due to poor accrual.42,43 In other malignancies 

such as esophageal, gastric, and rectal cancer, randomized trials of neoadjuvant or 

perioperative systemic therapy did show feasible accrual and demonstrated superiority 

of these strategies relative to adjuvant or no perioperative systemic therapy.44-46 

Therefore, the Dutch Peritoneal Oncology Group decided to address the current 

lack of data on the value of perioperative systemic therapy for resectable CPM by 

designing the CAIRO6 trial. CAIRO6 is an investigator-initiated, multicenter, parallel-

group, superiority trial in patients with resectable CPM that primarily aims to compare 

the overall survival of patients randomized to either perioperative systemic therapy 

(experimental arm) or CRS-HIPEC alone (control arm), the latter being the current 

standard of care in the Netherlands. The protocol summary of the CAIRO6 trial is 

described in chapter 6. 

Although superior overall survival of perioperative systemic therapy is hypothesisized,47 

it prolongs and intensifies treatment, may lead to (sometimes severe) toxicity,48 could 

increase postoperative morbidity (especially when including bevacizumab49), and may 

result in preoperative progression and consequent inoperability given its assumed 

relative inefficacy for CPM relative to non-peritoneal CRC metastases.13 All of these 
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1consequences could also worsen patient-reported outcomes (PROs). Given these 

potential disadvantages and the trial’s first-time character, a randomized phase 2 trial 

was incorporated in CAIRO6 to assess the feasibility, safety, and PROs of perioperative 

systemic therapy, the response of CPM to neoadjuvant treatment, and the trial’s accrual 

before proceeding to a phase 3 trial. Feasibility, safety, and response outcomes of this 

phase 2 trial are described in chapter 7, whereas the phase 2 trial’s PROs are described 

in chapter 8. 

PART 3 – PALLIATIVE SETTING

The majority of patients diagnosed with isolated CPM do not quality for curative 

intent treatment,6 probably often due to unresectable disease. In case of sufficient 

performance status, patients with unresectable CPM are intentionally treated with 

palliative systemic therapy, leading to a median population-based survival of about 

a year.50 Though the increasing use of systemic therapy has improved the prognosis 

of these patients,6 systemic therapy seems relatively less effective for CPM than for 

non-peritoneal CRC metastases.13 Despite being poorly understood, this phenomenon 

has increased interest in intraperitoneal chemotherapy, theoretically achieving high 

intraperitoneal efficacy and low systemic toxicity through a favorable peritoneum-

plasma concentration ratio.51-53 However, intraperitoneal chemotherapy seems limited 

by poor direct tumor penetration, inhomogeneous peritoneal drug distribution, and 

dose-limiting local toxicity.54,55 

In an attempt to overcome these limitations, pressurized intraperitoneal aerosol 

chemotherapy (PIPAC) has been developed. PIPAC is a laparoscopic drug delivery 

system for repetitive intraperitoneal administration of low-dose chemotherapy as a 

pressurized aerosol (Figure 1.2).56,57 In preliminary reports, PIPAC appeared to result in 

low toxicity and in better tumor penetration and homogeneous intraperitoneal drug 

distribution relative to conventional peritoneal lavage.56-60 Together with its interesting 

concept and short learning curve,61 these preliminary results have led to adoption of 

PIPAC-OX as a palliative treatment option for unresectable CPM in a rapidly increasing 

numbers of centers worldwide.62 Pending results of two ongoing phase 1 trials of PIPAC-

OX,63,64 patients in these centers have been uniformly treated with six-to-eight weekly 

PIPAC-OX in an arbitrary dose of 92 mg/m2 as a palliative monotherapy (i.e. without 

concomitant systemic therapy) or alternated with systemic therapy (i.e. bidirectional 

therapy).65 
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Figure 1.2 Pressurized intraperitoneal aerosol chemotherapy (PIPAC).

Despite its rapidly increasing off-trial use and seemingly promising preliminary 

results,66 repetitive PIPAC-OX has not been recommended in guidelines and has not 

been available in the Netherlands and many other countries worldwide, probably due 

to a lack of evidence supporting its value for unresectable CPM. However, this evidence 

and its quality have never been systematically reviewed. To address whether the 

increasing and off-trial use of repetitive PIPAC-OX for unresectable CPM is justified 

by available evidence, chapter 9 describes a systematic review of clinical studies that 

reported adverse events, PROs, tumor response, proportions of secondary curative 

intent surgery, survival outcomes, or occupational safety of repetitive PIPAC-OX in 

patients with unresectable CPM.

This systematic review identified 28 studies that included at least one patient 

undergoing repetitive PIPAC-OX for unresectable CPM. Of these, only 14 single-arm 

studies separately reported at least one of the prespecified outcomes of interest in 

this particular group, of which the vast majority were small studies with retrospective 

designs. Moreover, reported results of these studies were difficult to interpret for 

various reasons. Most studies reporting adverse events, tumor response, secondary 

curative intent surgery, and survival outcomes did not stratify results for PIPAC-OX 

monotherapy versus bidirectional therapy. Several studies reporting tumor response 

insufficiently described methods of outcome assessment. Lastly, studies reporting 

survival outcomes did not stratify results for first-line versus later-line treatment. 

This striking lack of data strongly questions the current increasing and off-trial use 

of repetitive PIPAC-OX for unresectable CPM. Altogether, repetitive PIPAC-OX 

has never been prospectively investigated as a palliative monotherapy or as part of 
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1bidirectional therapy for unresectable CPM in clinical trials with predefined eligibility 

criteria, interventions, and outcomes. As a first step to address this evidence gap, the 

two-center phase 2 single-arm CRC-PIPAC trial aimed to assess the feasibility, safety, 

antitumor activity, PROs, costs, and systemic pharmacokinetics of repetitive PIPAC-OX 

monotherapy (92 mg/m2) in patients with isolated unresectable CPM. The protocol 

summary of the CRC-PIPAC trial is described in chapter 10. The trial’s pharmacokinetic 

substudy is described in chapter 11. The trial’s feasibility, safety, antitumor activity, 

and survival outcomes are described in chapter 12, whereas its PROs are described in 

chapter 13. The trial’s cost analysis is not described in this thesis.

During the CRC-PIPAC trial, the investigators noticed that response assessment of 

unresectable CPM to therapy is difficult with CT scans, tumor markers, peritoneal 

biopsies, peritoneal cytology, or the peritoneal cancer index during PIPAC-OX.67 In 

general, cell-free tumor DNA (cftDNA) in plasma has great potential for response 

assessment of metastatic CRC to therapy.68,69 However, little is known about the 

detectability of plasma cftDNA arising from CPM,8,9 about whether this detectability 

differs from that of other metastatic entities of CRC, and about the detectability of 

cftDNA in peritoneal fluid arising from CPM. To explore the potential of cftDNA in 

plasma and peritoneal fluid as potential biomarkers in patients with CPM, chapter 14 

describes a substudy of the CRC-PIPAC trial that aimed to compare the detectability of 

plasma cftDNA from isolated CPM versus isolated CRC liver metastases and to compare 

the detectability of cftDNA in plasma versus peritoneal fluid in patients with isolated 

CPM.

By administering repetitive PIPAC-OX as a palliative monotherapy, the investigators 

of the CRC-PIPAC trial aimed to achieve intraperitoneal disease stabilization with 

negligible toxicity and low treatment burden. However, repetitive PIPAC-OX could 

also be alternated with systemic therapy (i.e. bidirectional therapy) with the aim to 

maximize intraperitoneal tumor response with better control of systemic disease, 

probably at the expense of increased toxicity and higher treatment burden. Though 

this combination is already offered in many PIPAC centers,65 bidirectional therapy has 

never been prospectively investigated in patients with unresectable CPM in clinical 

trials with predefined eligibility criteria, interventions, and outcomes. As a first step 

to address this evidence gap, the ongoing two-center phase 2 single-arm CRC-PIPAC-2 

trial aims to assess the feasibility, safety, antitumor activity, PROs, costs, and systemic 

pharmacokinetics of first-line bidirectional therapy in patients with unresectable CPM. 

The protocol summary of the CRC-PIPAC-2 trial is described in chapter 15.
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ABSTRACT

Background: In the Netherlands, surgery for peritoneal metastases of colorectal 

cancer (PMCRC) is centralized, whereas PMCRC is diagnosed in all hospitals. This 

study assessed whether hospital of diagnosis affects treatment selection and overall 

survival (OS).

Methods: Between 2005 and 2015, all patients with synchronous PMCRC without 

systemic metastases were selected from the Netherlands Cancer Registry. Treatment was 

classified as cytoreductive surgery with hyperthermic intraperitoneal chemotherapy 

(CRS/HIPEC), systemic therapy or other/no treatment. Hospitals of diagnosis were 

classified as: (1) non-teaching or academic/teaching hospital and (2) HIPEC center or 

referring hospital. Referring hospitals were further classified based on the frequency 

of CRS/HIPEC as high-, medium- or low-frequency hospital. Multivariable regression 

analyses were used to assess the independent influence of hospital categories on the 

likelihood of CRS/HIPEC and OS.

Results: A total of 2661 patients, diagnosed in 89 hospitals, were included. At individual 

hospital level, CRS/HIPEC and systemic therapy ranged from 0% to 50% and 6% to 

67%, respectively. Hospital of diagnosis influenced the likelihood of CRS/HIPEC: 33% 

versus 13% for HIPEC centers versus referring hospitals (odds ratio (OR) 3.65 [95% 

CI 2.40−5.55]) and 11% versus 17% for non-teaching hospitals versus  academic/

teaching hospitals (OR 0.60 [95% CI 0.47–0.77]). Hospital of diagnosis affected median 

OS: 14.1 versus 9.6 months for HIPEC centers versus referring hospitals (hazard ratio 

(HR) 0.82 [95% CI 0.67–0.99]) and 8.7 versus 11.5 months for non-teaching hospitals 

versus  academic/teaching hospitals (HR 1.15 [95% CI 1.06–1.26]). Compared with 

diagnosis in medium-frequency referring hospitals, median OS was increased in high-

frequency referring hospitals (12.6 months, HR 0.81 [95% CI 0.73−0.91]) and reduced in 

low-frequency referring hospitals (8.1 months, HR 1.12 [95% CI 1.01–1.24]).

Conclusion: Treatment disparities among hospitals of diagnosis and their impact on 

survival indicate suboptimal treatment selection for PMCRC.
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INTRODUCTION

A growing body of evidence suggests that cytoreductive surgery with hyperthermic 

intraperitoneal chemotherapy (CRS/HIPEC) is gaining acceptance as standard of care 

for selected patients with limited peritoneal metastases of colorectal cancer (PMCRC).1 

Overall survival (OS) of patients with PMCRC doubled in the last two decades, which 

was at least partly attributed to the increased use of both modern systemic therapy 

and locoregional treatment combining CRS/HIPEC.2 Given the complexity of CRS/

HIPEC, this treatment is centralized in a restricted number of high-volume HIPEC 

centers in the Netherlands and several other European countries. Since all hospitals 

in the Netherlands treat patients with colorectal cancer, PMCRC is often diagnosed in 

hospitals that do not offer CRS/HIPEC. A recent Dutch survey among 185 physicians 

treating colorectal cancer in 71 hospitals demonstrated that approximately 25% of 

surgeons and 50% of medical oncologists did not regard CRS/HIPEC as standard of care 

in limited PMCRC.3 Taking these results into account, the tendency to refer a patient 

for CRS/HIPEC may vary among hospitals of diagnosis, which may affect survival. This 

nationwide population-based study investigated the influence of hospital of diagnosis 

with potentially resectable synchronous PMCRC on treatment selection and OS.

METHODS

Patient selection

Between 1st January 2005 and 1st January 2015, all patients diagnosed with synchronous 

peritoneal metastases (C48) of colorectal origin (C18−C20) in the Netherlands were 

selected. Subsequently, to create a cohort with potentially resectable PMCRC, all 

patients with synchronous systemic metastases were excluded (Supplementary 

Table 2.1). Finally, patients were excluded in case of an unspecified primary tumor, a 

primary sarcoma, a primary neuroendocrine neoplasm, a primary carcinoma of other/

unspecified histology, a primary tumor of appendiceal origin, an unspecified primary 

tumor location and an unknown hospital of diagnosis (Supplementary Table 2.1).

Data collection

Data were retrieved from the Netherlands Cancer Registry (NCR). The NCR collects 

data of all patients diagnosed with cancer in the Netherlands, covering approximately 

16.9 million inhabitants in 2014. Trained registry staff extracted information on 

baseline characteristics, treatment and survival from the medical records. The OS was 

determined by using the Municipal Personal Records Database, which records all deaths 

and emigrations in the Netherlands.
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Baseline and clinical characteristics

Location, histology and staging of the primary tumor and metastases were registered 

according to the International Classification of Diseases for Oncology (ICD-O) and 

the Tumor Node Metastasis (TNM) classification, with the version linked to year of 

diagnosis (Supplementary Table 2.1). In case of missing pathological data, clinical TNM 

stage was used. Socioeconomic status was extracted from the NCR and defined at 

neighborhood level using data based on areal postal code, and estimated by combining 

mean household income and mean economic house value. Other extracted baseline 

variables were age, gender and primary tumor differentiation. Treatment approach was 

divided into three categories: CRS/HIPEC, systemic therapy, or other/no treatment. 

CRS/HIPEC was performed with or without adjunctive systemic therapy according 

to the Dutch protocol.4 Systemic therapy included all chemotherapy and targeted 

therapy regimens, without CRS/HIPEC and with or without primary tumor resection or 

radiotherapy. In patients not receiving CRS/HIPEC or systemic therapy, treatment was 

classified as other/no treatment. OS was defined as time between date of diagnosis with 

CRC and date of death, end of follow-up, or loss to follow-up, whichever occurred first.

Hospital characteristics

Hospital of diagnosis was defined as hospital of clinical diagnosis with PMCRC, independent 

of pathological confirmation. Hospitals of diagnosis were classified in two different ways. 

First, hospitals were classified as academic, teaching, or non-teaching hospital. Second, 

hospitals were classified as referring hospitals or HIPEC centers from the year they started 

to perform CRS/HIPEC. Subsequently, referring hospitals were divided into tertiles based on 

the number of diagnosed patients and the percentage of patients who ultimately underwent 

CRS/HIPEC into high-frequency (≥15.4% CRS/HIPEC), medium-frequency (10–15.4% CRS/

HIPEC) and low-frequency referring hospitals (≤10% CRS/HIPEC).

Statistical analysis

All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). All tests 

were performed two-sided and p<0.05 was considered statistically significant. χ2 test 

was used to compare baseline characteristics between patients diagnosed in different 

hospital categories, and to analyze differences in baseline characteristics between 

patients undergoing and not undergoing CRS/HIPEC. To adjust for baseline inequalities 

between hospital categories, all univariable significant variables were included in 

multivariable logistic regression analyses to assess the independent influence of 

hospital of diagnosis on the likelihood of CRS/HIPEC. Two models were constructed, 

with hospital of diagnosis as non-teaching versus academic/teaching hospitals and 

as HIPEC centers versus referring hospitals. Results from logistic regression analyses 

were reported as odds ratios (OR) with 95% confidence intervals (CI).
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Log-rank test was used to compare survival between patients diagnosed in different 

hospital categories, and to analyze survival distributions within baseline characteristics. 

To adjust for baseline inequalities between hospital categories, all univariable 

significant variables were included in multivariable Cox regression analyses to assess 

the independent influence of hospital of diagnosis on OS. Four models were constructed, 

with hospital of diagnosis as non-teaching versus academic/teaching hospitals, HIPEC 

centers versus referring hospitals, non-teaching referring hospitals versus academic/

teaching referring hospitals, and medium-frequency versus low-frequency and high-

frequency referring hospitals. Results of Cox regression analyses were reported as 

hazard ratios (HR) with 95% CI.

RESULTS

Patients

A total of 6207 patients were selected. Patients were excluded in case of synchronous 

systemic metastases (n=3053), an unspecified primary tumor (n=82), a primary 

neuroendocrine neoplasm (n=55), a primary sarcoma (n=7), a primary carcinoma of 

other/unspecified histology (n=30), an unspecified primary tumor location (n=95), a 

primary tumor of appendiceal origin (n=222) and an unknown hospital of diagnosis 

(n=2). As a result, 2661 patients were included.

Hospital of diagnosis

Baseline characteristics of patients diagnosed in different hospital categories are 

listed in Supplementary Tables 2.2, 2.3, and 2.4 . A total of 36 hospitals were classified 

as academic/teaching hospitals (n=1337) and 53 as non-teaching hospitals (n=1324) 

(Supplementary Table 2.2). Eight hospitals were classified as HIPEC centers (n=154) and 

86 hospitals as referring hospitals (n=2507) (Supplementary Table 2.3). Of all the 

referring hospitals, 24 hospitals were classified as high-frequency (n=778), 25 as 

medium-frequency (n=854)  and 37 as low-frequency referring hospitals (n=875) 

(Supplementary Table 2.4).

Treatment

At individual hospital level, the proportion of patients receiving CRS/HIPEC, systemic 

therapy and other/no treatment ranged from 0% to 50%, 6% to 67% and 17% to 81%, 

respectively (Figure 2.1, Supplementary Figure 2.1). Patients diagnosed in HIPEC centers 

more frequently received CRS/HIPEC than patients diagnosed in referring hospitals: 

33% versus 13% (p<0.01). Patients diagnosed in academic/teaching hospitals more 

frequently received CRS/HIPEC than patients diagnosed in non-teaching hospitals: 
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17% versus 11% (p<0.01). Patients diagnosed in HIPEC centers less frequently received 

systemic therapy than patients diagnosed in referring hospitals: 27% versus 35% 

(p<0.01). Patients diagnosed in academic/teaching hospitals less frequently received 

systemic therapy than patients diagnosed in non-teaching hospitals: 32% versus 37% 

(p<0.01). In multivariable analysis, hospital of diagnosis was related to the likelihood 

of CRS/HIPEC: OR 3.65 (95% CI 2.40–5.55) for patients diagnosed in HIPEC centers 

versus referring hospitals and OR 0.60 (95% CI 0.47–0.77) for patients diagnosed in 

non-teaching hospitals versus academic/teaching hospitals (Table 2.1).
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Figure 2.1 Spread of treatment of potentially resectable synchronous PMCRC among 89 hospitals of 

diagnosis in the Netherlands. 

CRS/HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; PMCRC 

peritoneal metastases of colorectal cancer.

Survival

Mean and median follow-up were 15.0 and 8.6 months, respectively. At individual hospital 

level, median and 3-year OS ranged from 3.1 to 28.3 months and 0% to 44%, respectively. 

Median and 3-year OS of patients diagnosed in HIPEC centers, referring hospitals, non-

teaching hospitals and academic/teaching hospitals are demonstrated in Table 2.2. In 

multivariable analysis, hospital of diagnosis was related to OS: HR 0.82 (95% CI 0.67–

0.99) for patients diagnosed in HIPEC centers versus referring hospitals and HR 1.15 

(95% CI 1.06–1.26) for patients diagnosed in non-teaching hospitals versus academic/

teaching hospitals (Table 2.2). 
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In referring hospitals, median and 3-year OS of patients diagnosed in different hospital 

categories are demonstrated in Table 2.3. In multivariable analysis, referring hospital 

of diagnosis was related to OS: HR 1.15 (95% CI 1.05–1.25) for patients diagnosed in 

non-teaching referring hospitals versus academic/teaching referring hospitals (Table 

2.3). Compared with initial diagnosis in medium-frequency referring hospitals, OS was 

higher in patients diagnosed in high-frequency referring hospitals (HR 0.81 [95% CI 

0.73–0.91]) and reduced in patients diagnosed in low-frequency referring hospitals (HR 

1.12 [95% CI 1.01–1.24]) (Table 2.3).
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Table 2.1 Univariable and multivariable analysis for determining predictors of undergoing CRS/HIPEC 

in 2661 patients diagnosed with potentially resectable synchronous PMCRC in the Netherlands.

Univariable and multivariable analysis of predictors of undergoing CRS/HIPEC

Variable, n (%) Univariable analysis Multivariable analyses

CRS/HIPEC

(n=371)

No CRS/HIPEC

(n=2290)

χ2 Diagnosis in HIPEC center vs 

referring hospital

Diagnosis in non-teaching vs 

academic/teaching hospital

Diagnosis in non-teaching vs 

academic/teaching hospitala

p OR (95% CI) OR (95% CI) OR (95% CI)

Diagnosis in <0.01

HIPEC center 51 (14) 103 (5) 3.65 (2.40-5.55) - 3.08 (1.99-4.78)

Referring hospital 320 (86) 2187 (96) 1.00 - 1,00

Diagnosis in <0.01

Academic/teaching hospital 221 (60) 1116 (49) - 1.00 1.00

Non-teaching hospital 150 (40) 1174 (51) - 0.60 (0.47-0.77) 0.71 (0.55-0.93)

Gender 0.78

Male 185 (50) 1124 (49) - - -

Female 186 (50) 1166 (51) - - -

Age <0.01

<70 years 308 (83) 963 (42) 1.00 1.00 1.00

≥70 years 63 (17) 1327 (58) 0.15 (0.11-0.20) 0.15 (0.11-0.20) 0.15 (0.11-0.20)

Socioeconomic status <0.01

Low 55 (15) 654 (29) 0.54 (0.38-0.76) 0.53 (0.37-0.75) 0.53 (0.37-0.76)

Middle 158 (43) 873 (38) 1.00 1.00 1.00

High 120 (32) 557 (24) 1.18 (0.88-1.58) 1.14 (0.86-1.53) 1.17

Unknown 38 (10) 206 (9) 1.42 (0.92-2.20) (1.40 (0.90-2.16) 1.43 (0.92-2.21)

T-stage <0.01

T0-3 126 (34) 617 (27) 0.87 (0.67-1.13) 0.84 (0.65-1.10) 0.87 (0.67-1.13)

T4 242 (65) 1157 (51) 1.00 1.00 1.00

TX 3 (1) 516 (23) 0.04 (0.01-0.14) 0.04 (0.01-0.14) 0.04 (0.01-0.14)

N-stage <0.01

N0 72 (19) 388 (17) 1.13 (0.80-1.59) 1.17 (0.83-1.63) 1.16 (0.82-1.63)

N1 118 (32) 548 (24) 1.03 (0.77-1.37) 1.03 (0.77-1.37) 1.04 (0.77-1.38)

N2 172 (46) 765 (33) 1.00 1.00 1.00

NX 9 (2) 589 (26) 0.16 (0.08-0.33) 0.16 (0.08-0.32) 0.16 (0.08-0.33)

Tumor location 0.66

Colon 324 (87) 2018 (88) - - -

Rectum 47 (13) 272 (12) - - -
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Table 2.1 Univariable and multivariable analysis for determining predictors of undergoing CRS/HIPEC 

in 2661 patients diagnosed with potentially resectable synchronous PMCRC in the Netherlands.

Univariable and multivariable analysis of predictors of undergoing CRS/HIPEC

Variable, n (%) Univariable analysis Multivariable analyses

CRS/HIPEC

(n=371)

No CRS/HIPEC

(n=2290)

χ2 Diagnosis in HIPEC center vs 

referring hospital

Diagnosis in non-teaching vs 

academic/teaching hospital

Diagnosis in non-teaching vs 

academic/teaching hospitala

p OR (95% CI) OR (95% CI) OR (95% CI)

Diagnosis in <0.01

HIPEC center 51 (14) 103 (5) 3.65 (2.40-5.55) - 3.08 (1.99-4.78)

Referring hospital 320 (86) 2187 (96) 1.00 - 1,00

Diagnosis in <0.01

Academic/teaching hospital 221 (60) 1116 (49) - 1.00 1.00

Non-teaching hospital 150 (40) 1174 (51) - 0.60 (0.47-0.77) 0.71 (0.55-0.93)

Gender 0.78

Male 185 (50) 1124 (49) - - -

Female 186 (50) 1166 (51) - - -

Age <0.01

<70 years 308 (83) 963 (42) 1.00 1.00 1.00

≥70 years 63 (17) 1327 (58) 0.15 (0.11-0.20) 0.15 (0.11-0.20) 0.15 (0.11-0.20)

Socioeconomic status <0.01

Low 55 (15) 654 (29) 0.54 (0.38-0.76) 0.53 (0.37-0.75) 0.53 (0.37-0.76)

Middle 158 (43) 873 (38) 1.00 1.00 1.00

High 120 (32) 557 (24) 1.18 (0.88-1.58) 1.14 (0.86-1.53) 1.17

Unknown 38 (10) 206 (9) 1.42 (0.92-2.20) (1.40 (0.90-2.16) 1.43 (0.92-2.21)

T-stage <0.01

T0-3 126 (34) 617 (27) 0.87 (0.67-1.13) 0.84 (0.65-1.10) 0.87 (0.67-1.13)

T4 242 (65) 1157 (51) 1.00 1.00 1.00

TX 3 (1) 516 (23) 0.04 (0.01-0.14) 0.04 (0.01-0.14) 0.04 (0.01-0.14)

N-stage <0.01

N0 72 (19) 388 (17) 1.13 (0.80-1.59) 1.17 (0.83-1.63) 1.16 (0.82-1.63)

N1 118 (32) 548 (24) 1.03 (0.77-1.37) 1.03 (0.77-1.37) 1.04 (0.77-1.38)

N2 172 (46) 765 (33) 1.00 1.00 1.00

NX 9 (2) 589 (26) 0.16 (0.08-0.33) 0.16 (0.08-0.32) 0.16 (0.08-0.33)

Tumor location 0.66

Colon 324 (87) 2018 (88) - - -

Rectum 47 (13) 272 (12) - - -
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Table 2.1 Continued.

Univariable and multivariable analysis of predictors of undergoing CRS/HIPEC

Variable, n (%) Univariable analysis Multivariable analyses

CRS / HIPEC

(n=371)

No CRS / HIPEC

(n=2290)

χ2 Diagnosis in HIPEC center vs 

referring hospital

Diagnosis in non-teaching vs 

academic/teaching hospital

Diagnosis in non-teaching vs 

academic/teaching hospitala

p OR (95% CI) OR (95% CI) OR (95% CI)

Tumor histology <0.01

Adenocarcinoma 203 (55) 1450 (63) 1.00 1.00 1.00

Mucinous carcinoma 132 (36) 598 (26) 1.66 (1.26-2.19) 1.63 (1.24-2.15) 1.68 (1.27-2.21)

SRC carcinoma 36 (10) 242 (11) 1.17 (0.76-1.82) 1.13 (0.73-1.77) 1.19 (0.76-1.85)

Tumor differentiation <0.01

Well/moderately 177 (48) 716 (31) 1.00 1.00 1.00

Poorly/undifferentiated 85 (23) 660 (29) 0.54 (0.39-0.74) 0.56 (0.41-0.77) 0.55 (0.40-0.75)

Unknown 109 (29) 914 (40) 0.81 (0.59-1.10) 0.81 (0.60-1.11) 0.80 (0.58-1.09)
aadditional adjustment for diagnosis in HIPEC center versus referring hospital; CI confidence 

intervals; CRS/HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; OR 

odds ratio; PMCRC peritoneal metastases of colorectal cancer; SRC signet ring cell. 

Table 2.2 Univariable and multivariable analysis for determining predictors of overall survival in 

2661 patients diagnosed with potentially resectable synchronous PMCRC in all 89 hospitals in the 

Netherlands.

Univariable and multivariable analysis of predictors of overall survival

Variable, n (%) Univariable analysis Multivariable analyses

Months OS 3-year OS Log-rank Diagnosis in HIPEC center 

vs referring hospital

Diagnosis in non-teaching 

vs academic/teaching hospital

Median (95% CI) % p HR (95% CI) HR (95% CI)

Diagnosis in <0.01

HIPEC center 14.1 (12.4-18.2) 23 0.82 (0.67-0.99) -

Referring hospital 9.6 (9.0-10.3) 15 1.00 -

Diagnosis in <0.01

Academic/teaching hospital 11.5 (4.0-26.1) 18 - 1.00

Non-teaching hospital 8.7 (7.7-9.5) 14 - 1.15 (1.06-1.26)

Gender 0.65 -

Male 10.1 (9.7-10.7) 16 -

Female 9.6 (8.5-10.8) 16 - -

Age <0.01

<70 years 14.4 (13.0-15.9) 21 1.00 1.00

≥70 years 6.8 (6.2-7.3) 11 1.75 (1.60-1.91) 1.76 (1.61-1.92)
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Table 2.1 Continued.

Univariable and multivariable analysis of predictors of undergoing CRS/HIPEC

Variable, n (%) Univariable analysis Multivariable analyses

CRS / HIPEC

(n=371)

No CRS / HIPEC

(n=2290)

χ2 Diagnosis in HIPEC center vs 

referring hospital

Diagnosis in non-teaching vs 

academic/teaching hospital

Diagnosis in non-teaching vs 

academic/teaching hospitala

p OR (95% CI) OR (95% CI) OR (95% CI)

Tumor histology <0.01

Adenocarcinoma 203 (55) 1450 (63) 1.00 1.00 1.00

Mucinous carcinoma 132 (36) 598 (26) 1.66 (1.26-2.19) 1.63 (1.24-2.15) 1.68 (1.27-2.21)

SRC carcinoma 36 (10) 242 (11) 1.17 (0.76-1.82) 1.13 (0.73-1.77) 1.19 (0.76-1.85)

Tumor differentiation <0.01

Well/moderately 177 (48) 716 (31) 1.00 1.00 1.00

Poorly/undifferentiated 85 (23) 660 (29) 0.54 (0.39-0.74) 0.56 (0.41-0.77) 0.55 (0.40-0.75)

Unknown 109 (29) 914 (40) 0.81 (0.59-1.10) 0.81 (0.60-1.11) 0.80 (0.58-1.09)
aadditional adjustment for diagnosis in HIPEC center versus referring hospital; CI confidence 

intervals; CRS/HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; OR 

odds ratio; PMCRC peritoneal metastases of colorectal cancer; SRC signet ring cell. 

Table 2.2 Univariable and multivariable analysis for determining predictors of overall survival in 

2661 patients diagnosed with potentially resectable synchronous PMCRC in all 89 hospitals in the 

Netherlands.

Univariable and multivariable analysis of predictors of overall survival

Variable, n (%) Univariable analysis Multivariable analyses

Months OS 3-year OS Log-rank Diagnosis in HIPEC center 

vs referring hospital

Diagnosis in non-teaching 

vs academic/teaching hospital

Median (95% CI) % p HR (95% CI) HR (95% CI)

Diagnosis in <0.01

HIPEC center 14.1 (12.4-18.2) 23 0.82 (0.67-0.99) -

Referring hospital 9.6 (9.0-10.3) 15 1.00 -

Diagnosis in <0.01

Academic/teaching hospital 11.5 (4.0-26.1) 18 - 1.00

Non-teaching hospital 8.7 (7.7-9.5) 14 - 1.15 (1.06-1.26)

Gender 0.65 -

Male 10.1 (9.7-10.7) 16 -

Female 9.6 (8.5-10.8) 16 - -

Age <0.01

<70 years 14.4 (13.0-15.9) 21 1.00 1.00

≥70 years 6.8 (6.2-7.3) 11 1.75 (1.60-1.91) 1.76 (1.61-1.92)
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Table 2.2 Continued.

Univariable and multivariable analysis of predictors of overall survival

Variable, n (%) Univariable analysis Multivariable analyses

Months OS 3-year OS Log-rank Diagnosis in HIPEC center 

vs referring hospital

Diagnosis in non-teaching 

vs academic/teaching hospital

Median (95% CI) % p HR (95% CI) HR (95% CI)

Socioeconomic status 0.01

Low 8.3 (7.3-9.7) 14 1.10 (0.99-1.23) 1.10 (0.99-1.22)

Middle 10.6 (9.5-12.0) 16 1.00 1.00

High 11.1 (9.5-12.6) 17 0.97 (0.87-1.08) 0.97 (0.87-1.09)

Unknown 9.3 (6.3-12.0) 20 1.03 (0.87-1.20) 1.02 (0.87-1.20)

T-stage <0.01

T0-3 16.3 (14.3-18.7) 26 0.75 (0.68-0.83) 0.75 (0.87-1.20)

T4 10.9 (10.0-12.0) 16 1.00 1.00

TX 3.8 (3.1-4.2) 2 1.61 (1.41-1.84) 1.60 (1.40-1.83)

N-stage <0.01

N0 13.2 (10.6-16.6) 27 0.80 (0.70-0.91) 0.80 (0.70-0.92)

N1 13.5 (11.5-15.2) 20 0.94 (0.84-1.06) 0.94 (0.84-1.06)

N2 12.6 (11.1-13.7) 17 1.00 1.00

NX 3.5 (3.0-4.1) 2 1.64 (1.42-1.88) 1.64 (1.42-1.88)

Tumor location 0.86

Colon 10.0 (9.1-10.7) 16 - -

Rectum 10.1 (8.9-11.5) 14 - -

Tumor histology <0.01

Adenocarcinoma 9.6 (8.8-10.3) 16 1.00 1.00

Mucinous carcinoma 12.9 (11.2-14.4) 19 0.84 (0.76-0.92) 0.84 (0.76-0.92)

SRC carcinoma 7.5 (6.6-8.7) 6 1.24 (1.07-1.43) 1.24 (1.07-1.43)

Tumor differentiation <0.01

Well/moderately 18.3 (16.0-19.4) 27 1.00 1.00

Poorly/undifferentiated 8.5 (7.4-9.5) 13 1.49 (1.32-1.67) 1.47 (1.31-1.65)

Unknown 6.7 (5.9-7.6) 8 1.50 (1.34-1.67) 1.50 (1.34-1.68)

CI confidence intervals; HIPEC hyperthermic intraperitoneal chemotherapy; HR hazard ratio; OS 

overall survival; PMCRC peritoneal metastases of colorectal cancer; SRC signet ring cell.
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Table 2.2 Continued.

Univariable and multivariable analysis of predictors of overall survival

Variable, n (%) Univariable analysis Multivariable analyses

Months OS 3-year OS Log-rank Diagnosis in HIPEC center 

vs referring hospital

Diagnosis in non-teaching 

vs academic/teaching hospital

Median (95% CI) % p HR (95% CI) HR (95% CI)

Socioeconomic status 0.01

Low 8.3 (7.3-9.7) 14 1.10 (0.99-1.23) 1.10 (0.99-1.22)

Middle 10.6 (9.5-12.0) 16 1.00 1.00

High 11.1 (9.5-12.6) 17 0.97 (0.87-1.08) 0.97 (0.87-1.09)

Unknown 9.3 (6.3-12.0) 20 1.03 (0.87-1.20) 1.02 (0.87-1.20)

T-stage <0.01

T0-3 16.3 (14.3-18.7) 26 0.75 (0.68-0.83) 0.75 (0.87-1.20)

T4 10.9 (10.0-12.0) 16 1.00 1.00

TX 3.8 (3.1-4.2) 2 1.61 (1.41-1.84) 1.60 (1.40-1.83)

N-stage <0.01

N0 13.2 (10.6-16.6) 27 0.80 (0.70-0.91) 0.80 (0.70-0.92)

N1 13.5 (11.5-15.2) 20 0.94 (0.84-1.06) 0.94 (0.84-1.06)

N2 12.6 (11.1-13.7) 17 1.00 1.00

NX 3.5 (3.0-4.1) 2 1.64 (1.42-1.88) 1.64 (1.42-1.88)

Tumor location 0.86

Colon 10.0 (9.1-10.7) 16 - -

Rectum 10.1 (8.9-11.5) 14 - -

Tumor histology <0.01

Adenocarcinoma 9.6 (8.8-10.3) 16 1.00 1.00

Mucinous carcinoma 12.9 (11.2-14.4) 19 0.84 (0.76-0.92) 0.84 (0.76-0.92)

SRC carcinoma 7.5 (6.6-8.7) 6 1.24 (1.07-1.43) 1.24 (1.07-1.43)

Tumor differentiation <0.01

Well/moderately 18.3 (16.0-19.4) 27 1.00 1.00

Poorly/undifferentiated 8.5 (7.4-9.5) 13 1.49 (1.32-1.67) 1.47 (1.31-1.65)

Unknown 6.7 (5.9-7.6) 8 1.50 (1.34-1.67) 1.50 (1.34-1.68)

CI confidence intervals; HIPEC hyperthermic intraperitoneal chemotherapy; HR hazard ratio; OS 

overall survival; PMCRC peritoneal metastases of colorectal cancer; SRC signet ring cell.
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Table 2.3 Univariable and multivariable analysis for determining predictors of overall survival in 

2507 patients diagnosed with potentially resectable synchronous PMCRC in referring hospitals in 

the Netherlands.

Univariable and multivariable analysis of predictors of overall survival

Variable, n (%) Univariable analysis Multivariable analyses

Months OS 3-year OS Log-rank Diagnosis in medium vs high and low-

proportion referring hospital

Diagnosis in non-teaching 

vs academic/teaching referring hospital

Median (95% CI) % P HR (95% CI) HR (95% CI)

Diagnosis in <0.01

Low-frequency hospital 8.1 (7.3-9.0) 11 1.12 (1.01-1.24) -

Medium-frequency hospital 9.4 (8.5-10.6) 16 1.00 -

High-frequency hospital 12.6 (11.0-14.2) 20 0.81 (0.73-0.91) -

Diagnosis in <0.01

Academic/teaching hospital 10.8 (9.8-12.0) 17 - 1.00

Non-teaching hospital 8.7 (7.7-9.5) 14 - 1.14 (1.04-1.24)

Gender 0.67

Male 9.9 (9.1-10.7) 15 - -

Female 9.3 (8.3-10.3) 16 - -

Age <0.01

<70 years 14.2 (13.0-15.9) 21 1.00 1.00 

≥70 years 6.7 (6.2-7.3) 10 1.75 (1.60-1.92) 1.75 (1.60-1.91)

Socioeconomic status 0.03

Low 8.1 (7.0-9.5) 13 1.11 (1.00-1.24) 1.11 (1.00-1.24)

Middle 10.3 (9.1-11.5) 16 1.00 1.00

High 10.5 (9.1-12.4) 16 1.00 (0.90-1.12) 1.00 (0.89-1.12)

Unknown 9.3 (6.3-11.5) 20 1.01 (0.86-1.20) 1.01 (0.86-1.20)

T-stage <0.01

T0-3 16.1 (13.5-18.4) 25 0.75 (0.67-0.83) 0.76 (0.68-0.85)

T4 10.5 (9.5-11.4) 15 1.00 1.00

TX 3.6 (3.0-4.2) 1 1.59 (1.39-1.83) 1.63 (1.42-1.86)

N-stage <0.01

N0 12.9 (10.2-15.1) 26 0.81 (0.71-0.93) 0.81 (0.71-0.93)

N1 12.8 (10.8-15.0) 20 0.94 (0.83-1.05) 0.94 (0.83-1.05)

N2 12.3 (10.8-13.7) 16 1.00 1.00

NX 3.4 (3.0-4.1) 1 1.62 (1.40-1.87) 1.62 (1.41-1.87)

Tumor location 0.81

Colon 9.6 (8.9-10.3) 16 - -

Rectum 9.9 (8.5-11.4) 13 - -
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Table 2.3 Univariable and multivariable analysis for determining predictors of overall survival in 

2507 patients diagnosed with potentially resectable synchronous PMCRC in referring hospitals in 

the Netherlands.

Univariable and multivariable analysis of predictors of overall survival

Variable, n (%) Univariable analysis Multivariable analyses

Months OS 3-year OS Log-rank Diagnosis in medium vs high and low-

proportion referring hospital

Diagnosis in non-teaching 

vs academic/teaching referring hospital

Median (95% CI) % P HR (95% CI) HR (95% CI)

Diagnosis in <0.01

Low-frequency hospital 8.1 (7.3-9.0) 11 1.12 (1.01-1.24) -

Medium-frequency hospital 9.4 (8.5-10.6) 16 1.00 -

High-frequency hospital 12.6 (11.0-14.2) 20 0.81 (0.73-0.91) -

Diagnosis in <0.01

Academic/teaching hospital 10.8 (9.8-12.0) 17 - 1.00

Non-teaching hospital 8.7 (7.7-9.5) 14 - 1.14 (1.04-1.24)

Gender 0.67

Male 9.9 (9.1-10.7) 15 - -

Female 9.3 (8.3-10.3) 16 - -

Age <0.01

<70 years 14.2 (13.0-15.9) 21 1.00 1.00 

≥70 years 6.7 (6.2-7.3) 10 1.75 (1.60-1.92) 1.75 (1.60-1.91)

Socioeconomic status 0.03

Low 8.1 (7.0-9.5) 13 1.11 (1.00-1.24) 1.11 (1.00-1.24)

Middle 10.3 (9.1-11.5) 16 1.00 1.00

High 10.5 (9.1-12.4) 16 1.00 (0.90-1.12) 1.00 (0.89-1.12)

Unknown 9.3 (6.3-11.5) 20 1.01 (0.86-1.20) 1.01 (0.86-1.20)

T-stage <0.01

T0-3 16.1 (13.5-18.4) 25 0.75 (0.67-0.83) 0.76 (0.68-0.85)

T4 10.5 (9.5-11.4) 15 1.00 1.00

TX 3.6 (3.0-4.2) 1 1.59 (1.39-1.83) 1.63 (1.42-1.86)

N-stage <0.01

N0 12.9 (10.2-15.1) 26 0.81 (0.71-0.93) 0.81 (0.71-0.93)

N1 12.8 (10.8-15.0) 20 0.94 (0.83-1.05) 0.94 (0.83-1.05)

N2 12.3 (10.8-13.7) 16 1.00 1.00

NX 3.4 (3.0-4.1) 1 1.62 (1.40-1.87) 1.62 (1.41-1.87)

Tumor location 0.81

Colon 9.6 (8.9-10.3) 16 - -

Rectum 9.9 (8.5-11.4) 13 - -
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Table 2.3 Continued.

Univariable and multivariable analysis of predictors of overall survival

Variable, n (%) Univariable analysis Multivariable analyses

Months OS 3-year OS Log-rank Diagnosis in medium vs high and low-

proportion referring hospital

Diagnosis in non-teaching 

vs academic/teaching referring hospital

Median (95% CI) % P HR (95% CI) HR (95% CI)

Tumor histology <0.01

Adenocarcinoma 9.1 (8.4-10.1) 16 1.00 1.00

Mucinous carcinoma 12.8 (11.1-14.1) 18 0.84 (0.76-0.93) 0.84 (0.76-0.93)

SRC carcinoma 7.5 (6.6-8.7) 6 1.24 (1.08-1.44) 1.23 (1.06-1.42)

Tumor differentiation <0.01

Well/moderately 18.1 (15.8-19.2) 26 1.00 1.00

Poorly/undifferentiated 8.2 (7.3-9.3) 13 1.47 (1.31-1.66) 1.46 (1.30-1.64)

Unknown 6.7 (5.8-7.5) 8 1.48 (1.31-1.65) 1.47 (1.31-1.66)

CI confidence intervals; HR hazard ratio; OS overall survival; PMCRC peritoneal metastases of 

colorectal cancer; SRC signet ring cell.

DISCUSSION

In this population-based study, a large variation in treatment approach for potentially 

resectable synchronous PMCRC was observed at individual hospital level, with CRS/

HIPEC ranging from 0% to 50% and systemic therapy as single treatment ranging from 

6% to 67%. Compared with diagnosis in referring and non-teaching hospitals, diagnosis 

in HIPEC centers and academic/teaching hospitals led to a higher chance to undergo 

CRS/HIPEC and favorable survival outcomes. Finally, patients diagnosed in referring 

hospitals with a higher frequency of CRS/HIPEC had favorable survival outcomes 

compared with patients diagnosed in referring hospitals with a lower frequency.

Most of the patients (94%) in this study had their diagnosis of PMCRC in referring 

hospitals, whereas only 6% was diagnosed in a HIPEC center. Generally, surgeons 

and medical oncologists in HIPEC centers have extensive experience in the treatment 

of PMCRC, whereas this experience may be less pronounced among physicians in 

referring hospitals. Therefore, treatment selection in patients diagnosed in referring 

hospitals may be not self-evident in the era of rapidly evolving insights in the treatment 

of peritoneal surface malignancies. In this study, patients diagnosed in high-volume 

HIPEC centers were more likely to undergo surgery with curative intent than patients 

diagnosed in referring hospitals. This trend was also observed in esophageal, gastric and 

pancreatic cancer in which surgical treatment is also centralized in the Netherlands.5-7 
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Table 2.3 Continued.

Univariable and multivariable analysis of predictors of overall survival

Variable, n (%) Univariable analysis Multivariable analyses

Months OS 3-year OS Log-rank Diagnosis in medium vs high and low-

proportion referring hospital

Diagnosis in non-teaching 

vs academic/teaching referring hospital

Median (95% CI) % P HR (95% CI) HR (95% CI)

Tumor histology <0.01

Adenocarcinoma 9.1 (8.4-10.1) 16 1.00 1.00

Mucinous carcinoma 12.8 (11.1-14.1) 18 0.84 (0.76-0.93) 0.84 (0.76-0.93)

SRC carcinoma 7.5 (6.6-8.7) 6 1.24 (1.08-1.44) 1.23 (1.06-1.42)

Tumor differentiation <0.01

Well/moderately 18.1 (15.8-19.2) 26 1.00 1.00

Poorly/undifferentiated 8.2 (7.3-9.3) 13 1.47 (1.31-1.66) 1.46 (1.30-1.64)

Unknown 6.7 (5.8-7.5) 8 1.48 (1.31-1.65) 1.47 (1.31-1.66)

CI confidence intervals; HR hazard ratio; OS overall survival; PMCRC peritoneal metastases of 

colorectal cancer; SRC signet ring cell.

DISCUSSION

In this population-based study, a large variation in treatment approach for potentially 

resectable synchronous PMCRC was observed at individual hospital level, with CRS/

HIPEC ranging from 0% to 50% and systemic therapy as single treatment ranging from 

6% to 67%. Compared with diagnosis in referring and non-teaching hospitals, diagnosis 

in HIPEC centers and academic/teaching hospitals led to a higher chance to undergo 

CRS/HIPEC and favorable survival outcomes. Finally, patients diagnosed in referring 

hospitals with a higher frequency of CRS/HIPEC had favorable survival outcomes 

compared with patients diagnosed in referring hospitals with a lower frequency.

Most of the patients (94%) in this study had their diagnosis of PMCRC in referring 

hospitals, whereas only 6% was diagnosed in a HIPEC center. Generally, surgeons 

and medical oncologists in HIPEC centers have extensive experience in the treatment 

of PMCRC, whereas this experience may be less pronounced among physicians in 

referring hospitals. Therefore, treatment selection in patients diagnosed in referring 

hospitals may be not self-evident in the era of rapidly evolving insights in the treatment 

of peritoneal surface malignancies. In this study, patients diagnosed in high-volume 

HIPEC centers were more likely to undergo surgery with curative intent than patients 

diagnosed in referring hospitals. This trend was also observed in esophageal, gastric and 

pancreatic cancer in which surgical treatment is also centralized in the Netherlands.5-7 

There are possible solutions to address this problem in PMCRC. First, efforts should 

be made to increase participation of specialized physicians in multidisciplinary 

team meetings in referring hospitals. A hypothetical and more innovative solution 

is the formation of a nationwide expert panel consisting of experienced surgeons, 

medical oncologists and radiologists, which provides treatment advice for all patients 

diagnosed with PMCRC. The value of such a nationwide expert panel is currently under 

investigation for pancreatic cancer and colorectal liver metastases.8 Furthermore, 

uniformly applicable staging and treatment guidelines for PMCRC should be developed 

and distributed among physicians treating colorectal cancer. Education of physicians 

involved in colorectal cancer management in referring hospitals is a possible way to 

further disseminate current knowledge of and indications for treatment of PMCRC.

The large variation in treatment approach at individual hospital level, as observed 

in this study, may be related to ‘belief’ or ‘non-belief’ in a specific treatment. A Dutch 

survey demonstrated high awareness of CRS/HIPEC in the Netherlands, with only 0.4% 

of responding physicians not being aware of this treatment modality.3 Despite the high 

awareness, a substantial number of physicians (32%), especially medical oncologists 

(46%), did not regard CRS/HIPEC as standard of care in limited PMCRC. This may be 

due to the high morbidity rates when CRS/HIPEC was introduced in the Netherlands4 and 

limited prospective evidence comparing CRS/HIPEC with therapeutic alternatives such as 

systemic therapy. However, despite the fact that a pooled analysis of 14 randomized studies 
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in patients with metastatic colorectal cancer revealed a relative resistance of peritoneal 

metastases to systemic therapy compared with other isolated sites of metastases,9 this 

study reveals that a systemic treatment approach was applied to a substantial number 

(35%) of patients with PMCRC without clinical evidence of systemic metastases. In this 

study, the likelihood to undergo systemic therapy as a single treatment was inversely 

related to the likelihood to undergo CRS/HIPEC. In countries with a universal healthcare 

system, hospital of initial diagnosis should ideally not influence treatment selection. 

However, results of this study indicate inequality in treatment among different hospitals 

of diagnosis, which is most likely based on decisions of treating physicians. Results of this 

study may be extrapolated to other countries with a universal healthcare system, in which 

CRS/HIPEC is centralized and colorectal cancer treatment is not.

The ‘non-belief ’ in CRS/HIPEC as standard of care for limited PMCRC among a 

substantial number of treating physicians may result in underuse of CRS/HIPEC for 

potentially eligible patients. This potential underuse is relevant, since this study showed 

a significant association between referring hospitals with a lower frequency of CRS/

HIPEC and reduced survival. Additional adjustment for treatment in the Cox regression 

analysis attenuates these survival differences (data not shown). However, the possibility 

of immortal time bias impedes the interpretation of this additional adjustment. Given the 

long history and high awareness of CRS/HIPEC in the Netherlands, potential underuse 

of CRS/HIPEC for limited PMCRC may be higher in other countries. This hypothesis is 

supported by a Canadian survey, which demonstrated that only 46% of all responding 

physicians were aware of CRS/HIPEC.10

After adjustment for relevant clinical variables and diagnosis in a HIPEC center or a referring 

hospital, hospital teaching status still influenced the probability of CRS/HIPEC and OS. 

Interestingly, low-frequency referring hospitals mostly consisted of patients diagnosed in 

non-teaching hospitals (Supplementary Table 2.4), and all five hospitals in which no patient 

underwent CRS/HIPEC were non-teaching hospitals (data not shown). The findings of the 

present study are supported by the Dutch survey, in which 96% of responding academic 

surgeons regarded CRS/HIPEC as standard of care in limited PMCRC, compared with only 

79% and 52% of responding surgeons in teaching and non-teaching hospitals, respectively.3 

Several population-based studies showed an association between hospital teaching status 

and survival outcomes in hospitals performing surgery for pancreatic, esophageal and 

gastric cancer.11,12 However, less is known about the influence of teaching status of hospital 

of diagnosis on survival outcomes in cancer, and no correlation could be found in gastric 

cancer.5 Results of the present study may be applicable to other countries, in which rurality 

of non-teaching hospitals may even have a stronger influence compared with a small, 

populous and regulated country like the Netherlands.
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In this study, patients with a low socioeconomic status were less likely to receive CRS/

HIPEC, which has been previously described.13 Despite the fact that this finding is 

interesting, it was outside the scope of this study and therefore not further discussed. 

However, the authors acknowledge that these findings should be further explored in 

future research.

The present study has several limitations. No information on comorbidities and extent 

of peritoneal disease was available. Both may have played a role in the likelihood 

of undergoing CRS/HIPEC and OS. However, given the population-based nature of 

this study, these confounders are expected to be equally distributed among patients 

diagnosed in different hospitals. By excluding patients with proven systemic metastases, 

this study attempted to create a study population potentially eligible for CRS/HIPEC. 

However, even after combining pathological and clinical TNM staging, there were 

still patients with TX (20%) and NX (22%). This group might reflect patients that did 

not undergo diagnostic evaluation because of own preference, poor general health or 

inadequate diagnostic evaluation. Therefore, it is unknown whether these patients had 

systemic metastases. Sensitivity analysis without these patients was performed, which 

did not influence the results (data not shown). Since the number and extent of liver 

metastases is not registered in the NCR, patients with limited liver metastases were 

not included, although they are potential candidates for CRS/HIPEC. Finally, this study 

only includes patients with synchronous PMCRC. Therefore, the results of this study 

may not be generalized to metachronous PMCRC.

CONCLUSION

Treatment disparities among hospitals of diagnosis and their impact on survival indicate 

suboptimal treatment selection in patients with PMCRC and potential underuse of CRS/

HIPEC in referring hospitals.
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Chapter 3
The current practice of cytoreductive 

surgery and HIPEC for colorectal 
peritoneal metastases: results of a 

worldwide web-based survey of the 
Peritoneal Surface Oncology Group 

International (PSOGI)



ABSTRACT

Background: At present, selected patients with resectable colorectal peritoneal 

metastases (CRC-PM) are increasingly treated with a combination therapy of 

cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC). 

The aim of this study was to investigate the current worldwide practice.

Methods: HIPEC experts from 19 countries were invited through the Peritoneal Surface 

Oncology Group International (PSOGI) to complete an online survey concerning their 

personal expertise and current hospital and countrywide practice.

Results: It is estimated that currently more than 3800 patients with CRC-PM 

(synchronous and metachronous) are annually treated with CRS and HIPEC in 430 

centers. Integration of CRS and HIPEC in national guidelines varies, resulting in large 

treatment disparities between countries. Amongst the experts, there was general 

agreement on issues related to indication, surgical technique and follow up but less on 

systemic chemotherapy or proactive strategies.

Conclusion: This international survey demonstrates that CRS and HIPEC is now 

performed on a large scale for CRC-PM patients. Variation in treatment may result 

in heterogeneity in surgical and oncological outcomes, emphasizing the necessity to 

reach consensus on several issues of this comprehensive procedure. Future initiatives 

directed at achieving an international consensus statement are needed.
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INTRODUCTION

The peritoneal cavity is a common site of dissemination in patients with colorectal 

cancer (CRC) resulting in peritoneal metastases (PM). Approximately 5% of the CRC 

patients present with synchronous PM, and another 5% develop metachronous PM 

during the disease course.1,2 Historically, PM has been considered as terminal stage 

of the disease and patients were treated with palliative intent only, resulting in a very 

poor prognosis.3-5 Over the past decades, PM is regarded as a local-regional disease 

rather than a systemic metastatic disease, resulting in the development of a local-

regional treatment strategy combining surgical resection of all peritoneal metastases 

(cytoreductive surgery or CRS) and the subsequent intraperitoneal application of 

heated intra-peritoneal chemotherapy (HIPEC). The combination of CRS and HIPEC 

has resulted in 5-year survival rates up to 40%6 and is considered to be the standard 

of care in selected patients with CRC-PM in an increasing number of countries. This 

worldwide, web-based survey conducted amongst HIPEC experts aimed to identify 

topics of consensus and controversy in order to standardize and improve treatment 

of patients with CRC-PM.

METHODS

Selection of experts

In total, 19 countries were identified where CRS and HIPEC is performed by at least 

one experienced center. Then, from each country, an expert was identified through 

the PSOGI network and was invited to complete the questionnaire. The expert was 

defined as the surgical oncologist who is specialized in the treatment of PM from 

gastrointestinal cancers and plays an active role in the PSOGI meetings. For one 

country the initially invited expert did not respond and therefore another expert was 

invited who completed the questionnaire, resulting in 100% representation of the 19 

countries as initially selected. The current study did not require ethical approval as it 

only includes the opinion of the experts from the author group. No patient data - either 

directly or indirectly - are represented.

Questionnaire

After extensive literature review, the questionnaire was designed by a group of authors 

addressing the potentially most controversial issues on the treatment of CRC-PM. The 

survey consisted of 55 questions that sought to document: (1) general information on 

the expertise of the surgeons; (2) country information regarding the centers performing 

CRS and HIPEC; (3) hospital information on: (i) pre-operative staging, (ii) indications and 
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contraindications, (iii) assessment phase, (iv) cytoreduction phase, (v) HIPEC phase, 

(vi) neo-adjuvant and adjuvant systemic therapy, (vii) follow-up; (4) experts opinions. 

The survey was initially tested and subsequently adapted by three surgeons practicing 

CRS and HIPEC in three different countries (USA, Italy, The Netherlands). A web-based 

survey service (www.surveymonkey.com) was used to construct, to distribute and to 

collect the results.

RESULTS

Demographics and country information

In total, 19 expert surgeons from 19 different countries completed the survey. The 

country expertise of responding surgeons is reported in Table 3.1. The majority of the 

experts (13/19) had more than 10 years experience in CRS and HIPEC, the remainder 

between 5 and 10 years. The number of CRS and HIPECs performed was more than 100 

by 16 experts, 50–100 by 2 experts and less than 50 by 1 expert.

In 16/19 countries, CRS and HIPEC was introduced more than 10 years ago. In 10/19 

countries, CRS and HIPEC is currently included in the national guideline. In 17/19 

countries, CRS and HIPEC is reimbursed by health insurers. In 10/19 countries, a hospital 

needs to fulfill specific requirements to be recognized as a CRS and HIPEC center. Only 

in 3 hospitals, a minimum number of 15–20 procedures/year is required to remain a 

certified center. In only one country, the surgeon needs to perform a minimal amount 

of HIPECs (>50 procedures/year) to become a qualified HIPEC surgeon. A certified 

machine or a certified clinical perfusionist was required by law to perform HIPEC in 

4/19 and 3/19 countries, respectively. Furthermore, a nationwide registry of patients 

that received CRS and HIPEC for colorectal cancer was obligatory or voluntary in 3/19 

and 7/19 hospitals, respectively.

The experts estimated that more than 430 centers are currently performing CRS and 

HIPEC in the world and the worldwide estimate number of patients affected with CRC-

PM (synchronous and metachronous) currently being treated with CRS and HIPEC 

exceeded 3800. There is a huge variation in the number of HIPEC centers per 1 million 

inhabitants per country, ranging from 0.007 in China to 1.8 in Switzerland. Similar 

differences are observed in the number of HIPEC procedures per 1.000.000 inhabitants 

per country ranging from 0.053 in India to 23.6 in the Netherlands (Figure 3.1). General 

agreement on issues related to indication, surgical technique, follow-up, systemic 

chemotherapy or proactive strategies is reported in Table 3.2.
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Table 3.1 Country information.

Country information

A
U

B
E

B
R

C
A

C
H

D
E

FR G
E

G
R

IN IT JP N
L

S
I

S
P

S
W

SZ U
K

U
S

Gross estimation of centers performing CRS and HIPEC

No. 6 10 53 10 10 1 30 60 2 14 20 7 9 2 20 4 15 3 150

Length of time practicing CRS and HIPEC (years)

5-10 X X X

>10 X X X X X X X X X X X X X X X X

Inclusion of CRS-HIPEC for CRC-PM in the national guideline 

Yes X X X X X X X X X X

No X X X X X X X X X

Reimbursement of CRS-HIPEC for CRC-PM by health insurers

All X X X X X X X X

Some X X X X X X X X X

No X X

Enrollment of patients that receive CRS and HIPEC for CRC-PM in a nationwide registry

Yesa X X X

Yesb X X X X X X X

No X X X X X X X X X

Necessity to be certified to become a CRS and HIPEC center for CRC-PM

Yes X X X X X X X X X X X X

No X X X X X X X

Minimum number of CRS and HIPEC for CRC-PM needed to be performed each year to remain a 

certified center 

Yes, .. 15 20 20

No - - X X X X - - - X - X X - X X

Minimum number of CRS and HIPEC for CRC-PM needed to be performed each year by individual 

surgeons to remain qualified

Yes, .. 50

No - - - X X X - X - - X X - X X - X -

Certified machine required by law to perform HIPEC

Yes X X X X

No X X X X X X X X X X X X X X X

Certified clinical perfusionist required to perform HIPEC

Yes X X X

No X X X X X X X X X X X X X X X X

AU australia; BE belgium; BR brazil; CA canada; CH china; CRC-PM colorectal cancer peritoneal 

metastases; CRS cytoreductive surgery; DE denmark; FR france; GE germany; GR greece; HIPEC 

hyperthermic intraperitoneal chemotherapy; IN india; IT italy; JP japan; NL netherlands; SI singapore; 

SP spain; SW sweden; SZ switzerland; UK united kingdom; US united states; aobligatory; bvoluntary. 
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Figure 3.1 Estimated numbers of HIPEC centers (A) and performed HIPEC procedures for CPM (B) 

per million inhabitants. 

CPM colorectal peritoneal metastases; UK united kingdom; USA united states; ano data. 
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Table 3.2 Summary of responses among HIPEC experts on patient selection and intra- and 

postoperative care in CRC-PM.

Pre-operative staging

>75% of experts 50-75% of experts <50% of experts

MDT

Thoracic and abdominal CT scan

FDG-PET/CT, MRI, diagnostic 

laparoscopy only in selected 

cases

No upper age limit to perform 

CRS and HIPEC

(Contra)indications for CRS and HIPEC

>75% of experts 50-75% of experts <50% of experts

A treatable asymptomatic 

small lung metastases is not 

considered a contraindication

A treatable liver metastasis 

is not considered a 

contraindication

A signet ring cell histology is 

considered a contraindication 

only in the presence of other 

contraindications

A resectable retroperitoneal 

lymphadenopathy is not 

considere a contraindication

A poor differentiation grade is 

considered a contraindication 

only in the presence of other 

contraindications

Assessment phase

>75% of experts 50-75% of experts <50% of experts

The extent of peritoneal disease 

is scored by the PCI score 

CRS and HIPEC is performed 

only if a CC 0-1 is achievable

A Bricker reconstruction is 

performed in case of malignant 

ureteric stenosis if required

Cytoreduction

>75% of experts 50-75% of experts <50% of experts

Only peritoneal surfaces 

with macroscopic disease are 

resected

Anastomoses are routinely 

performed after HIPEC

The gastroepiploic artery is 

routinely resected during total 

omentectomy

A total omentectomy is 

routinely performed, even in 

the absence of macroscopic 

disease

A bilateral ovariectomy is 

always performed during 

CRS (47%), only in post-

menopausal woman (32%), 

or only in presence of 

macroscopic disease (21%).

IP chemotherapy is delivered 

as HIPEC and EPIC
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Table 3.2 Continued.

HIPEC phase

>75% of experts 50-75% of experts <50% of experts

HIPEC is performed with an 

inflow temperature greater 

than 41ºc

HIPEC is performed with an 

open method (“coliseum”)

The first choice of IP 

chemotherapy is mitomycin C 

(42%), oxaliplatin alone (5%), 

oxaliplatin with intravenous 

5-fluorouracil and leucovorin 

(47%) or other (5%)

The dosage of IP chemotherapy 

is calculated on BSA

The dosage of IP chemotherapy 

is calculated on BSA

The perfusion during HIPEC 

is performed by a certified 

perfusionist

Follow-up and systemic therapy

>75% of experts 50-75% of experts <50% of experts

MDT Neoadjuvant systemic therapy 

is recommended only in case 

of high peritoneal load or 

systemic metastases

>2 visits/year in the first 2 

years

Adjuvant systemic therapy is 

routinely advised after CRS and 

HIPEC

Physical examination, CEA 

measurement, abdominal-

thoracic CT scan are 

recommended at least once per 

year during the first 5 years of 

follow up

A second HIPEC is considered 

a treatment option in case of 

an isolated intraperitoneal 

recurrence

Expert opinions

>75% of experts 50-75% of experts <50% of experts

CRS and HIPEC is considered a 

treatment with curative intent

Recommended for CRC 

patients at high risk of 

developing CRC-PM are 

adjuvant prophylactic HIPEC 

(42%), second look surgery 

(42%) or closed monitoring by 

radiological imaging (16%)
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Table 3.2 Continued.

Expert opinions (continued)

>75% of experts 50-75% of experts <50% of experts

Ovarian metastases from CRC 

are considered the result of 

transcoelomic spread

Recommended for patients 

with advanced CRC-PM not 

eligible for radical treatment 

are systemic palliative 

treatment only (47%) PIPAC 

and systemic palliative 

treatment (42%) or other (11%)

BSA body surface area; CC completeness of cytoreduction; CEA carcinoembryonic antigen; CRC 

colorectal cancer; CRC-PM colorectal cancer peritoneal metastases; CRS cytoreductive surgery; 

EPIC early post-operative intraperitoneal chemotherapy; HIPEC hyperthermic intraperitoneal 

chemotherapy; IP intraperitoneal; MDT multidisciplinary team meeting; PCI peritoneal cancer 

index; PIPAC: pressurized intraperitoneal aerosol chemotherapy.

Pre-operative staging

A preoperative multidisciplinary team discussion (MDT) was a common practice in 

17/19 hospitals, while it was performed only in cases of doubt in 2/19 hospitals. The 

majority of the experts (15/19) recommended only the thoraco-abdominal CT-scan as a 

routine part of the pre-operative staging. FDG-PET/CT, MRI, and diagnostic laparoscopy 

were performed to give additional information on unequivocal lesions, to estimate 

Peritoneal Cancer Index (PCI), and when diffuse and irresectable peritoneal implants 

were suspected in 14/19, 16/19, and 16/19 hospitals, respectively.

Age limit

Four hospitals reported an upper-age limit for CRS and HIPEC being 70, 75, 78, or 80 

years, respectively. In the other hospitals, advanced age was not a contra-indication.

Contraindications for CRS and HIPEC in patients with CRC-PM

None of the hospitals considered aggressive histopathologic features as an absolute 

contra-indication, but a poor differentiation grade and signet-ring cells histology were 

considered a relative contraindication by 11/19 and 8/19 of the experts, respectively. 

Only one expert considered the presence of any liver metastases on pre-operative 

imaging an absolute contraindication for treatment with CRS & HIPEC. Seven experts 

considered more than 3 liver metastases as a contra-indication, while the majority 

(11/19) would consider any amount or liver metastases as long as they can be treated 

with curative intent. Likewise, 18 of 19 experts would still consider CRS and HIPEC in 

patients with asymptomatic small lung metastases or retroperitoneal lymph nodes that 

could be treated with curative intent.
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Assessment phase

The Peritoneal Cancer Index, as initially proposed by Sugarbaker,7 was used by all 

experts. The majority (17/19) of the experts proceed with CRS and HIPEC only if a 

complete or near to complete cytoreduction (CC 0-1) is achievable, with 2 experts 

accepting residual disease larger than 2.5 mm (CC-2). A malignant ureteric stenosis 

is regarded as contra-indication by 1 expert, 4 would only proceed if simple resection 

and reconstruction would be possible, while 14 experts would proceed even if a Bricker 

reconstruction would be required.

Cytoreduction

A total parietal peritonectomy, even of unaffected peritoneum, is routinely performed by 1 

expert, while the others only resect peritoneal surfaces with macroscopic disease. Routine 

resection of the omentum is performed by all experts, even in the absence of macroscopic 

disease. Of these, 8/19 routinely resect the gastroepiploic artery during the procedure. 

Bilateral ovariectomy as part of CRS was considered to be a standard procedure, only 

in post-menopausal women, or only in the presence of macroscopic disease by 9, 6 and 

4 experts, respectively. More than half of the surgeons (11/19) routinely perform bowel 

anastomosis after HIPEC, while 4/19 reported performing the anastomosis before HIPEC, 

and another 4/19 depending on the case. Two of the experts treat patients with additional 

Early Postoperative Intraperitoneal Chemotherapy (EPIC) after HIPEC treatment.

HIPEC phase

Considering the HIPEC delivery, more than half of the surgeons (11/19) perform HIPEC 

with an open method, the remaining used a closed technique. Regarding the first 

choice of IP chemotherapy, mitomycin-C (8/19), oxaliplatin alone (1/19), oxaliplatin 

with intravenous LV and 5FU (9/19) and “other” (1/19) were reported. Among the 8 

surgeons who use mitomycin-C, perfusion periods were 60 min (4/8), 90 min (3/8), 

and 30 min (1/8). An inflow temperature of 41 °C was the most common choice (16/19). 

All the responders indicated that the dosage of IP chemotherapy was calculated on 

Body Surface Areas (BSA). In contrast, the volume of the perfusion solution was 

reported being a pre-set volume for all patients alike (2/19), calculated on BSA (10/19) 

or dependent on volume of the abdominal cavity (7/19). In 8 expert centers, HIPEC was 

performed by a certified perfusionist.

Follow-up and systemic therapy

A multidisciplinary post-operative evaluation is common practice in 16/19 hospitals, 

while it is performed only in doubtful cases in 3/19 hospitals. Follow-up visit after CRS 

and HIPEC was 2 times/year in 5/19 hospitals and >2 times/year in 14/19 hospitals. 

Physical examination, CEA measurement and abdominal-thoracic CT scan were the 
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most reported follow-up investigations for at least once per year during the first five 

years of follow up. All the experts agreed that, in case of an isolated intraperitoneal 

recurrence, a second HIPEC was still considered a treatment option with curative intent. 

More than half of the experts (11/19) recommended neoadjuvant systemic therapy, 

mainly to select CRC-PM patients for CRS and HIPEC. Most of the experts (12/19) 

routinely advise adjuvant systemic therapy after CRS and HIPEC to their patients, 

while 4/19 experts recommended adjuvant systemic therapy only in cases with positive 

lymph nodes or microscopic residual disease.

Experts opinions

The majority of experts (18/19) consider CRS and HIPEC to be a treatment with curative 

intent. Considering CRC patients at high risk of developing metachronous PM (e.g. T4, 

perforated colorectal cancer, mucinous subtype) they recommended adjuvant prophylactic 

HIPEC (8/19), second look surgery for the early detection of peritoneal disease (8/19) or 

intense follow up by radiological imaging (3/19). Regarding patients with advanced CRC-PM 

not eligible for CRS and HIPEC, systemic palliative treatment alone (9/19) or combined with 

Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) (8/19) were mostly reported. 

All the experts agreed that ovarian metastases from CRC are the result of transcoelomic 

spread and should thus be considered as peritoneal metastases.

DISCUSSION

In the early 1990s, CRS and HIPEC emerged as a new multi-modality treatment for CRC-

PM, resulting in improved long-term survival in selected patients.6-10 Since then, CRS 

and HIPEC is performed in an increasing number of patients, centers and countries. 

However, there are remarkable differences in the integration of CRS and HIPEC in 

health care systems. CRS and HIPEC is currently part of national treatment guidelines 

in about half the countries. This – together with the fact that CRS and HIPEC is not 

re-imbursed by insurance in many patients and countries - probably reflects the high 

variation in the number of CRS and HIPEC cases per inhabitant per country, being 450 

times higher in the country with the most CRS and HIPEC treatments per inhabitant as 

compared to the lowest. The fact that CRS and HIPEC is not equally accessible across 

countries and socioeconomic groups indicates that a large proportion of patients with 

CRC-PM around the world are not offered appropriate treatment.

CRS and HIPEC is a complex procedure with a steep learning curve.11 As for other 

complex surgical oncology operations, performance of such a procedure is required to 

be done in high volume centers by experienced surgeons.12 Despite extensive evidence 
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on this topic, in less than half the countries a hospital is required to fulfill specific 

necessities to be recognized as a CRS and HIPEC center. Furthermore, this survey 

highlighted that structured quality parameters monitoring CRS and HIPEC are not yet 

common practice around the world.

The current survey also investigated the peri-operative care pathway in the nineteen 

expert centers. As CRS and HIPEC is associated with considerable treatment related 

morbidity and mortality,13 one of the major challenges remains the selection of patients 

who will benefit the most from this extensive treatment. Most centers discuss CRC-PM 

patients in a pre-operative MDT to improve the adherence to the currently available 

guidelines, to discuss the surgical plan with dedicated radiologists and oncologists, and 

to evaluate the possibility to include patients in prospective trials. Therefore, an MDT 

is recognized as a crucial step in selecting appropriate candidates for CRS and HIPEC.

A substantial homogeneity was registered regarding age limits, staging procedures, the 

value of histologic features, treatment in the presence of liver metastases and staging 

by PCI. The majority of experts consider thoraco-abdominal computed tomography 

(CT)-scan14,15 a routine part of the pre-operative staging, reporting that FDG PET-CT, 

MRI and laparoscopy are complementary staging tools only. According to experts 

practice, only patients with suspected radiological CT features should move toward 

further investigations, in particular diagnostic laparoscopy, which is considered the 

best method to pre-operatively estimate the PCI.16 The presence of synchronous 

liver metastases has been traditionally considered a contraindication for CRS and 

HIPEC. However, more than half of the experts did not consider liver metastasis a 

contraindication for treatment with CRS and HIPEC, as long as the liver metastases were 

treatable (e.g. resection, RFA). This was a surprising finding, since a consensus statement 

in 2008 defined that concomitant CRS/HIPEC and treatment of liver metastases should 

be restricted to patients with a maximum of three hepatic lesions.17 Additionally, the 

majority of experts considered CRS and HIPEC a viable option also in patients with 

treatable asymptomatic small lung metastases or retroperitoneal lymph nodes. These 

results indicate that in highly selected patients with multisite metastases, metastases 

resections/ablations and CRS and HIPEC can be proposed with an expectancy of good 

oncologic outcomes.

Notably, all surgeons reported peritoneal disease by the PCI-score, which represents 

a widely adopted prognostic parameter for survival after CRS and HIPEC. The vast 

majority of experts would only proceed with CRS and HIPEC if a CC-0 or 1 cytoreduction 

would be achievable (residual tumor areas being smaller than 2.5 mm diameter). In 

the current literature, there is a near universal opinion regarding the observation that, 
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the more complete the cytoreduction, the greater the benefits from the combined 

treatment.18-21 Approximately half of the experts stated that they always perform a 

prophylactic oophorectomy during CRS, regardless of age and reproductive status. 

However, more than half of the women who have had an oophorectomy as part of 

CRS had a microscopic synchronous ovarian metastases of colorectal or appendiceal 

origin.22 Therefore, the issue whether or not to perform a routine oophorectomy should 

be the topic of further research.

There is a wide variety in the HIPEC-methods, different first choice of IP chemotherapy, 

and inflow temperatures, as reported by the participating experts. This reflects the 

existing low level of evidence on the treatment strategies for CRC-PM. As it seems that 

prospective randomized studies are unlikely to answer these questions, prospectively 

recorded data from nationwide registries of CRS and HIPEC, as is current practice in 

many countries, may provide further information.23

The survey also investigated the use of systemic therapy in patients with resectable 

CRC-PM. At present, the role of perioperative systemic chemotherapy in addition to 

CRS and HIPEC remains controversial among experts and lack of evidence exists in the 

current literature.24 Regarding patients at high risk of developing CRC-PM, an adjuvant 

prophylactic HIPEC or a second look surgery for the early detection of peritoneal 

disease were mostly recommended. This topic is still under investigation and several 

trials investigating protocols to prevent and treat CRC-PM are ongoing.25,26

CONCLUSIONS

This international survey demonstrates that CRS and HIPEC is now performed on a 

large scale worldwide for CRC-PM patients. A relevant variability in surgeons’ practice 

and opinions on several topics was noted. As this may result in heterogeneity in surgical 

and oncological outcomes, this emphasizes the necessity to optimize specific issues 

of this comprehensive procedure. Initiatives to achieve consensus on critical issues is 

warranted to improve the standardization and quality of care in these patients.
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Chapter 4
Perioperative systemic therapy 

for resectable colorectal peritoneal 
metastases: sufficient evidence 

for its widespread use? 
A critical systematic review



ABSTRACT

Background/Purpose: Despite its widespread use, no randomized studies have 

investigated the value of perioperative systemic therapy as adjunct to cytoreduction 

and HIPEC for colorectal peritoneal metastases. This systematic review evaluated the 

available evidence, which consists of non-randomized studies only.

Methods: A systematic search identified studies that investigated the influence of 

neoadjuvant, adjuvant, or perioperative systemic therapy on overall survival (OS).

Results: The 11 included studies (n=1708) were clinically heterogeneous and subject to 

selection bias. Studies on neoadjuvant systemic therapy revealed OS benefit (n=3), no 

OS benefit (n=1), and superiority of chemotherapy with bevacizumab vs. chemotherapy 

(n=2). Studies on adjuvant systemic therapy showed no OS benefit (n=3). Studies on 

perioperative systemic therapy demonstrated OS benefit (n=1), and superiority of 

modern vs. conventional systemic therapy (n=1).

Conclusion: Significant limitations of available evidence question the widespread use of 

perioperative systemic therapy in this setting, stress the need for randomized studies, 

and impede conclusions regarding optimal timing and regimens. Included studies may 

suggest a survival benefit of neoadjuvant systemic therapy.
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INTRODUCTION

The population-based survival of patients with colorectal cancer with peritoneal metastases 

(CRC-PM) has significantly improved during the last two decades, which has been at 

least partly attributed to the increased use of modern chemotherapy, targeted agents, 

and cytoreductive surgery with HIPEC (CRS/HIPEC).1,2 The intensification of systemic 

and surgical treatment has led to combined treatment strategies, with widespread use 

of perioperative systemic therapy, both neoadjuvant and adjuvant, in patients who 

undergo CRS/HIPEC for CRC-PM. In contrast to resectable colorectal liver metastases, no 

randomized studies have been performed on perioperative systemic therapy for resectable 

CRC-PM, leading to controversy regarding its efficacy, timing, and risks.3,4 As a result, timing 

of systemic therapy between HIPEC centers varies from neoadjuvant to adjuvant, both, 

or nothing. These disparities may lead to a risk of undertreatment, overtreatment, and 

unnecessary health care costs, thereby underlining the importance of randomized studies 

on these increasingly combined and accepted treatment modalities.5 However, in the 

absence of such studies, non-randomized studies should be evaluated to assess the quality 

of currently available evidence, provide future research directions, and identify potentially 

beneficial perioperative systemic treatment strategies. With these goals kept in mind, 

this study systematically reviewed the evidence regarding the influence of perioperative 

systemic therapy on overall survival (OS) and postoperative complications in patients who 

undergo CRS/HIPEC for CRC-PM.

METHODS

This systematic review was reported according to the Preferred Reporting Items for 

Systematic Review and Meta-Analyses (PRISMA) statement. Two researchers (KR and GS) 

independently performed the study selection, data collection, and risk of bias assessment. In 

case of disagreement, a final decision was made in consensus between the two researchers.

Eligibility criteria

Studies were considered potentially eligible when they included patients who underwent 

CRS with intraperitoneal chemotherapy (IPC) for CRC-PM, and analyzed the influence 

of neoadjuvant, adjuvant, or perioperative systemic therapy on OS or postoperative 

complications. Subsequently, studies were considered ineligible if detailed information on 

survival outcomes, postoperative complication rates, or systemic therapy regimens was 

lacking, or if outcomes were analyzed in patients with peritoneal metastases from various 

primary tumors without providing subgroup analysis for CRC-PM. No restrictions were 

applied on language, publication date, and publication status.
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Search

On 4 January 2017, PubMed/MEDLINE, EMBASE, and Cochrane were systematically 

searched without date restrictions by using relevant synonyms of ‘colorectal cancer’, 

‘peritoneal metastases’, ‘cytoreductive surgery’, ‘intraperitoneal chemotherapy’, and 

‘systemic therapy’ (Supplementary Table 4.1).

Study selection

Titles and abstracts were screened for potential eligibility according to the predefined 

eligibility criteria. In case of disagreement about potential eligibility, full text was 

examined. Subsequently, full texts of all potentially eligible manuscripts were screened 

for final eligibility. Reference lists of all potentially eligible manuscripts were searched 

to identify additional eligible manuscripts.

Data collection

Data collection was performed by using a standardized form that contained the 

following items: year of publication, study design, number of patients, years of patient 

inclusion, study setting, inclusion criteria, surgical procedures, (measurement of) 

extent of PM, completeness of cytoreduction, IPC timing, IPC technique, IPC drugs, 

number of patients who received (neo)adjuvant systemic therapy, (neo)adjuvant 

systemic therapy regimens, outcome assessment, overall survival, and grade III–V 

postoperative complications. Systemic therapy regimens were classified as ‘single agent 

chemotherapy’ if they consisted of a fluoropyrimidine ± leucovorin, as ‘combination 

chemotherapy’ if they consisted of single agent chemotherapy with oxaliplatin, 

irinotecan, or cisplatin, and as ‘combination chemotherapy with targeted therapy’ if 

they consisted of combination chemotherapy with targeted agents (e.g. bevacizumab, 

cetuximab). All other regimens were classified as ‘other’. Timing of systemic therapy 

was classified as neoadjuvant, adjuvant, or perioperative if studies did not distinguish 

between neoadjuvant and adjuvant. Postoperative complications were graded according 

to Clavien-Dindo or the National Cancer Institute Common Terminology for Adverse 

Events (NCICTCAE).6,7

Risk of bias in individual studies

Methodological quality of included studies was assessed at individual study level by 

using the methodological index for non-randomized studies.8

Summary measures

Survival was expressed as median OS (months), 3-year OS (%), or 5-year OS (%). OS 

was compared between interventions by extracting results of univariable log rank 

test (p) and multivariable Cox regression analysis, reported as hazard ratio (HR) with 
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95% confidence interval (CI). Grade III–V postoperative complications were compared 

between interventions by extracting results of univariable chi-square test (p) and 

multivariable logistic regression analysis, reported as odds ratio (OR) with 95% CI.

Synthesis of results

Results of included studies were descriptively summarized. Because of large 

heterogeneity in outcome assessment, included patients, and interventions across 

included studies, no meta-analyses were performed.

RESULTS

Study selection

After abstract and full text screening (Figure 4.1), 45 studies were considered potentially 

eligible.9-53 Of these studies, 11 were included.9-19 Reasons for exclusion of potentially 

eligible studies are listed in Table 4.1.

PubMed
1230 abstracts

EMBASE
861 abstracts

2091 abstracts

Cochrane
0 abstracts

11 studies included

1956 excluded
Did not meet eligibility criteria

135 full-text screenings

90 excluded
72 systemic therapy no prognostic factor
6 different outcome (no OS or postoperative complications)
6 different population (no patietns with CRC-PM)
5 different intervention (no perioperative systemic therapy)
1 was a protocol

45 potentially eligible studiesa

34 studies excluded
Table 4.1 lists reasons for exclusion of potentially eligible studies

Figure 4.1 Flow chart of study selection.

CRC-PM colorectal cancer peritoneal metastases; OS overall survival; astudies that reported influence 

of (neo)adjuvant or perioperative systemic therapy on overall survival or postoperative complications. 
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Table 4.1 Reasons for exclusion of potentially eligible studies.

Neoadjuvant vs no neoadjuvant systemic therapy and overall survival

First author, year Reason(s) for exclusion

Schellinx, 199620 No details on systemic therapy regimens

Culliford, 200121 No subgroup analysis of CRC-PM; no detailed survival rates

Shen, 200322 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Shen, 200423 No details on systemic therapy regimens

Glehen, 200424 No details on systemic therapy regimens

Shen, 200824 No details on systemic therapy regimens

Glehen, 201025 No details on systemic therapy regimens; no subgroup analysis of CRC-PM; 

no detailed survival rates

Elias, 201026 No details on systemic therapy regimens

Cashin, 201227 No details on systemic therapy regimens; no detailed survival rates

Goéré, 201328 No details on systemic therapy regimens; 

Ung, 201329 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Winer, 201430 No details on systemic therapy regimens; no detailed survival rates

Elias, 201531 No details on systemic therapy regimens; no detailed survival rates

Baumgartner, 201532 No details on systemic therapy regimens; no subgroup analysis of CRC-PM; 

no detailed survival rates

Desantis, 201533 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Chia, 201534 No details on systemic therapy regimens; no detailed survival rates

Froysnes, 201635 No details on systemic therapy regimens

Adjuvant vs no adjuvant systemic therapy and overall survival

First author, year Reason(s) for exclusion

Elias, 201026 No details on systemic therapy regimens

Elias, 201036 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Glehen, 201025 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Passot, 20129 No details on systemic therapy regimens

Cashin, 201227 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Goéré, 201328 No details on systemic therapy regimens

Ung, 201329 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Maggiori, 201337 No details on systemic therapy regimens; no detailed survival rates

Ceelen, 201412 No details on systemic therapy regimens

Braam, 201438 No details on systemic therapy regimens

Nikolic, 201439 No details on systemic therapy regimens

Baumgartner, 201532 No details on systemic therapy regimens; no subgroup analysis of CRC-PM; 

no detailed survival rates

Perioperative vs no perioperative systemic therapy and overall survival

First author, year Reason(s) for exclusion

Goéré, 201328 No details on systemic therapy regimens

Rivard, 201440 No details on systemic therapy regimens; no detailed survival rates



Systematic review of perioperative systemic therapy for resectable CPM   |   71

4

Table 4.1 Continued.

Neoadjuvant vs no neoadjuvant systemic therapy and postoperative complications

First author, year Reason(s) for exclusion

Kusamura, 200341 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Younan, 200542 No details on systemic therapy regimens; no subgroup analysis of CRC-PM; 

no detailed complication rates

Kusamura, 200643 No details on systemic therapy regimens; no subgroup analysis of CRC-PM; 

no detailed complication rates

Roviello, 200644 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Kusamura, 200745 No details on systemic therapy regimens; no subgroup analysis of CRC-PM; 

no detailed complication rates

Hansson, 200946 No details on systemic therapy regimens; no subgroup analysis of CRC-PM; 

no detailed complication rates

Saxena, 200947 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Saxena, 201048 No details on systemic therapy regimens

Baratti, 201249 No details on systemic therapy regimens; no subgroup analysis of CRC-PM; 

no detailed complication rates

Ihemelandu, 201350 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Bartlett, 201451 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Valle, 201452 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Desantis, 201533 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Simkens, 201653 No details on systemic therapy regimens; no subgroup analysis of CRC-PM

Different neoadjuvant regimens and postoperative complications

First author, year Reason(s) for exclusion

Ceelen, 201412 no detailed complication rates

CRC-PM colorectal cancer peritoneal metastases.

Study characteristics

Table 4.2 demonstrates the study characteristics of all included studies. All studies were 

retrospective observational studies published between 2004 and 2016. The number 

of included patients ranged from 73 to 506, with a total of 1708 patients. All studies 

included patients who underwent CRS/IPC for histologically proven synchronous or 

metachronous CRC-PM without unresectable systemic metastases. Included studies 

revealed a large clinical heterogeneity regarding inclusion periods, inclusion criteria, 

(measurement of) extent of PM, number of complete cytoreductions, IPC timing, IPC 

techniques, IPC drugs, systemic therapy regimens, outcome parameters, and outcome 

assessment (Table 4.2). The methodological quality of individual studies was low 

(Supplementary Table 4.2).
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Table 4.2 Characteristics of the 11 included studies.

Table 4.2A Study characteristics of the 11 included studies.

Author, year Design Setting Period No. of included patients Reported association(s)

Passot9 2012 Retrospective cohort study Single center 1991-2010 120 NST vs. no NST and overall survival

Baratti10 2014 Retrospective cohort study Two- center 2004-2012 101 NST vs. no NST and overall survival

NST vs. no NST and major postoperative morbidity

Devilee11 2016 Retrospective cohort study Single center 2007-2014 91 NST vs. no NST and overall survival

NST vs. no NST and major postoperative morbidity

Ceelen12 2014 Retrospective cohort study Single center 2002-2012 166 NST vs. no NST and overall survival

Different NST regimens and survival

Passot13 2012 Retrospective cohort study Single center 2005-2012 115 Different NST regimens and overall survival

Glehen14 2004 Retrospective cohort study Multi-center 1987-2002 506 AST vs. no AST and overall survival

Glehen15 2004 Retrospective cohort study Single center 1989-2002 53 AST vs. no AST and overall survival

Maillet16 2016 Retrospective cohort study Multi-center 2004-2012 231 AST vs. no AST and overall survival

Kuijpers17 2014 Retrospective cohort study Single center 2004-2012 73 PST vs. no PST and overall survival

NST vs. no NST and major postoperative morbidity

Chua18 2011 Retrospective cohort study Three-center 1988-2009 110 Different PST regimens and overall survival

Eveno19 2014 Retrospective cohort study Three-center 2004-2010 192 Different NST regimens and major postoperative morbidity

AST adjuvant systemic therapy; NST neoadjuvant systemic therapy; PST perioperative systemic 

therapy. 

Table 4.2B Patient characteristics of the 11 included studies. 

Author, year Onset of CRC-PM Isolated CRC-PM? (Measurement of) extent of CRC-PM CC-scorea IPC regimen(s) Additional inclusion criteria

Passot9 2012 SYN: 60% Yes: 100% Mean PCI: 8.2 (range 1-29) CC 0-1: 86% HIPEC MMC: ?% -

MET: 40% No: 0% CC 2: 14% HIPEC MMC+OX: ?%

HIPEC MMC+IRI: ?%

Baratti10 2014 SYN: 48% Yes: 92% Median PCI: 10 (range 1-39) CC 0-1: 98% HIPEC MMC+CIS: 100% -

MET: 52% No: 8% CC 2: 2%

Devilee11 2016 SYN: 100% Yes: 95% Median PCI: 6-8b (range 1-25) CC 0-1: 100% HIPEC MMC: 100% -

MET: 0% No: 5% CC 2: 0%

Ceelen12 2014 SYN: 41% Yes: ?% Median regions: 4c (range 2-5) CC 0-1: 87% HIPEC MMC: 26% Appendix (8%)

MET: 59% No: ?% CC 2: 13% HIPEC OX: 74%

Passot13 2014 SYN: 58% Yes: 82% Median PCI: 9 (range 0-26) CC 0-1: 100% HIPEC OX: 73% -

MET: 42% No: 18% CC 2: 0% no HIPEC: 27%

Glehen14 2004 SYN: 20% Yes: 88% PCI <13: 34% CC 0-1: 75% HIPEC: 54% -

MET: 80% No: 12% PCI ≥13: 66% CC 2: 25% EPIC: 24%

HIPEC+EPIC: 22%

Glehen15 2004 SYN: 72% Yes: 100% Stage 1-2d: 40% CC 0-1: 64% HIPEC MMC: 100% -

MET: 28% No: 0% Stage 3-4d: 60% CC 2: 36%
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Table 4.2 Characteristics of the 11 included studies.

Table 4.2A Study characteristics of the 11 included studies.
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Passot9 2012 Retrospective cohort study Single center 1991-2010 120 NST vs. no NST and overall survival
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Eveno19 2014 Retrospective cohort study Three-center 2004-2010 192 Different NST regimens and major postoperative morbidity

AST adjuvant systemic therapy; NST neoadjuvant systemic therapy; PST perioperative systemic 

therapy. 

Table 4.2B Patient characteristics of the 11 included studies. 

Author, year Onset of CRC-PM Isolated CRC-PM? (Measurement of) extent of CRC-PM CC-scorea IPC regimen(s) Additional inclusion criteria

Passot9 2012 SYN: 60% Yes: 100% Mean PCI: 8.2 (range 1-29) CC 0-1: 86% HIPEC MMC: ?% -

MET: 40% No: 0% CC 2: 14% HIPEC MMC+OX: ?%

HIPEC MMC+IRI: ?%

Baratti10 2014 SYN: 48% Yes: 92% Median PCI: 10 (range 1-39) CC 0-1: 98% HIPEC MMC+CIS: 100% -

MET: 52% No: 8% CC 2: 2%

Devilee11 2016 SYN: 100% Yes: 95% Median PCI: 6-8b (range 1-25) CC 0-1: 100% HIPEC MMC: 100% -

MET: 0% No: 5% CC 2: 0%

Ceelen12 2014 SYN: 41% Yes: ?% Median regions: 4c (range 2-5) CC 0-1: 87% HIPEC MMC: 26% Appendix (8%)

MET: 59% No: ?% CC 2: 13% HIPEC OX: 74%

Passot13 2014 SYN: 58% Yes: 82% Median PCI: 9 (range 0-26) CC 0-1: 100% HIPEC OX: 73% -

MET: 42% No: 18% CC 2: 0% no HIPEC: 27%

Glehen14 2004 SYN: 20% Yes: 88% PCI <13: 34% CC 0-1: 75% HIPEC: 54% -

MET: 80% No: 12% PCI ≥13: 66% CC 2: 25% EPIC: 24%

HIPEC+EPIC: 22%

Glehen15 2004 SYN: 72% Yes: 100% Stage 1-2d: 40% CC 0-1: 64% HIPEC MMC: 100% -

MET: 28% No: 0% Stage 3-4d: 60% CC 2: 36%
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Table 4.2B Continued.

Author, year Onset of CRC-PM Isolated CRC-PM? (Measurement of) extent of CRC-PM CC-scorea IPC regimen(s) Additional inclusion criteria

Maillet16 2016 SYN: 55% Yes: 90% PCI 0-19: 89% CC 0-1: 100% HIPEC OX: 48% Only colon tumors

MET: 45% No: 10% PCI >19: 11% CC 2: 0% HIPEC OX+IRI: 31%

HIPEC MMC: 16%

Other: 5%

Kuijpers17 2014 SYN: 100% Yes: ?% 1-5 regionse: 80% CC 0-1: 100% HIPEC MMC: 100% Only N+ tumors

Appendix (5%)MET: 0% No: ?% 6-7 regionse: 20% CC 2: 0%

Chua18 2011 SYN: 45% Yes: 92% PCI 0-20: 86% CC 0-1: 90% HIPEC MMC: 50% -

MET: 55% No: 8% PCI >20: 14% CC 2: 10% EPIC 5-FU: 17%

Both: 33%

Eveno19 2014 SYN: 51% Yes: 88% Median PCI: 8-10f (range 4-17) CC 0-1: 99% HIPEC OX: 42% -

MET: 49% No: 12% CC 2: 1% HIPEC OX+IRI: 32%

HIPEC MMC: 21%

5-FU 5-fluorouracil; CC completeness of cytoreduction; CIS cisplatin; CPM colorectal peritoneal 

metastases; CRS cytoreductive surgery; EPIC early postoperative intraperitoneal chemotherapy; 

HIPEC hyperthermic intraperitoneal chemotherapy; IPC intraperitoneal chemotherapy; IRI 

irinotecan; MET metachronous; MMC mitomycin C; OX oxaliplatin; PCI peritoneal cancer index; 

SYN synchronous; aCC 0-1 is (near)-complete CRS, CC 2 is incomplete CRS; b6 in patients receiving 

neoadjuvant systemic therapy, 8 in patients receiving no neoadjuvant systemic therapy; c9 regions 

in total; daccording to Gilly’s classification; e7 regions in total; f8 in patients with major postoperative 

morbidity, 10 in patients without major postoperative morbidity.

Table 4.2C Treatment and outcomes characteristics of the 11 included studies.

Neoadjuvant vs no neoadjuvant systemic therapy and overall survival

Author, year Neoadjuvant treatment % Adjuvant treatment % Reported outcome

Passot9 2012 No 26 No 36 Median overall survival, measured from the date 

of CRS/HIPECYes 74 Yes 64

Single agent 24

Combination 51

Combination + targeted 19

Other 6

Baratti10 2014 No 41 No 31 5-year overall survival, measured from 

the date of discharge after CRS/HIPECYes 59 Yes 69

Single agent 12

Combination 70

Combination + targeted 12

Other 6

Devilee11 2016 No 73 No 12 Median and 3-year overall survival, measured 

from the date of primary tumor diagnosisYes 27 Yes 88

Single agent 4

Combination 68

Combination + targeted 28
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Table 4.2B Continued.

Author, year Onset of CRC-PM Isolated CRC-PM? (Measurement of) extent of CRC-PM CC-scorea IPC regimen(s) Additional inclusion criteria
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neoadjuvant systemic therapy, 8 in patients receiving no neoadjuvant systemic therapy; c9 regions 

in total; daccording to Gilly’s classification; e7 regions in total; f8 in patients with major postoperative 

morbidity, 10 in patients without major postoperative morbidity.

Table 4.2C Treatment and outcomes characteristics of the 11 included studies.

Neoadjuvant vs no neoadjuvant systemic therapy and overall survival

Author, year Neoadjuvant treatment % Adjuvant treatment % Reported outcome

Passot9 2012 No 26 No 36 Median overall survival, measured from the date 

of CRS/HIPECYes 74 Yes 64

Single agent 24

Combination 51

Combination + targeted 19

Other 6

Baratti10 2014 No 41 No 31 5-year overall survival, measured from 

the date of discharge after CRS/HIPECYes 59 Yes 69

Single agent 12

Combination 70

Combination + targeted 12

Other 6

Devilee11 2016 No 73 No 12 Median and 3-year overall survival, measured 

from the date of primary tumor diagnosisYes 27 Yes 88

Single agent 4

Combination 68

Combination + targeted 28
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Table 4.2C Continued.

Ceelen12 2014 No 63 No 50 Median overall survival, measured from the date 

of CRS/HIPECYes 37 Yes 50

Combination 57

Combination + targeted 43

Different neoadjuvant regimens and overall survival

Author, year Neoadjuvant treatment % Adjuvant treatment % Reported outcome

Ceelen12 2014 FOLFOX/FOLFIRI 57 No 50 Median overall survival, measured from the date 

of CRS/HIPECFOLFIRI + bevacizumab 43 Yes 50

Passot13 2014 FOLFIRI 17 No - Median overall survival, measured from the date 

of CRS/HIPECFOLFIRI + bevacizumab 23 Yes -

FOLFIRI + cetuximab 6

FOLFOX 29

FOLFOX + bevacizumab 14

FOLFOX + cetuximab 4

Other 6

Adjuvant vs no adjuvant systemic therapy and overall survival

Author, year Neoadjuvant treatment % Adjuvant treatment % Reported outcome

Glehen14 2004 No 46 No 60 Median overall survival, measured from the date 

of CRS/HIPECYes 54 Yes 40

Single agent 47

Combination 34

Other 7

Unknown 13

Glehen15 2004 No - No 32 Median overall survival, measured from the date 

of CRS/HIPECYes - Yes 68

Combination 100

Maillet16 2016 No

Yes 

23

77

No

Yes 

Single agent

Combination

Combination + targeted

35

65

3

45

52

Median overall survival, measured from the date 

of CRS/HIPEC

Perioperative vs no perioperative systemic therapy and overall survival

Author, year Perioperative treatment % Perioperative treatment % Reported outcome

Kuijpers17 2014 No 25 No 25 Median and 3-year overall survival, measured 

from the date of CRS/HIPECYes 75 Yes 75

Combination 100 Combination 100
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Table 4.2C Continued.

Ceelen12 2014 No 63 No 50 Median overall survival, measured from the date 

of CRS/HIPECYes 37 Yes 50

Combination 57

Combination + targeted 43

Different neoadjuvant regimens and overall survival

Author, year Neoadjuvant treatment % Adjuvant treatment % Reported outcome

Ceelen12 2014 FOLFOX/FOLFIRI 57 No 50 Median overall survival, measured from the date 

of CRS/HIPECFOLFIRI + bevacizumab 43 Yes 50

Passot13 2014 FOLFIRI 17 No - Median overall survival, measured from the date 

of CRS/HIPECFOLFIRI + bevacizumab 23 Yes -

FOLFIRI + cetuximab 6

FOLFOX 29

FOLFOX + bevacizumab 14

FOLFOX + cetuximab 4

Other 6

Adjuvant vs no adjuvant systemic therapy and overall survival

Author, year Neoadjuvant treatment % Adjuvant treatment % Reported outcome

Glehen14 2004 No 46 No 60 Median overall survival, measured from the date 

of CRS/HIPECYes 54 Yes 40

Single agent 47

Combination 34

Other 7

Unknown 13

Glehen15 2004 No - No 32 Median overall survival, measured from the date 

of CRS/HIPECYes - Yes 68

Combination 100

Maillet16 2016 No

Yes 

23

77

No

Yes 

Single agent

Combination

Combination + targeted

35

65

3

45

52

Median overall survival, measured from the date 

of CRS/HIPEC

Perioperative vs no perioperative systemic therapy and overall survival

Author, year Perioperative treatment % Perioperative treatment % Reported outcome

Kuijpers17 2014 No 25 No 25 Median and 3-year overall survival, measured 

from the date of CRS/HIPECYes 75 Yes 75

Combination 100 Combination 100
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Table 4.2C Continued.

Different perioperative regimens and overall survival

Author, year Perioperative treatment % Perioperative treatment % Reported outcome

Chua18 2011 Monotherapy 10 Monotherapy 10 Median, 3-year, and 5-year overall survival, 

measured from CRC-PM diagnosisCombination 50 Combination 50

Combination + targeted 40 Combination + targeted 40

Neoadjuvant vs no neoadjuvant systemic therapy and major postoperative complications

Author, year Neoadjuvant treatment % Adjuvant treatment % Reported outcome

Baratti10 2014 No 41 No 31 NCICTCAE grade 3-5 postoperative morbidity 

until 30 days after CRS/HIPECYes 59 Yes 69

Single agent 12

Combination 70

Combination + targeted 12

Other 6

Devilee11 2016 No 73 No 12 Clavien-Dindo grade 3-5 postoperative morbidity, 

time point not describedYes 27 Yes 88

Single agent 4

Combination 68

Combination + targeted 28

Kuijpers17 2014 No 25 No 25 NCICTCAE grade 3-5 postoperative morbidity, 

time point not describedYes 75 Yes 75

Combination 100 Combination 100

Different neoadjuvant regimens and major postoperative complications

Author, year Neoadjuvant treatment % Adjuvant treatment % Reported outcome

Eveno19 2014 FOLFIRI 14 No - Clavien-Dindo grade 3-5 postoperative morbidity 

until 30 days after CRS/HIPECFOLFIRI + bevacizumab 32 Yes -

FOLFOX 30

FOLFOX + bevacizumab 12

Other 14

CRC-PM colorectal cancer peritoneal metastases; CRS/HIPEC cytoreductive surgery and hyperthermic 

intraperitoneal chemotherapy; FOLFIRI 5-fluorouracil, leucovorin, irinotecan; FOLFOX 5-fluorouracil, 

leucovorin, oxaliplatin; NCICTCAE national cancer institute common terminology criteria for adverse 

events.
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Table 4.2C Continued.

Different perioperative regimens and overall survival

Author, year Perioperative treatment % Perioperative treatment % Reported outcome

Chua18 2011 Monotherapy 10 Monotherapy 10 Median, 3-year, and 5-year overall survival, 

measured from CRC-PM diagnosisCombination 50 Combination 50

Combination + targeted 40 Combination + targeted 40

Neoadjuvant vs no neoadjuvant systemic therapy and major postoperative complications

Author, year Neoadjuvant treatment % Adjuvant treatment % Reported outcome

Baratti10 2014 No 41 No 31 NCICTCAE grade 3-5 postoperative morbidity 

until 30 days after CRS/HIPECYes 59 Yes 69

Single agent 12

Combination 70

Combination + targeted 12

Other 6

Devilee11 2016 No 73 No 12 Clavien-Dindo grade 3-5 postoperative morbidity, 

time point not describedYes 27 Yes 88

Single agent 4

Combination 68

Combination + targeted 28

Kuijpers17 2014 No 25 No 25 NCICTCAE grade 3-5 postoperative morbidity, 

time point not describedYes 75 Yes 75

Combination 100 Combination 100

Different neoadjuvant regimens and major postoperative complications

Author, year Neoadjuvant treatment % Adjuvant treatment % Reported outcome

Eveno19 2014 FOLFIRI 14 No - Clavien-Dindo grade 3-5 postoperative morbidity 

until 30 days after CRS/HIPECFOLFIRI + bevacizumab 32 Yes -

FOLFOX 30

FOLFOX + bevacizumab 12

Other 14

CRC-PM colorectal cancer peritoneal metastases; CRS/HIPEC cytoreductive surgery and hyperthermic 

intraperitoneal chemotherapy; FOLFIRI 5-fluorouracil, leucovorin, irinotecan; FOLFOX 5-fluorouracil, 

leucovorin, oxaliplatin; NCICTCAE national cancer institute common terminology criteria for adverse 

events.
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Five studies investigated the influence of neoadjuvant systemic therapy on OS, of which 

four studies assessed OS of patients who were stratified for neoadjuvant vs. no neoadjuvant 

systemic therapy,9-12 and one study analyzed OS of patients who were stratified for different 

regimens (Table 4.2).13 Three studies investigated OS of patients who were stratified for 

adjuvant vs. no adjuvant systemic therapy (Table 4.2).14-16 Two studies assessed the influence 

of perioperative systemic therapy on OS, of which one study analyzed OS of patients who 

were stratified for perioperative vs. no perioperative systemic therapy,17 and one study 

investigated OS of patients who were stratified for different regimens (Table 4.2).18 Four 

studies assessed the influence of neoadjuvant systemic therapy on grade III–V postoperative 

complications, of which three studies analyzed grade III–V postoperative complications 

of patients who were stratified for neoadjuvant vs. no neoadjuvant systemic therapy,10,11,17 

whereas one study investigated grade III–V postoperative complications of patients who 

were stratified for different regimens (Table 4.2).19

Overall survival

Neoadjuvant systemic therapy (Table 4.3A)

When investigating OS of patients who received neoadjuvant vs. no neoadjuvant 

systemic therapy, Passot et al revealed higher median OS in univariable analysis (36 

vs. 23 months, p=0.04) but not in multivariable analysis (HR not provided),9 Devilee 

et al showed higher median and 3-year OS in univariable (not reached vs. 30 months, 

89% vs. 50%, p<0.01) and multivariable analysis (HR 0.23 [95% CI 0.07–0.75]),11 and 

Baratti et al demonstrated no difference in 5-year OS in univariable analysis (37% 

vs. 48%, p=0.09).10 Ceelen et al revealed higher median OS of patients who received 

combination chemotherapy with bevacizumab vs. no neoadjuvant systemic therapy in 

univariable (36 vs. 25 months, p=0.02) and multivariable analysis (HR 0.31 [95% CI 0.12–

0.83]).12 When analyzing OS of patients who received combination chemotherapy with 

bevacizumab vs. combination chemotherapy alone, Ceelen et al showed higher median 

OS in univariable analysis (36 vs. 22 months, p=0.02),12 and Passot et al demonstrated 

higher median OS in univariable (not reached vs. 26 months, p=0.01) and multivariable 

analysis (HR 0.20 [95% CI 0.04–0.85]).13

In summary, three studies revealed an improved OS after neoadjuvant systemic 

therapy,9,11,12 one study did not,10 and two studies showed an improved OS after addition 

of bevacizumab to neoadjuvant chemotherapy.12,13

Adjuvant systemic therapy (Table 4.3B)

When investigating OS of patients who received adjuvant vs. no adjuvant systemic 

therapy, Glehen et al demonstrated no median OS difference in univariable analysis (15 

vs. 9 months, p=0.06),15 and Maillet et al revealed no median OS difference in univariable 
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(49 vs. 43 months, p=0.93) and multivariable analysis (HR 1.13 [95% CI 0.70–1.84]).16 

Glehen et al initially showed a higher median OS of patients who received adjuvant 

systemic therapy in univariable (25 vs. 16 months, p=0.02) and multivariable analysis 

(Cox coefficient’s p=0.04).14 After exclusion of postoperative deaths, this OS difference 

attenuated in univariable (p=0.24) and multivariable analysis (Cox coefficient’s p=0.13).14  

In summary, none of these studies demonstrated improved OS after adjuvant systemic 

therapy.14-16

Perioperative systemic therapy (Table 4.3C)

Kuijpers et al revealed higher median and 3-year OS of patients who received 

perioperative vs. no perioperative systemic therapy in univariable analysis (30 vs 14 

months, 45% vs. 16%, p=0.02).17 Chua et al showed the following median, 3-year and 

5-year OS: 14 months, 24%, and 12% for single agent chemotherapy; 38 months, 52%, 

and 33% for combination chemotherapy; and 46 months, 62%, and 29% for combination 

chemotherapy with targeted therapy.18 Compared to patients who received single agent 

chemotherapy, OS was higher in patients who received combination chemotherapy with 

(p<0.01) and without targeted therapy (p=0.01). There was no OS difference between 

patients who received combination chemotherapy with and without targeted therapy 

(p=0.71).18

In summary, one study demonstrated improved OS after perioperative systemic 

therapy,17 and one study revealed superior OS of modern vs. conventional systemic 

therapy.18

Postoperative complications (Table 4.3D)

When analyzing grade III–V postoperative complications of patients who received 

neoadjuvant systemic therapy vs. no neoadjuvant systemic therapy, no difference in 

grade III–V postoperative complications in univariable analysis was shown by Kuijpers 

et al (30% vs. 35%, p=0.72), Baratti et al (32% vs. 12%, p=0.31) and Devilee et al (24% 

vs. 17%, p=0.55).10,11,17 Eveno et al demonstrated higher rate of grade III–V postoperative 

complications in patients who were treated with neoadjuvant bevacizumab vs. no 

bevacizumab in univariable (34% vs. 18%, p=0.04) and multivariable analysis (OR 2.43 

[95%CI 1.03–5.78]).19

In summary, neoadjuvant systemic therapy only increased postoperative complications 

when it included bevacizumab.
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Table 4.3 Results of included studies on neoadjuvant systemic therapy and overall survival (A), 

adjuvant systemic therapy and overall survival (B), perioperative systemic therapy and overall 

survival (C), and neoadjuvant systemic therapy and grade III-V postoperative complications (D).

A – neoadjuvant systemic therapy and overall survival

Study, year Neoadjuvant systemic therapy Overall survival Log-rank Multivariable

Regimen n % Median 1-Y 3-Y 5-Y p HR 95% CI

Passot9 2012 Yes 90 75 36 mo - - - 0.04 NS NS

No 30 25 23 mo - - -

Baratti10 2014 Yes 60 59 - - - 37% 0.09 - -

No 41 41 - - - 48%

Devilee11 2016 Yes 25 27 NR - 89% - <0.01 0.23 0.07-0.75

No 66 73 39 mo - 50% - 1.00

Ceelen12 2014 FOLFIRI/FOLFOX 35 21 22 mo - - - 0.02 -

FOLFIRI + bevacizumab 26 16 39 mo - - - 0.31 0.12-0.83

No 105 63 25 mo - - - 1.00

Passot13 2014 FOLFIRI 20 17 26 mo - - - 0.01 1.00

FOLFIRI + bevacizumab 27 23 NR - - - 0.36 0.13-0.98

FOLFIRI + cetuximab 7 6 36 mo - - - 0.46 0.15-1.41

FOLFOX 33 29 NR - - - 0.18 0.02-1.37

FOLFOX + bevacizumab 16 14 NR - - - 0.20 0.04-0.85

FOLFOX + cetuximab 5 4 12 mo - - - 1.62 0.40-6.49

Other 7 6 NR - - - 0.32 0.07-1.38

B – adjuvant systemic therapy and overall survival

Study, year Adjuvant systemic therapy Overall survival Log-rank Multivariable

Regimen n % Median 1-Y 3-Y 5-Y p HR 95% CI

Glehen14 2004 Yes 204 40 25 mo - - - 0.02 -.026a p=0.04

No 302 60 16 mo - - - 0.24b 0.24a,b p=0.13b

Glehen15 2004 Yes 36 68 15 mo - - - 0.06 NS NS

No 17 32 9 mo - - -

Maillet16 2016 Yes 151 65 49 mo - - - 0.93 1.00

No 80 35 43 mo - - - 1.13 0.70-1.84

C – perioperative systemic therapy and overall survival

Study, year Perioperative systemic therapy Overall survival Log-rank Multivariable

Regimen n % Median 1-Y 3-Y 5-Y p HR 95% CI

Kuijpers17 2014 Yes 55 77 30 mo - 45% - 0.02 - -

No 16 23 14 mo - 16% -

Chua18 2011 Single agent 11 10 14 mo 64% 24% 12% 0.01c - -

Combination 55 51 38 mo 96% 52% 33% <0.01d

Combination + targeted 44 39 46 mo 97% 62% 29% 0.71e
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Table 4.3 Results of included studies on neoadjuvant systemic therapy and overall survival (A), 

adjuvant systemic therapy and overall survival (B), perioperative systemic therapy and overall 

survival (C), and neoadjuvant systemic therapy and grade III-V postoperative complications (D).

A – neoadjuvant systemic therapy and overall survival

Study, year Neoadjuvant systemic therapy Overall survival Log-rank Multivariable

Regimen n % Median 1-Y 3-Y 5-Y p HR 95% CI

Passot9 2012 Yes 90 75 36 mo - - - 0.04 NS NS

No 30 25 23 mo - - -

Baratti10 2014 Yes 60 59 - - - 37% 0.09 - -

No 41 41 - - - 48%

Devilee11 2016 Yes 25 27 NR - 89% - <0.01 0.23 0.07-0.75

No 66 73 39 mo - 50% - 1.00

Ceelen12 2014 FOLFIRI/FOLFOX 35 21 22 mo - - - 0.02 -

FOLFIRI + bevacizumab 26 16 39 mo - - - 0.31 0.12-0.83

No 105 63 25 mo - - - 1.00

Passot13 2014 FOLFIRI 20 17 26 mo - - - 0.01 1.00

FOLFIRI + bevacizumab 27 23 NR - - - 0.36 0.13-0.98

FOLFIRI + cetuximab 7 6 36 mo - - - 0.46 0.15-1.41

FOLFOX 33 29 NR - - - 0.18 0.02-1.37

FOLFOX + bevacizumab 16 14 NR - - - 0.20 0.04-0.85

FOLFOX + cetuximab 5 4 12 mo - - - 1.62 0.40-6.49

Other 7 6 NR - - - 0.32 0.07-1.38

B – adjuvant systemic therapy and overall survival

Study, year Adjuvant systemic therapy Overall survival Log-rank Multivariable

Regimen n % Median 1-Y 3-Y 5-Y p HR 95% CI

Glehen14 2004 Yes 204 40 25 mo - - - 0.02 -.026a p=0.04

No 302 60 16 mo - - - 0.24b 0.24a,b p=0.13b

Glehen15 2004 Yes 36 68 15 mo - - - 0.06 NS NS

No 17 32 9 mo - - -

Maillet16 2016 Yes 151 65 49 mo - - - 0.93 1.00

No 80 35 43 mo - - - 1.13 0.70-1.84

C – perioperative systemic therapy and overall survival

Study, year Perioperative systemic therapy Overall survival Log-rank Multivariable

Regimen n % Median 1-Y 3-Y 5-Y p HR 95% CI

Kuijpers17 2014 Yes 55 77 30 mo - 45% - 0.02 - -

No 16 23 14 mo - 16% -

Chua18 2011 Single agent 11 10 14 mo 64% 24% 12% 0.01c - -

Combination 55 51 38 mo 96% 52% 33% <0.01d

Combination + targeted 44 39 46 mo 97% 62% 29% 0.71e



84   |   Chapter 4

Table 4.3 Continued.

D – neoadjuvant systemic therapy and grade III-V postoperative complications

Study, year Perioperative systemic therapy Grade III-V complications X2 Multivariable

Regimen n % Scale n % p OR 95% CI

Baratti10 2014 Yes 60 59 NCICTCAE 19 32 0.31 1.90 0.59-6.72

No 41 41 5 12 1.00

Devilee11 2016 Yes 25 27 Clavien-Dindo 6 24 0.55 - -

No 66 73 11 17

Kuijpers17 2014 Yes 23 32 NCICTCAE 7 30 0.72 - -

No 48 68 17 35

Eveno19 2014 Bevacizumab 80 44 Clavien-Dindo 27 34 0.02 2.28 1.05-4.95

No bevacizumab 102 56 19 19 1.00

CI confidence interval; FOLFIRI 5-flourouracil, leucovorin, irinotecan; FOLFOX 5-fluorouracil, 

leucovorin, oxaliplatin; HR hazard ratio; NCICTCAE national cancer institute common terminology 

criteria for adverse events; mo months; NS not significant; Y year; aCox-coefficient; bafter exclusion

of postoperative deaths; csingle agent vs. combination chemotherapy; dsingle agent vs. combination 

chemotherapy with targeted therapy; ecombination vs. combination chemotherapy with targeted 

therapy.

DISCUSSION

Available evidence on neoadjuvant, adjuvant, and perioperative systemic therapy as 

adjunct to CRS/HIPEC for CRC-PM is based on low-quality retrospective observational 

studies with large heterogeneity within and across studies. These shortcomings do not 

allow for definitive conclusions regarding optimal timing and treatment regimens. 

Nevertheless, included studies may suggest a role for neoadjuvant systemic therapy, 

while no benefit of adjuvant systemic therapy was shown.

Neoadjuvant systemic therapy

Previous studies suggested that CRC-PM is relatively resistant to systemic therapy 

compared to other metastatic sites.54-57 However, Passot et al demonstrated complete 

and major pathological responses (30%), which was supported by higher response 

rates (60%) in a more recent study.13,58 Besides this observation, other arguments 

that support the use of neoadjuvant systemic therapy are preoperative tumor 

downsizing, elimination of clinically undetectable systemic disease, and prediction 

of biological behavior and chemotherapy sensitivity of the tumor, which enable 

better patient selection for CRS/HIPEC. These potential benefits are supported by 

Passot et al, Ceelen et al, and Devilee et al, who all revealed a higher OS for patients 

who received neoadjuvant vs. no neoadjuvant systemic therapy.9,11,12 Interestingly, all 

patients who received neoadjuvant systemic therapy in the study by Devilee et al. had 

a favorable tumor response after they were initially deemed unresectable.11 The high 
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Table 4.3 Continued.

D – neoadjuvant systemic therapy and grade III-V postoperative complications

Study, year Perioperative systemic therapy Grade III-V complications X2 Multivariable

Regimen n % Scale n % p OR 95% CI

Baratti10 2014 Yes 60 59 NCICTCAE 19 32 0.31 1.90 0.59-6.72

No 41 41 5 12 1.00

Devilee11 2016 Yes 25 27 Clavien-Dindo 6 24 0.55 - -

No 66 73 11 17

Kuijpers17 2014 Yes 23 32 NCICTCAE 7 30 0.72 - -

No 48 68 17 35

Eveno19 2014 Bevacizumab 80 44 Clavien-Dindo 27 34 0.02 2.28 1.05-4.95

No bevacizumab 102 56 19 19 1.00

CI confidence interval; FOLFIRI 5-flourouracil, leucovorin, irinotecan; FOLFOX 5-fluorouracil, 

leucovorin, oxaliplatin; HR hazard ratio; NCICTCAE national cancer institute common terminology 

criteria for adverse events; mo months; NS not significant; Y year; aCox-coefficient; bafter exclusion

of postoperative deaths; csingle agent vs. combination chemotherapy; dsingle agent vs. combination 

chemotherapy with targeted therapy; ecombination vs. combination chemotherapy with targeted 

therapy.

DISCUSSION

Available evidence on neoadjuvant, adjuvant, and perioperative systemic therapy as 

adjunct to CRS/HIPEC for CRC-PM is based on low-quality retrospective observational 

studies with large heterogeneity within and across studies. These shortcomings do not 

allow for definitive conclusions regarding optimal timing and treatment regimens. 

Nevertheless, included studies may suggest a role for neoadjuvant systemic therapy, 

while no benefit of adjuvant systemic therapy was shown.

Neoadjuvant systemic therapy

Previous studies suggested that CRC-PM is relatively resistant to systemic therapy 

compared to other metastatic sites.54-57 However, Passot et al demonstrated complete 

and major pathological responses (30%), which was supported by higher response 

rates (60%) in a more recent study.13,58 Besides this observation, other arguments 

that support the use of neoadjuvant systemic therapy are preoperative tumor 

downsizing, elimination of clinically undetectable systemic disease, and prediction 

of biological behavior and chemotherapy sensitivity of the tumor, which enable 

better patient selection for CRS/HIPEC. These potential benefits are supported by 

Passot et al, Ceelen et al, and Devilee et al, who all revealed a higher OS for patients 

who received neoadjuvant vs. no neoadjuvant systemic therapy.9,11,12 Interestingly, all 

patients who received neoadjuvant systemic therapy in the study by Devilee et al. had 

a favorable tumor response after they were initially deemed unresectable.11 The high 

3-year OS in this group (89%), together with the prognostic impact of pathological 

response to neoadjuvant systemic therapy, supports the use of tumor response 

to neoadjuvant systemic therapy as potential selection tool for and predictor of 

survival after CRS/HIPEC.11,13,58 A French study, in which CRS/HIPEC for CRC-PM 

was only performed in patients with a favorable tumor response upon neoadjuvant 

systemic therapy, reported an impressive median survival of 63 months measured 

from diagnosis with CRC-PM.59 This is high compared to the median survival of 39 

months measured from diagnosis in another recent study, in which all patients were 

treated with immediate CRS/HIPEC, intentionally followed by adjuvant systemic 

therapy.11 Nothing is known about the survival difference between these treatment 

strategies on intention-to-treat basis, since the number of patients with disease 

progression upon neoadjuvant systemic therapy is unknown. However, it may be 

postulated that CRS/HIPEC is not beneficial in patients with extensive and rapid 

disease progression upon neoadjuvant systemic therapy due to an aggressive tumor 

biology. Taken together, a neoadjuvant treatment strategy may improve survival 

after CRS/HIPEC by selecting only the suitable patients, but its benefit on an 

intention-to-treat basis is unclear. Numerous ineligible studies reported positive 

and negative results of neoadjuvant systemic therapy on OS in patients undergoing 

CRS/HIPEC for CRC-PM.14,20-24,26-35 However, these studies did not provide details 

on systemic therapy, detailed survival outcomes, or subgroup analysis for CRC-PM 

(Table 4.1). Therefore, results of these studies are hardly interpretable.
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Addition of bevacizumab

Ceelen et al and Passot et al demonstrated a higher OS of neoadjuvant chemotherapy 

with bevacizumab compared to chemotherapy alone.12,13 This finding is supported 

by studies in patients with unresectable metastatic CRC.60 Specifically in peritoneal 

depositions, vascular endothelial growth factor (VEGF) is known for its central role 

in tumor associated angiogenesis and formation of ascites, making VEGF a potential 

target of therapeutic strategies.61,62 Bevacizumab, an inhibitor of VEGF, is thought to 

lower the tumors interstitial fluid pressure by vascular normalization, which may 

increase penetration of intraperitoneal chemotherapy.63,64 These hypothetical benefits 

have been confirmed by recent studies in mice, which revealed that VEGF inhibitors 

reduced interstitial fluid pressure, increased intraperitoneal chemotherapy drug 

penetration, and reduced tumor growth and ascites.65,66 A clinical study confirmed that 

neoadjuvant intravenous bevacizumab was associated with lower intraperitoneal VEGF 

concentrations during surgery, which was associated with improved survival in another 

study.34,67 Taken together, addition of bevacizumab to neoadjuvant chemotherapy may 

be beneficial in patients who undergo CRS/HIPEC for CRC-PM, but its role needs to be 

further evaluated and specified.

Postoperative complications

A potential survival benefit of neoadjuvant systemic therapy should be weighed against 

the probability of higher complication rates after CRS/HIPEC. However, included 

as well as ineligible studies did not show an increase in grade III–V postoperative 

complications after CRS/HIPEC.10,11,17,41-53 In contrast, Eveno et al demonstrated increased 

grade III–V postoperative complications when bevacizumab was added to neoadjuvant 

chemotherapy.19 The antiangiogenic effect of bevacizumab, together with its long 

half-life, may interfere with wound and anastomotic healing, which was observed 

in preclinical studies.68-71 However, a review of clinical studies did not demonstrate 

increased postoperative complications in patients who received neoadjuvant 

intravenous bevacizumab prior to major cancer surgery if an interval to surgery of at 

least 6 weeks was respected.72 In conclusion, there is no consensus regarding the safety 

of bevacizumab prior to CRS/HIPEC.

Adjuvant systemic therapy

Adjuvant systemic therapy did not improve OS in included studies. Numerous ineligible 

studies reported positive and negative results of adjuvant systemic therapy on OS in 

patients who underwent CRS/HIPEC for CRC-PM.9,12,25-29,32,36-39 However, these studies 

did not provide details on systemic therapy, detailed survival outcomes, or subgroup 

analysis for CRC-PM (Table 4.1). Most importantly, none of these studies excluded 

patients with postoperative morbidity and mortality. Since these patients are less likely 
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to receive adjuvant systemic therapy and are known to have impaired survival, results 

of these studies are difficult to interpret due to a selection bias.73 The study by Maillet 

et al, which was the only included study that excluded postoperative deaths and used 

mainly modern systemic therapy regimens, did not reveal an OS benefit of adjuvant 

systemic therapy compared to surveillance only.16 Adjuvant systemic therapy has been, 

and still is, standard of care after CRS/HIPEC for CRC-PM in many countries worldwide, 

which was based on the superior results of CRS/HIPEC with adjuvant 5-fluorouracil vs. 

systemic 5-fluorouracil alone in the randomized study by Verwaal et al.74 However, this 

trial was not designed to assess the benefit of adjuvant systemic therapy. The limited 

availability and poor quality of available evidence, together with the negative results 

of adjuvant systemic therapy in included studies and its treatment related morbidity,75 

may be arguments to question adjuvant systemic therapy as standard of care after CRS/

HIPEC for CRC-PM.

Limitations of available evidence

The retrospective observational design of included studies unavoidably led to a selection 

bias. It is not clear which patients received (neo)adjuvant systemic therapy for what 

reason, and whether they were a consecutive series. As a result, baseline imbalances in 

disease extent and clinical condition may have influenced survival results. Moreover, 

nothing is known about survival outcomes in patients with disease progression upon 

neoadjuvant systemic therapy, which impedes a comparison between different treatment 

strategies on intention-to-treat basis. Table 4.2 reveals a large clinical heterogeneity 

across and within studies with regard to included patients, (measurement of) extent 

of CRC-PM, number of complete cytoreductions, IPC characteristics, systemic therapy 

regimens, and outcome assessment. This heterogeneity across studies impedes pooled 

analyses and the overall interpretation of results of included studies. Furthermore, some 

studies reported outcomes of their total cohorts, while they used both conventional and 

modern (neo)adjuvant or perioperative systemic therapy regimens. This interventional 

heterogeneity within studies may have biased survival outcomes and the influence of 

certain (neo)adjuvant or perioperative systemic therapy regimens on these outcomes.

Future research directions

Compared to other gastrointestinal malignancies, evidence regarding perioperative 

systemic therapy in patients who undergo CRS/HIPEC for CRC-PM is strikingly 

scarce. This lack of evidence may question its widespread and increasing use in the 

era of evidence based medicine. To eliminate selection bias and clinical heterogeneity, 

a prospective randomized study on intention-to-treat basis should be performed. 

Patients may be randomized between perioperative systemic therapy and CRS/

HIPEC and CRS/HIPEC alone, as was previously performed for resectable CRC liver 
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metastases.4 Reported results of neoadjuvant and perioperative systemic therapy in 

included studies support such a study and may point towards a regimen containing 

neoadjuvant combination chemotherapy with bevacizumab. Two single arm phase 2 

studies are currently evaluating this regimen in patients who undergo CRS/HIPEC for 

CRC-PM with different primary endpoints: histological tumor response (ClinicalTrials.

gov: NCT02591667) and surgical morbidity and mortality according to Clavien-Dindo 

(ClinicalTrials.gov: NCT02399410).76 Additionally, another single-arm phase 2 study is 

currently evaluating perioperative polychemotherapy with cetuximab with progression-

free survival as primary endpoint (ClinicalTrials.gov: NCT01540344).77

CONCLUSIONS

Significant limitations of available evidence question the widespread use of 

perioperative systemic therapy in this setting, stress the need for randomized studies, 

and impede definitive conclusions and recommendations regarding optimal timing and 

regimens. Nevertheless, results of included studies may suggest a role for neoadjuvant 

systemic therapy and may question adjuvant systemic therapy as standard care.
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Chapter 5
Adjuvant systemic chemotherapy 

versus active surveillance 
following up-front resection of 

isolated synchronous colorectal 
peritoneal metastases



ABSTRACT

Importance: To date, there are no data on the value of adjuvant systemic chemotherapy 

following up-front resection of isolated synchronous colorectal peritoneal metastases.

Objective: To assess the association between adjuvant systemic chemotherapy and 

overall survival following up-front 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, 2017; follow-up until January 31, 2019), 393 patients 

with isolated synchronous colorectal peritoneal metastases who were alive 3 months 

after up-front 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 patients 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=.006), which remained 

consistent after excluding patients who died within 6 months postoperatively (aHR, 

0.68; 95% CI, 0.50-0.93; p=.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 

up-front 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.
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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 up-front 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 up-front 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 up-

front 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 Netherlands 

Cancer Registry are anonymized and deidentified. 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 the Strengthening 

the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.
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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 5.1). 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 5.1). 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 up-front resection of isolated 

synchronous colorectal peritoneal metastases has been based on evidence in high-

risk 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 with oxaliplatin, 

fluoropyrimidine monotherapy, or a not-otherwise-specified chemotherapy regimen, 

Supplementary Table 5.1) 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.
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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 5.1).

Statistical analysis

Continuous variables were compared between adjuvant systemic chemotherapy and 

active surveillance groups using unpaired t test or Mann-Whitney test as appropriate. 

Categorical variables were compared between both groups using χ2 test or Fisher exact 

test as appropriate.

Each patient’s propensity score (ie, 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 method 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 

(ie, pathologic T 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 method and compared 

between both groups using the log-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 
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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 reporting major 

postoperative morbidity following up-front 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<.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 5.1). 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], 14-22) 
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weeks in 102 patients with available data. Table 5.1 presents a comparison of baseline 

variables between both treatment groups. The adjuvant systemic chemotherapy 

and active surveillance groups differed regarding period of diagnosis (eg, 2014-2017: 

65 [38%] vs 134 [61%], p<.001), primary tumor location (eg, distal colon: 85 [49%] 

vs 81 [37%], p=.03), and initial length of hospital stay (eg, >21 days: 6 [3%] vs 37 

[17%], p<.001).

930 patients identified
All Dutch patients with colorectal cancer, diagnosed from January 1, 2005, through December 31, 2017, with 
synchronous peritoneal metastases undergoing complete CRS-HIPEC

573 excluded
200 appendiceal primary tumor
12 unspecified primary tumor location
2 histologic findings other than adenocarcinoma
110 concomitant extraperitoneal metastases
6 participation in the CAIRO6 trial9

23 no histologically proven peritoneal metastases
140 systemic therapy or radiotherapy before CRS-HIPEC
18 unknown date of CRS-HIPEC
15 unknown start date of systemic therapy after CRS-HIPEC
11 died within three months postoperatively

393 included
Patients being alive three months after upfront CRS-HIPEC for a non-appendiceal colorectal adenocarcinoma 
with histologically proven isolated synchronous peritoneal metastases and known dates of treatment

221 allocated to the active surveillance groupb

o 6 (3%) started systemic chemotherapy with targeted 
therapy within 3 months postoperatively

o 19 (9%) started systemic chemotherapy between 3 and 4 
months postoperatively

o 7 (3%) started systemic chemotherapy between 4 and 6 
months postoperatively

o 12 (5%) died <6 months postoperatively

172 allocated to the ASC groupa

o 86 (50%) started with a fluoropyrimidine 
with oxaliplatin

o 9 (5%) started with fluoropyrimidine 
monotherapy

o 77 (45%) started with a not otherwise 
specified systemic chemotherapy regimen

o 3 (2%) died <6 months postoperatively

30 excluded 
after maching
Non-matching 
propensity score

142 included in matched population
o 4 (3%) started systemic chemotherapy with targeted 

therapy within 3 months postoperatively
o 13 (9%) started systemic chemotherapy between 3 and 4 

months postoperatively
o 4 (3%) started systemic chemotherapy between 4 and 6 

months postoperatively
o 10 (7%) died <6 months postoperatively

142 included in matched population
o 75 (53%) started with a fluoropyrimidine 

with oxaliplatin
o 9 (6%) started with fluoropyrimidine 

monotherapy
o 58 (41%) started with a not otherwise 

specified systemic chemotherapy regimen
o 3 (2%) died <6 months postoperatively

79 excluded 
after maching
Non-matching 
propensity score

Figure 5.1 Patient selection, treatment allocation, and propensity score matching. 

ASC adjuvant systemic chemotherapy; CRS-HIPEC cytoreductive surgery with hyperthermic 

intraperitoneal chemotherapy; astarted systemic chemotherapy without targeted therapy within 3 

months postoperatively; bdid not start systemic chemotherapy without targeted therapy within 3 

months postoperatively.



Adjuvant systemic chemotherapy following upfront resection of synchronous CPM   |   103

5

Following propensity score matching, 142 patients of the adjuvant systemic 

chemotherapy group were matched with 142 patients of the active surveillance group 

(Figure 5.1), 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 (eg, 

2014-2017: 65 [46%] vs 77 [54%], standardized difference, −0.17), primary tumor 

location (ie, rectum: 7 [5%] vs 4 [3%], standardized difference, 0.11), histologic 

characteristics (ie, signet ring cell adenocarcinoma: 11 [8%] vs 6 [4%], standardized 

difference, 0.15), and initial length of hospital stay (ie, >21 days: 6 [4%] vs 16 [11%], 

standardized difference, −0.27) (Table 5.1).

In the entire matched population, the median follow-up was 25.9 (IQR, 15.7-46.8) 

months and 186 patients (65%) died. Corresponding numbers were 35.9 (IQR, 20.8-

51.5) 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 5.2). 

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 5.2). 

Adjuvant systemic chemotherapy was associated with improved overall survival 

compared with active surveillance (HR, 0.64; 95% CI, 0.48-0.86; p=.003; aHR, 0.66; 95% 

CI, 0.49-0.88; p=.006). This association remained consistent after excluding 13 patients 

who died within 6 months postoperatively (aHR, 0.68; 95% CI, 0.50-0.93; p=.02), 4 patients 

starting systemic chemotherapy with targeted therapy within 3 months postoperatively 

(aHR, 0.68; 95% CI, 0.50-0.91;  p=.01), 13 patients starting systemic chemotherapy 

between 3 and 4 months postoperatively (aHR, 0.65; 95% CI, 0.48-0.87; p=.004), and 

after excluding all 3 of these groups (aHR, 0.70; 95% CI, 0.50-0.97; p=.03). Adjustment 

for unmeasured confounding by major postoperative morbidity did not eliminate the 

association between adjuvant systemic chemotherapy and improved overall survival 

(aHR, 0.71; 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 5.2).
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Table 5.1 Comparison of baseline variables between treatment groups in unmatched and matched 

population.

Variable Unmatched population Matched population Standardized differencea

ASC group

(n=172)

AS group

(n=221)

p value ASC group

(n=142)

AS group

(n=142)

p value Unmatched Matched

Sex, n (%) .57 >.99

Male 82 (48) 99 (45) 68 (48) 68 (48) 0.06 0.00

Female 90 (52) 122 (55) 74 (52) 74 (52) -0.06 0.00

Years of age, mean (SD) 60 (11) 62 (10) .12 61 (10) 61 (10) .97 -0.16 0.00

Period of diagnosis, n (%) <.001 .29

2005-2009 25 (15) 28 (13) 24 (17) 17 (12) 0.05 0.14

2010-2013 82 (48) 59 (27) 53 (37) 48 (34) 0.44 0.07

2014-2017 65 (38) 134 (61) 65 (46) 77 (54) -0.47 -0.17

Weeks from diagnosis to CRS-HIPEC, median (IQR) 10 (7-13) 10 (7-14) .78 10 (7-14) 10 (7-14) .86 0.01 -0.03

Primary tumor location, n (%) .03 .62

Proximal colon 80 (47) 125 (57) 76 (54) 75 (53) -0.20 0.01

Distal colon 85 (49) 81 (37) 59 (42) 63 (44) 0.26 -0.06

Rectum 7 (4) 15 (7) 7 (5) 4 (3) -0.12 0.11

Pathologic T category, n (%) .71 >.99

T0-3 46 (27) 62 (28) 40 (28) 40 (28) -0.03 0.00

T4 124 (72) 154 (70) 100 (70) 100 (70) 0.05 0.00

Missing data 2 (1) 5 (2) 2 (1) 2 (1) -0.08 0.00

Pathologic N category, n (%) .88 .99

N0 31 (18) 41 (19) 28 (20) 26 (18) -0.01 0.00

N1 57 (33) 67 (30) 49 (35) 49 (35) 0.06 -0.03

N2 81 (47) 107 (48) 62 (44) 64 (45) -0.03 0.00

Missing data 3 (3) 6 (3) 3 (2) 3 (2) -0.07 -0.01

Histologic characteristics, n (%) .53 .46

Adenocarcinoma 96 (56) 131 (59) 84 (59) 88 (62) -0.07 -0.06

Mucinous adenocarcinoma 63 (37) 79 (36) 47 (33) 48 (34) 0.02 -0.01

SRC adenocarcinoma 13 (8) 11 (5) 11 (8) 6 (4) 0.11 0.15

Differentiation, n (%) .96 .89

Well/moderately 99 (58) 125 (57) 79 (56) 80 (56) 0.02 -0.01

Poor/undifferentiated 30 (17) 41 (19) 27 (19) 24 (17) -0.03 0.06

Missing data 43 (25) 55 (25) 36 (25) 38 (27) 0.00 -0.03

Initial length of hospital stay after CRS-HIPEC, n (%) <.001 .08

≤21 days 95 (55) 116 (52) 82 (58) 77 (54) 0.06 0.07

>21 days 6 (3) 37 (17) 6 (4) 16 (11) -0.45 -0.27

Missing data 71 (41) 68 (31) 54 (38) 49 (35) 0.22 0.07

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.
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Table 5.1 Comparison of baseline variables between treatment groups in unmatched and matched 

population.

Variable Unmatched population Matched population Standardized differencea

ASC group

(n=172)

AS group

(n=221)

p value ASC group

(n=142)

AS group

(n=142)

p value Unmatched Matched

Sex, n (%) .57 >.99

Male 82 (48) 99 (45) 68 (48) 68 (48) 0.06 0.00

Female 90 (52) 122 (55) 74 (52) 74 (52) -0.06 0.00

Years of age, mean (SD) 60 (11) 62 (10) .12 61 (10) 61 (10) .97 -0.16 0.00

Period of diagnosis, n (%) <.001 .29

2005-2009 25 (15) 28 (13) 24 (17) 17 (12) 0.05 0.14

2010-2013 82 (48) 59 (27) 53 (37) 48 (34) 0.44 0.07

2014-2017 65 (38) 134 (61) 65 (46) 77 (54) -0.47 -0.17

Weeks from diagnosis to CRS-HIPEC, median (IQR) 10 (7-13) 10 (7-14) .78 10 (7-14) 10 (7-14) .86 0.01 -0.03

Primary tumor location, n (%) .03 .62

Proximal colon 80 (47) 125 (57) 76 (54) 75 (53) -0.20 0.01

Distal colon 85 (49) 81 (37) 59 (42) 63 (44) 0.26 -0.06

Rectum 7 (4) 15 (7) 7 (5) 4 (3) -0.12 0.11

Pathologic T category, n (%) .71 >.99

T0-3 46 (27) 62 (28) 40 (28) 40 (28) -0.03 0.00

T4 124 (72) 154 (70) 100 (70) 100 (70) 0.05 0.00

Missing data 2 (1) 5 (2) 2 (1) 2 (1) -0.08 0.00

Pathologic N category, n (%) .88 .99

N0 31 (18) 41 (19) 28 (20) 26 (18) -0.01 0.00

N1 57 (33) 67 (30) 49 (35) 49 (35) 0.06 -0.03

N2 81 (47) 107 (48) 62 (44) 64 (45) -0.03 0.00

Missing data 3 (3) 6 (3) 3 (2) 3 (2) -0.07 -0.01

Histologic characteristics, n (%) .53 .46

Adenocarcinoma 96 (56) 131 (59) 84 (59) 88 (62) -0.07 -0.06

Mucinous adenocarcinoma 63 (37) 79 (36) 47 (33) 48 (34) 0.02 -0.01

SRC adenocarcinoma 13 (8) 11 (5) 11 (8) 6 (4) 0.11 0.15

Differentiation, n (%) .96 .89

Well/moderately 99 (58) 125 (57) 79 (56) 80 (56) 0.02 -0.01

Poor/undifferentiated 30 (17) 41 (19) 27 (19) 24 (17) -0.03 0.06

Missing data 43 (25) 55 (25) 36 (25) 38 (27) 0.00 -0.03

Initial length of hospital stay after CRS-HIPEC, n (%) <.001 .08

≤21 days 95 (55) 116 (52) 82 (58) 77 (54) 0.06 0.07

>21 days 6 (3) 37 (17) 6 (4) 16 (11) -0.45 -0.27

Missing data 71 (41) 68 (31) 54 (38) 49 (35) 0.22 0.07

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.
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Figure 5.2 Overall survival of adjuvant systemic chemotherapy and active surveillance groups in the 

matched population.

CI confidence interval; HR hazard ratio.

DISCUSSION

In this nationwide observational cohort study in patients who were alive 3 months after 

up-front 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, these studies 

included patients with metachronous peritoneal metastases,26-37  incomplete 

cytoreductions,26-32,35,36 extraperitoneal metastases,26,28-30,32-37 appendiceal tumors,26,35,36 or 

systemic therapy before CRS-HIPEC.26,28-37  Moreover, most other studies did not 
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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 or 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 following up-front resection of isolated 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.
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As in any observational cohort study, survival outcomes of the present study may have 

been affected by selection bias. Despite the use of propensity score–based 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 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 (eg, 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 up-front CRS-HIPEC alone for resectable colorectal peritoneal metastases.9

Although results of CAIRO6 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 understudied and increasing group of 

patients undergoing up-front 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, up-front 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 
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patients undergoing up-front resection of isolated synchronous colorectal peritoneal 

metastases (eg, 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 trials (if these will ever be conducted) become available. In 

addition, randomized clinical trials generally assess the efficacy of an intervention (ie, 

the effect under selected conditions), whereas population-based studies, such as the 

present investigation, may provide additional information on the possible real-world 

benefit in the general population.

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, 

duration-specific, 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.

CONCLUSIONS

In patients undergoing up-front 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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Chapter 6
Perioperative systemic therapy and 

cytoreductive surgery with HIPEC 
versus cytoreductive surgery with 

HIPEC alone for isolated resectable 
colorectal peritoneal metastases: 

protocol of a multicenter, open-label, 
parallel-group, phase 2-3, randomized, 

superiority study (CAIRO6)



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 2-3, randomized, superiority study is 

performed in nine Dutch tertiary referral centers. Eligible patients are adults who have 

a good performance status, histologically or 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 randomized (1:1) to perioperative systemic therapy and 

CRS-HIPEC (experimental arm) or upfront CRS-HIPEC alone (control arm) by using 

central randomization software with minimization 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 2 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 3 study with 3-year overall survival as 

primary endpoint. A total of 358 patients is needed to detect the hypothesized 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, health-related quality of life, costs, major systemic 

therapy related toxicity, and objective radiological and histopathological response rates.

Discussion: This is the first randomized 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 years with a small chance of cure.7,8 The increasing 

acceptance of CRS-HIPEC in clinical practice is supported by a randomized 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 advanced primary tumors with a high risk of systemic spread.1,3,4 

Indeed, systemic failure is common after CRS-HIPEC.13 Moreover, lymph node positivity 

is associated with poor outcomes after CRS-HIPEC,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 tumor 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 favorable 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 CRS-

HIPEC. 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 unfavorable tumor biology, whereas 

patients with a favorable 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 be explained 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 
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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 qualify of 

life. Lastly, perioperative systemic therapy and its toxicity could increase health care 

costs, especially in the era of increasing use of targeted agents.31,32

Rationale for this study

For isolated resectable colorectal PM, there are no randomized 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 therapy vary substantially between countries, 

hospitals, and guidelines.9,33-35 More importantly, it remains unknown whether perioperative 

systemic therapy has an intention-to-treat benefit in this setting.33-35 Therefore, this study 

randomizes 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 

preoperative 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 

increased dose-intensity. The potential advantages of a preoperative 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 
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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 a similar efficacy,44 but the 

latter has an unfavorable 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 bevacizumab.51-53 However, unexpectedly 

unfavorable 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.

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 phase 2-3 approach

This is the first prospective multicenter 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 

randomized phase 2 (pilot) study, as previously successfully performed in the FOxTROT 

study on preoperative chemotherapy for locally advanced resectable colon cancer.74
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METHODS

This protocol summary follows the Standard Protocol Items: Recommendations for 

Interventional Trials (SPIRIT) Statement.75

Study design

This is a multicenter, open-label, parallel-group, phase 2-3, superiority study that 

randomizes 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 2 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. The 

primary objective of the phase 3 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 2 study, accrual, perioperative systemic therapy, and CRS-HIPEC are 

restricted to nine study centers. These study centers include all Dutch tertiary referral 

centers qualified for the surgical treatment of colorectal PM, consisting of five university 

hospitals and four teaching hospitals. In the subsequent phase 3 study, accrual and CRS-

HIPEC remain restricted to the nine study centers, whereas perioperative systemic 

therapy can be administered in about fifteen additional satellite centers. These satellite 

centers 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 Organization (WHO) performance 

status of ≤1, histological or cytological proof of PM of a non-appendiceal colorectal 

adenocarcinoma with ≤50% of the tumor 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 
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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 or 

the prognosis of resected colorectal PM. Enrolled patients need to be discussed in 

a multidisciplinary team meeting in a study center prior to enrolment. Importantly, 

enrolment is allowed for patients with radiologically non-measurable disease. The 

diagnostic laparoscopy/laparotomy may be performed in a referring center, provided 

that the peritoneal cancer index (PCI) is appropriately scored and documented 

before enrolment.76 Patients are excluded in case of any comorbidity or 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 centers should be qualified as tertiary referral centers for the surgical treatment 

of colorectal PM, with at least 20 procedures of CRS-HIPEC each year. Satellite centers 

should be qualified for the systemic treatment of patients with metastatic colorectal 

cancer.

Interventions and procedures

Figure 6.1 shows a general flowchart of the study. Tables 6.1 and 6.2 present schedules 

of enrolment, interventions, and assessments of the experimental arm and the control 

arm, respectively.

Perioperative systemic therapy

Figure 6.2 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;

• Six two-weekly neoadjuvant and adjuvant cycles of FOLFOX (85 mg/m2 BSA of 

oxaliplatin, 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), with bevacizumab 

(5 mg/kg body weight, IV on day 1) added to the first four neoadjuvant cycles, or;
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• Six two-weekly neoadjuvant cycles of FOLFIRI (180 mg/m2 BSA of 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 three-weekly 

(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 5-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.

RandomizationExperimental arm

Neoadjuvant systemic therapya

CRS-HIPEC

B Q

B Q

B R

Adjuvant systemic therapya

B

3 mo after (intended) CRS-HIPEC

6 mo after (intended) CRS-HIPEC

9 mo after (intended) CRS-HIPEC

Every 6 mo thereafter

Control arm

CRS-HIPEC

3 mo after (intended) CRS-HIPEC

6 mo after (intended) CRS-HIPEC

9 mo after (intended) CRS-HIPEC

12 mo after (intended) CRS-HIPEC

Every 6 mo thereafter

T

B

B RQ

Q

B RQ

B RQ

B Q

T

B

B RQ

B RQ

B RQ

B RQ

Figure 6.1 General flowchart of the CAIRO6 study. 

B blood sampling for translational research; CRS-HIPEC cytoreductive surgery and hyperthermic 

intraperitoneal chemotherapy; mo months; Q questionnaires (quality of life, costs); R radiological 

evaluation (thoracoabdominal CT); T tissue sampling for translational research; aa separate flow 

diagram of perioperative systemic therapy in the experimental arm is presented in Figure 6.2.
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Table 6.1 Schedule of enrolment, interventions, and assessments in the experimental arm.

Schedule of enrolment, interventions, and assessments in the experimental arm
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Enrolment

Eligibility screen X

Informed consent X

Treatment allocation X

Interventions

Systemic chemotherapy X X

Bevacizumab Xa

CRS-HIPEC X

Thoracoabdominal CT Xb X X X

Questionnaires X Xc X X X X

Translational research: blood X Xd Xe Xd X X X

Translational research: tissue X

Assessments

Baseline characteristics X

Feasibility of systemic therapy X X

Systemic therapy-related toxicity X X

Radiological response X

Histopathological response X

Surgical characteristics X

Postoperative morbidity X X

Progression-free survival X X X X X X X

Disease-free survival X X X X X

Overall survival X X X X X X X

Health-related quality of life 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 6.2 Schedule of enrolment, interventions, and assessments in the control arm.

Schedule of enrolment, interventions, and assessments in the control arm
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Enrolment

Eligibility screen X

Informed consent X

Treatment allocation X

Interventions

CRS-HIPEC X

Thoracoabdominal CT X X X X

Questionnaires X X X X X X

Translational research: blood X Xa X X X X

Translational research: tissue X

Assessments

Baseline characteristics X

Surgical characteristics X

Postoperative morbidity X X

Progression-free survival X X X X X X

Disease-free survival X X X X X

Overall survival X X X X X X

Health-related quality of life X X X X X X

Costs 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.

Neoadjuvant systemic therapy should start within four weeks after randomization. 

Adjuvant systemic therapy should start within twelve weeks after CRS-HIPEC. 

In case of unacceptable toxicity or contraindications to oxaliplatin or 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, prohibited concomitant care, permitted concomitant 

care, and strategies to improve adherence are not specified a priori, but left to the 
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discretion of the treating medical oncologist. Perioperative systemic therapy can 

be prematurely discontinued due to radiological or clinical disease progression, 

unacceptable toxicity, physicians decision, or at patients request.

CRS-HIPEC

CRS-HIPEC is performed according to the Dutch protocol in all study centers.77 The 

choice of HIPEC medication (oxaliplatin or mitomycin C) is left to the discretion of the 

treating physician, since neither one has a favorable safety or efficacy.78,79 In the control 

arm, CRS-HIPEC should be performed within six weeks after randomization. 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 minimize the risk of bevacizumab-related 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 randomization. 

In the experimental arm, thoracoabdominal CT is performed three and nine months 

after CRS-HIPEC, and every six months thereafter until five years after randomization. 

This follow-up schedule allows for an equal comparison of progression-free survival 

between both arms (Figure 6.1).

Questionnaires

EQ-5D-5L,81,82 QLQ-C30,83 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 randomization (Figure 6.1).

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 randomization (Figure 6.1). 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.
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Translational research – tissue

In all patients undergoing CRS-HIPEC, tissue specimens of colorectal PM and the 

primary tumor are systematically collected and stored for translational research in 

the study centers. 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 tumor. Tumor tissue of each metastasis and each region of the primary 

tumor 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.

Outcomes

Outcomes of the phase 2 study are to explore:

• The feasibility of accrual, based on the total accrual rate, the accrual rate in each 

study center, 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) systemic 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 Clavien-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-5 L, QLQ-C30, and QLQ-CR29 during study treatment;

• The radiological and histopathological response of colorectal PM to neoadjuvant 

systemic therapy, based on central review of thoracoabdominal CT and resected 

specimens, respectively. Classifications are not defined a priori.

• The primary outcome of the phase 3 study is 3-year overall survival, defined as 

the number of patients who are alive three years after randomization. Secondary 

outcomes in both arms are:

• Progression-free survival, defined as the time between randomization 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, QLQ-C30, 

QLQ-CR29) at different points in time (Figure 6.1, Table 6.1, Table 6.2);
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• Costs, derived from the Dutch costing guidelines for health care research at the 

time of analysis, based on case report forms, hospital information systems, and 

questionnaires (iMTA PCQ, iMTA MCQ, EQ-5D-5L) at different points in time 

(Figure 6.1, Table 6.1, Table 6.2)82;

• 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 thoracoabdominal CT and resected specimens, respectively. Classifications are 

determined after exploration of the radiological and histopathological response 

in the phase 2 study.

Sample size

The sample size of 80 (40 in each arm) for the phase 2 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 3 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 hypothesized 15% increase in 3-year overall survival (control arm 50%; 

experimental arm 65%) with 5% drop-out, 80% power, and a two-sided log-rank test 

at p<0.05. The primary study hypothesis may be modified when new insights or new 

guiding literature become available.

Recruitment

Potential study candidates are enrolled by dedicated specialized physicians in high-

volume study centers. Accrual is considered feasible when the first 80 patients are 

enrolled within one year after the start of accrual in the last study center, since this 

ensures completion of the phase 3 study within a maximum of four years.

Assignment of interventions

Eligible patients who are enrolled by physicians in study centers are centrally 

randomized and assigned to interventions by the coordinating investigators (KPR 

and CB) in a 1:1 ratio by using randomization software (ALEA, FormsVision, Abcoude, 
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Netherlands) with minimization stratified by a PCI of 0–10 or 11–20, synchronous or 

metachronous PM, previous systemic therapy for colorectal cancer, and HIPEC with 

oxaliplatin or mitomycin C.

Data collection

Questionnaires are collected by the coordinating investigators. All other baseline and 

outcome data are collected and entered in the central study database (TRIAS, Netherlands 

Comprehensive Cancer Organization [IKNL], Utrecht, Netherlands) with electronic case 

report forms by independent, qualified, and trained local data managers of independent 

in-hospital trial departments (two study centers) or IKNL (all other centers).

Data management

Data coding, security, and storage, including processes to promote data quality, are 

performed by an independent, qualified, and trained central data manager of IKNL (JMB).

Statistical methods

Overall survival, progression-free survival, health-related quality of life, and costs 

are analyzed in all randomized patients (intention-to-treat population). Radiological 

response and systemic therapy related toxicity are analyzed in all patients who received 

at least one dose of perioperative systemic therapy (systemically treated population). 

Surgical characteristics, histopathological response, postoperative morbidity, and 

disease-free survival are analyzed in all patients who receive CRS-HIPEC (operated 

population). Categorical variables are expressed as n (%). Continuous variables are 

expressed as mean (standard deviation) or median (range) where appropriate. All tests 

are two-sided and p<0.05 is considered statistically significant in all analyses.

The median follow-up period is calculated by using the reverse Kaplan-Meier method. 

Kaplan-Meier curves of time-to-event variables are compared between both arms by 

using the two-sided log-rank test. Unadjusted and confounder-adjusted 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 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 
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and cost-utility 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 intervals for (differences in) costs 

and health outcomes. Cost-effectiveness planes are displayed and cost-effectiveness 

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 2 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 analysis, the 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.

Harms

Physicians of study centers report all serious adverse events (SAEs) or suspected 

unexpected serious adverse reactions (SUSARs) to the coordinating investigators 

within 24 h. 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 randomization 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, 

stabilization, 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 Centers. During the phase 2 study, 



Protocol: phase 2-3 trial of perioperative systemic therapy for resectable CPM   |   131

6

each study center 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 3 study are not specified and 

depend on auditing reports of the phase 2 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 centers. The study will be submitted to 

the IRBs of the satellite centers once the accrual of the phase 2 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 centers, and 

trial registries.

Consent and assent

Written informed consent is obtained by physicians at the outpatient clinics of the study 

centers. 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.
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Ancillary and post-study care

This study has no provisions for ancillary and post-study care. The sponsor (Catharina 

Hospital, Eindhoven, Netherlands) is insured to provide cover for those who suffer harm 

from study participation.

Dissemination policy

Results of the phase 2 and phase 3 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 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 centers is granted 

based on the number of enrolled patients: one author for five (phase 2) and twenty 

(phase 3) patients, and an additional author for each three (phase 2) and fifteen (phase 

3) 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 randomized study that prospectively compares oncological outcomes 

of perioperative systemic therapy and CRS-HIPEC with upfront CRS-HIPEC 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 

randomized 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 2 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 outcome.93 The 

CARCINOSIS 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 
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to be modified. Furthermore, four studies randomize 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, NCT03028155), one to HIPEC with mitomycin C or 

melphalan (NCT03073694), and one to HIPEC with mitomycin C or early postoperative 

intraperitoneal chemotherapy with leucovorin/floxuridine (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, the diagnostic 

laparoscopy/laparotomy prior to enrolment may also be performed in less experienced 

referring centers. 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 center, 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 center after a macroscopically complete resection of colorectal 

PM in a referring center, 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 centers. Moreover, patients with isolated resectable colorectal PM do not 

qualify for any other multicenter randomized study in the Netherlands. The phase 2-3 

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 standardize 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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Chapter 7
Perioperative systemic therapy 

versus cytoreductive surgery and 
hyperthermic intraperitoneal 

chemotherapy alone for resectable 
colorectal peritoneal metastases: a 

phase 2 randomized clinical trial



ABSTRACT

Importance: No randomized clinical trials have investigated 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 with resectable CPM and the response of CPM to neoadjuvant treatment.

Design, Setting, and Participants: An open-label, parallel-group phase 2 randomized 

clinical trial in all 9 Dutch tertiary centers for the surgical treatment of CPM enrolled 

participants between June 15, 2017, and January 9, 2019. Participants were patients with 

pathologically proven isolated resectable CPM who did not receive systemic therapy 

within 6 months before enrollment.

Interventions: Randomization to perioperative systemic therapy or CRS-HIPEC alone. 

Perioperative systemic therapy comprised either four 3-week neoadjuvant and adjuvant 

cycles of CAPOX (capecitabine and oxaliplatin), six 2-week neoadjuvant and adjuvant 

cycles of FOLFOX (fluorouracil, leucovorin, and oxaliplatin), or six 2-week neoadjuvant 

cycles of FOLFIRI (fluorouracil, leucovorin, and irinotecan) and either four 3-week 

adjuvant cycles of capecitabine or six 2-week adjuvant cycles of fluorouracil with 

leucovorin. Bevacizumab was added to the first 3 (CAPOX) or 4 (FOLFOX/FOLFIRI) 

neoadjuvant cycles.

Main Outcomes and Measure: Proportions of macroscopic complete CRS-HIPEC and 

Clavien-Dindo grade 3 or higher postoperative morbidity. Key secondary outcomes 

were centrally assessed rates of objective radiologic and major pathologic response 

of CPM to neoadjuvant treatment. Analyses were done modified intention-to-treat in 

patients starting neoadjuvant treatment (experimental arm) or undergoing upfront 

surgery (control arm).
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Results: In 79 patients included in the analysis (43 [54%] men; mean [SD] age, 62 

[10] years), experimental (n=37) and control (n=42) arms did not differ significantly 

regarding the proportions of macroscopic complete CRS-HIPEC (33 of 37 [89%] vs 36 of 

42 [86%] patients; risk ratio, 1.04; 95% CI, 0.88-1.23, p=.74) and Clavien-Dindo grade 3 or 

higher postoperative morbidity (8 of 37 [22%] vs 14 of 42 [33%] patients; risk ratio, 0.65; 

95% CI, 0.31-1.37, p=.25). No treatment-related deaths occurred. Objective radiologic 

and major pathologic response rates of CPM to neoadjuvant treatment were 28% (9 of 

32 evaluable patients) and 38% (13 of 34 evaluable patients), respectively.

Conclusions and Relevance: In this randomized phase 2 trial in patients diagnosed 

with resectable CPM, perioperative systemic therapy seemed feasible, safe, and able 

to induce response of CPM, justifying a phase 3 trial.
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INTRODUCTION

Although the additional benefit of hyperthermic intraperitoneal chemotherapy 

(HIPEC) after cytoreductive surgery (CRS) has been debated,1,2 CRS-HIPEC has 

been recommended for selected patients with resectable colorectal peritoneal 

metastases (CPM) in most national and international guidelines.3 Addition of 

perioperative (ie, neoadjuvant and adjuvant) systemic therapy to CRS-HIPEC may 

improve oncologic outcomes by preoperative tumor downstaging, eradication of 

systemic micrometastases, and postoperative elimination of microscopic residual 

disease. However, perioperative systemic therapy could induce toxic effects; may 

increase postoperative morbidity, especially when including bevacizumab;4 and could 

result in preoperative intraperitoneal progression and consequent inoperability 

given its assumed relative inefficacy for CPM.5 To our knowledge, there have been 

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 

being standard of care in the Netherlands.9 Because CAIRO6 appears to be the first 

randomized trial investigating perioperative systemic therapy in this setting, a 

randomized phase 2 trial, reported herein, 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 

CAIRO6 is an investigator-initiated, open-label, parallel-group, phase 2-3, randomized 

superiority trial conducted in all 9 Dutch tertiary centers for the surgical treatment of 

CPM. The trial was approved by a central ethics committee (MEC-U) in the Netherlands 

and the institutional review boards of all centers. Patients gave written informed 

consent; no financial compensation was provided. The protocol is publicly available,10 

with a summary published elsewhere.11 This study followed the Consolidated Standards 

of Reporting Trials (CONSORT) reporting guideline.

Patients

A complete list of eligibility criteria is presented in Supplementary Method 7.1. Briefly, 

patients were adults with a World Health Organization performance status of 0 or 1 

(fully active or restricted in strenuous activity but ambulatory and able to carry out 
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light work), pathologically proven isolated nonappendiceal CPM, resectable disease 

and a peritoneal cancer index of 20 or lower at diagnostic laparoscopy or laparotomy,12 

and no systemic therapy within 6 months prior to enrollment. Enrollment was allowed 

for patients who underwent previous surgery for CPM and for patients who underwent 

diagnostic laparoscopy or laparotomy in a referring center, provided that the peritoneal 

cancer index was appropriately scored.

Randomization

Patients were randomized (1:1) to receive perioperative systemic therapy (experimental 

arm) or CRS-HIPEC alone (control arm) using randomization software with minimization 

stratified by peritoneal cancer index (≤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 4 weeks 

after randomization. In the control arm, upfront CRS-HIPEC had to be scheduled within 

6 weeks after randomization.

Perioperative systemic therapy

The protocol summary includes a rationale for the trial’s perioperative systemic therapy 

regimens,11 with details on doses, routes, and schedules of different regimens presented 

in Supplementary Method 7.2. Briefly, at the physician’s discretion, perioperative 

systemic chemotherapy comprised either four 3-week neoadjuvant and four 3-week 

adjuvant cycles of CAPOX (capecitabine and oxaliplatin), six 2-week neoadjuvant and 

six 2-week adjuvant cycles of FOLFOX (fluorouracil, leucovorin, and oxaliplatin), or 

six 2-week neoadjuvant cycles of FOLFIRI (fluorouracil, leucovorin, and irinotecan) 

followed by either four 3-week adjuvant cycles of capecitabine or six 2-week adjuvant 

cycles of fluorouracil with leucovorin. Bevacizumab was added to the first 3 (CAPOX) 

or 4 (FOLFOX or FOLFIRI) neoadjuvant cycles. In case of unacceptable toxic effects 

associated with oxaliplatin or irinotecan during neoadjuvant treatment, CAPOX or 

FOLFOX could have been switched to FOLFIRI and vice versa. In case of unacceptable 

toxic effects of oxaliplatin during adjuvant treatment, CAPOX or FOLFOX could 

have been switched to capecitabine or 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 toxic effects, or at the 

physician’s or patient’s decision.
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Restaging thoracoabdominal computed tomography was performed after 3 (CAPOX-

bevacizumab) or 4 (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 6 weeks after completion 

of the last neoadjuvant cycle and at least 6 weeks after the last administration of 

bevacizumab to minimize the risk of bevacizumab-related postoperative morbidity.13 

As recommended in international guidelines in colon cancer,14 adjuvant systemic 

chemotherapy had to start within 12 weeks after macroscopic complete CRS-HIPEC.

Surgical procedure 

CRS-HIPEC was performed according to the standardized Dutch protocol in all centers 

(Supplementary Method 7.3).15-17 In case of unresectable disease or macroscopic 

incomplete CRS, trial treatment was stopped. Patients undergoing macroscopic 

complete CRS-HIPEC were followed up according to a standardized schedule.11

Trial accrual

After completion of the present phase 2 trial, investigators of all participating centers 

reviewed a list of all patients scheduled for CRS-HIPEC for treatment of CPM during 

recruitment in their center. Using the trial’s eligibility criteria, patients potentially 

eligible for trial participation were identified, and numbers of patients 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 or higher postoperative morbidity up to 3 months 

postoperatively.18 Key secondary outcomes were centrally assessed rates of objective 

radiologic response (using the radiologic peritoneal cancer index and Response 

Evaluation Criteria in Solid Tumors [RECIST]12,19) and major pathologic response (using 

Mandard tumor regression grading [TRG] and the Peritoneal Regression Grading 

Score20,21) of CPM to neoadjuvant treatment (Supplementary Method 7.4). Objective 

radiologic response of CPM was defined as a 30% or more decrease in radiologic 

peritoneal cancer index. Major pathologic response of CPM was defined as Mandard 

TRG1-2. Other comparative outcomes were intraoperative characteristics (eg, peritoneal 
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cancer index), length of hospital stay, readmissions, reoperations, and Clavien-Dindo 

grade 2 postoperative morbidity. Other descriptive outcomes were the proportion of 

patients with Common Terminology Criteria for Adverse Events (CTCAE, v4.022) grade 

3 or higher and grade 2 systemic therapy–related toxic effects up to a month after 

last administration of the therapy, and the ability to administer 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 a 5% dropout rate 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: less than 50% of patients in the 

experimental arm undergoing macroscopic complete CRS-HIPEC or a more than 20% 

higher proportion of Clavien-Dindo grade 3 or higher postoperative morbidity in the 

experimental arm relative to the control arm.11 In addition, the trial was stopped if these 

80 patients were not enrolled within 1 year after the last center started recruiting.11 

Because the stopping criteria of the present phase 2 trial were not met, the independent 

data monitoring committee advised proceeding to a phase 3 trial, also including patients 

of the present phase 2 trial. Analyses were performed 2-sided with findings considered 

significant at p<.05 using SAS, version 9.4 (SAS Institute Inc). Continuous data were 

compared using the Mann-Whitney test or an unpaired t test. Categorical data were 

compared using a χ2 test or Fisher exact test. Missing data were not imputed. Because 

the primary aim of the present phase 2 trial was to assess the feasibility and safety of 

the treatment received 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 macroscopic complete CRS-HIPEC (CRS-HIPEC population).

RESULTS

Between June 15, 2017, and January 9, 2019, 233 patients were potentially eligible for trial 

participation; of these, 82 patients (35%) were not approached for unknown reasons, 

71 (30%) refused trial participation for various reasons (Figure 7.1), and 80 (34%) were 

randomized (40 to each arm) in 9 centers within 1 year after the last center started 
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recruiting in March 2018. The last patient completed trial treatment on October 1, 2019. The 

modified intention-to-treat population comprised 79 patients (43 [54%] men, 36 [46%] 

women; mean [SD] age, 62 [10] years), of whom 37 (47%) started neoadjuvant treatment 

and 42 (53%) underwent upfront surgery (Figure 7.1). Intention-to-treat and modified 

intention-to-treat populations had comparable distributions of baseline characteristics 

(Supplementary Table 7.1). Table 7.1 presents the baseline characteristics of the modified 

intention-to-treat population. Of 37 patients starting neoadjuvant treatment, 28 (76%) 

completed all neoadjuvant cycles, all 37 underwent surgery, 33 (89%) had macroscopic 

complete CRS-HIPEC, 22 (59%) started adjuvant treatment, and 12 (32%) completed all 

adjuvant cycles. Of 42 patients undergoing upfront surgery, 36 (86%) had macroscopic 

complete CRS-HIPEC. The operated population consisted of the same 79 patients as the 

modified intention-to-treat population. The CRS-HIPEC population included 69 patients 

(baseline characteristics reported in Supplementary Table 7.2).

The proportion of patients undergoing macroscopic complete CRS-HIPEC did not 

differ significantly between the trial arms (experimental: 33 of 37 patients [89%]; 

control: 36 of 42 patients [86%]; risk ratio, 1.04; 95% CI, 0.88-1.23, p=.74). Intraoperative 

and postoperative characteristics of the modified intention-to-treat (ie, operated) 

population are presented in Table 7.2 and those of the CRS-HIPEC population are 

presented in Supplementary Table 7.3. In the modified intention-to-treat population, 

the proportion of patients with Clavien-Dindo grade 3 or higher postoperative morbidity 

did not differ significantly between the trial arms (experimental: 8 of 37 patients [22%]; 

control: 14 of 42 patients [33%]; risk ratio, 0.65; 95% CI, 0.37-1.37, p=.25). No surgery-

related mortality occurred. Other intraoperative and postoperative characteristics did 

not differ significantly between the trial arms, except for the peritoneal cancer index 

(median [range], experimental: 5 [0-34] vs control: 12 [0-28]; p=.01), ostomy formations 

(experimental: 7 of 37 patients [19%] vs control: 18 of 42 patients [43%]; p=.02), and 

length of hospital stay (median [interquartile range], experimental: 8 [6-16] days vs 

control: 11 [8-16] days; p=.04) (Table 7.2). Details of Clavien-Dindo grade 2 postoperative 

morbidity are reported Supplementary Table 7.4.

Figure 7.1 Trial profile. 

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 were concerned about disease progression during 

neoadjuvant treatment and subsequent inoperability; bincluded the same patients; cdid not receive 

bevacizumab due to a wound dehiscence that developed after enrolment; dreasons for not completing 

all (neo)adjuvant cycles are presented in Supplementary Figure 7.1. ▶
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233 potentially eligible patients

80 were enrolled and randomized

82 were not approached, reasons unknown

71 refused trial participation
36 feared side effects of systemic therapy
16 feared postponing surgerya

15 feared prolongation of treatment
4 had logistical reasons

40 were assigned to the experimental arm 80 were assigned to the control arm80 in intention-to-treat population

1 immediately received palliative treatment
Rapidly progressive systemic disease 

2 preferred upfront surgery

37 started neoadjuvant treatment
25 started CAPOX-B
o 1 switched to FOLFIRI-B
o 1 switched to FOLFOX-B
8 started FOLFIRI-B
3 started FOLFOX-B
1 started CAPOXc

37 included in primary outcome analyses
Proportion of macroscopic complete CRS-HIPEC
Proportion of major postoperative morbidity

79 in modified intention-to-treat populationb 42 underwent upfront surgery

42 included in primary outcome analyses
Proportion of macroscopic complete CRS-HIPEC
Proportion of major postoperative morbidity

28 completed all neoadjuvant cyclesd
2 stopped after 1 cycle of CAPOX-B
3 stopped after 2 cycles of CAPOX-B
3 stopped after 3 cycles of CAPOX-B
1 stopped after 5 cycles of FOLFOX-B

37 had a restaging thoracoabdominal CT
0 had systemic progression
1 had peritoneal progression only
36 had stable disease or response

37 underwent surgery

4 stopped trial treatment
all had unresectable peritoneal metastases

33 had macroscopic complete CRS-HIPEC

11 stopped trial treatment
4 had severe toxicity of neoadjuvant treatment
3 had major postoperative morbidity
2 had a poor performance status
1 had unexpected signet ring cell histology
1 at patient’s request

22 started adjuvant treatment
16 started CAPOX
o 6 switched to capecitabine
4 started FOLFOX
2 started capecitabine

12 completed all adjuvant cyclesd
1 stopped after 1 cycle of FOLFOX
1 stopped after 1 cycle of capecitabine
3 stopped after 2 cycles of CAPOX
1 stopped after 3 cycles of FOLFOX
4 stopped after 3 cycles of CAPOX

79 in operated populationb

69 in CRS-HIPEC population 36 had macroscopic complete CRS-HIPEC

6 stopped trial treatment
5 had unresectable peritoneal metastases
1 had unexpected liver metastases
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Table 7.1 Baseline characteristics of the modified intention-to-treat population.

Baseline characteristics Modified intention-to-treat population

Variable Experimental

(n=37)

Control

(n=42)

Total

(n=79)

Sex, n (%)

Male 18 (49) 25 (60) 43 (54)

Female 19 (51) 17 (40) 36 (46)

Age in years, mean (SD) 59 (11) 64 (10) 62 (10)

WHO performance score, n (%)

0 27 (73) 35 (83) 62 (78)

1 9 (24) 7 (17) 16 (20)

2 1 (3)a 0 (0) 1 (1)a

Primary tumor location, n (%)

Proximal colonb 16 (43) 15 (36) 31 (39)

Distal colonc 19 (51) 26 (62) 45 (57)

Rectum 1 (3) 1 (2) 2 (3)

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

Histologic characteristics, n (%)

Non-mucinous adenocarcinoma 34 (92) 39 (93) 73 (92)

Mucinous adenocarcinoma 3 (8) 3 (7) 6 (8)

Primary tumor status, n (%)

Resected 27 (73) 25 (60) 52 (66)

In situ 10 (27) 17 (40) 27 (34)

T category of primary tumord, n (%)

T0-3 16 (43) 23 (55) 39 (49)

T4 21 (57) 19 (45) 40 (51)

N category of primary tumord, n (%)

N0 13 (35) 16 (38) 29 (37)

N1 16 (43) 12 (29) 28 (35)

N2 8 (22) 14 (33) 22 (28)

Previous systemic chemotherapy for colorectal cancer, n (%)

No 27 (73) 32 (76) 59 (75)

Adjuvant: a fluoropyrimidine with oxaliplatin 9 (24) 9 (21) 18 (23)

Adjuvant: fluoropyrimidine monotherapy 1 (3) 1 (2) 2 (3)

For metastatic disease 0 (0) 0 (0) 0 (0)

Previous resection of extraperitoneal colorectal metastases, n (%)

No 34 (92) 42 (100) 76 (96)

Yes 3 (8) 0 (0) 3 (4)



Phase 2 trial of perioperative systemic therapy for resectable CPM   |   151

7

Table 7.1 Continued.

Baseline characteristics Modified intention-to-treat population

Variable Experimental

(n=37)

Control

(n=42)

Total

(n=79)

Onset of PM, n (%)

Synchronous 20 (54) 24 (57) 44 (56)

Metachronous 17 (46) 18 (43) 35 (44)

Months from primary diagnosis to synchronous PM, 

median (range)

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

Months from primary diagnosis to metachronous PM, 

median (range)

14 (4-44) 21 (7-48) 19 (4-48)

Months from diagnosis of PM to trial enrolment, 

median (range)

1 (0-4) 1 (0-4) 1 (0-4)

Baseline PCI, median (range) 3 (0e-15) 5 (0f-18) 5 (0-18)

Modality of determining baseline PCI, n (%)

Laparoscopy 22 (59)g 36 (86) 58 (73)g

Laparotomy 14 (38)g 6 (14) 20 (25)g

Center of determining baseline PCI, n (%)

Trial center 18 (49)g 25 (60) 43 (54)g

Referring center 18 (49)g 17 (40) 35 (44)g

Planned HIPEC regimen, n (%)

Mitomycin C 30 (81) 34 (81) 64 (81)

Oxaliplatin 7 (19) 8 (19) 15 (19)

HIPEC hyperthermic intraperitoneal chemotherapy; PCI peritoneal cancer index; PM peritoneal 

metastases; SD standard deviation; WHO world health organization; aowing to severe obesity; 
bcecum, ascending colon, hepatic flexure, transverse colon; csplenic flexure, descending colon, 

sigmoid, rectosigmoid; dpathologic category 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 category 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 (5%) in the experimental arm had a baseline PCI of 0; 
f3 patients (7%) in the control arm had a baseline PCI of 0; gin 1 patient in the experimental arm, 

resectability was determined only by radiology.
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Table 7.2 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.

Intraoperative characteristics

Variable Experimental

(n=37)

Control

(n=42)

Total

(n=79)

p value

Cytoreductive surgery, n (%) .74

Macroscopic complete 33 (89) 36 (86) 69 (87)

Not performed (open-close) 4 (11)a 6 (14)b 10 (13)

PCI, median (range) 5 (0-34) 12 (0-28) 9 (0-34) .01

Primary tumor resection, n (%) .25

Yes 8 (22) 14 (33) 22 (28)

No 29 (78) 28 (67) 57 (72)

Bowel anastomosis, n (%) .23

Yes 17 (46) 25 (60) 42 (53)

No 20 (54) 17 (40) 37 (47)

Ostomy formation, n (%) .02

Yes 7 (19) 18 (43) 25 (32)

No 30 (81) 24 (57) 54 (68)

Operating time in minutes, mean (SD) 317 (122) 334 (155) 326 (140) .58

HIPEC regimen, n (%) .64

Mitomycin C 28 (85) 29 (81) 57 (83)

Oxaliplatin 5 (15) 7 (19) 12 (17)

No HIPEC performed 4 6 10

Postoperative characteristics

Variable Experimental

(n=37)

Control

(n=42)

Total

(n=79)

p value

Initial hospital stay in days, median (IQR) 8 (6-16) 11 (8-16) 10 (7-16) .04

Readmission, n (%) .11

Yes 8 (22) 16 (38) 24 (30)

No 29 (78) 26 (62) 55 (70)

Reoperation, n (%) .99

Yes 7 (19) 8 (19) 15 (19)

No 30 (81) 34 (81) 64 (81)

Any Clavien-Dindo grade ≥2 postoperative 

morbidity, n (%)

.07

Yes 19 (51) 30 (71) 49 (62)

No 18 (49) 12 (29) 30 (38)

Any Clavien-Dindo grade ≥3 postoperative 

morbidity, n (%)

.25

Yes 8 (22) 14 (33) 22 (28)

No 29 (78) 28 (67) 57 (72)
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Table 7.2 Continued.

Any Clavien-Dindo grade 4 postoperative 

morbidity, n (%)

.54

Yes 3 (8) 2 (5) 5 (6)

No 34 (92) 40 (95) 74 (94)

Details of Clavien-Dindo grade ≥3 postoperative morbidityc

Adverse event, n (%) Experimental

(n=37)

Control

(n=42)

Total

(n=79)

p valued

Anastomotic leakage, grade 3 1 (3e)/(6f) 3 (7e)/(12f) 4 (5e)/(10f) NA

Anastomotic leakage, grade 4 1 (3e)/(6f) 0 (0) 1 (1e)/(2f) NA

Intra-abdominal abscess, grade 3 0 (0) 2 (5) 2 (3) NA

Intra-abdominal abscess, grade 4 2 (5) 1 (2) 2 (3) NA

Asystole, grade 4 0 (0) 1 (2) 1 (1) NA

Fascia dehiscence, grade 3 1 (3) 2 (5) 3 (4) NA

Ileus, grade 3 2 (5) 1 (2) 3 (4) NA

Gastroparesis, grade 3 1 (3) 2 (5) 3 (4) NA

Pneumothorax, grade 3 0 (0) 1 (2) 1 (1) NA

Postoperative hemorrhage, grade 3 0 (0) 1 (2) 1 (1) NA

Colonic fistula, grade 3 0 (0) 1 (2) 1 (1) NA

Bowel perforation, grade 3 0 (0) 1 (2) 1 (1) NA

Hydronephrosis, grade 3 0 (0) 1 (2) 1 (1) NA

Luxation double J catheter, grade 3 1 (3) 0 (0) 1 (1) NA

Reoperationsg

Adverse event, n (%) Experimental

(n=37)

Control

(n=42)

Total

(n=79)

p valued

Anastomotic leakage, grade 3 1 (3e)/(6f) 3 (7e)/(12f) 4 (5e)/(10f) NA

Anastomotic leakage, grade 4 1 (3e)/(6f) 0 (0) 1 (1e)/(2f) NA

Intra-abdominal abscess, grade 3 0 (0) 1 (2) 1 (1) NA

Intra-abdominal abscess, grade 4 2 (5) 1 (1) 3 (4) NA

Fascia dehiscence, grade 3 1 (3) 2 (5) 3 (4) NA

Ileus, grade 3 1 (3) 0 (0) 1 (1) NA

Postoperative hemorrhage, grade 3 0 (0) 1 (1) 1 (1) NA

Bowel perforation, grade 3 0 (0) 1 (1) 1 (1) NA

Tumor obstruction, grade 3 1 (3)h 0 (0) 1 (1)h NA

HIPEC hyperthermic intraperitoneal chemotherapy; IQR interquartile range; NA not applicable; PCI 

peritoneal cancer index; SD standard deviation; aall because of unresectable peritoneal metastases; 
bfive because of unresectable peritoneal metastases and 1 due to unexpected liver metastases; cbecause 

of 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; 
ddue to low numbers, no comparison was made between both arms; epercentage of all patients; 
fpercentage of patients with a bowel anastomosis; gas multiple reoperations could have been performed 

in one patient, numbers may not add up to the total number of patients with a reoperation; 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 7.3 Systemic therapy-related toxic effects.

Systemic-therapy related toxic effects

Variable, n (%) Experimental arm (n=37)

CTCAE grade ≥2 systemic therapy-related toxic effects

Anya 30 (81)

During neoadjuvant treatmentb 22 (59)

During adjuvant treatmentb 13 (59)c

CTCAE grade ≥3 systemic therapy-related toxic effects

Anya 13 (35)

During neoadjuvant treatmentb 12 (32)

During adjuvant treatmentb 2 (9)c

CTCAE grade 4 systemic therapy-related toxic effects

Anya 5 (14)

During neoadjuvant treatmentb 3 (8)

During adjuvant treatmentb 2 (9)c

Details of CTCAE grade ≥3 systemic therapy-related toxic effectsd

Variable, n (%) Experimental arm (n=37)

Ileus, grade 3 1 (3)

Ileus, grade 4 2 (5)

Diarrhea, grade 3 3 (8)

Nausea/vomiting, grade 3 2 (5)

Mucositis, grade 3 2 (5)

Infectious enterocolitis, grade 3 1 (3)

Abdominal infection (abscess), grade 3 1 (3)

Visceral arterial ischemia (due to intestinal stent), grade 3 1 (3)

Hypertension, grade 3 2 (5)

Catheter related infection, grade 3 1 (3)

Peripheral sensory neuropathy, grade 3 1 (3)

Anemia, grade 3 1 (3)

Platelet count decreased, grade 3 1 (3)

White blood cell decreased, grade 4 0 (0)

Neutrophil count decreased, grade 3 2 (5)

Neutrophil count decreased, grade 4 1 (3)

Gamma-glutamyltransferase increased, grade 3 2 (5)

Hypokalemia, grade 3 1 (3)

Leukemia, grade 4 1 (3)

CTCAE common terminology criteria for adverse events; aeither during neoadjuvant or adjuvant 

treatment; bas 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 toxic effects.
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Table 7.4 Centrally assessed pathologic response to neoadjuvant treatment.

Central pathologic assessment

Component 

Response, n (%)

Mandard’s TRGa PRGSa

Peritoneal metastases, evaluableb 34 34

Grade 1 8 (24%) 8 (24%)

Grade 2 5 (15%) 16 (47%)

Grade 3 11 (32%) 5 (15%)

Grade 4 5 (15%) 5 (15%)

Grade 5 5 (15%) NA

Primary tumor, evaluableb 8 8

Grade 1 1 (13%) 1 (13%)

Grade 2 1 (13%) 5 (63%)

Grade 3 4 (50%) 2 (25%)

Grade 4 2 (25%) 0 (0%)

Grade 5 0 (0%) NA

Locoregional lymph nodes, evaluableb 8 8

Grade 1 1 (13%) 1 (13%)

Grade 2 0 (0%) 4 (50%)

Grade 3 4 (50%) 3 (38%)

Grade 4 3 (38%) 0 (0%)

Grade 5 0 (0%) NA

Overall, evaluableb 35 35

Grade 1 9 (26%) 9 (26%)

Grade 2 4 (11%) 16 (46%)

Grade 3 12 (34%) 6 (17%)

Grade 4 6 (17%) 4 (11%) 

Grade 5 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 Supplementary Method 7.4; breasons for non-evaluability shown in Supplementary Table 7.7. 

Table 7.3 presents the systemic therapy–related toxic effects in the experimental 

arm. CTCAE grade 3 or higher systemic therapy–related toxic effects occurred in 

13 of 37 patients (35%) without systemic therapy–related deaths. Details of CTCAE 

grade 2 systemic therapy–related toxic effects are reported in Supplementary Table 

7.5. Supplementary Table 7.6 and Supplementary Table 7.7 present details of the central 

review of radiologic and pathologic response to neoadjuvant treatment, respectively. 

Using RECIST, 13 patients were evaluable, of whom 1 (8%) had a complete response, 
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1 (8%) had a partial response, and 11 (85%) had stable disease. Using the radiologic 

peritoneal cancer index, 32 patients were evaluable, of whom 1 (3%) had a complete 

response, 8 (25%) had a partial response, 23 (72%) had stable disease, and 2 (6%) 

had progressive disease. Thereby, the objective radiologic response rate of CPM 

to neoadjuvant treatment was 28% (9 of 32 evaluable patients). Table 7.4 shows the 

pathologic response. A total of 13 of 34 evaluable patients (38%) had a major pathologic 

response (TRG1-2) of CPM to neoadjuvant treatment and 8 (24%) had a complete 

pathologic response (TRG1).

Supplementary Figure 7.2 shows violin plots of the ability to administer trial treatments 

within predetermined time frames. In the control arm, 39 of 42 patients (93%) 

underwent surgery within 6 weeks after randomization. In the experimental arm, 35 of 

37 patients (95%) started neoadjuvant treatment within 4 weeks after randomization, 

25 of 37 patients (68%) underwent surgery within 6 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 radiologic (28%) and major pathologic (38%) responses 

of CPM.

Two previous single-arm phase 2 studies investigated perioperative systemic therapy 

for isolated CPM: one study23 evaluated six 3-week cycles of CAPOX before CRS-HIPEC 

in 14 patients and another study24 investigated perioperative doublet chemotherapy 

with cetuximab in 25 patients intentionally undergoing CRS-HIPEC for KRAS wild-type 

tumors. 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 before 

enrollment in both previous studies. Other relevant literature consists of observational 

studies describing outcomes of neoadjuvant or perioperative systemic therapy for 

resectable CPM.6 However, because these studies included only patients undergoing 

CRS-HIPEC, nothing is known about the proportion and (probably poor) outcomes 

of patients not proceeding to CRS-HIPEC after neoadjuvant treatment because of, 

for example, toxic effects or progression. Hence, to our knowledge, the present trial 

provides the first prospective randomized comparison between perioperative systemic 
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therapy and CRS-HIPEC alone for resectable CPM. The proportion of grade 3 or higher 

systemic therapy–related toxic effects in the present trial was comparable to that 

reported during 3 to 6 months of adjuvant systemic chemotherapy following resection 

of stage 3 colon cancer.25

Although accrual of the present trial was considered feasible, approximately half of 

the patients refused trial participation after being informed, mainly because they 

were concerned about toxic effects of and progression during neoadjuvant treatment 

leading to inoperability. However, although patients with CPM are generally considered 

to have relatively poor performance status and less response to systemic therapy,5 all 

trial participants who started neoadjuvant treatment underwent surgery. This finding 

suggests that fear of missing a window to operate due to progression or toxic effects may 

not be justified. Moreover, proportions of macroscopic complete CRS-HIPEC and major 

postoperative morbidity did not differ significantly between the arms. Together, 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,11 which will be separately reported, may increase 

insight into the burden of perioperative systemic therapy in this setting.

Few observational studies retrospectively assessed radiologic response26,27 and 

pathologic response27 of resected CPM to neoadjuvant treatment, but the investigators 

of these studies did not describe their methods of radiologic response assessment and 

used a slightly different pathologic classification, impeding comparison with the present 

trial. RECIST appears to be of limited use in this setting, because radiologic response 

according to RECIST was nonevaluable in almost two-thirds of the patients in the 

present trial. Using the radiologic peritoneal cancer index may represent an alternative 

requiring validation in the phase 3 trial. Even though CPM had to be pathologically 

proven before enrollment, 24% of the patients in the present trial had no residual cancer 

cells in resected CPM after neoadjuvant treatment (TRG1). The proportion with TRG1-2 

(38%) in the present trial is comparable to that in resected colorectal liver metastases 

after neoadjuvant doublet chemotherapy with bevacizumab (40%).28 Although this 

relevant proportion may suggest activity of systemic chemotherapy with bevacizumab 

in CPM, the investigators could not completely exclude false TRG1 owing to removal 

of all peritoneal disease before enrollment (eg, complete biopsy of a single peritoneal 

metastasis) or complete electrosurgical destruction of small peritoneal nodules during 

CRS that were tumor-positive but not sent for pathologic examination. This uncertainty 

highlights the importance of correlating these pathologic findings to survival in the 

phase 3 trial. The present trial revealed a lower intraoperative peritoneal cancer 

index in the experimental arm than in the control arm, which was also suggested by a 
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recent retrospective US multi-institutional study.29 This finding may indicate activity 

of neoadjuvant treatment. Because the intraoperative peritoneal cancer index is one of 

the most important prognostic factors for survival in this setting,30 it will be interesting 

to see whether the observed difference in the intraoperative peritoneal cancer index 

translates into survival differences between the trial arms in the phase 3 trial.

After completion of the present phase 2 trial, a randomized clinical trial (PRODIGE7) 

revealed no overall survival benefit of complete CRS with oxaliplatin-based HIPEC 

compared with complete CRS alone in patients with extensively pretreated CPM.31 The 

investigators of the present trial are currently evaluating the results of PRODIGE7 to 

decide whether oxaliplatin-based HIPEC will be omitted in the phase 3 trial. Regardless 

of HIPEC, it remains important to assess the value of perioperative systemic therapy 

for resectable CPM.

The present trial has several limitations. First, allowing 3 different perioperative 

systemic regimens may be considered a missed opportunity to standardize the 

perioperative regimen for resectable CPM. However, because eligible patients with 

metachronous CPM following primary resection could have had various adjuvant 

regimens, toxic effects of adjuvant treatment, and periods between adjuvant treatment 

and trial enrollment, the availability of 3 perioperative systemic regimens contributed to 

the accrual of these patients and the feasibility of the present trial, and may strengthen 

the trial’s applicability and external validity. Second, because the pragmatic sample 

size of 80 patients was agreed upon a priori owing to an absence of guiding data, the 

present trial may have not been adequately powered to detect potential statistically 

significant differences in the proportions of macroscopic complete CRS-HIPEC and 

major postoperative morbidity between the trial arms. Nevertheless, the experimental 

arm’s higher absolute proportion of macroscopic complete CRS-HIPEC and lower 

absolute proportion of major postoperative morbidity 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 peritoneal cancer index of 20 or lower during laparoscopy or laparotomy 

before enrollment, 5 of 42 patients scheduled for upfront surgery had unresectable CPM 

after explorative laparotomy, probably often due to an underestimation of the baseline 

peritoneal cancer index. This issue seems inevitable in pragmatic trials such as the 

present trial, as slightly higher open-close rates were reported by Dutch institutional 

series.32,33 Fourth, 35% of all potentially eligible patients were not 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, 2 patients assigned to the experimental arm preferred upfront surgery 
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instead of starting neoadjuvant treatment. This issue highlights the importance of 

optimal informed consent to minimize pretreatment crossovers in the phase 3 trial. 

Sixth, not all trial treatments were given within predetermined time frames, and some 

patients did not meet all eligibility criteria: one patient was categorized as having a World 

Health Organization performance status of 2 and had determination of resectability 

by radiologic examination only, and central pathologic review revealed that another 

patient did not have pathologically proven CPM before enrollment. Because these 

issues could impair the homogeneity of the trial treatment and the trial population, 

these issues are points of consideration in the phase 3 trial.

CONCLUSIONS

In this randomized phase 2 trial in patients diagnosed with resectable CPM, perioperative 

systemic therapy seemed feasible, safe, and able to induce response of CPM. These 

results justify a phase 3 trial.
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Chapter 8    
Patient-reported outcomes 

of perioperative systemic therapy 
versus cytoreductive surgery 

and HIPEC alone for resectable 
colorectal peritoneal metastases in a 

randomized phase 2 trial



ABSTRACT

Background: As part of a randomized phase 2 trial in patients with resectable colorectal 

peritoneal metastases (CPM), the present study aimed to compare patient-reported 

outcomes (PROs) of perioperative systemic therapy versus cytoreductive surgery and 

hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) alone. A secondary aim was 

to explore PROs of patients receiving perioperative systemic therapy.

Methods: In this phase 2 trial in nine Dutch tertiary hospitals, patients with isolated 

resectable CPM were randomized (1:1) to perioperative (neoadjuvant and adjuvant) 

systemic therapy (experimental arm) or CRS-HIPEC alone (control arm). PROs were 

calculated from EORTC QLQ-C30, EORTC QLQ-CR29, and EQ-5D-5L at baseline, after 

neoadjuvant treatment (experimental arm), and three and six months postoperatively. 

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 and to longitudinally analyze all PROs in the experimental arm, 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. Patients in 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. 

Conclusions: In patients with resectable CPM randomized to perioperative systemic 

therapy or CRS-HIPEC alone, predefined PROs were comparable between both arms 

and returned to baseline at three or six months postoperatively. Together with the 

trial’s previously reported feasibility and safety data, these findings suggest acceptable 

tolerability of perioperative systemic therapy in this setting and justify a phase 3 trial.
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INTRODUCTION

Though the value of hyperthermic intraperitoneal chemotherapy (HIPEC) after complete 

cytoreductive surgery (CRS) for colorectal peritoneal metastases (CPM) is currently 

questioned,1 CRS-HIPEC has been recommended for selected patients with resectable 

CPM in the vast majority of (inter)national guidelines.2 Little is known about the value 

of perioperative systemic therapy for resectable CPM in the absence of randomized 

trials,3 leading to a wide variety in its administration among countries and hospitals.2,3 To 

address this evidence gap, the CAIRO6 trial randomizes these patients to perioperative 

(i.e. neoadjuvant and adjuvant) systemic therapy and CRS-HIPEC or upfront 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 progression and consequent inoperability given its assumed 

relative inefficacy for CPM.7 Altogether, this could also worsen patient-reported 

outcomes (PROs). To address these issues, CAIRO6 incorporated a randomized phase 

2 trial to assess the feasibility, safety, and PROs of perioperative systemic therapy in this 

setting before proceeding to a phase 3 trial.4,8 As part of this phase 2 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 2-3, randomized, 

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 participating centers. 

The trial is registered (Clinicaltrials.gov NCT02758951). As the trial protocol and 

feasibility and safety data of the phase 2 trial have been previously published,4,8 only 

brief descriptions of eligible patients, randomization procedures, and interventions 

are provided.

Patients

Eligible patients were adults with a World Health Organization performance status of 

0-1, pathologically proven isolated resectable CPM, no systemic therapy for colorectal 

cancer within six months prior to enrolment, and no previous CRS-HIPEC. All patients 

gave written informed consent.
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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 CPM (synchronous, metachronous), 

peritoneal cancer index (≤10, >10), and planned HIPEC regimen (mitomycin C, 

oxaliplatin). 

Interventions

Perioperative systemic therapy

At physician’s discretion, perioperative systemic therapy comprised either six two-

weekly 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 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, CAPOX or FOLFOX 

could have been switched 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, 

or at patient’s or physician’s decision. 

Surgery

CRS-HIPEC was performed according to the standardized Dutch protocol in all centers.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 case of 

unresectable disease or macroscopic incomplete CRS, trial treatment was discontinued 

and patients received 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 8.1 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 
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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 2 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<.05 being considered statistically significant for these comparisons. 

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 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 analyses, p<0.01 was considered statistically significant (Bonferroni correction: 

p<.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 at subsequent time points 
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using LMM. All PROs with a statistically significant difference in score between baseline 

and after neoadjuvant treatment were (graphically) presented. To account for multiple 

testing in secondary explorative analyses, statistical significance was pragmatically 

set at p<.01. 

For each statistically significant difference, a Cohen’s d (CD) effect size was calculated 

to assess 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 8.2), and 79 gave informed consent for PRO 

assessment (Figure 8.1). The modified intention-to-treat PRO population comprised all 

these 79 patients, of whom 37 started neoadjuvant treatment (experimental arm) and 

42 underwent upfront surgery (control arm) (Figure 8.1). Table 8.1 presents the baseline 

characteristics of the modified intention-to-treat PRO population. The intention-to-

treat population and the modified intention-to-treat PRO population had comparable 

distributions of baseline characteristics (Table 8.1, Supplementary Table 8.2).

Figure 8.1 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 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 2 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 8.2. Primary comparative analyses and secondary explorative analyses were 

performed in 68 and 35 patients, respectively (Figure 8.1). PRO scores of patients 

included in primary comparative analyses and secondary explorative analyses are 

presented in Supplementary Table 8.3 and Supplementary Table 8.4, respectively.
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Table 8.1 Baseline characteristics of the modified intention-to-treat PRO population.

Baseline characteristics of the modified intention-to-treat PRO population

Variable Experimental

(n=37)

Control

(n=42)

p value

Sex, n (%) .33

Male 18 (49) 25 (60)

Female 19 (51) 17 (40)

Age in years, mean (SD) 59 (11) 64 (10) .03

WHO performance score, n (%) .33

0 27 (73) 35 (83)

1 9 (24) 7 (17)

2 1 (3)a 0 (0)

Primary tumor location, n (%) .71

Proximal colonb 16 (43) 15 (36)

Distal colonc 19 (51) 26 (62)

Rectum 1 (3) 1 (2)

Multiple 1 (3) 0 (0)

Primary tumor status, n (%) .21

Resected 27 (73) 25 (60)

In situ 10 (27) 17 (40)

Previous adjuvant systemic chemotherapy for CRC, n (%) .74

No 27 (73) 32 (76)

Yes 10 (27) 10 (24) 

Onset of CPM, n (%) .78

Synchronous 20 (54) 24 (57)

Metachronous 17 (46) 18 (43)

Baseline peritoneal cancer index, median (range) 3 (0-15) 5 (0-18) .10

Planned HIPEC regimen, n (%) .99

Mitomycin C 30 (81) 34 (81)

Oxaliplatin 7 (19) 8 (19)

CPM colorectal peritoneal metastases; CRC colorectal cancer; HIPEC hyperthermic intraperitoneal 

chemotherapy; PRO patient-reported outcome; SD standard deviation; WHO world health 

organization; adue to severe obesity; bcaecum, ascending colon, hepatic flexure, transverse colon; 
csplenic flexure, descending colon, sigmoid, rectosigmoid.
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233 eligible patients

79 gave informed consent for PRO assessment

39 were randomized to the experimental arm 40 were randomized to the control arm

42 underwent upfront surgery37 started neoadjuvant treatment

37 underwent surgery

153 did not participate 
82 were not approached 
71 refused participation

80 were enrolled and randomized

39 (100%) completed baseline Q 39 (98%) completed baseline Q

35 (95%) completed Q after neoadjuvant treatment

1 (2%) did not complete baseline Q
withdrew consent for all further PRO questionnaires

2 (2%) did not complete Q after neoadjuvant treatment
1 withdrew consent for all further PRO questionnaires
1 was critically ill due to progressive disease

36 had complete CRS-HIPEC33 had complete CRS-HIPEC

35 (83%) completed Q 3m postoperatively

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

22 started adjuvant treatment

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

12 (29%) did not complete Q 6m 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

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

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

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

30 (81%) completed Q 6m postoperatively

31 (84%) completed Q 3m postoperatively

30 (71%) completed Q 6m postoperatively

37 in modified intention-to-treat PRO population 42 in modified intention-to-treat PRO population

35 (95%) included in secondary explorative analyses

32 (86%) included in primary comparative analyses 36 (86%) included in primary comparative analyses

2 preferred upfront surgery

Figure 8.1 Patient pathway and questionnaire response rates (including reasons for non-response) 

at all time points.

CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; PRO patient-

reported outcome; Q questionnaires; abaseline and three and six months postoperatively.
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Figure 8.2 Primary comparisons of five predefined PROs between both arms.

Lines represent mean scores; dashed lines represent standard deviations.
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Table 8.2 PRO scores of all patients at all time points.

PRO scores of all patients at all time points

Questionnaire

PRO, mean (SD)

Baseline After neoadjuvant treatment Three months postoperatively Six months postoperatively

Experimental Control Experimental Control Experimental Control Experimental Control

EQ-5D-5L

Index value 0.83 (0.17) 0.84 (0.18) 0.79 (0.22) - 0.79 (0.22) 0.77 (0.16) 0.86 (0.20) 0.83 (0.13)

Visual analogue scale 77 (18) 75 (19) 66 (24) - 68 (22) 65 (28) 79 (14) 75 (12)

EORTC QLQ-C30

Global health status 75 (16) 76 (20) 68 (16) - 70 (20) 70 (20) 77 (18) 72 (18)

Physical functioning 83 (18) 86 (16) 82 (18) - 77 (17) 74 (20) 86 (12) 79 (18)

Role functioning 76 (25) 77 (28) 67 (24) - 61 (27) 60 (28) 77 (24) 69 (25)

Emotional functioning 72 (20) 75 (19) 78 (22) - 84 (18) 76 (23) 85 (20) 77 (22)

Cognitive functioning 89 (17) 90 (12) 82 (22) - 88 (18) 82 (18) 85 (19) 82 (18)

Social functioning 86 (19) 80 (22) 75 (19) - 77 (23) 71 (25) 86 (17) 77 (27)

Fatigue 25 (19) 26 (19) 38 (27) - 41 (22) 38 (23) 25 (21) 30 (23)

Nausea/vomiting 2 (7) 5 (15) 6 (9) - 10 (20) 16 (30) 6 (12) 10 (17)

Pain 21 (22) 19 (24) 13 (21) - 21 (25) 27 (24) 11 (20) 20 (24)

Dyspnea 11 (19) 6 (15) 11 (18) - 17 (26) 23 (23) 10 (22) 16 (21)

Insomnia 19 (24) 24 (22) 24 (29) - 18 (28) 31 (28) 14 (23) 24 (25)

Loss of appetite 6 (17) 45 (37) 22 (26) - 23 (29) 36 (39) 21 (31) 26 (36)

Constipation 5 (14) 9 (22) 3 (10) - 9 (21) 9 (23) 0 (0) 8 (21)

Diarrhea 9 (22) 9 (18) 15 (23) - 15 (24) 17 (27) 10 (16) 18 (29)

Financial difficulties 8 (20) 6 (18) 11 (23) - 10 (23) 6 (15) 9 (19) 3 (10)

C30 summary score 85 (10) 82 (11) 81 (10) - 80 (13) 74 (15) 87 (11) 80 (13)

EORTC QLQ-CR29

Urinary frequency 25 (23) 29 (21) 25 (24) - 25 (22) 31 (25) 23 (25) 29 (25)

Urinary incontinence 5 (12) 3 (16) 6 (19) - 4 (14) 12 (23) 6 (20) 16 (19)

Dysuria 5 (14) 3 (10) 1 (6) - 3 (8) 3 (9) 0 (0) 2 (9)

Abdominal pain 19 (18) 29 (27) 14 (19) - 20 (28) 24 (25) 14 (21) 22 (25)

Buttock pain 4 (10) 5 (14) 9 (19) - 4 (14) 10 (24) 2 (8) 16 (29)

Bloating 12 (20) 15 (21) 11 (20) - 14 (22) 20 (27) 11 (20) 17 (26)

Blood/mucus in stool 1 (5) 5 (14) 2 (5) - 1 (3) 6 (10) 1 (3) 4 (10)

Dry mouth 9 (19) 9 (20) 23 (28) - 11 (18) 19 (25) 10 (16) 17 (23)

Hair loss 3 (12) 0 (0) 21 (28) - 12 (20) 13 (22) 10 (23) 9 (17)

Loss of taste 3 (12) 4 (13) 30 (35) - 19 (22) 19 (31) 11 (22) 14 (23)

Flatulence 15 (22) 20 (22) 24 (25) - 28 (24) 23 (23) 19 (24) 32 (26)

Fecal incontinence 3 (9) 7 (14) 6 (15) - 6 (18) 21 (27) 3 (10) 16 (27)

Sore skin 7 (16) 4 (11) 11 (20) - 5 (15) 15 (25) 7 (14) 16 (27)
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Table 8.2 PRO scores of all patients at all time points.

PRO scores of all patients at all time points

Questionnaire

PRO, mean (SD)

Baseline After neoadjuvant treatment Three months postoperatively Six months postoperatively

Experimental Control Experimental Control Experimental Control Experimental Control

EQ-5D-5L

Index value 0.83 (0.17) 0.84 (0.18) 0.79 (0.22) - 0.79 (0.22) 0.77 (0.16) 0.86 (0.20) 0.83 (0.13)

Visual analogue scale 77 (18) 75 (19) 66 (24) - 68 (22) 65 (28) 79 (14) 75 (12)

EORTC QLQ-C30

Global health status 75 (16) 76 (20) 68 (16) - 70 (20) 70 (20) 77 (18) 72 (18)

Physical functioning 83 (18) 86 (16) 82 (18) - 77 (17) 74 (20) 86 (12) 79 (18)

Role functioning 76 (25) 77 (28) 67 (24) - 61 (27) 60 (28) 77 (24) 69 (25)

Emotional functioning 72 (20) 75 (19) 78 (22) - 84 (18) 76 (23) 85 (20) 77 (22)

Cognitive functioning 89 (17) 90 (12) 82 (22) - 88 (18) 82 (18) 85 (19) 82 (18)

Social functioning 86 (19) 80 (22) 75 (19) - 77 (23) 71 (25) 86 (17) 77 (27)

Fatigue 25 (19) 26 (19) 38 (27) - 41 (22) 38 (23) 25 (21) 30 (23)

Nausea/vomiting 2 (7) 5 (15) 6 (9) - 10 (20) 16 (30) 6 (12) 10 (17)

Pain 21 (22) 19 (24) 13 (21) - 21 (25) 27 (24) 11 (20) 20 (24)

Dyspnea 11 (19) 6 (15) 11 (18) - 17 (26) 23 (23) 10 (22) 16 (21)

Insomnia 19 (24) 24 (22) 24 (29) - 18 (28) 31 (28) 14 (23) 24 (25)

Loss of appetite 6 (17) 45 (37) 22 (26) - 23 (29) 36 (39) 21 (31) 26 (36)

Constipation 5 (14) 9 (22) 3 (10) - 9 (21) 9 (23) 0 (0) 8 (21)

Diarrhea 9 (22) 9 (18) 15 (23) - 15 (24) 17 (27) 10 (16) 18 (29)

Financial difficulties 8 (20) 6 (18) 11 (23) - 10 (23) 6 (15) 9 (19) 3 (10)

C30 summary score 85 (10) 82 (11) 81 (10) - 80 (13) 74 (15) 87 (11) 80 (13)

EORTC QLQ-CR29

Urinary frequency 25 (23) 29 (21) 25 (24) - 25 (22) 31 (25) 23 (25) 29 (25)

Urinary incontinence 5 (12) 3 (16) 6 (19) - 4 (14) 12 (23) 6 (20) 16 (19)

Dysuria 5 (14) 3 (10) 1 (6) - 3 (8) 3 (9) 0 (0) 2 (9)

Abdominal pain 19 (18) 29 (27) 14 (19) - 20 (28) 24 (25) 14 (21) 22 (25)

Buttock pain 4 (10) 5 (14) 9 (19) - 4 (14) 10 (24) 2 (8) 16 (29)

Bloating 12 (20) 15 (21) 11 (20) - 14 (22) 20 (27) 11 (20) 17 (26)

Blood/mucus in stool 1 (5) 5 (14) 2 (5) - 1 (3) 6 (10) 1 (3) 4 (10)

Dry mouth 9 (19) 9 (20) 23 (28) - 11 (18) 19 (25) 10 (16) 17 (23)

Hair loss 3 (12) 0 (0) 21 (28) - 12 (20) 13 (22) 10 (23) 9 (17)

Loss of taste 3 (12) 4 (13) 30 (35) - 19 (22) 19 (31) 11 (22) 14 (23)

Flatulence 15 (22) 20 (22) 24 (25) - 28 (24) 23 (23) 19 (24) 32 (26)

Fecal incontinence 3 (9) 7 (14) 6 (15) - 6 (18) 21 (27) 3 (10) 16 (27)

Sore skin 7 (16) 4 (11) 11 (20) - 5 (15) 15 (25) 7 (14) 16 (27)
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Table 8.2 Continued.

PRO scores of all patients at all time points

Questionnaire

PRO, mean (SD)

Baseline After neoadjuvant treatment Three months postoperatively Six months postoperatively

Experimental Control Experimental Control Experimental Control Experimental Control

Stool frequency 14 (21) 10 (20) 12 (16) - 9 (15) 21 (25) 99 (99) 99 (99)

Embarrassment 13 (29) 10 (19) 14 (26) - 13 (28) 28 (27) 11 (27) 24 (29)

Stoma care problems 25 (24) 4 (12) 21 (25) - 4 (12) 24 (34) 4 (12) 7 (18)

Impotence (m) 25 (33) 26 (38) 25 (33) - 21 (31) 42 (41) 29 (33) 44 (39)

Dyspareunia (f) 8 (21) 0 (0) 11 (16) - 13 (17) 11 (24) 14 (30) 0 (0)

Anxiety 44 (26) 46 (29) 57 (27) - 66 (26) 51 (28) 66 (22) 58 (30)

Weight 86 (24) 85 (21) 81 (25) - 83 (28) 80 (26) 82 (27) 88 (20)

Body image 83 (23) 89 (16) 82 (22) - 80 (21) 79 (22) 81 (21) 79 (19)

Sexual interest (m) 31 (26) 28 (21) 29 (21) - 31 (20) 19 (17) 40 (23) 26 (26)

Sexual interest (f) 15 (17) 12 (16) 15 (17) - 21 (17) 4 (12) 14 (17) 3 (10)

PRO patient-reported outcome; SD standard deviation; EORTC european organization for research 

and treatment of cancer.

Primary comparative analyses

Figure 8.2 presents the primary comparisons of five predefined PROs between both 

arms, with corresponding LMM shown in Supplementary Table 8.5.

Visual analogue scale

Differential effects over time (p=.32) and scores at each time point were comparable 

between both arms (Figure 8.2A, Supplementary Table 8.5). When merging both arms, 

compared to baseline, visual analogue scale worsened at three months postoperatively 

(mean difference [MD] -10, 95% confidence interval [CI] -15 to -4, p=.001, CD 0.42) and 

returned to baseline at six months postoperatively (p=.93) (Supplementary Table 8.5). 

Global health status

Differential effects over time (p=.44) and scores at each time point were comparable 

between both arms (Figure 8.2B, Supplementary Table 8.5). When merging both 

arms, compared to baseline, global health status remained stable at three months 

postoperatively (p=.02) and at six months postoperatively (p=.48) (Supplementary 

Table 8.5). 
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Table 8.2 Continued.

PRO scores of all patients at all time points

Questionnaire

PRO, mean (SD)

Baseline After neoadjuvant treatment Three months postoperatively Six months postoperatively

Experimental Control Experimental Control Experimental Control Experimental Control

Stool frequency 14 (21) 10 (20) 12 (16) - 9 (15) 21 (25) 99 (99) 99 (99)

Embarrassment 13 (29) 10 (19) 14 (26) - 13 (28) 28 (27) 11 (27) 24 (29)

Stoma care problems 25 (24) 4 (12) 21 (25) - 4 (12) 24 (34) 4 (12) 7 (18)

Impotence (m) 25 (33) 26 (38) 25 (33) - 21 (31) 42 (41) 29 (33) 44 (39)

Dyspareunia (f) 8 (21) 0 (0) 11 (16) - 13 (17) 11 (24) 14 (30) 0 (0)

Anxiety 44 (26) 46 (29) 57 (27) - 66 (26) 51 (28) 66 (22) 58 (30)

Weight 86 (24) 85 (21) 81 (25) - 83 (28) 80 (26) 82 (27) 88 (20)

Body image 83 (23) 89 (16) 82 (22) - 80 (21) 79 (22) 81 (21) 79 (19)

Sexual interest (m) 31 (26) 28 (21) 29 (21) - 31 (20) 19 (17) 40 (23) 26 (26)

Sexual interest (f) 15 (17) 12 (16) 15 (17) - 21 (17) 4 (12) 14 (17) 3 (10)

PRO patient-reported outcome; SD standard deviation; EORTC european organization for research 

and treatment of cancer.

Primary comparative analyses

Figure 8.2 presents the primary comparisons of five predefined PROs between both 

arms, with corresponding LMM shown in Supplementary Table 8.5.

Visual analogue scale

Differential effects over time (p=.32) and scores at each time point were comparable 

between both arms (Figure 8.2A, Supplementary Table 8.5). When merging both arms, 

compared to baseline, visual analogue scale worsened at three months postoperatively 

(mean difference [MD] -10, 95% confidence interval [CI] -15 to -4, p=.001, CD 0.42) and 

returned to baseline at six months postoperatively (p=.93) (Supplementary Table 8.5). 

Global health status

Differential effects over time (p=.44) and scores at each time point were comparable 

between both arms (Figure 8.2B, Supplementary Table 8.5). When merging both 

arms, compared to baseline, global health status remained stable at three months 

postoperatively (p=.02) and at six months postoperatively (p=.48) (Supplementary 

Table 8.5). 

Physical functioning

Differential effects over time (p=.46) and scores at each time point were comparable 

between both arms (Figure 8.2C, Supplementary Table 8.5). When merging both arms, 

compared to baseline, physical functioning worsened at three months postoperatively 

(MD -9, 95% CI -13 to -6, p<.001, CD 0.50) and returned to baseline at six months 

postoperatively (p=.04) (Supplementary Table 8.5). 

Fatigue 

Differential effects over time (p=.64) and scores at each time point were comparable 

between both arms (Figure 8.2D, Supplementary Table 8.5). When merging both arms, 

compared to baseline, fatigue worsened at three months postoperatively (MD +15, 

95% CI 9 to 20, p<.001, CD 0.71) and returned to baseline at six months postoperatively 

(p=.35) (Supplementary Table 8.5).

C30 summary score 

Differential effects over time (p=.03) and scores at each time point were comparable 

between both arms (Figure 8.2E, Supplementary Table 8.5). When merging both arms, 

compared to baseline, C30 summary score worsened at three months postoperatively 

(MD -7, 95% CI -10 to -4, p<.001, CD 0.56) and returned to baseline at six months 

postoperatively (p=.48) (Supplementary Table 8.5).
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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 8.3 presents these PROs, 

with corresponding LMM shown in Supplementary Table 8.6. All other PROs had no 

statistically significant difference in scores between baseline and after neoadjuvant 

treatment.
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Figure 8.3 PROs with a statistically significant difference in scores between baseline and after 

neoadjuvant treatment in secondary explorative analyses in the experimental arm. 

Lines represent mean scores; dashed lines represent standard deviations; hollow dots indicate a 

statistically significant difference compared to baseline.
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Fatigue

Fatigue differed over time (p<.001, Figure 8.3A, Supplementary Table 8.6): compared to 

baseline, it worsened after neoadjuvant treatment (MD +14, 95% CI 6 to 23, p=.001, CD 

0.61), was still worse at three months postoperatively (MD +17, 95% CI 9 to 26, p<.001, 

CD 0.85), and returned to baseline at six months postoperatively (p=.93).

Loss of appetite

Loss of appetite differed over time (p<.001, Figure 8.3B, Supplementary Table 8.6): 

compared to baseline, it worsened after neoadjuvant treatment (MD +15, 95% CI 5-25, 

p=.003, CD 0.67) and was still worse at three months postoperatively (MD +16, 95% CI 

6-29, p=.003, CD 0.66) and at six months postoperatively (MD +14, 95% CI 4-25, p=.007, 

CD 0.55).

Hair loss 

Hair loss differed over time (p=.002, Figure 8.3C, Supplementary Table 8.6): compared 

to baseline, it worsened after neoadjuvant treatment (MD +18, 95% CI 9-27, p<.001, 

CD 0.84) and returned to baseline at three months postoperatively (p=.05) and at six 

months postoperatively (p=.11).

Loss of taste

Loss of taste differed over time (p<.001, Figure 8.3D, Supplementary Table 8.6): compared 

to baseline, it worsened after neoadjuvant treatment (MD +27, 95% CI 19-36, p<.001, CD 

1.03), was still worse at three months postoperatively (MD +16, 95% CI 7-25, p=.001, CD 

0.90), and returned to baseline at six months postoperatively (p=.07).

DISCUSSION

In patients with resectable CPM 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. 
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To the knowledge of the authors, the present study is the first to compare PROs between 

perioperative systemic therapy and CRS-HIPEC alone for resectable CPM. Findings 

of the present study provide relevant insight in the burden of perioperative systemic 

therapy in this setting and suggest acceptable treatment tolerability. Together with 

the previously demonstrated safety and feasibility of perioperative systemic therapy 

in patients with resectable CPM,8 results of the present study justify a phase 3 trial 

and may facilitate its informed consent. 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 CPM 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 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 the 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 possible negative effects of perioperative systemic therapy on PROs in 

the experimental arm. 
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The main strength of the present study is the overall response rate of 87%, which is high 

compared to other studies: 65% in a randomized trial of neoadjuvant chemoradiotherapy 

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.

CONCLUSIONS 

In patients with resectable CPM 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 suggest acceptable tolerability of perioperative 

systemic therapy in this setting and justify a phase 3 trial.
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Chapter 9
Pressurized intraperitoneal aerosol 

chemotherapy with oxaliplatin 
(PIPAC-OX) in patients with colorectal 

peritoneal metastases: 
a systematic review



ABSTRACT

Pressurized intraperitoneal aerosol chemotherapy with oxaliplatin (PIPAC-OX) is 

increasingly used as a palliative treatment option for patients with colorectal peritoneal 

metastases (CPM). The present study aimed to systematically review all clinical studies 

reporting safety and efficacy outcomes of PIPAC-OX in patients with CPM. PubMed, 

EMBASE, The Cochrane Library, and CINAHL were systematically searched to identify 

all clinical studies that included at least one patient with CPM treated with PIPAC-OX 

and reported one of the following outcomes: adverse events, tumor response, quality of 

life, secondary cytoreductive surgery, progression-free survival, overall survival, and 

environmental safety of PIPAC-OX. Results were narratively described. Of 28 included 

studies, only 14 non-comparative studies separately reported at least one outcome of 

PIPAC-OX for CPM, of which only two studies specifically focused on this group. These 

14 studies reported adverse events (5 studies), tumor response (5 studies), secondary 

cytoreductive surgery (4 studies), progression-free survival (1 study), overall survival 

(5 studies), and environmental safety (2 studies). Except for 5 studies (describing 26 

patients), none of the included studies stratified their results for PIPAC-OX monotherapy 

and PIPAC-OX with concomitant systemic therapy, and none of the studies reporting 

survival outcomes stratified results for line of palliative treatment, complicating 

interpretation. No PIPAC-OX related deaths were reported. No occupational platinum 

was detected during PIPAC-OX. The available evidence regarding PIPAC-OX for CPM 

is limited and difficult to interpret. Despite these limitations, PIPAC-OX appears safe in 

patients with CPM and safe for operating personnel. To increase insight in the role of 

PIPAC-OX in this setting, investigators of ongoing and future studies are encouraged to 

report separate outcomes of PIPAC-OX for CPM, to stratify their results for PIPAC-OX 

monotherapy and PIPAC-OX with concomitant systemic therapy, and to stratify survival 

results for line of palliative treatment.



Systematic review of PIPAC-OX for unresectable CPM   |   187

9

INTRODUCTION

Peritoneal metastases are common in colorectal cancer patients.1 Most patients are 

treated with palliative systemic therapy, since they do not qualify for curative intent 

treatment with cytoreductive surgery with or without hyperthermic intraperitoneal 

chemotherapy (HIPEC).2 However, patients with colorectal peritoneal metastases 

(CPM) gain less survival benefit from systemic therapy than patients with colorectal 

liver or lung metastases, possibly related to a phenomenon called the “peritoneum-

plasma barrier”, which results in lower chemotherapeutic concentrations in peritoneal 

metastases.3-5 Intraperitoneal therapies have been developed to overcome this 

phenomenon. Pressurized intraperitoneal aerosol chemotherapy (PIPAC) is one of 

those new therapies. PIPAC is a laparoscopic method for repetitive delivery of low-

dose intraperitoneal chemotherapy as a pressurized aerosol, claiming enhanced tumor 

penetration, homogeneous intraperitoneal drug distribution, and limited local and 

systemic toxicity.6-9 Due to these promising initial results, PIPAC is currently increasingly 

implemented in multiple centers worldwide.10,11 In these centers, patients with CPM are 

treated with PIPAC with oxaliplatin (PIPAC-OX) in an empirically chosen dosage of 92 

mg/m2 every 6–8 weeks with or without concomitant palliative systemic therapy. To 

evaluate the available evidence regarding PIPAC-OX in patients with CPM, this study 

aims to systematically review all clinical studies that reported adverse events, tumor 

response, quality of life, progression-free (PFS) and overall (OS) survival, secondary 

cytoreductive surgery, and occupational safety in this subgroup.

METHODS

This systematic review was performed according to the Preferred Reporting Items for 

Systematic Review and Meta-Analyses (PRISMA) guidelines.12 Two researchers (KPR and 

RJL) independently performed the literature search, study selection, data collection, and 

data synthesis. In case of disagreement, a third investigator (IHJTH) made the final decision.

Eligibility criteria

Original research papers were eligible if they included at least one patient with 

non-appendiceal CPM treated with PIPAC-OX and investigated at least one of the 

following outcomes: adverse events, radiological response, histopathological response, 

cytological response, macroscopic response, biochemical response, quality of life, PFS, 

OS, possibility for secondary cytoreductive surgery, or environmental safety. Studies 

that performed in vitro or in animal research were not considered eligible. Studies were 

not excluded based on language or publication date or publication status.



188   |   Chapter 9

Search

On 1 July 2020, PubMed, EMBASE, CINAHL, and the Cochrane Library were 

systematically searched with the following search: (“PIPAC” or “Pressurized 

Intraperitoneal Aerosol Chemotherapy”). No additional terms were added to the 

search to increase its sensitivity. The references of all eligible manuscripts were 

searched for additional eligible studies.

Data collection and synthesis

A standardized form was used for data collection and contained the following items: 

publication year, enrolment years, study setting, the total number of patients, the total 

number of patients with CPM treated with PIPAC-OX, the number of patients with CPM 

treated with PIPAC-OX who received previous palliative systemic therapy, the total 

number of PIPAC-OX in patients with CPM, the number of patients with CPM treated 

with PIPAC-OX with concomitant systemic therapy, reported outcomes, outcome 

assessment, and whether outcomes were separately reported for patients with CPM 

receiving PIPAC-OX. Further data extraction and synthesis was performed for all studies 

that separately reported at least one outcome in ≥1 patient with CPM treated with 

PIPAC-OX. The following items were extracted from these studies for each outcome: the 

total number of patients with CPM treated with PIPAC-OX, the total number of patients 

with CPM treated with PIPAC-OX that were evaluable for outcome assessment, and the 

total number of PIPAC-OX that these patients received. The results of included studies 

were narratively described and grouped according to reported outcomes. No meta-

analyses were performed due to the high degree of clinical heterogeneity.

RESULTS

The study flowchart is shown in Figure 9.1. This review included 28 studies (14 

studies proceeded to data synthesis,13-26 14 studies excluded from data synthesis27-40). 

An overview of the study characteristics, the CPM population within each study, 

the reported outcomes, outcome assessment, and whether the reported outcomes 

were stratified for patients with CPM, is shown in Table 9.1. All included studies 

were retrospective observational studies or prospective cohort studies and 

were all published between 2015 and 2020. All studies included patients with 

unresectable peritoneal metastases. Among the included studies, the degree of 

clinical heterogeneity was very high - most studies included patients with peritoneal 

metastases from any primary tumor who were treated with PIPAC with various 

drugs, either as monotherapy or with concomitant systemic therapy, and either as 

first line or as later line of palliative treatment. Out of 28 included studies, only 14 
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studies separately reported at least one outcome for ≥1 patient with CPM treated 

with PIPAC-OX. Further data extraction and synthesis was performed in these 14 

studies. In these 14 studies, the number of patients with CPM treated with PIPAC-OX 

ranged from 1 to 66 patients (median 13).

(pipac) OR (pressurized intraperitoneal aerosol chemotherapy) OR 
(pressurised intraperitoneal aerosol chemotherapy)

PubMed
195 records

EMBASE
271 records

305 records after removing duplicates

Cochrane
21 records

28 studies included in systematic review
Studies including ≥1 patient receiving PIPAC-OX for CPM and

reporting at least one of the outcomes of interest

189 records excluded
30 had a topic unrelated to PIPAC
97 were abstracts
42 were reviews 
12 were trial protocols
5 were technical descriptions of the PIPAC procedure
2 were descriptions of implementations of PIPAC programs
1 was a comment on an original research paper

14 studies proceeded to data synthesis
Studies reporting separate results of at least one outcome of PIPAC-

OX for CPM

116 original research papers on PIPAC

54 original research papers excluded
44 were preclinical studies
6 were studies on the environmental safety of PIPAC with other drugs than oxaliplatin
1 was an international survey study
1 was an implementation study of standardized PIPAC training

64 clinical studies on PIPAC

37 clinical studies excludeda

30 studies on PIPAC-C/D for non-CPM
2 studies on PIPAC-C/D for various indications, including CPM
1 study on PIPAC-OX for non-CPM 
1 study on procedural characteristics of PIPAC with various drugs for various indications
1 study on PIPAC in solid organ transplant recipients
1 study on pharmacokinetics of PIPAC-OX for CPM
1 study on anesthesiological concerns and management during PIPAC

14 clinical studies excluded from data synthesis
Studies did not report separate results of PIPAC-OX for CPM

1 additional study included
After searching reference lists of remaining studies

CINAHL
33 records

Figure 9.1 Literature search and study selection. 

CPM colorectal peritoneal metastases; PIPAC pressurized intraperitoneal aerosol chemotherapy; 

PIPAC-C/D cisplatin-doxorubicin-based pressurized intraperitoneal aerosol chemotherapy; PIPAC-

OX oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy. adetails of 37 excluded 

clinical studies presented in Supplementary Table 9.1.
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Table 9.1 Characteristics of included studies.

Table 9.1A Study characteristics.

Study Enrolment years Setting Design

Siebert 201913 2015-2017 Single center Single-arm cohort study

Katdare 201914 2017 Single center Single-arm cohort study

Demtröder 201615 2012-2014 Single center Single-arm cohort study

Somashekhar 201916 2017 Single center Single-arm cohort study

Ellebaek 202017 2015-2019 Multicenter Single-arm cohort study

Willaert 201918 2015-2018 Single center Single-arm cohort study

Graversen 202019 2018-2019 Single center Single-arm cohort study

de Simone 202020 2015-2017 Single center Prospective single-arm phase 2 trial

Kurtz 201821 2016-2017 Single center Single-arm cohort study

Sgarbura 201922 2015-2017 Multicenter Single-arm cohort study

Graversen 201623 2015 Single center Single-arm cohort study

Willaert 201724 2015 Single center Single-arm cohort study

Alyami 201925 2015-2018 Single center Single-arm cohort study

Girshally 201626 2015-2018 Single center Single-arm cohort study

Kuchen 201827 2014-2018 Single center Single-arm cohort study

Graversen 201828 2015-2016 Single center Prospective single-arm phase 2 trial

Bernzerdjeb 202029 2016-2019 Single center Single-arm cohort study

Graversen 201930 2015-2016 Single center Single-arm cohort study

Ceribelli 202031 2016-2019 Single center Single-arm cohort study

Teixeira Farinha 201832 2015-2016 Single center Single-arm cohort study

Odendahl 201533 2012-2014 Single center Single-arm cohort study

Vaira 201634 2015 Single center Single-arm cohort study

Robella 201635 2015-2016 Single center Single-arm cohort study

Alyami 201736 2015-2016 Multicenter Single-arm cohort study

Hübner 201737 2015-2016 Single center Single-arm cohort study

Graversen 201838 2016-2018 Single center Single-arm cohort study

Siebert 201939 2015-2018 Single center Single-arm cohort study

Teixeira Farinha 201740 2015-2016 Single center Single-arm cohort study
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Figure 9.1B Patient characteristics. 

Study Included

patients, n

Patients undergoing PIPAC-OX for CPM

Patients, 

n

PIPAC-

OX, n

Previous palliative 

systemic therapy, 

n (%)

Concomitant 

systemic therapy, 

n (%)

Siebert 201913 4 2 5 2 (100%) 2 (100%)

Katdare 201914 16 3 3 2 (67%) 0 (0%)

Demtröder 201615 17 17 42 16 (94%) 11 (65%)

Somashekhar 201916 7 1 3 1 (100%) 0 (0%)

Ellebaek 202017 24 24 75 22 (92%) 3 (13%)

Willaert 201918 48 15 45 NR 12 (86%)a

Graversen 202019 33 5 9 NR 2 (67%)b

de Simone 202020 63 23 NR 23 (100%) NR

Kurtz 201821 71 17 NR NR NR

Sgarbura 201922 101 66 NR NR NR

Graversen 201623 2 1 1 NR NR

Willaert 201724 2 1 1 NR NR

Alyami 201925 146 31 NR NR NR

Girshally 201626 406 Not 

reportedc

NR NR NR

Kuchen 201827 31 6 NR 6 (100%) NR

Graversen 201828 35 12 NR NR NR

Bernzerdjeb 202029 112 15 NR NR 15 (100%)

Graversen 201930 35 13 NR NR NR

Ceribelli 202031 43 6 NR 6 (100%) NR

Teixeira Farinha 201832 42 15 NR NR NR

Odendahl 201533 91 14 NR NR NR

Vaira 201634 17 4 NR NR NR

Robella 201635 14 2 6 2 (100%) 2 (100%)

Alyami 201736 73 20 NR NR NR

Hübner 201737 42 14 NR NR NR

Graversen 201838 41 8 NR NR NR

Siebert 201939 134 26 NR NR 26 (100%)

Teixeira Farinha 201740 42 14 NR NR NR

CPM colorectal peritoneal metastases; NR not reported; PIPAC-OX oxaliplatin-based pressurized 

intraperitoneal aerosol chemotherapy; areported only in patients undergoing 2 or more PIPAC-OX; 
breported only in patients undergoing 3 or more PIPAC-OX; cno information on included number of 

patients with CPM.
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Figure 9.1C Outcomes.

Study Reported outcome(s) Outcome 

assessment(s) and 

parameter(s)

Reported 

separate results 

of PIPAC-OX for 

CPM?

Siebert 201913 Adverse events CTCAE Yes

Katdare 201914 Adverse events CTCAE Yes

Demtröder 201615 Adverse events CTCAE Yes

Histopathological response TRGS Yes

Secondary cytoreductive surgery n (%) Yes

Overall survival From first PIPAC-OX Yes

Somashekhar 201916 Adverse events CTCAE Yes

Histopathological response PRGS Yes

Ellebaek 202017 Adverse events Clavien-Dindo, CTCAE Yes

Histopathological response PRGS Yes

Cytological response Positive/negative Yes

Macroscopic response Ascites Yes

Secondary cytoreductive surgery n (%) Yes

Overall survival From first PIPAC-OX Yes

Willaert 201918 Adverse events CTCAE No

Radiological response Unclear Yes

Histopathological response PRGS Yes

Biochemical response Unclear Yes

Macroscopic response Ascites volume Yes

Graversen 202019 Adverse events Clavien-Dindo No

Histopathological response PRGS Yes

Cytological response Positive/negative Yes

de Simone 202020 Adverse events CTCAE No

Quality of life SF-36 No

Radiological response PRGS No

Histopathological response PRGS No

Biochemical response CEA No

Progression-free survival Unclear from when Yes

Overall survival Unclear from when Yes

Kurtz 201821 Adverse events Clavien-Dindo, CTCAE No

Histopathological response PRGS No

Macroscopic response Ascites volume No

Overall survival From first PIPAC-OX Yes

Sgarbura 201922 Adverse events CTCAE No
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Figure 9.1C Continued.

Study Reported outcome(s) Outcome 

assessment(s) and 

parameter(s)

Reported 

separate results 

of PIPAC-OX for 

CPM?

Overall survival From first PIPAC-OX Yes

Graversen 201623 Environmental safety Not applicable Not applicable

Willaert 201724 Environmental safety Not applicable Not applicable

Alyami 201925 Secondary cytoreductive surgery n (%) Yes

Girshally 201626 Secondary cytoreductive surgery n (%) No

Kuchen 201827 Adverse events Clavien-Dindo No

Histopathological response Ki-67 proliferation No

Macroscopic response Ascites volume, PCI No

Overall survival Unclear from when No

Graversen 201828 Adverse events CTCAE No

Quality of life EORTC QLQ-C30 No

Histopathological response PRGS No

Cytological response Positive/negative No

Bernzerdjeb 202029 Histopathological response PRGS No

Cytological response Positive/negative No

Progression-free survival Unclear from when No

Overall survival Unclear from when No

Graversen 201930 Cytological response Positive/negative No

Histopathological response PRGS

Ceribelli 202031 Adverse events CTCAE, Clavien-

Dindo

No

Histopathological response PRGS No

Secondary cytoreductive surgery n (%) No

Teixeira Farinha 

201832

Adverse events No classification No

Odendahl 201533 Adverse events CTCAE No

Quality of life EORTC QLQ-C30 No

Overall survival From first PIPAC-OX No

Vaira 201634 Adverse events CTCAE No

Robella 201635 Adverse events CTCAE No

Quality of life SF-36, EORTC 

QLQ-C30

No

Alyami 201736 Adverse events CTCAE No

Macroscopic response PCI No
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Figure 9.1C Continued.

Study Reported outcome(s) Outcome 

assessment(s) and 

parameter(s)

Reported 

separate results 

of PIPAC-OX for 

CPM?

Secondary cytoreductive surgery n (%) No

Hübner 201737 Adverse events Clavien-Dindo No

Graversen 201838 Adverse events CTCAE No

Siebert 201939 Adverse events CTCAE No

Teixeira Farinha 

201740

Quality of life EORTC QLQ-C30 No

CEA carcinoembryonic antigen; CTCAE common terminology criteria for adverse events; EORTC 

european organization for research and treatment of cancer; PCI peritoneal cancer index; PIPAC-OX 

oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy; PRGS peritoneal regression 

grading score; TRGS tumor regression grading (Dworak). 

Adverse events

Adverse events were reported in 24 original manuscripts.13-22,27,28,31-39 Only five studies 

provided separate results for patients with CPM treated with PIPAC-OX,13-17 of which 

one study17 did not provide the exact numbers of adverse events and was therefore 

not included in the data synthesis (Table 9.2). Three manuscripts reported adverse 

events (Common Terminology Criteria for Adverse Events [CTCAE], v.4) from in total 

21 patients with CPM who received 48 PIPAC-OX.14-16 Four patients experienced CTCAE 

grade 3 abdominal pain (19%), and no CTCAE grade 4 or 5 events occurred in these 

three studies. The following CTCAE grade 1–2 events were reported: pain (n=7, 33%), 

nausea/vomiting (n=7, 33%), infection (n=1, 5%), diarrhea (n=1, 5%), fever (n=4, 19%), 

liver/renal toxicity (n=6, 29%). However, adverse events were not separately reported 

for patients treated with PIPAC-OX monotherapy and patients treated with PIPAC-OX 

with concomitant systemic therapy. Also, one report provided a sub-analysis of their 

cohort, focusing on the occurrence of severe hypersensitivity reactions after repeated 

PIPAC-OX.13 Two CTCAE grade 4 severe hypersensitivity reactions occurred after 2/71 

(3%) PIPAC-OX, which occurred during the second and third procedure. Both patients 

had received an oxaliplatin-containing regimen as part of previous palliative systemic 

therapy. Also, both patients received PIPAC-OX with concomitant systemic therapy, 

although not an oxaliplatin-based regimen.
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Table 9.2 Adverse events.

Adverse events

Study CPM 

patients

Evaluated 

patients

Total 

PIPAC-OX

CTCAE grade

1-2 3 4 5

Siebert 201913 2 2 5 NS NS 2 NS

Katdare 201914 3 3 3 1 0 0 0

Demtröder 201615 17 17 42 25 4 0 0

Somashekhar 201916 1 1 3 0 0 0 0

CPM colorectal peritoneal metastases; CTCAE common terminology criteria for adverse events; NS 

not shown; PIPAC-OX oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy.

Radiological response

Two original manuscripts reported radiological response.18,20 Only one provided separate 

results for 15 patients with CPM, who in total received 45 PIPAC-OX (Table 9.3).18 All but 

one patient received two or more procedures, and a response evaluation was performed 

in these 14 patients by computed tomography (CT), although the definitions for CT 

assessment (e.g., Response Evaluation Criteria in Solid Tumors) were not provided. The 

study reported 5 (36%) patients with progressive disease, 5 (36%) patients with stable 

disease, and four patients (28%) showed regression of disease. Twelve out of 14 (86%) 

patients received PIPAC-OX with concomitant systemic therapy. The two patients that 

received PIPAC-OX monotherapy both had progressive disease on CT.

Table 9.3 Radiological response.

Radiological response

Study CPM 

patients

Evaluated 

patients

Total 

PIPAC-OX

Response

Progressive Stable Regressive

Willaert 201918 15 14 45 5 5 4

CPM colorectal peritoneal metastases; PIPAC-OX oxaliplatin-based pressurized intraperitoneal 

aerosol chemotherapy.

Histopathological response

Although histopathological response was reported in twelve studies,15-21,27-31 but only 

five provided separate results for patients with CPM treated with PIPAC-OX (Table 

9.4).15-19 Four studies used the peritoneal regression grading scale (PRGS) to evaluate 

subsequent biopsies in 33/45 patients with CPM.16-19 Regressive disease was found in 19 

(58%) patients, stable disease in 10 (30%) patients and progressive disease in 4 (12%) 

patients. In three studies, 4 of 18 patients received PIPAC-OX monotherapy. In these 

four patients, regressive, stable, and progressive disease was found in one, two, and one 

patient, respectively.16,18,19 In the fourth study, it was unclear whether these 15 patients 
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received PIPAC-OX monotherapy or PIPAC-OX with concomitant systemic therapy.17 

Finally, one study used the tumor response grading system;15 14 out of 17 patients 

with CPM were evaluable, and complete, major, partial, and no response was found 

in 7 (50%), 4 (29%), 1 (7%), and 2 (14%) patients, respectively. However, results were 

not separately reported for patients receiving PIPAC-OX monotherapy and patients 

receiving PIPAC-OX with concomitant systemic therapy.

Table 9.4 Histopathological response.

Hisopathological response – Peritoneal Regression Grading Score

Study CPM 

patients

Evaluated 

patients

Total 

PIPAC-OX

Response

Progressive Stable Regressive

Somashekhar 201916 1 1 3 0 1 0

Ellebaek 202017 24 15 75 1 5 9

Willaert 201918 15 14 45 2 3 9

Graversen 202019 5 3 9a 1 1 1

Hisopathological response – Dworak’s Tumor Response Grading Scale

Study CPM 

patients

Evaluated 

patients

Total 

PIPAC-OX

Response

None Partial Major Complete

Demtröder 201615 17 14 42 2 1 4 7

CPM colorectal peritoneal metastases; PIPAC-OX oxaliplatin-based pressurized intraperitoneal 

aerosol chemotherapy; areported for the three evaluated patients.

Cytological response

Five studies reported on cytological response in ascites or peritoneal lavage, of 

which three studies did not provide separate results for patients with CPM treated 

with PIPAC-OX (Table 9.5).17,19,28-30 The remaining two studies treated 27 patients with 

CPM with a total of 84 PIPAC-OX procedures.17,19 Eighteen patients were evaluable for 

cytological response, which showed that 6 (33%) patients converted from positive to 

negative cytology, cytology remained stable in 10 (56%) patients, and 2 (11%) patients 

converted from negative to positive cytology. However, one study did not separately 

report whether these patients were treated with PIPAC-OX monotherapy or PIPAC-

OX with concomitant systemic therapy.17 The other study reported that 2 of 3 patients 

were treated with PIPAC-OX with concomitant systemic therapy.19 However, the patient 

treated with PIPAC-OX monotherapy converted from positive to negative cytology, 

whereas the cytology of two patients treated with PIPAC-OX with concomitant systemic 

therapy remained stable in one patient and converted from negative to positive cytology 

in the other patient.
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Table 9.5 Cytological response.

Cytological response

Study CPM 

patients

Evaluated 

patients

Total 

PIPAC-OX

Response

Progressive Stable Regressive

Ellebaek 202017 24 15 75 2 8 5

Graversen 202019 3 3 9 0 2 1

CPM colorectal peritoneal metastases; PIPAC-OX oxaliplatin-based pressurized intraperitoneal 

aerosol chemotherapy.

Macroscopic response

Macroscopic response was reported in five studies, but only two studies reported 

separate results for patients with CPM treated with PIPAC-OX (Table 9.6).17,18,21,27,36 The 

first study reported a decrease of ascites volume in 3 out of 7 (43%) patients, but did not 

report on the other four patients.17 However, macroscopic response was not separately 

reported for patients receiving PIPAC-OX monotherapy and patients receiving PIPAC-

OX with concomitant systemic therapy. The second study evaluated ascites volume 

in seven patients who had all been treated with PIPAC-OX with concomitant systemic 

therapy, and found a decrease in ascites volume in 4 (57%) patients but an increase in 

3 (43%) patients.18

Table 9.6 Macroscopic response.

Macroscopic response

Study CPM 

patients

Evaluated 

patients

Total 

PIPAC-OX

Response

Progressive Stable Regressive

Ellebaek 202017 24 7 75 NS NS 3

Willaert 201918 15 7 45 3 0 4

CPM colorectal peritoneal metastases; NS not shown; PIPAC-OX oxaliplatin-based pressurized 

intraperitoneal aerosol chemotherapy.

Biochemical response

The biochemical response during treatment with PIPAC-OX was reported in two 

studies,18,20 but was only separately reported for patients with CPM in one study (Table 

9.7).18 Fourteen of 15 patients with CPM received at least two PIPAC-OX and underwent 

response evaluation. Tumor markers were not determined in four patients. In the other 

ten patients, tumor markers increased in 2 (20%) patients, decreased in 6 (60%) patients, 

and remained stable in 2 (20%) patients. Out of two evaluable patients that did not 

receive PIPAC-OX with concomitant systemic therapy, tumor markers were not available 

in one patient and increased in the other patient. However, it was not mentioned how 

biochemical response and progression were defined and which tumor marker was used.
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Table 9.7 Biochemical response.

Biochemical response

Study CPM 

patients

Evaluated 

patients

Total 

PIPAC-OX

Response

Progressive Stable Regressive

Willaert 201918 15 10 45 2 2 6

CPM colorectal peritoneal metastases; PIPAC-OX oxaliplatin-based pressurized intraperitoneal 

aerosol chemotherapy.

Quality of life

Although five studies reported quality of life results, none provided separate results for 

patients with CPM treated with PIPAC-OX.20,28,33,35,40

PFS

PFS was reported in two studies,20,29 but only one reported separate outcomes for 

patients with CPM treated with PIPAC-OX (Table 9.8).20 They reported a median PFS of 

3 months in 16 patients with CPM that all received two or more PIPAC-OX. It was not 

reported from which time-point PFS was calculated. However, PFS was not separately 

reported for patients receiving PIPAC-OX monotherapy and patients receiving PIPAC-

OX with concomitant systemic therapy.

OS

OS was reported in eight studies,15,17,20-22,27,29,33 and separately for patients with CPM 

treated with PIPAC-OX in five studies (Table 9.8).15,17,20-22 All five studies reported a 

median OS, which ranged from 15 to 27 months. OS was calculated from the first PIPAC-

OX in four studies but the baseline time-point was not specified in one study. A median 

OS was not reached in two studies due to short follow-up. Four studies also showed 

Kaplan-Meier figures, of which a 1-year survival could be estimated, ranging from 60% 

to 67%. However, none of these five studies separately reported survival outcomes for 

patients receiving PIPAC-OX monotherapy and PIPAC-OX with concomitant systemic 

therapy.
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Table 9.8 Progression-free survival and overall survival.

Progression-free survival

Study CPM 

patients

Evaluated 

patients

Total 

PIPAC-OX

Median 

(months)

1-year 

(%)

Calculated from

de Simone 202020 23 16a 32a 3 NS NS

Overall survival

Study CPM 

patients

Evaluated 

patients

Total 

PIPAC-OX

Median 

(months)

1-year 

(%)

Calculated from

Demtröder 201615 17 17 42 15 65b 1st PIPAC-OX

Ellebaek 202017 24 24 75 21 60b 1st PIPAC-OX

de Simone 202020 23 16a 32a 27 NS NS

Kurtz 201821 17 17 NS NR 60b 1st PIPAC-OX

Sgarbura 201922 66 66 NS NR 67b 1st PIPAC-OX

CPM colorectal peritoneal metastases; NR not reached; NS not shown; PIPAC-OX oxaliplatin-based 

pressurized intraperitoneal aerosol chemotherapy; ain patients undergoing at least 2 PIPAC-OX; 
bestimated from Kaplan-Meier survival curve.

Eligibility for cytoreductive surgery

Six studies provided results of a subgroup of patients that were able to undergo 

cytoreductive surgery after treatment with PIPAC, but two did not provide separate 

results for patients with CPM treated with PIPAC-OX (Table 9.9).15,17,25,26,31,36 Two 

studies reported that no secondary cytoreductive surgery could be performed 

after repetitive PIPAC-OX in 54 patients with CPM.17,25 In one study, 3 of 24 patients 

were treated with PIPAC-OX with concomitant systemic therapy, but the number 

of patients treated with PIPAC-OX monotherapy and PIPAC-OX with concomitant 

systemic therapy was not reported in the second study. The third study performed 

secondary cytoreductive surgery in 2/17 (12%) patients with CPM after treatment 

with PIPAC-OX.15 However, it was not described whether these patients had received 

PIPAC-OX monotherapy or PIPAC-OX with concomitant systemic therapy. The 

fourth study reported that six patients with CPM received secondary cytoreductive 

surgery after repetitive treatment with PIPAC-OX.26 However, the total amount of 

patients with CPM treated with PIPAC-OX was not reported, thus it was not possible 

to extract a proportion of patients undergoing secondary cytoreductive surgery.
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Table 9.9 Eligibility for secondary cytoreductive surgery.

Secondary cytoreductive surgery

Study CPM patients Evaluated 

patients

Total PIPAC-OX CRS performed

Demtröder 201615 17 17 42 2

Ellebaek 202017 24 24 75 0

Alyami 201925 31 31 NS 0

Girshally 201626 NS NS NS 6

CPM colorectal peritoneal metastases; CRS cytoreductive surgery; NS not shown; PIPAC-OX 

oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy.

Environmental safety

Two studies investigated occupational exposure to oxaliplatin during PIPAC-OX for 

CPM.23,24 Several samples were taken during two PIPAC-OX procedures. All samples 

showed undetectable concentrations of oxaliplatin in the air, surface wipes, or in 

surgeon’s blood.

DISCUSSION

This is the first systematic review providing an overview of the available evidence for 

the use of PIPAC-OX in patients with unresectable CPM. We found 28 clinical studies 

that included at least one patient with CPM treated with PIPAC-OX. Of these, 26 studies 

included patients receiving PIPAC with various drugs for various tumors, and only two 

solely focused on patients with CPM treated with PIPAC-OX. Of all 28 included studies, 

14 studies provided at least one separate outcome for patients with CPM treated with 

PIPAC-OX. Limitations of these 14 studies were small colorectal cancer sample sizes, 

heterogeneous treatment regimens (PIPAC-OX monotherapy versus PIPAC-OX with 

concomitant systemic therapy) and heterogeneous outcome reporting (not stratifying 

for treatment regimen). Moreover, the majority of these studies reporting on survival 

did not stratify their results for patients receiving PIPAC-OX as first-line versus later-

line treatment, and some studies reporting tumor response did not provide definitions 

of response and progression. Despite these limitations, the present systematic review 

shows that PIPAC-OX appears safe in patients with CPM and that no environmental 

exposure of oxaliplatin was detected during PIPAC-OX.

Five other studies have performed a systematic review of clinical studies on PIPAC 

for the treatment of peritoneal metastases.10,41-44 However, none of these systematic 

reviews specifically focused on PIPAC-OX in patients with CPM alone and reported 



Systematic review of PIPAC-OX for unresectable CPM   |   201

9

on the interpretability of the results of included studies. Although these systematic 

reviews suggest that PIPAC is generally well tolerated, the present systematic review 

showed that the quality of life of patients with CPM treated with PIPAC-OX has never 

been reported. It is also generally assumed that PIPAC-OX is associated with low rates 

of systemic toxicity, whereas the present systematic review showed that the reporting 

of adverse events was not stratified for PIPAC-OX monotherapy and for PIPAC-OX 

with concomitant systemic therapy, which impedes the interpretation of these results. 

The lack of stratification for PIPAC-OX monotherapy and PIPAC-OX with concomitant 

systemic therapy also impedes the interpretation of other outcomes, such as tumor 

response, secondary curative intent surgery, and survival. Moreover, survival results 

were not stratified for line of palliative treatment, impeding comparison with survival 

results of trials on systemic therapy. Altogether, based on the available evidence 

consisting of non-comparative studies only, the (additional) benefit of PIPAC-OX for 

patients with CPM remains uncertain. Nevertheless, PIPAC-OX for colorectal cancer 

is currently increasingly practiced in multiple centers worldwide. Thus, results from 

prospective cohorts or randomized controlled trials that provide outcomes stratified for 

primary tumor location, administration of PIPAC-OX monotherapy or PIPAC-OX with 

concomitant systemic therapy, and previous palliative systemic treatment are urgently 

required to gain more insight into these outcomes and to determine the exact role of 

PIPAC-OX in patients with CPM.

To the knowledge of the authors, there are currently two ongoing phase 1 dose 

escalation studies for PIPAC-OX45,46 and there are six ongoing phase 2–3 clinical studies 

investigating PIPAC-OX in patients with CPM (Netherlands Trial Register, NL8303; 

ClinicalTrials.gov, NCT04329494; NCT03868228).47-49 Three studies solely include 

patients with CPM and treat patients with PIPAC-OX monotherapy,47 PIPAC-OX with 

concomitant first-line systemic therapy (NL8303), or either PIPAC-OX monotherapy 

or PIPAC-OX with concomitant systemic therapy in any line of palliative treatment 

(NCT03868228). The other three studies include patients receiving PIPAC with 

various drugs for various origins, including PIPAC-OX for CPM. One of these studies 

is a randomized controlled trial, randomizing patients between PIPAC monotherapy 

and palliative systemic therapy.48 The other two studies treat patients with PIPAC 

monotherapy or PIPAC with concomitant systemic therapy (NCT04329494).49 The 

investigators of the latter three studies are encouraged to report separate results for 

patients with CPM treated with PIPAC-OX to provide insights into the value of PIPAC-

OX in this particular group.
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CONCLUSIONS

Despite the increasing practice of PIPAC worldwide and the growing amount of available 

manuscripts on PIPAC, only very few studies focus on PIPAC-OX in patients with CPM or 

provide separate results for this subgroup. Therefore, the currently available evidence 

for the use of PIPAC-OX in patients with CPM is limited and difficult to interpret, mainly 

since the majority of studies did not stratify their results for PIPAC-OX monotherapy 

versus PIPAC-OX with concomitant systemic therapy. Investigators of future studies 

including patients receiving PIPAC-OX for CPM are encouraged to report separate 

outcomes for this particular group, to stratify their results for PIPAC-OX monotherapy 

versus PIPAC-OX with concomitant systemic therapy, and to stratify survival outcomes 

for line of palliative treatment. These results may help designing future randomized 

trials which are required to determine the exact role of PIPAC-OX in patients with CPM.
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ABSTRACT

Introduction: Repetitive electrostatic pressurized intraperitoneal aerosol chemotherapy 

with oxaliplatin (ePIPAC-OX) is offered as a palliative treatment option for patients 

with isolated unresectable colorectal peritoneal metastases (PM) in several centers 

worldwide. However, little is known about its feasibility, safety, tolerability, efficacy, 

costs and pharmacokinetics in this setting. This study aims to explore these parameters 

in patients with isolated unresectable colorectal PM who receive repetitive ePIPAC-OX 

as a palliative monotherapy.

Methods and analysis: This multicenter, open-label, single-arm, phase 2 study is 

performed in two Dutch tertiary referral hospitals for the surgical treatment of colorectal 

PM. Eligible patients are adults who have histologically or cytologically proven isolated 

unresectable PM of a colorectal or appendiceal carcinoma, a good performance status, 

adequate organ functions and no symptoms of gastrointestinal obstruction. Instead 

of standard palliative treatment, enrolled patients receive laparoscopy-controlled 

ePIPAC-OX (92 mg/m2 body surface area (BSA)) with intravenous leucovorin (20 mg/

m2 BSA) and bolus 5-fluorouracil (400 mg/m2 BSA) every 6 weeks. Four weeks after each 

procedure, patients undergo clinical, radiological and biochemical evaluation. ePIPAC-

OX is repeated until disease progression, after which standard palliative treatment is 

(re)considered. The primary outcome is the number of patients with major toxicity 

(grade ≥3 according to the Common Terminology Criteria for Adverse Events v4.0) 

up to 4 weeks after the last ePIPAC-OX. Secondary outcomes are the environmental 

safety of ePIPAC-OX, procedure-related characteristics, minor toxicity, postoperative 

complications, hospital stay, readmissions, quality of life, costs, pharmacokinetics 

of oxaliplatin, progression-free survival, overall survival, and the radiological, 

histopathological, cytological, biochemical and macroscopic tumor response.

Ethics and dissemination: This study is approved by an ethics committee, the Dutch 

competent authority and the institutional review boards of both study centers. Results 

are intended for publication in peer-reviewed medical journals and for presentation to 

patients, healthcare professionals and other stakeholders.
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INTRODUCTION

After the liver, the peritoneum is the second most common isolated metastatic site 

of colorectal cancer.1,2 The majority of patients with isolated colorectal peritoneal 

metastases (PM) do not qualify for curative intent surgical treatment,3 mostly due 

to insufficient condition or unresectable disease. Palliative systemic therapy is the 

standard treatment for patients with isolated unresectable colorectal PM.4 Although 

its increasing use has improved the outcomes of these patients,3 palliative systemic 

therapy appears less effective for isolated colorectal PM than for isolated non-

peritoneal colorectal metastases.5 This phenomenon may be explained by a relatively 

low intraperitoneal concentration of systemically administered chemotherapy.6 

Moreover, a relatively high systemic concentration could cause systemic toxicity. 

Intraperitoneal administration of chemotherapy is thought to increase locoregional 

efficacy and decrease systemic toxicity through a favorable peritoneum-plasma 

concentration ratio.6–8 However, intraperitoneal chemotherapy seems to have three 

major limitations: a poor direct tissue penetration, an inhomogeneous intraperitoneal 

drug distribution and dose-limiting local toxicity.9,10 This has encouraged development 

of new intraperitoneal drug delivery systems that aim to overcome these limitations. 

Currently, pressurized intraperitoneal aerosol chemotherapy (PIPAC) is one of these 

systems that internationally gains the most attention.

PIPAC

PIPAC is a laparoscopy-controlled repetitive intraperitoneal administration of 

low-dose chemotherapy as a pressurized aerosol.11,12 It combines the theoretical 

pharmacokinetic advantages of low-dose intraperitoneal chemotherapy (ie, low 

toxicity, high intraperitoneal concentration, low systemic concentration) with the 

principles of an aerosol (homogeneous intraperitoneal distribution) and intra-

abdominal pressure (deep tissue penetration).13–20 Two groups systematically reviewed 

the  results of non-comparative clinical studies that assessed the feasibility, safety, 

tolerability and preliminary efficacy of PIPAC with various drugs for PM of various 

origins.21,22 They concluded that PIPAC is a safe, feasible and well-tolerated treatment 

with good preliminary response rates.21,22 These preliminary conclusions have led to 

an increasing acceptance of PIPAC as a palliative treatment option for PM in several 

centers worldwide.23 In these centers, patients with isolated unresectable colorectal PM 

usually receive PIPAC with oxaliplatin (PIPAC-OX) in an empirically chosen dosage of 

92 mg/m2 body surface area (BSA) every 4–6 weeks.23 Some centers use electrostatic 

precipitation of the aerosol during PIPAC-OX (ePIPAC-OX),24,25 since this could increase 

tissue penetration of oxaliplatin.26
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PIPAC for colorectal PM

Several clinical studies included patients who received repetitive PIPAC-OX for 

colorectal PM.27–36 However, the vast majority of these studies reported outcomes of 

entire cohorts that received repetitive PIPAC with various drugs for PM of various 

origins without presenting subgroup analyses of patients who received PIPAC-OX 

for colorectal PM.27–34 Only two studies reported separate outcomes of repetitive 

PIPAC-OX for colorectal PM.35,36 By using a prospectively maintained database, 

Teixeira Farinha et al retrospectively included 20 patients with isolated colorectal 

PM who received 37 procedures.35 They concluded that repetitive PIPAC-OX causes a 

modest and transitory inflammatory response without hematological, renal or hepatic 

toxicity.35 Demtröder et al retrospectively included 17 patients with isolated colorectal 

PM who received 48 procedures within an off-label programme.36 They concluded 

that repetitive PIPAC-OX induces regression of pretreated colorectal PM and that 

the toxicity seems to be low.36 Both studies have a retrospective design without 

predefined eligibility criteria and endpoints. Moreover, both studies included patients 

who received repetitive PIPAC-OX as a monotherapy as well as patients who received 

PIPAC-OX in combination with palliative systemic therapy. These shortcomings 

strongly impede the interpretation of these studies. Besides, recently published case 

reports suggested that PIPAC-OX could lead to severe hypersensitivity reactions and 

peritoneal sclerosis.37,38

Rationale for this study

In conclusion, little is known about the safety, tolerability and efficacy of repetitive 

PIPAC-OX in patients with isolated unresectable colorectal PM, whereas nothing is 

known about its costs and pharmacokinetics. Specifically for repetitive ePIPAC-OX, all 

these outcomes have never been reported. This questions the current use of repetitive 

ePIPAC-OX as a palliative treatment option for isolated unresectable colorectal PM 

outside the framework of clinical study protocols. Ideally, these patients are included 

in prospective studies with predefined eligibility criteria, interventions and endpoints. 

However, by the knowledge of the investigators, such studies are currently lacking and 

not ongoing.39 Therefore, this study aims to prospectively explore the safety, tolerability, 

preliminary efficacy, costs and pharmacokinetics of repetitive ePIPAC-OX as a palliative 

treatment for isolated unresectable colorectal PM. Although implementation of PIPAC 

appears feasible and occupationally safe,21,22,24,40–43 there is no experience with PIPAC in 

the Netherlands. Hence, this study also aims to assess the feasibility of implementation 

of ePIPAC-OX in two Dutch tertiary referral hospitals for the surgical treatment of 

colorectal PM.
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Rationale for intervention

Repetitive ePIPAC-OX may be administered as part of a bidirectional therapy with 

palliative systemic therapy or as a monotherapy. The bidirectional therapy hypothetically 

maximizes tumor response, probably at the cost of an increased treatment burden 

that could interfere with quality of life. Repetitive ePIPAC-OX as a monotherapy could 

temporarily stabilize the intraperitoneal disease burden with minimal toxicity and 

preservation of quality of life. For this study, the investigators decided to administer 

repetitive ePIPAC-OX as a palliative monotherapy with (re)consideration of standard 

palliative treatment after progression. According to internationally used protocols, 

ePIPAC-OX is administered in a dosage of 92 mg/m2 at 6-weekly intervals.23 The 

investigators will actively follow two ongoing phase 2 studies in which repetitive PIPAC-

OX is administered in various preplanned dosage levels to evaluate whether the dosage 

of oxaliplatin in this study needs to be modified.44,45 Before administration of ePIPAC-

OX, the patients receive intravenous low-dose leucovorin with bolus 5-fluorouracil, 

since this is thought to potentiate the effect of intraperitoneal oxaliplatin.46,47

METHODS AND ANALYSIS

Design and setting

This prospective, open-label, single-arm, phase 2 study is performed in two Dutch 

teaching hospitals qualified as tertiary referral hospitals for the surgical treatment of 

colorectal PM.

Eligibility criteria

Eligible patients are adults who have:

• A WHO performance status of ≤1.

• Histological or cytological proof of PM of a colorectal or appendiceal carcinoma.

• Unresectable disease determined by the treating physician, based on abdominal 

CT and a diagnostic laparotomy or laparoscopy, the latter being a standard tool in 

the diagnostic work-up of patients with isolated colorectal PM in the Netherlands.

• Adequate organ functions (hemoglobin ≥5.0 mmol/L, neutrophils ≥1.5×109/L, 

platelets ≥100×109/L, serum creatinine <1.5× upper limit of normal (ULN), 

creatinine clearance ≥30 mL/min and liver transaminases <5× ULN).

• No symptoms of gastrointestinal obstruction.

• No radiological evidence of systemic metastases.

• No contraindications for oxaliplatin or 5-fluorouracil/leucovorin.

• No contraindications for a laparoscopy.

• No previous PIPAC procedures.
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Thereby, enrolment is allowed for patients with a signet ring cell carcinoma, patients with 

a history of prior cytoreductive surgery or hyperthermic intraperitoneal chemotherapy 

(HIPEC) and patients with unresected ovarian metastases or an unresected primary tumor 

(if not causing symptoms of gastrointestinal obstruction). Importantly, enrolment is allowed 

for patients in various lines of palliative treatment, including patients who refuse, have 

not had, or do not qualify for first-line palliative systemic therapy. All potentially eligible 

patients are discussed by a multidisciplinary team. Enrolled patients are informed about 

the potential consequences of postponing or discontinuing standard palliative treatment 

by a medical oncologist prior to enrolment.

Interventions and procedures

Figure 10.1 shows a flowchart of the study. Table 10.1 presents a schedule of enrolment, 

interventions and assessments.

ePIPAC-OX 

The procedure-related principles of (e)PIPAC have been extensively described by Wilbert 

et al and Giger-Pabst et al.24,48 In this study, ePIPAC-OX is performed at 6-weekly intervals 

by at least one PIPAC-qualified surgeon in a standard operating room with laminar airflow. 

In both study centers, the operating personnel attended procedures in experienced PIPAC 

centers before performing their first procedure. All procedures are performed under 

general anesthesia. Antibiotic prophylaxis and venous thromboembolism prophylaxis are 

not regularly administered. Before each procedure, a checklist is used to ensure all materials 

are available. The operating personnel wears appropriate chemotherapy-protective clothes 

according to existing HIPEC protocols.

The Hasson technique is used to insert a 10 mm blunt tip balloon trocar through the 

abdominal wall. After obtaining a normothermic 12 mm Hg capnoperitoneum, a second 

10 mm blunt tip balloon trocar is inserted under direct vision and explorative laparoscopy 

is performed. Only if needed, careful adhesiolysis may be performed to create sufficient 

working space. In case of an iatrogenic bowel lesion, the procedure is ended after closure of 

the lesion, and ePIPAC-OX may be postponed by 2–4 weeks. If the procedure is considered 

feasible, leucovorin (20 mg/m2 BSA in 10 min) and bolus 5-fluorouracil (400 mg/m2 BSA in 

15 min) are administered intravenously. In the meantime, ascites (or injected saline if ascites 

is not present) is completely evacuated, sent for cytology and translational research, and the 

ascites volume is documented. Adhesions are scored with the Zühlke score, the peritoneal 

cancer index (PCI) is registered and photographs are taken throughout the peritoneal 

cavity.49,50 A piece of normal peritoneum and three peritoneal metastases, preferably from 

different areas, are biopsied, sent for histopathology and translational research, and their 

locations are documented and marked with clips to enable biopsies of the same locations 

during subsequent procedures.
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Table 10.1 Schedule of enrolment, interventions, and assessments. 

Schedule of enrolment, interventions, and assessments
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Enrolment

Eligibility screen X

Informed consent X

Interventions

ePIPAC-OX X

Blood (organ functions, tumor markers) X Xa X

Pharmacokinetics (blood, urine, ascites, PM, normal peritoneumb

Translational research (blood, ascites, PM) Xc

Thoracoabdominal CT X X

Diffusion-weighted MRI X X

Cytology (ascites or peritoneal washing) X

Histopathology (peritoneal biopsies) X

Questionnaires: quality of life X X X

Questionnaires: costs X X

Assessments

Baseline characteristics X

Toxicity X X X

Environmental safety of ePIPAC-OXd Xd

Procedure-related characteristics X

Number of procedures in each patient, reasons for stopping X X X

Postoperative complications X X X

Hospital stay X

Readmissions X X

Radiological tumor response X X

Histopathological tumor response X

Cytological tumor response X

Macroscopic tumor response X

Biochemical tumor response X X X

Quality of life X X X

Costs X X

Progression-free survival X X X

Overall survival X X X

ePIPAC-OX electrostatic oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy; adrawn 

on every postoperative day until discharge; bblood is drawn before ePIPAC-OX and 5, 10, 20, 30, 60, 

120, 240, 360, and 1080 after oxaliplatin injection during and after the first three procedures, urine is 

collected before e PIPAC-OX and 1, 3, 5, and 7 days after PIPAC-OX after the first three procedures, 

ascites/PM/normal peritoneum are collected directly after oxaliplatin injection; cdrawn before 

ePIPAC-OX; danalyzed only during the first three days procedure are performed. 
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Then, the ePIPAC setup is installed. A stainless steel brush electrode (Ionwand, Alesi 

Surgical, Cardiff, UK) is inserted through a mini-trocar under direct vision, secured with 

its tip at least 2 cm away from other structures, and connected to its generator (Ultravision, 

Alesi Surgical, Cardiff, UK). A nebulizer (CapnoPen, Capnomed GmbH, Villingendorf, 

Germany) is inserted through one of the trocars and secured with its nozzle just inside 

the peritoneal cavity at a safe distance from visceral organs. The camera, inserted through 

the other trocar, is secured by a laparoscope holder in a way it permanently visualizes 

the electrode and the nebulizer. The valve of the trocar connected to the CO2 insufflation 

remains opened, whereas the other trocar is connected to a closed aerosol waste system 

(CAWS) with its valve closed. The CAWS consecutively consists of a smoke evacuation 

filter, a water seal drainage system, an infant-pediatric electrostatic microparticle filter, and 

the air waste system of the hospital. The preoperatively prepared syringe with oxaliplatin 

(92 mg/m2 BSA diluted in a total volume of 150 mL 5% dextrose) is vented, placed in a 

standard angiographic injector and connected to the nebulizer with a saline-flushed high-

pressure line protected by a plastic camera cover. A leak-free capnoperitoneum is ensured 

by zero flow of CO2. If necessary, the external fascia may be additionally sutured and Luer 

lock caps may be placed on balloon valves of trocars. The angiographic injector is installed 

at a flow rate of 30 mL/min and a maximum pressure of 200 psi. Protective films are placed 

on the floor below the angiographic injector and around the patient. The angiographic 

injector is positioned above a chemotherapy waste bin. The peripheral venous line of 

the patient is connected to a 60 mL saline-containing syringe outside the operating room. 

Vital parameters of the patient, real-time videolaparoscopy and a patient-aimed camera 

are displayed on three screens outside the operating room. The screen of the angiographic 

injector is positioned in front of the window of the operating room. General anesthesia is 

ensured for at least another 40 min. A checklist is used to confirm that all aforementioned 

steps have been adequately taken. After completion of the checklist, the entire operating 

personnel leaves the operating room.

Oxaliplatin is injected through the nebulizer by remote controlled activation of the 

angiographic injector from outside the operating room. After complete formation of 

the oxaliplatin-containing aerosol in 5 min, the surgeon enters the operating room and 

turns on the Ultravision generator, which results in electrostatic precipitation of the 

aerosol. The electrostatic field and the capnoperitoneum are maintained for another 

25 min. During this phase, the patient and the procedure are monitored through the 

three screens and the window of the operating room. Drugs may be administered to 

the patient through the intravenous access outside the operating room if necessary. 

After 25 min, the surgeon enters the operating room, turns off the Ultravision generator, 

closes the trocar valve connected to the CO2 insufflation and opens the trocar valve 

connected to the CAWS. After complete evacuation of the aerosol, the electrode 
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and the nebulizer are removed, the entire operating personnel enters the operating 

room and a new capnoperitoneum is obtained. Ascites and peritoneal biopsies are 

collected for pharmacokinetic purposes. In case no bleeding or perforations are 

observed, instruments are removed and incisions are closed with absorbable sutures. 

All instruments and materials are directly disposed in chemotherapy waste bins and 

the operating room is cleaned according to existing HIPEC protocols. Any procedure-

related mistake or difficulty during ePIPAC-OX is recorded directly after occurrence.

After ePIPAC-OX, the patients are admitted to the general surgical ward. To relieve 

postoperative pain, the patients receive paracetamol (1 g, four times per day), on-demand 

morphine and 1 g of metamizole directly after the procedure. To minimize postoperative 

nausea and vomiting, the patients receive perioperative dexamethasone and on-demand 

granisetron (1 mg, three times per day). Standard postsurgical clinical evaluations are 

performed a few hours after the procedure and on every postoperative day. Blood is 

drawn for bone marrow, liver, and kidney functions, albumin and C-reactive protein 

on every postoperative day. If the postoperative period is uneventful, the patients are 

discharged on the first postoperative day. All body excretes are considered oxaliplatin-

contaminated for up to 5 days after the procedure. Dose reduction, prohibited and 

permitted concomitant care, and strategies to improve adherence are not specified a 

priori, but left to the discretion of the treating physician. ePIPAC-OX is repeated until 

clinical progression, radiological progression (Response Evaluation Criteria In Solid 

Tumors or at physician’s discretion in case of non-measurable disease), macroscopic 

progression (ie, ascites volume, PCI), unacceptable toxicity, physician’s decision to 

discontinue or at patient’s request to discontinue. In patients who develop systemic 

metastases, continuation of ePIPAC-OX can only be considered if the patient has no 

systemic palliative treatment options and stable peritoneal disease.

Outpatient evaluations 

One week after each ePIPAC-OX, the patients undergo clinical evaluation by phone. 

Four weeks after each ePIPAC-OX, the patients undergo radiological evaluation (ie, 

thoracoabdominal CT, diffusion-weighted MRI (DW-MRI)), biochemical evaluation (ie, 

bone marrow, liver, and kidney functions, albumin, C-reactive protein, tumor markers) 

and clinical evaluation.

Questionnaires 

The patients are asked to complete EQ-5D-5L, QLQ-C30 and QLQ-CR29 at baseline and 1 

and 4 weeks after each ePIPAC-OX.51–53 iMTA Productivity Cost Questionnaire (PCQ) and 

iMTA Medical Consumption Questionnaire (MCQ) are sent to the patients at baseline and 

4 weeks after each ePIPAC-OX (PCQ) and each second ePIPAC-OX (MCQ).54,55
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Pharmacokinetics 

Blood is collected during and after the first three procedures in each patient. Four mL of 

whole blood is drawn and collected in heparin tubes before ePIPAC-OX and at 5, 10, 20, 30, 

60, 120, 240, 360 and 1080 min after injection of oxaliplatin. After immediate centrifuging, 

an aliquot of plasma is stored at −80°C until analysis. Another aliquot of 1 mL of plasma is 

centrifuged through an ultrafiltration membrane and stored at −80°C until analysis. Urine, 

ascites, PM and normal peritoneum are collected during and after all procedures. Four mL 

of urine is collected in urinalysis tubes before ePIPAC-OX and on the first postoperative day. 

These are stored at −20°C until analysis. After discharge, the patients are asked to collect 

4 mL of urine in urinalysis tubes on the third, fifth and seventh postoperative day, and to 

store these specimens at their home address at −20°C until analysis. After electrostatic 

precipitation of the aerosol, the surgeon aspirates a few milliliters of ascites and biopsies 

two peritoneal metastases and two pieces of normal peritoneum, preferably from different 

locations. These are collected in aliquots and directly stored at −80°C until analysis. 

Concentrations of oxaliplatin are measured by using atomic absorption spectrophotometry.

Translational research 

Before each ePIPAC-OX, 20 mL of blood is drawn and collected in 10 mL cell-free 

DNA BCT tubes (Streck, La Vista, Nebraska, USA). According to the manufacturer’s 

instructions, these tubes are sent to a central laboratory for isolation and storage 

(−80°C) of plasma and cell pellet. Collected ascites or saline is centrifuged twice (5 min, 

420 g, zero break) under sterile conditions. The supernatant is snap frozen and stored 

at −80°C for further analysis on soluble components. The cell pellet is suspended in 

organoid culture medium at 4°C for transport and further work-up. Of each collected 

PM, three parts are snap frozen and stored at −80°C for sequencing analysis.

Outcomes 

An assessment schedule is presented in Table 10.1. The primary outcome is the number of 

patients with major toxicity, defined as grade ≥3 according to the Common Terminology 

Criteria for Adverse Events (CTCAE) v4.0,56 up to 4 weeks after the last ePIPAC-OX. 

Secondary outcomes are as follows:

• The environmental safety of ePIPAC-OX, based on air and surface concentrations 

of oxaliplatin during the first three procedures, measured by atomic absorption 

spectrophotometry.

• Procedure-related characteristics of ePIPAC-OX (eg, intraoperative complications, 

amount of adhesions, procedure-related mistakes and difficulties, operating time).

• The number of procedures in each patient and reasons for discontinuation.

• Minor toxicity, defined as grade ≤2 according to CTCAE v4.0,56 up to 4 weeks after 

the last ePIPAC-OX,
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• Major and minor postoperative complications, defined as grade ≥3 and grade ≤2 

according to Clavien-Dindo,57 respectively, up to 4 weeks after the last ePIPAC-OX.

• Hospital stay, defined as the number of days between ePIPAC-OX and initial 

discharge.

• Readmissions, defined as any hospital admission after initial discharge, up to 

4 weeks after the last ePIPAC-OX.

• Radiological tumor response, based on central review of thoracoabdominal CT 

and DW-MRI at baseline and 4 weeks after each ePIPAC-OX, performed by two 

independent radiologists (JN, MJL) blinded to clinical outcomes (classification is 

not defined a priori).

• Histopathological tumor response, based on central review of collected peritoneal 

biopsies during each ePIPAC-OX, performed by two independent pathologists (eg, 

CH) blinded to clinical outcomes by using the Peritoneal Regression Grading Score.58

• Macroscopic tumor response, based on PCI and ascites volume during each 

ePIPAC-OX.

• Biochemical tumor response, based on tumor markers measured at different time 

points (Table 10.1).

• Cytological tumor response, based on collected ascites or peritoneal washing 

cytology during each ePIPAC-OX.

• Quality of life, extracted from questionnaires (EQ-5D-5L, QLQ-C30, QLQ-CR29) at 

different time points (Table 10.1).

• Costs, derived from the Dutch costing guidelines for healthcare research at the 

time of analysis, based on case report forms, hospital information systems, and 

questionnaires (iMTA PCQ, iMTA MCQ) at different time points (Table 10.1).

• Progression-free survival, defined as the time between enrolment and clinical, 

radiological, or macroscopic progression, or death.

• Overall survival, defined as the time between enrolment and death.

• The pharmacokinetics of oxaliplatin during and after ePIPAC-OX.

Sample size

Given the absence of evident clinical endpoints in this patient category, the investigators 

pragmatically determined the sample size of this exploratory study. The investigators 

agreed that 60 procedures are required to explore the feasibility, safety, tolerability 

and preliminary efficacy of repetitive ePIPAC-OX in this setting. Since the expected 

mean number of procedures is three per patient,36 the initial sample size is determined 

at 20 patients. This pragmatically determined sample size is approved by the central 

ethics committee. Enrolled patients who do not undergo a first ePIPAC-OX (eg, systemic 

metastases on baseline radiology, non-access, resectable disease) are replaced to enroll 

20 patients who receive at least one ePIPAC-OX.
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Recruitment

The study started in October 2017 and is currently enrolling patients. The investigators 

anticipate that 20 patients will be enrolled within a maximum of 3 years. Strategies for 

achieving adequate participant enrolment are not defined a priori.

Data collection and data management

Outcomes are collected in all patients who receive at least one ePIPAC-OX. All baseline 

characteristics and clinical outcomes are prospectively collected and entered in 

an ISO 27001 certified central study database (De Research Manager, Deventer, 

The Netherlands) with study-specific electronic case report forms by a local investigator 

in each study center (RL, EW). This ISO 27001 certified system ensures adequate data 

integrity, including data coding, security and storage. Questionnaires (quality of life, 

costs), peritoneal biopsies (histopathological response) and radiological examinations 

(radiological response) are collected by the coordinating investigator (KR) throughout 

the study and centrally analyzed after study completion. Plans to promote data quality, 

participant retention and complete follow-up are not specified a priori.

Statistical methods

Repetitive continuous outcomes (eg, quality of life, operating time) are analyzed by using 

the Wilcoxon signed-rank test, the paired samples t-test, the Friedman test or repeated 

measurements analysis of variance where appropriate. Repetitive categorical outcomes 

(eg, intraoperative complications, postoperative complications) are analyzed by using 

the McNemar test, the Wilcoxon signed-rank test, the Cochran’s Q test or generalized 

estimating equations where appropriate. Time-to-event variables (ie, overall and 

progression-free survival) are analyzed and displayed by using the Kaplan-Meier 

method. Other outcomes are analyzed by using descriptive statistics. All statistical tests 

are two-sided and p<0.05 is considered statistically significant.

Data monitoring

Interim analyses are performed after 8 and 20 procedures. The study is terminated 

after these interim analyses if CTCAE grade ≥3 toxicity, directly related to ePIPAC-OX, 

is observed after ≥4 and ≥10 procedures. Furthermore, the study is directly terminated 

if more than one CTCAE grade 5 toxicity, directly related to ePIPAC-OX, occurs during 

the study. The coordinating investigator and the principal investigator (IH) have access 

to these interim results. The principal investigator makes the decision to terminate 

or continue the study. The investigators decided that a data monitoring committee is 

not needed given the clear stopping rules and the low expected toxicity of repetitive 

ePIPAC-OX.
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Harms

Local investigators report all serious adverse events (SAEs) or suspected unexpected 

serious adverse reactions (SUSARs) to the coordinating investigator within 24 hours. 

The coordinating investigator reports SAEs/SUSARs to the ethics committee within 

7 days of first knowledge for lethal or life-threatening SAEs/SUSARs, and within 15 

days for other SAEs/SUSARs. The time window for reporting SAEs/SUSARs is from 

enrolment up to 4 weeks after the last ePIPAC-OX.

Auditing

The study is audited by independent qualified monitors of Clinical Trial Centre 

Maastricht (Maastricht, The Netherlands) as a high-risk study according to the brochure 

‘Kwaliteitsborging mensgebonden onderzoek 2.0’ by the Dutch Federation of University 

Medical Centers. This means that study centers are audited at least three times per year, 

depending on enrolment, with 100% auditing of the study master file, investigator site 

files, informed consent forms, eligibility criteria, source data verification and SAEs/

SUSARs.

Patient and public involvement

Patients were not involved in the study design before the start of the study. Shortly after 

the start of the study, the investigators presented the study design to a patient advisory 

group. Major topics of discussion were the rationale for the study, outcome parameters, 

recruitment strategies, the patient information sheet, dissemination strategies and the 

potential risks, benefits and burden of participation from the patient’s perspective. The 

patient advisory group supported the presented study design. Although the patient 

advisory group is not involved in the recruitment and the conduct of the study, they 

will be involved in plans to disseminate the study results to relevant patient groups.

ETHICS AND DISSEMINATION

Protocol amendments

Important protocol modifications are communicated to the ethics committee, the 

Dutch competent authority, the institutional review boards of both study centers, all 

investigators and trial registries.

Consent or assent

Written informed consent is obtained by local investigators at the outpatient clinic of 

the study centers. The patients are given the possibility to give separate permission for 

undergoing DW-MRI and for storage of specimens for translational research.
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Confidentiality

Personal information about potential and enrolled patients is collected, shared and 

maintained according to the Dutch law (Wet Bescherming Persoonsgegevens).

Ancillary and poststudy care

The sponsor (Catharina Hospital, Eindhoven, The Netherlands) is insured to provide 

cover for patients who suffer harm from study participation. After discontinuation 

of ePIPAC-OX, the  patients receive standard palliative treatment for unresectable 

metastatic colorectal cancer according to Dutch guidelines.4

Dissemination policy

Results of the study are personally communicated to participants and intended 

for publication in peer-reviewed medical journals and for presentation to patients, 

healthcare professionals and other stakeholders. Authorship eligibility guidelines for 

the main manuscript and manuscripts of side studies are not defined a priori. The full 

protocol and Dutch informed consent forms are available on reasonable request.

DISCUSSION

To the knowledge of the investigators, this is the first study that prospectively explores 

the feasibility, safety, tolerability, costs, preliminary efficacy and pharmacokinetics of 

repetitive ePIPAC-OX as a palliative monotherapy in patients with isolated unresectable 

colorectal PM.

This study protocol has potential limitations. The broad eligibility criteria could lead to a 

heterogeneous cohort with various primary tumors (ie, colon, appendix) and histologies 

(eg, signet ring cell carcinoma, high-grade appendiceal mucinous neoplasm) in different 

lines of treatment. This clinical heterogeneity could impede the interpretation of 

survival outcomes. However, survival outcomes are not the major focus of this study. 

Enrolment is also allowed for patients with an unresected primary tumor and patients 

who did not receive prior palliative systemic therapy. In these patients, administration 

of repetitive ePIPAC-OX as a monotherapy could theoretically lead to undertreatment 

and subsequent systemic progression or progression of the primary tumor. However, it 

is thought that the frequent clinical and radiological evaluations detect such progression 

in a sufficiently early stage. Moreover, the patients need to be informed by a medical 

oncologist about the potential consequences of postponing or discontinuing their 

standard palliative treatment prior to enrolment. Conclusively, the investigators feel 

that these controlled circumstances justify enrolment of these patients.
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This study protocol has potential strengths. All endpoints are predefined and 

prospectively assessed. Independent 100% auditing ensures an appropriately 

conducted study and high-quality data. Unlike other studies, repetitive ePIPAC-OX is 

administered as a palliative monotherapy in all patients. Thereby, outcomes are not 

influenced by concurrent palliative systemic therapy. Extensive assessment of quality 

of life provides insights in the tolerability of ePIPAC-OX from a patient perspective, 

whereas pharmacokinetic analyses provide the first insights in the systemic absorption 

repetitive ePIPAC-OX. Insights in the costs of ePIPAC-OX could be valuable for policy 

makers and other teams that aim to implement this procedure or apply for scientific 

grants, while translational side studies may open new avenues for research.
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Chapter 11
Systemic pharmacokinetics of 

oxaliplatin after intraperitoneal 
administration by electrostatic 

pressurized intraperitoneal aerosol 
chemotherapy (ePIPAC) in patients 

with unresectable colorectal peritoneal 
metastases in the CRC-PIPAC trial



ABSTRACT

Background: Electrostatic pressurized intraperitoneal aerosol chemotherapy (ePIPAC) 

is a palliative treatment for unresectable peritoneal metastases from various primary 

cancers. However, little is known about the systemic pharmacokinetics of oxaliplatin 

after ePIPAC.

Methods: Twenty patients with unresectable colorectal peritoneal metastases were 

treated with repetitive ePIPAC monotherapy with oxaliplatin (92  mg/m2) and a 

simultaneous intravenous bolus of leucovorin (20 mg/m2) and 5-fluorouracil (400 mg/

m2). Samples were collected during each ePIPAC: whole blood at t = 0, t = 5, t = 10, t = 20, 

t = 30, t = 60, t = 120, t = 240, t = 360 and t = 1080 min for plasma and plasma ultrafiltrate 

concentrations; urine at t = 0, t = 1, t = 3, t = 5 and t = 7 days. Samples were analyzed using 

atomic absorption spectrometry. Pharmacokinetics were analyzed using nonlinear 

mixed-effects modeling.

Results: Four patients received one ePIPAC, three patients received two ePIPAC, 

and thirteen patients received ≥ 3 ePIPAC. The population pharmacokinetic models 

adequately described the pharmacokinetics of oxaliplatin after ePIPAC. The median 

plasma ultrafiltrate Cmax of oxaliplatin (1.36 [1st procedure] to 1.90 [3rd procedure] µg/

mL) was reached after ±30 min with a median AUC0–24 h of 9.6 (1st procedure) to 11.7 (3rd 

procedure) µg/mL*h. The median plasma Cmax reached 2.67 (1st procedure) to 3.28 (3rd 

procedure) µg/mL after ±90  min with a median AUC0–24 h of 49.0 (1st procedure) to 

59.5  (3rd procedure) µg/mL*h. The absorption rate constant (Ka) was 1.13/h. Urine 

concentrations of oxaliplatin rapidly decreased to less than 3.60 µg/mL in 90% of the 

samples at day 7.

Discussion: Systemic exposure to oxaliplatin after ePIPAC seemed comparable to that 

after systemic chemotherapy as described in other literature. Since this is an indirect 

comparison, future research should focus on the direct comparison between the 

systemic exposure to oxaliplatin after ePIPAC and after systemic chemotherapy.
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INTRODUCTION

Peritoneal metastases (PM) are a frequent occurrence in patients with colorectal 

cancer, affecting about 10–15% of patients and severely diminishing their prognosis.1-4 

These patients can be treated with cytoreductive surgery with or without hyperthermic 

intraperitoneal chemotherapy (CRS and HIPEC), or with palliative systemic 

chemotherapy. Intraperitoneal therapies have been developed since most patients do 

not qualify for CRS and HIPEC, and palliative systemic chemotherapy is considered 

less effective against PM as compared to liver or pulmonary metastases.1,5,6 Pressurized 

intraperitoneal aerosol chemotherapy (PIPAC) is a recently developed intraperitoneal 

therapy. With this technique, a low dose of chemotherapeutic agent is aerosolized 

into the abdominal cavity by a laparoscopic approach, theoretically leading to: (1) high 

intraperitoneal concentrations, but low systemic concentrations and low systemic 

toxicity, (2) a homogeneous distribution, and (3) deep local tissue penetration.7–15 

The addition of electrostatic precipitation to the aerosol could result in a greater 

tissue penetration of the chemotherapeutic agent (ePIPAC).16–18 During (e)PIPAC for 

colorectal cancer, current protocols typically use oxaliplatin at a dosage of 92 mg/m2 

with a simultaneous intravenous bolus of 5-fluorouracil (400 mg/m2) with leucovorin 

(20 mg/m2), which is considerably lower than the oxaliplatin dosage used during HIPEC 

(460 mg/m2).19–22 HIPEC with oxaliplatin results in high concentrations of oxaliplatin in 

peritoneal fluid and tumor tissue, with relatively limited systemic concentrations.20,23–26 

Nevertheless, the pharmacokinetics of oxaliplatin administered by PIPAC have only 

been investigated in one animal study, and not yet in humans.15

The CRC-PIPAC trial was performed to investigate the feasibility, safety, efficacy, 

systemic pharmacokinetics, quality of life, and costs of repetitive ePIPAC with oxaliplatin 

in patients with PM from colorectal cancer.27 The current manuscript aimed to analyze 

the systemic pharmacokinetics of oxaliplatin in plasma, plasma ultrafiltrate, peritoneal 

fluid, and urine after intraperitoneal administration by ePIPAC.

MATERIALS AND METHODS

A prospective, single-arm, open-label, phase 2 study was performed in two Dutch HIPEC 

centers. The Central Medical Ethics Committee (MEC-U, Nieuwegein, Netherlands, 

R17.038) and institutional review boards of the participating institutions approved 

the study, and the principles of the Declaration of Helsinki were followed. The study 

protocol has recently been published.27 Therefore, we will only provide a brief summary.
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Patient population

Patients were eligible to participate if they were older than 18  years with a WHO 

performance status of 0–1, and were diagnosed with unresectable colorectal/

appendiceal PM without systemic metastases, did not present with symptoms of 

obstruction, had adequate organ functions, did not have any contra-indications for 

laparoscopy or chemotherapy, and no previous (e)PIPACs. All patients provided written 

informed consent.

ePIPAC procedure

Patients were treated with repetitive ePIPAC under general anesthesia with oxaliplatin 

(92 mg/m2) and a simultaneous intravenous bolus of leucovorin (20 mg/m2 in 10 min) and 

5-fluorouracil (400 mg/m2 in 15 min) every 6 weeks, and did not receive systemic therapy 

in between subsequent ePIPAC procedures. The intravenous bolus of leucovorin and 

5-fluorouracil was infused during laparoscopic surgery, after which the intraperitoneal 

injection of oxaliplatin was subsequently started. Oxaliplatin was prepared in a total 

volume of 150 mL dextrose solution and injected through the nebulizer (CapnoPen, 

Capnomed GmbH, Villingendorf, Germany) in 5  min, after which the Ultravision 

generator (Ultravision, Alesi Surgical, Cardiff, UK) administered electrostatic 

precipitation to the aerosol. The electrostatic field and the 12 mm Hg capnoperitoneum 

were then maintained at 37 °C for another 25 min. A detailed description of the general 

PIPAC procedure has also been reported by Solass et al7 and Giger-Pabst et al28 Trial 

treatment could have been terminated due to disease progression, toxicity, at the 

patient’s request, or at a physician’s discretion. For a complete description of the ePIPAC 

procedure and evaluation schedule, we refer to the study protocol.27

Sample collection and analysis

We collected samples of whole blood, urine, and peritoneal fluid at multiple moments 

after each ePIPAC. Sampling was performed at each procedure to study any potential 

accumulation and intra-individual variation. All samples were stored at − 80 °C until 

analysis. Whole blood was collected at t=0, 5, 10, 20, 30, 60, 120, 240, 360, and 1080 min 

after the start of injection of oxaliplatin. Whole blood samples were immediately cooled 

on ice and centrifuged for 5 min at 2000×g at 4 °C. One ml from the obtained plasma 

was loaded on an Ultrafree Millipore membrane (Merck Millipore Ltd., Tullagreen, 

Carrigtwohill, Co. Cork, Ireland) and ultrafiltrated for 20 min at 2000×g at 4 °C to obtain 

plasma ultrafiltrate (free fraction of oxaliplatin). Single urine samples were collected 

pre-operatively and at t=1, 3, 5, and 7 days after the injection of oxaliplatin; peritoneal 

fluid was collected at t=30 min after the injection of oxaliplatin. Supplementary Method 

11.1 and Supplementary Tables 11.1 and 11.2 present detailed descriptions of sample 

processing and quantitative analyses of oxaliplatin concentrations (including validation 
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procedures). Oxaliplatin concentrations were measured using atomic absorption 

spectrometry on a Thermo Fisher Solaar ICE 3500 graphite-furnace spectrophotometer 

with Zeeman correction (Thermo Fisher Scientific, Bremen, Germany).

Pharmacokinetic analysis

Pharmacokinetic parameters were estimated using two differently developed population 

pharmacokinetic models based on the oxaliplatin plasma and plasma  ultrafiltrate 

concentration–time data, respectively, by non-linear mixed-effects modeling using 

NONMEM (V7.4, Icon Development Solutions, Ellicot City, MD, USA). The Perl-

speaks-NONMEM toolkit version 4.7.0 and Pirana version 2.9.7 were used as modeling 

environment. Results were plotted using R statistics (v3.4.4, Boston, MA, USA) and 

RStudio (v1.1.453). A first-order conditional estimation method with interaction was used 

throughout the analysis. One, two and three compartmental pharmacokinetic models 

with first order elimination were compared with the observed oxaliplatin plasma and 

plasma ultrafiltrate concentration–time data to find the optimal fit. Model selection was 

based on statistical significance, goodness of fit and stability. Throughout the model 

building process, an altered model was chosen over a pre-cursor model if the difference 

in the objective functions (− 2 log likelihood) was > 6.63 (P < 0.01, with 1 degree of freedom, 

assuming χ2 distribution). The final population pharmacokinetic model was validated 

by means of a prediction corrected visual predictive check (500 runs). Subsequently, 

exposure (AUC0–24 and AUC0–48) was calculated using the individual predicted values 

(concentration) and time data using the trapezoidal rule with R statistics.

RESULTS

Patient characteristics

Between October 2017 and April 2019, twenty patients were treated with repetitive 

ePIPAC: four (20%) patients only received one ePIPAC, three (15%) patients received two 

ePIPAC, and thirteen (65%) patients received three or more ePIPAC. All patients received 

the intended dose of chemotherapeutic agents. No dose reductions were required due 

to systemic toxicity, including peripheral neuropathy. Twelve (60%) patients were male 

and eight (40%) patients were female. The median age was 63.5  years. Most patients 

had synchronous peritoneal metastases (n = 15, 75%) from a right-sided (n = 14, 70%) 

colorectal adenocarcinoma that had not been resected (n = 14, 70%). Nine patients (45%) 

had been treated with palliative systemic chemotherapy before study inclusion, of whom 

eight patients received an oxaliplatin-containing regimen, and nine patients (45%) had 

undergone an explorative laparotomy with the intention of CRS and HIPEC, which all 

resulted in an open-close procedure. The baseline characteristics are provided in Table 11.1.
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Table 11.1 Baseline characteristics.

Baseline characteristics

Variable Trial population (n=20)

Gender, n (%)

Male 12 (60)

Female 8 (40)

Age (years), median (IQR) 64 (57-70)

Location of primary tumor, n (%)

Appendix 6 (30)

Ascending colon 8 (40)

Descending colon 6 (30)

Histology, n (%)

(Mucinous) adenocarcinoma 11 (55)

(Mucinous) adenocarcinoma with SRC 7 (35)

LAMN 2 (35)

Primary tumor resection, n (%)

Yes 6 (30) 

No 14 (70)

Diagnosis of PM

Synchronous 15 (75)

Metachronous 5 (25)

Previous treatment of PM, n (%)

None 7 (35)

Palliative systemic therapy 9 (45)

Attempted CRS and HIPEC 8 (45)

CRS cytoreductive surgery; HIPEC hyperthermic intraperitoneal chemotherapy; LAMN low-grade 

appendiceal mucinous neoplasm; PM peritoneal metastases; SRC signet ring cell.

Pharmacokinetics of plasma and plasma ultrafiltrate

Oxaliplatin pharmacokinetics in plasma were best described by a 2-compartment model 

with first order absorption from the peritoneal compartment with first order elimination, as 

shown in Supplementary Figure 11.1. Oxaliplatin pharmacokinetics in the ultrafiltrate were 

best described by a 3-compartment model with first order absorption from the peritoneal 

compartment with first order elimination with allometric scaling. Random effect parameters 

for inter-individual variability in absorption, clearance, distribution volume of the central 

compartment and the peripheral compartment, and intercompartmental clearance were 

identified. The concentration–time profiles of oxaliplatin in plasma and plasma ultrafiltrate 

are provided in Figure 11.1 and Figure 11.2, respectively. Both models performed well, although 

the plasma model proved to be slightly more accurate than the plasma ultrafiltrate model 

due to denser sampling (goodness of fit plots as Supplementary Figures 11.2 and 11.3). 
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Figure 11.1 Concentration-time profiles of oxaliplatin in plasma after ePIPAC-OX.

ePIPAC-OX electrostatic oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy; dots 

represent oxaliplatin concentrations; red line represents median; blue lines represent 10th and 90th 

percentiles; shaded areas represent 95% confidence intervals of each percentile.

Table 11.2 provides the calculated estimates of the pharmacokinetic parameters of 

oxaliplatin in plasma and plasma ultrafiltrate after the first, second and third ePIPAC. 

The median maximum concentration of oxaliplatin (Cmax) in plasma ultrafiltrate and 

in plasma varied between 1.36 (first procedure) and 1.90 µg/mL (third procedure) and 

between 2.67 (first procedure) and 3.28 (third procedure) µg/mL, respectively. The 

maximum concentrations of oxaliplatin in plasma ultrafiltrate and in plasma were 

reached after approximately 30 and 90 min (Tmax), respectively. The median plasma 

ultrafiltrate AUC0–24h varied between 9.6 (first procedure) and 11.7 (third procedure) µg/

mL*h. The median plasma AUC0–24h varied between 49.0 (first procedure) and 59.5 (third 

procedure) µg/mL*h, and the median plasma AUC0–48h varied between 95.4 (first 

procedure) and 114.9 (third procedure) µg/mL*h. The Cmax, the AUC0–24 h, and the AUC0–48 

h of oxaliplatin in both plasma ultrafiltrate and plasma increased significantly from the 

first to the second and third ePIPAC. Finally, the median absorption rate constant (Ka) 

was 1.13 (IQR 1.04–1.30) L/h.
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Figure 11.2 Concentration-time profile of oxaliplatin in plasma ultrafiltrate after ePIPAC-OX. 

ePIPAC-OX electrostatic oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy; dots 

represent oxaliplatin concentrations; red line represents median; blue lines represent 10th and 90th 

percentiles; shaded areas represent 95% confidence intervals of each percentile.

Pharmacokinetics of urine and peritoneal fluid

Figure 11.3 shows the concentration of oxaliplatin in urine during the first week after 

each ePIPAC. Concentrations were highest on the first day after ePIPAC after which a 

rapid decrease was observed. At day 3, 90% of the urine samples were below 8.70 µg/

mL; at day 5, 90% of the samples were below 4.90 µg/mL; at day 7, 90% of the samples 

were below 3.60 µg/mL. With the applied method of analysis (AAS), no accumulation 

of oxaliplatin could be detected between the various ePIPAC procedures. The 

concentrations of oxaliplatin in peritoneal fluid 30 min after the start of the injection 

are shown in Figure 11.4. The highest concentration was found after the first ePIPAC, 

although the differences in concentrations with the second and third ePIPAC were not 

statistically significant (p=0.38).
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Table 11.2 Pharmacokinetic parameters of oxaliplatin in plasma and plasma ultrafiltrate.

Pharmacokinetic parameters of oxaliplatin in plasma and plasma ultrafiltrate

Outcome, median (IQR) 1st ePIPAC-OX 

(n=20)

2nd ePIPAC-OX 

(n=16)

3rd ePIPAC-OX 

(n=13)

p value

Plasma Cmax, µg/mL 2.67 (2.15-3.27) 2.92 (2.36-4.14) 3.28 (2.76-4.19) .04

Ultrafiltrate Cmax, µg/mL 1.36 (1.06-1.74) 1.38 (0.96-2.02) 1.90 (0.87-2.85) .02

Plasma Tmax, min 93 (60-233) 94 (62-169) 90 (37-122) .56

Ultrafiltrate Tmax, min 30 (20-48) 30 (30-64) 30 (30-55) .57

Plasma AUC0-24h, µg/mL*h 49.0 (42.8-64.4) 59.2 (46.0-81.2) 59.5 (47.5-85.2) .001

Ultrafiltrate AUC0-24h, µg/mL*h 9.6 (8.5-12.4) 11.7 (9.1-14.8) 11.7 (8.4-14.5) .001

Plasma AUC0-48h, µg/mL*h 95.4 (81.8-124.5) 111.0 (87.1-154.9) 114.9 (90.8-167.4) .001

Ultrafiltrate AUC0-48h, µg/mL*ha - - - -

AUC0-24h area under the oxaliplatin concentration-time curve up to 24 hours after oxaliplatin injection; 

AUC0-48h area under the oxaliplatin concentration-time curve up to 48 hours after oxaliplatin injection; 

Cmax maximum oxaliplatin concentration; Tmax time to reach Cmax; IQR interquartile range; ePIPAC-

OX electrostatic oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy; acould not be 

reliably calculated due to insufficient ultrafiltrate from some samples.
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Figure 11.3 Concentration of oxaliplatin in urine during the first week after injection of oxaliplatin.

PIPAC pressurized intraperitoneal aerosol chemotherapy. 
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Figure 11.4 Concentration of oxaliplatin in peritoneal fluid, 30 min after injection of oxaliplatin.

PIPAC pressurized intraperitoneal aerosol chemotherapy.

DISCUSSION

This study aimed to describe the systemic pharmacokinetics of oxaliplatin administered 

by ePIPAC, and was the first to do so in humans. ePIPAC with oxaliplatin (92 mg/m2) 

resulted in significant systemic concentrations. After 7 days, the excretion of oxaliplatin 

in urine had decreased to less than 3.60 µg/mL in 90% of the samples. No accumulation 

of oxaliplatin was observed between the ePIPAC-procedures.

Remarkably, the Cmax and AUC of oxaliplatin of plasma and plasma ultrafiltrate increased 

significantly between the first and the third ePIPAC. This increase was an unexpected 

finding, and might potentially be due to the fact that the extent of peritoneal disease 

decreased during treatment, thereby obtaining a greater “healthy” surface area available 

for systemic drug absorption, subsequently leading to a higher AUC. However, this is 

only a hypothesis, and this finding of increased systemic exposure with an increasing 

number of PIPAC will have to be confirmed in another pharmacokinetic study.

Oxaliplatin has been part of systemic chemotherapy protocols and has been used 

as a HIPEC drug for several decades. The pharmacokinetics of oxaliplatin after 

systemic administration or intraperitoneal administration by HIPEC have been 

described by several research groups. With systemic chemotherapy, oxaliplatin is 
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administered in a dose of 130 mg/m2 or of 85 mg/m2, depending on the combination 

with either capecitabine (CAPOX/XELOX) in a 3-weekly schedule or 5-fluorouracil/

leucovorin (FOLFOX) in a 2-weekly schedule, respectively. Since our ePIPAC regimen 

with oxaliplatin (92  mg/m2) and an intravenous bolus of 5-fluorouracil/leucovorin 

(400/20 mg/m2) resembles the oxaliplatin component of a systemic cycle of FOLFOX, 

we compared our pharmacokinetic results with the pharmacokinetics of systemic 

chemotherapy with FOLFOX as described by other studies.29,30 After intravenous 

administration of 85 mg/m2 oxaliplatin, these studies described a Cmax which is slightly 

lower than the Cmax of oxaliplatin after ePIPAC found in our study. The most likely 

explanation for the lower Cmax of oxaliplatin after intravenous administration is that 

it is administered over a much longer time, up to 2–6 h, while the complete dose of 

oxaliplatin during ePIPAC is administered in less than 5 min. Another explanation for 

this difference could be the slightly higher dose of oxaliplatin used during ePIPAC, and 

the application of pressure and electrostatic precipitation during ePIPAC, possibly 

increasing absorption.9 Remarkably, the plasma AUC of oxaliplatin was comparable 

after intravenous administration and after ePIPAC, whereas the plasma ultrafiltrate 

AUC of oxaliplatin was lower after intravenous administration, compared with other 

literature.29,30

A much higher dose of oxaliplatin is used during HIPEC, varying from 360 to 460 mg/

m2.24,26,31 The Cmax in plasma and plasma ultrafiltrate following administration by HIPEC 

was roughly fivefold higher than the maximum concentrations of oxaliplatin after 

ePIPAC in our study.24,26,31 This could be explained by the fivefold lower dose of oxaliplatin 

of 92 mg/m2 that was used during ePIPAC. In these studies, maximum concentrations 

of both plasma and plasma ultrafiltrate are reached after approximately 30 min (Tmax). 

In our study, the plasma ultrafiltrate Tmax was 30 min as well, although the plasma Tmax 

was 90 min. This could partially be explained by the removal of oxaliplatin after 30 min 

of HIPEC, whereas oxaliplatin remains in the abdomen after ePIPAC, allowing further 

absorption. In contrast to the Cmax, the AUC of plasma ultrafiltrate after ePIPAC is 

almost equal to the AUC of plasma ultrafiltrate after HIPEC.24,26,31 Although not the goal 

of ePIPAC, this suggests that equal levels of systemic exposure can be achieved with 

ePIPAC, and further justifies the fivefold lower dose used during ePIPAC as compared 

to HIPEC. Possible explanations are the application of pressure and electrostatic 

precipitation during ePIPAC, and the removal of chemotherapy from the abdominal 

cavity after 30 min of HIPEC, whereas oxaliplatin remains in the abdominal cavity after 

ePIPAC. The absorption rate constant (Ka) during ePIPAC was lower than during HIPEC, 

which may be explained by the lower absolute dose of oxaliplatin used during ePIPAC 

as rate of absorption is dose-dependent with 1st order pharmacokinetics.24,26
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Eveno et al presented in-animal results of the pharmacokinetics of oxaliplatin after 

intravenous administration (5 mg/mL) and after PIPAC (0.028 mg/mL), resulting in a 

systemic concentration of 0.089 µg/mL and 0.019 µg/mL 7 days after administration 

of oxaliplatin, respectively.15 They found higher concentrations of oxaliplatin after 

intravenous administration than after PIPAC (p=0.008). Unfortunately, we were not 

able to compare our results with Eveno et al, because their study was conducted in mice 

and therefore used different dosages of oxaliplatin. Also, in their study, the oxaliplatin 

concentration was only measured on one occasion after 7 days, which does not allow a 

complete pharmacokinetic analysis as was performed in our study.

This study has several limitations. First of all, it is limited by a small sample size and a 

non-controlled design, disabling direct comparison with the systemic pharmacokinetics 

of oxaliplatin after intravenous administration and after HIPEC. In addition to that, we 

were not able to accurately calculate the clearance of oxaliplatin from plasma due to 

too short sampling. The last sampling occasion was 18 h post-ePIPAC, after which the 

absorption and distribution phase proved to be not totally finished yet. This does not 

allow a proper estimation of the elimination phase—a final sample after, e.g., 48 h would 

have been required. Nonetheless, clearance and elimination rates are not expected to 

be different following administration by ePIPAC, HIPEC or intravenous infusion. As 

shown in the goodness of fit plots, the model for plasma is more accurate than the model 

for plasma ultrafiltrate, which is probably due to fewer plasma ultrafiltrate samples—we 

were not able to obtain sufficient ultrafiltrated plasma from some samples. The sampling 

of peritoneal fluid was only performed once, 30 min after the start of the injection of 

oxaliplatin. Although this single measurement confirmed that oxaliplatin remained in 

the abdomen after the procedure and was thus still able to exert its anti-tumor effects, 

this measurement alone did not allow us to describe the AUC ratio of intraperitoneal 

and plasma oxaliplatin as has been described for various other drugs administered 

by HIPEC.32 Future research could elaborate on the direct comparison of the systemic 

absorption of oxaliplatin administered by ePIPAC and by systemic chemotherapy, 

allowing determination of the absolute bioavailability.
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CONCLUSIONS

To our knowledge, this is the first study to investigate the systemic pharmacokinetics of 

oxaliplatin administered by ePIPAC in humans. In conclusion, the systemic absorption of 

oxaliplatin administered by ePIPAC was higher than expected, reaching concentrations 

equal to those reached with systemic chemotherapy, as reported in other studies. This 

finding does not support one of the proclaimed benefits of ePIPAC: a decreased systemic 

exposure and potentially less toxic profile compared with systemic administration. 

Additional sampling at 24 and/or 48  h after administration of ePIPAC could have 

increased the accuracy of the oxaliplatin plasma AUC and clearance. Oxaliplatin 

was mainly excreted during the first 7 days and no accumulation was observed. This 

allows repeated treatment with ePIPAC at 6-week intervals and potentially also more 

frequently without further increasing toxicity.
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Chapter 12
Pressurized intraperitoneal aerosol 

chemotherapy (oxaliplatin) for 
unresectable colorectal peritoneal 

metatastases: a multicenter, single-
arm, phase 2 trial (CRC-PIPAC)



ABSTRACT

Background: Despite its increasing use, pressurized intraperitoneal aerosol 

chemotherapy with oxaliplatin (PIPAC-OX) has never been prospectively investigated 

as a palliative monotherapy for colorectal peritoneal metastases in clinical trials. This 

trial aimed to assess the safety (primary aim) and antitumor activity (key secondary 

aim) of PIPAC-OX monotherapy in patients with unresectable colorectal peritoneal 

metastases.

Methods: In this two-center, single-arm, phase 2 trial, patients with isolated unresectable 

colorectal peritoneal metastases in any line of palliative treatment underwent 6-weekly 

PIPAC-OX (92 mg/m2). Key outcomes were major treatment-related adverse events 

(primary outcome), minor treatment-related adverse events, hospital stay, tumor 

response (radiological, biochemical, pathological, ascites), progression-free survival, 

and overall survival.

Results: Twenty enrolled patients underwent 59 (median 3, range 1–6) PIPAC-OX 

procedures. Major treatment-related adverse events occurred in 3 of 20 (15%) patients 

after 5 of 59 (8%) procedures (abdominal pain, intraperitoneal hemorrhage, iatrogenic 

pneumothorax, transient liver toxicity), including one possibly treatment-related death 

(sepsis of unknown origin). Minor treatment-related adverse events occurred in all 

patients after 57 of 59 (97%) procedures, the most common being abdominal pain (all 

patients after 88% of procedures) and nausea (65% of patients after 39% of procedures). 

Median hospital stay was 1 day (range 0–3). Response rates were 0% (radiological), 50% 

(biochemical), 56% (pathological), and 56% (ascites). Median progression-free and 

overall survival were 3.5 months (interquartile range [IQR] 2.5–5.7) and 8.0 months (IQR 

6.3–12.6), respectively.

Conclusions: In patients with unresectable colorectal peritoneal metastases undergoing 

PIPAC-OX monotherapy, some major adverse events occurred and minor adverse 

events were common. The clinical relevance of observed biochemical, pathological, 

and ascites responses remains to be determined, especially since radiological response 

was absent.
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INTRODUCTION

The increasing use of palliative systemic therapy seems to have improved the poor 

outcome of the growing group of patients diagnosed with colorectal peritoneal 

metastases.1,2 Nevertheless, systemic therapy appears less effective in these patients 

than in patients with systemic colorectal metastases.3 Despite being poorly understood, 

this phenomenon has encouraged the use of intraperitoneal antineoplastic drugs, 

theoretically achieving high locoregional efficacy with low systemic toxicity through a 

favorable peritoneum–plasma concentration ratio.4 However, the use of intraperitoneal 

antineoplastic drugs appears limited by an inhomogeneous intraperitoneal drug 

distribution, poor direct tumor penetration, and dose-limiting local toxicity.5,6 To 

overcome these limitations, pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) has been developed as a laparoscopic drug delivery system for repetitive 

intraperitoneal administration of low-dose chemotherapy as a pressurized aerosol.7 

In preliminary reports, PIPAC claimed to result in homogeneous intraperitoneal drug 

distribution, enhanced tumor penetration, and negligible toxicity.7-10 Together with its 

interesting concept, these encouraging preliminary results have led to the adoption 

of PIPAC as a palliative treatment option for unresectable peritoneal metastases in 

a rapidly increasing number of centers worldwide.11 In these centers, patients with 

unresectable colorectal peritoneal metastases undergo PIPAC with oxaliplatin (PIPAC-

OX) every 6–8 weeks with or without concomitant systemic therapy.12 While awaiting 

the results of two phase 1 dose-escalation trials,13,14 repetitive PIPAC-OX has been 

uniformly administered in an arbitrary dose of 92 mg/m2 of body surface area in all 

centers worldwide.12 Despite its increasing use, repetitive PIPAC-OX has never been 

prospectively investigated as a palliative monotherapy for unresectable colorectal 

peritoneal metastases in clinical trials with predefined eligibility criteria, interventions, 

and outcomes. As a first step to address this evidence gap, the present trial (CRC-PIPAC) 

primarily aimed to assess the safety, feasibility, and antitumor activity of repetitive 

PIPAC-OX monotherapy in patients with unresectable colorectal peritoneal metastases 

under strict surveillance.

METHODS

Design and setting

This investigator-initiated, single-arm, phase 2 trial was conducted in two Dutch tertiary 

centers with extensive experience in laparoscopic staging and surgical treatment of 

colorectal peritoneal metastases. As there had been no experience with PIPAC in the 

Netherlands before the present trial, surgeons of both trial centers followed a certified 
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PIPAC training course prior to trial initiation to ensure high treatment standards and 

safe implementation of the procedure.15 The trial was approved by a Central Ethics 

Committee (MEC-U, Nieuwegein, The Netherlands; R17.038) and the Institutional 

Review Boards of both centers. The protocol has been previously published.16

Patients

Eligible patients were adults with a World Health Organization performance status 

of ≤1, pathologically proven peritoneal metastases of a colorectal or appendiceal 

carcinoma (including high-grade appendiceal mucinous neoplasm), unresectable 

disease determined by abdominal computed tomography (CT) and laparoscopy or 

laparotomy, adequate organ functions (i.e. hemoglobin ≥5  mmol/L, neutrophils 

≥1.5×109/L, platelets ≥100×109/L, serum creatinine <1.5× upper limit of normal 

[ULN], creatinine clearance ≥ 30  mL/min, liver transaminases <5× ULN), no 

extraperitoneal metastases, no symptoms of gastrointestinal obstruction, no 

contraindication for the planned chemotherapy or laparoscopy, and no previous 

PIPAC. Thereby, enrolment was allowed for patients with an unresected primary 

tumor in various lines of palliative treatment, including those who did not receive 

(or refused or did not qualify for) first-line palliative systemic therapy. Patients were 

enrolled by their treating physicians after being discussed in a multidisciplinary team 

meeting. They were informed about the potential consequences of discontinuing or 

postponing standard palliative treatment and gave written informed consent.

Procedures

After obtaining informed consent, patients underwent a baseline thoracoabdominal 

CT and standardized trial laboratory tests (i.e. hemoglobin, platelet count, 

leukocyte count, leukocyte differentiation, bilirubin, aspartate aminotransferase, 

alanine aminotransferase, alkaline phosphatase, γ-glutamyltransferase, lactate 

dehydrogenase, urea, creatinine, creatinine clearance, sodium, potassium, 

creatinine kinase, albumin, C-reactive protein, and carcinoembryonic antigen). 

Those with systemic metastases or inadequate organ functions were excluded from 

trial treatment. All other patients underwent explorative laparoscopy as part of the 

first procedure. Those with resectable disease or a non-accessible peritoneal cavity 

were excluded from trial treatment, while others underwent a first PIPAC-OX.

The protocol includes a detailed description of the PIPAC-OX procedure.16 Briefly, 

after obtaining a 12 mmHg pneumoperitoneum with two balloon trocars using an 

open introduction, explorative laparoscopy was performed, with documentation of 

the Zühlke adhesion score and careful adhesiolysis if needed to create sufficient 

working space.17 If the procedure was considered feasible, leucovorin (20 mg/m2 in 
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10 min) and 5-fluorouracil (400 mg/m2 in 15 min) were administered intravenously, 

since these were thought to potentiate the effect of oxaliplatin.18 Meanwhile, ascites 

(or injected saline if ascites was absent) was evacuated and sent for cytology, 

ascites volume and the Peritoneal Cancer Index (PCI) were documented,19 and three 

peritoneal metastases from different locations (if technically possible) were biopsied 

and sent for pathology after marking their locations with clips to enable similar 

biopsy locations during subsequent procedures. After installing the PIPAC set-up 

and ensuring a leak-free pneumoperitoneum, oxaliplatin (92 mg/m2 [maximum 

184 mg] diluted to a total volume of 150 mL in a 5% dextrose solution) was then 

aerosolized into the peritoneal cavity through a nebulizer (CapnoPen, Capnomed 

GmbH, Villingendorf, Germany) using a standard angiographic injector at a flow 

of 30 mL/min and a maximum pressure of 200 psi, all according to internationally 

used protocols.12 After aerosol formation in 5 min, the aerosol was electrostatically 

precipitated for 25 min using Ultravision technology (Alesi Surgical, Cardiff, UK) 

as described by others,20 as this may improve tumor penetration of oxaliplatin.21 

The peritoneal cavity was then exsufflated through a closed aerosol waste 

system,16 instruments were removed, and incisions were closed. Methods to relieve 

postoperative pain, nausea, and vomiting have been described in the protocol.16

On every postoperative day until discharge, patients underwent clinical evaluation 

and standardized trial laboratory tests. If the postoperative period was uneventful, 

patients were discharged on the first postoperative day. One week after each 

procedure, patients were evaluated for symptoms by phone. Four weeks after 

each procedure, patients underwent a thoracoabdominal CT, clinical evaluation, 

and standardized trial laboratory tests. Trial treatment was stopped in case of 

radiological progression according to the Response Evaluation Criteria in Solid 

Tumors (RECIST).22 In case of RECIST non-evaluable or stable disease or response, 

the decision to continue or stop trial treatment was made by shared decision based 

on previous treatment, remaining treatment options, clinical parameters (e.g. 

toxicity, symptoms), secondary radiological parameters (e.g. radiological PCI), 

biochemical parameters (e.g. carcinoembryonic antigen), ascites volume, and 

an overall judgment of the extent of macroscopic disease during surgery. If trial 

treatment was continued, a subsequent PIPAC-OX was planned 6  weeks (range 

4–8) after the previous procedure. There was no predefined maximum number 

of procedures. If trial treatment was stopped, patients received further palliative 

treatment off-protocol.



250   |   Chapter 12

Table 12.1 Assessment of tumor response.

Assessment of tumor response

Type of response Method of assessment Patients evaluable for assessing response rate Definition of response Definition of progression

Radiological response RECISTa All Partial/complete response Progressive disease 

Radiological PCIa All Decrease of ≥30% Increase of ≥20%

Biochemical response CEA level ≥5 ug/L at baseline When baseline 5-10 ug/L: decrease of ≥2 ug/L When baseline <10 ug/L: increase of ≥2 ug/L

When baseline 10-20 ug/L: decrease of ≥3 ug/L When baseline 10-20 ug/L: increase of ≥3 ug/L

When baseline 20-50 ug/L: decrease of ≥5 ug/L When baseline 20-50 ug/L: increase of ≥5 ug/L

When baseline 50-100 ug/L: decrease of ≥10 ug/L When baseline 50-100 ug/L: increase of ≥10 ug/L

When baseline >100 ug/L: decrease of ≥20 ug/L When baseline >100 ug/L: increase of ≥20 ug/L

Pathological response PRGS Mean or highest PRGS of >1 at baseline Decrease of mean or 

highest PRGSb

Increase of mean or 

highest PRGSb

Cytological response Peritoneal cytology Positive cytology at baseline Positive to negative cytology Negative to positive cytology

Ascites response Ascites volume ≥50 ml at baseline Decrease of ≥50 ml Increase of ≥50 ml

Macroscopic response Macroscopic relative PCIc All Decrease of ≥30% Increase of ≥20%

Details of the methods of tumor response assessment are presented in Supplementary Method 

12.3; CEA carcinoembryonic antigen; RECIST response evaluation criteria in solid tumors; PCI 

peritoneal cancer index; PRGS peritoneal regression grading score; aprimarily classified according 

to RECIST, and classified according to the radiological PCI in case of RECIST non-evaluable disease; 

bpatients with an increasing mean PRGS and a decreasing highest PRGS or vice versa were classified 

as stable; cactual PCI divided by the hypothetical maximum PCI based on the number of evaluable 

regions times 100 (%).

Outcomes

The Supplementary Methods include detailed descriptions of the assessments of 

all outcomes.11,12,17,19,22-28 In brief, the primary outcome was the number of patients 

with, and procedures leading to, grade 3 or higher treatment-related adverse 

events according to the Common Terminology Criteria for Adverse Events (CTCAE) 

v5.0 (primary classification) and Clavien–Dindo (secondary classification) 

(Supplementary Method 12.1). Secondary safety outcomes were hospital stay and 

the number of patients with, and procedures leading to, CTCAE grade 2 or lower 

treatment-related adverse events and treatment-related readmissions. Secondary 

feasibility outcomes were procedural characteristics and occupational platinum 

exposure (Supplementary Method 12.2). Secondary antitumor activity outcomes 

were centrally assessed radiological, biochemical, pathological, cytological, ascites, 

and macroscopic tumor response and progression rates (Supplementary Method 

12.3). Table 12.1 presents methods of response assessment and definitions of 

response and progression. Analogous to other groups, radiological and biochemical 

response were evaluated by comparing data between baseline and the evaluation 

4 weeks after the third procedure,11,12 while pathological, cytological, ascites, and 

macroscopic response were investigated by comparing data between the first and 

third procedures.26,27 In case of earlier termination of trial treatment, data of the 
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Table 12.1 Assessment of tumor response.

Assessment of tumor response

Type of response Method of assessment Patients evaluable for assessing response rate Definition of response Definition of progression

Radiological response RECISTa All Partial/complete response Progressive disease 

Radiological PCIa All Decrease of ≥30% Increase of ≥20%

Biochemical response CEA level ≥5 ug/L at baseline When baseline 5-10 ug/L: decrease of ≥2 ug/L When baseline <10 ug/L: increase of ≥2 ug/L

When baseline 10-20 ug/L: decrease of ≥3 ug/L When baseline 10-20 ug/L: increase of ≥3 ug/L

When baseline 20-50 ug/L: decrease of ≥5 ug/L When baseline 20-50 ug/L: increase of ≥5 ug/L

When baseline 50-100 ug/L: decrease of ≥10 ug/L When baseline 50-100 ug/L: increase of ≥10 ug/L

When baseline >100 ug/L: decrease of ≥20 ug/L When baseline >100 ug/L: increase of ≥20 ug/L

Pathological response PRGS Mean or highest PRGS of >1 at baseline Decrease of mean or 

highest PRGSb

Increase of mean or 

highest PRGSb

Cytological response Peritoneal cytology Positive cytology at baseline Positive to negative cytology Negative to positive cytology

Ascites response Ascites volume ≥50 ml at baseline Decrease of ≥50 ml Increase of ≥50 ml

Macroscopic response Macroscopic relative PCIc All Decrease of ≥30% Increase of ≥20%

Details of the methods of tumor response assessment are presented in Supplementary Method 

12.3; CEA carcinoembryonic antigen; RECIST response evaluation criteria in solid tumors; PCI 

peritoneal cancer index; PRGS peritoneal regression grading score; aprimarily classified according 

to RECIST, and classified according to the radiological PCI in case of RECIST non-evaluable disease; 

bpatients with an increasing mean PRGS and a decreasing highest PRGS or vice versa were classified 

as stable; cactual PCI divided by the hypothetical maximum PCI based on the number of evaluable 

regions times 100 (%).

Outcomes

The Supplementary Methods include detailed descriptions of the assessments of 

all outcomes.11,12,17,19,22-28 In brief, the primary outcome was the number of patients 

with, and procedures leading to, grade 3 or higher treatment-related adverse 

events according to the Common Terminology Criteria for Adverse Events (CTCAE) 

v5.0 (primary classification) and Clavien–Dindo (secondary classification) 

(Supplementary Method 12.1). Secondary safety outcomes were hospital stay and 

the number of patients with, and procedures leading to, CTCAE grade 2 or lower 

treatment-related adverse events and treatment-related readmissions. Secondary 

feasibility outcomes were procedural characteristics and occupational platinum 

exposure (Supplementary Method 12.2). Secondary antitumor activity outcomes 

were centrally assessed radiological, biochemical, pathological, cytological, ascites, 

and macroscopic tumor response and progression rates (Supplementary Method 

12.3). Table 12.1 presents methods of response assessment and definitions of 

response and progression. Analogous to other groups, radiological and biochemical 

response were evaluated by comparing data between baseline and the evaluation 

4 weeks after the third procedure,11,12 while pathological, cytological, ascites, and 

macroscopic response were investigated by comparing data between the first and 

third procedures.26,27 In case of earlier termination of trial treatment, data of the 

last evaluation or procedure were used for response assessment. Other secondary 

outcomes were progression-free survival (i.e. time between enrolment and 

physician-determined disease progression or death) and overall survival (i.e. time 

between enrolment and death).

Statistical analysis

Due to the absence of data to guide a sample size calculation, the investigators and the 

Ethics Committee agreed on a pragmatically determined sample size. It was decided 

that 60 procedures had to be performed to properly explore the safety of the procedure. 

With an expected mean number of three procedures per patient,29 the sample size was 

determined at 20 patients undergoing at least one PIPAC-OX. Analyses were performed 

two-sided at a p value of <0.05 using SPSS Statistics version 25.0 (IBM Corporation, 

Armonk, NY, US). The paired t test and Wilcoxon signed-rank test were used to compare 

normal and non-normal paired continuous data, respectively, and the Kruskal–Wallis 

test was used to compare unpaired non-normal continuous data between three or 

more groups. Follow-up was conducted until 1 July 2020. Feasibility, safety, and survival 

outcomes were analyzed in all patients undergoing at least one procedure. Radiological 

and biochemical response were analyzed in all patients undergoing evaluation after 

the first procedure. Pathological, cytological, ascites, and macroscopic response were 
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assessed in all patients undergoing a second procedure. The trial was registered 

(ClinicalTrials.gov: NCT03246321) and did not meet its early termination criteria of two 

treatment-related deaths or a CTCAE grade 3 or higher treatment-related adverse event 

after more than three of the first eight or more than nine of the first 20 procedures.16

RESULTS

Between 10 October 2017 and 24 September 2018, 43 patients were screened for 

eligibility, of whom 20 undergoing a first PIPAC-OX were included in the analyses 

(Figure 12.1). Detailed baseline characteristics of the trial population are presented in 

Supplementary Table 12.1, with summarized data shown in Table 12.2. The 20 enrolled 

patients underwent 59 procedures (median 3, range 1–6): four patients (20%) underwent 

one procedure, three patients (15%) underwent two procedures, seven patients (35%) 

underwent three procedures, three patients (15%) underwent four procedures, two 

patients (10%) underwent five procedures, and one patient (5%) underwent six 

procedures. Details on the time points and reasons for stopping trial treatment are 

presented in Supplementary Table 12.2, with summarized data shown in Figure 12.1.

Table 12.2 Baseline characteristics.

Baseline characteristics

Variable Trial population (n=20)

Sex, n (%)

Male 12 (60)

Female 8 (40)

Years of age at enrolment, median (range) 64 (41-78)

WHO performance status, n (%)

0 8 (40)

1 10 (50)

≥2 2 (10)a

Primary tumor location, n (%)

Right colon 7 (35)

Left colon 6 (30)

Appendix 7 (35)

Histology – primary tumor in colon, n (%)

Adenocarcinoma 4 (31)

Mucinous adenocarcinoma 5 (38) 

Signet ring cell carcinoma 4 (31)
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Table 12.2 Continued.

Baseline characteristics

Variable Trial population (n=20)

Histology – primary tumor in appendix, n (%)

Mucinous adenocarcinoma 1 (14)

Signet ring cell carcinoma 4 (57)

Low-grade appendiceal mucinous neoplasmb 2 (29)b

Primary tumor resection status, n (%)

Resected 6 (30)

In situ, but diverted or bypassed 5 (25)

In situ and not diverted or bypassed 9 (45)

Onset of CPM, n (%)

Synchronous 15 (75)

Metachronous 5 (25)

Months between CPM diagnosis and enrolment, median (range) 4 (1-32)

Previous systemic therapy, n (%)

Yes 12 (60)

No 8 (40)

Previous systemic therapy - synchronous CPM, n (%)

Nonec 6 (40)c

One line of palliative systemic therapy 8 (53)

Multiple lines of palliative systemic therapy 1 (7) 

Previous systemic therapy - metachronous CPM, n (%)

Nonec 2 (40)c

Adjuvant systemic therapy onlyc 2 (40)c

Adjuvant and multiple lines of palliative systemic therapy 1 (20)

Latest response to palliative treatment, n (%)

Stable disease 8 (73)

Progression 3 (27)d

Previous laparotomies, n (%)

None 13 (65)

One 6 (30) 

Multiple 1 (5)

Radiological PCI, median (range) 31 (11-39)

Carcinoembryonic antigen, n (%)

Elevated 10 (50)

Normal 10 (50)

Carcinoembryonic antigen level (ug/L), median (range)e 23 (6-1200)
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Table 12.2 Continued.

Baseline characteristics

Variable Trial population (n=20)

Zühlke adhesion score, n (%)

0-1 13 (65)

2-3 7 (35)

Ascites, n (%)

Yes, ≥50 ml 13 (65)

Yes, <50 ml 3 (15)

No 4 (20)

Ascites volume (ml), median (range)f 260 (60-6000)

Macroscopic PCI, median (range) 29 (17-39)

Macroscopic relative PCI (%),g median (range) 78 (44-100)

Peritoneal cytology, n (%)

Positive 7 (35)

Negative 13 (65)

CPM colorectal peritoneal metastases; PCI peritoneal cancer index; WHO world health organization; 
aboth deteriorated between enrolment (WHO 1) and the first procedure (one WHO 2, one WHO 3) 

due to increasing ascites; bpre-trial peritoneal biopsies were classified as peritoneal metastases of 

high-grade appendiceal cancer, but peritoneal biopsies during the trial were classified as low-grade 

pseudomyxoma peritonei arising from an appendiceal mucinous neoplasm; ceither refused – or 

preferred enrolment rather than starting with – first or second line palliative systemic therapy; 
done had a wait-and-see strategy; ein those with elevated levels; fin those with ≥50ml; gdefined as 

the actual PCI divided by the hypothetical maximum PCI based on the number of evaluable regions 

times 100 (%).

Feasibility

Detailed procedural characteristics are presented in Supplementary Table 12.3, with 

summarized data shown in Table 12.3. Intraoperative complications occurred in 2 of 20 

patients (10%) during 2 of 59 procedures (3%). During trial treatment, trocar positions 

changed in 13 of 16 patients (81%) and the Zühlke adhesion score increased, and the 

number of evaluable PCI regions decreased, in 8 of 16 patients (50%). Two trocars were 

used in 58 of 59 procedures (98%), and 47 of 59 procedures (80%) were performed 

without adhesiolysis. Intraoperative technical or safety issues occurred during 3 of 59 

procedures (5%). Operating time did not change with increasing experience (Table 

12.3). No platinum was detected on surfaces and in the air of the operating room 

(Supplementary Table 12.4).
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20 underwent a first procedure

19 had a first evaluation

15 had a second evaluation

13 underwent a third procedure

5 had a fourth evaluation

3 underwent a fifth procedure

1 stopped trial treatment 
clinical progression (intestinal obstruction due to massive ascites) and death

2 stopped trial treatment
1 had biochemical and radiological (peritoneal and systemic) progression
1 had biochemical and radiological (peritoneal) progression 

16 underwent a second procedure

17 were scheduled for a second procedure
1 stopped trial treatment
had stable disease, but an inaccessible peritoneal cavity

1 stopped trial treatment
had biochemical, ascites, and macroscopic progression

2 stopped trial treatment
1 had biochemical and radiological (peritoneal) progression
1 had radiological (peritoneal) progression

10 had a third evaluation

3 stopped trial treatment
1 had clinical (fatigue, weight loss) and biochemical progression
1 had radiological (peritoneal)a and macroscopic progression
1 had stable disease, but deceased due to treatment-related sepsis

6 underwent a fourth procedure

4 stopped trial treatment
2 had stable disease, but preferred a wait-and-see strategy (patient’s decision)
1 had stable disease, but switched to systemic therapy (physician’s decision)
1 had radiological (peritoneal) progression

1 stopped trial treatment
had clinical (esophageal varices bleeding) and ascites progression

2 stopped trial treatment
1 with a LAMN had stable disease and was referred for curative intent surgery 
1 had biochemical and radiological (peritoneal and systemic) progression

2 had a fifth evaluation

1 stopped trial treatment
had clinical (due to ascites), biochemical, and ascites progression

1 stopped trial treatment
had biochemical and radiological (peritoneal) progression

1 had a sixth procedure and a sixth evaluation
1 stopped trial treatment
had stable disease, but peritoneal cavity considered inaccessible by physician

Analyzed: all feasibility, safety, and survival outcomes

Analyzed: radiological and biochemical response

Analyzed: pathological, cytological, ascites, and macroscopic response

43 patients were screened for eligibility

34 were eligible

26 gave informed consent

22 were scheduled for a first procedure

9 were ineligible

2 were excluded from trial treatment
1 had resectable disease on explorative laparoscopy
1 had an inaccessible peritoneal cavity

8 were not enrolled
6 preferred (or were referred for) standard systemic therapy
2 preferred PIPAC-OX with concomitant systemic therapy abroad

4 were excluded from trial treatment
2 rapidly developed gastrointestinal obstruction
1 had systemic metastases and ureteral obstruction on baseline CT
1 had systemic metastases on baseline CT

Figure 12.1 Flow diagram.

CT computed tomography; LAMN low-grade appendiceal mucinous neoplasm; PIPAC-OX oxaliplatin-

based pressurized intraperitoneal aerosol chemotherapy; anew ovarian metastasis that could not be 

safely removed during the third procedure.
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Table 12.3 Procedural characteristics.

Descriptive characteristics in 20 patients

Variable Trial population

(n=20)

Days between enrolment and first procedure, median (range) 14 (6-34)

Secondary non-access, n (%)

None 19 (95)

Yes 1 (5)

Intraoperative complications, n (%)

None 18 (90)

Iatrogenic epigastric artery bleeding 1 (5)a

Iatrogenic pneumothorax due to diaphragm perforation after peritoneal biopsy 1 (5)b

Different trocar positions during trial treatmentc, n (%)

Two 3 (19)

Three 10 (63)

Four 3 (19)

Zühlke adhesion scorec, n (%)

Increased during trial treatment 8 (50)

Did not change during trial treatment 8 (50) 

Number of evaluable PCI regionsc, n (%)

Decreased during trial treatment 8 (50)

Did not change during trial treatment 8 (50)

Comparative characteristics in 20 patients

Variable First 

procedure

Last 

procedure

p 

value

Zühlke adhesion scorec, median (range) 0.5 (0-3) 1 (0-3) .01

Evaluable PCI regionsc, median (range) 13 (9-13) 11.5 (8-13) .01

Descriptive characteristics in 59 procedures

Variable Procedures

(n=59)

Days between subsequent procedures, median (range) 42 (31-66)

Intraoperative complications, n (%)

None 57 (96)

Iatrogenic epigastric artery bleeding 1 (2)a

Iatrogenic pneumothorax due to diaphragm perforation after peritoneal biopsy 1 (2)b

Number of trocars, n (%) 

Two 58 (98)

Three 1 (2)d
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Table 12.3 Continued.

Adhesiolysis, n (%)

None 47 (80)

Blunt 10 (17)

Sharp 2 (3)

Intraoperative technical or safety issues, n (%)

No 56 (95)

Yes 3 (5)e

Operating time (min), median (range) 94 (60-152)

Blood loss (ml), median (range) 10 (5-100)

Comparative characteristics in 59 procedures

Variable Procedure

1-20

Procedure 

21-39

Procedure 

40-59

p 

value

Operating time (min), median (range) 95 (67-152) 94 (60-109) 96 (72-129) .54

Details of the methods of feasibility assessment are presented in the Supplementary Method 12.2; 

PCI peritoneal cancer index; asutured without further consequences; bdiaphragm sutured, chest tube 

that could be removed the next morning after which patient was discharged; canalyzed in patients 

undergoing multiple procedures; dto suture iatrogenic diaphragm perforation; edue to a problem with 

remote-controlled oxaliplatin injection, all immediately solved without delaying the procedure.

Safety

Detailed safety outcomes (i.e. adverse events, hospital stay, readmissions) are presented 

in electronic Supplementary Table 12.5, with summarized data on treatment-related 

adverse events according to the CTCAE shown in Table 12.4. Seven CTCAE grade 3 or 

higher treatment-related adverse events occurred in 3 of 20 patients (15%) after 5 of 59 

procedures (8%). One patient had severe abdominal pain and received transfusions for 

anemia due to postoperative intraperitoneal hemorrhage after the first procedure. One 

patient had an iatrogenic pneumothorax requiring a chest tube after the first procedure. 

Another patient had a transient increase of aspartate aminotransferase after the first 

two procedures and deceased due to sepsis 5 days after the third procedure (Table 

12.4). As clinical examination, laboratory testing, imaging, immediate relaparoscopy, 

and blood and ascites cultures revealed no clear focus of sepsis and obduction was 

not allowed by the patient’s family, the investigators considered this adverse event 

as grade 5 sepsis of unknown origin that was possibly treatment-related. According 

to Clavien–Dindo, grade 3 or higher treatment-related adverse events occurred in 

2 of 20 patients (10%) after 2 of 59 procedures (3%): iatrogenic pneumothorax and 

sepsis of unknown origin. CTCAE grade 2 or lower treatment-related adverse events 

occurred in all patients after 57 of 59 procedures (97%), with the most common being 

abdominal pain, nausea, anemia, fatigue, and vomiting (Table 12.4). No CTCAE grade 2 
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or higher renal toxicity was observed, and transient CTCAE grade 2 or higher hepatic 

toxicity occurred in 1 of 20 patients (5%) after 3 of 57 procedures (5%) after which 

standardized laboratory tests were performed (Table 12.4). Median hospital stay was 

1 day (range 0–3): zero days after three procedures (5%) in two patients preferring off-

protocol same-day discharge, one day after 55 procedures (93%), and three days after 

one procedure (2%) due to postoperative intraperitoneal hemorrhage (Supplementary 

Table 12.5). Treatment-related readmissions occurred in 2 of 20 patients (10%) after 2 of 

59 procedures (3%): one due to sepsis of unknown origin and one because of abdominal 

pain and vomiting (Supplementary Table 12.5).

Table 12.4 Treatment-related adverse events classified according to CTCAE v5.0. 

Counted in 20 patients

Clinical adverse events, n (%) Total Grade 

1

Grade 

2

Grade 

3

Grade 

4

Grade 

5

Abdominal pain 20 (100) 8 (40) 11 (55) 1 (5)a - -

Nausea 13 (65) 7 (54) 6 (46) - - -

Fatigue 13 (65) 10 (77) 3 (23) - - -

Vomiting 7 (35) 2 (29) 5 (71) - - -

Diarrhea 7 (35) 6 (86) 1 (14) - - -

Anorexia 7 (35) 4 (57) 3 (43) - - -

Fever 6 (30) 4 (67) 2 (33) - - -

Wound pain 6 (30) 6 (100) - - - -

Postoperative wound hemorrhage 4 (20) 4 (100) - - - -

Abdominal wall hematoma 4 (20) 4 (100) - - - -

Peripheral sensory neuropathy 4 (20) 2 (50) 2 (50) - - -

Flu-like symptoms 3 (15) 1 (33) 2 (67) - - -

Constipation 3 (15) 3 (100) - - - -

Somnolence 3 (15) 3 (100) - - - -

Incisional hernia 3 (15) 3 (100) - - - -

Wound infection 2 (10) 2 (100) - - - -

Alopecia 2 (10) 2 (100) - - - -

Sepsis of unknown originb 1 (5) - - - - 1 (100)b,c

Iatrogenic pneumothorax 1 (5) - - 1 (100) - -

Postoperative intraperitoneal hemorrhage 1 (5) - - 1 (100)a - -

Bloating 1 (5) - 1 (100) - - -

Urinary retention 1 (5) 1 (100) - - - -

Dysgeusia 1 (5) 1 (100) - - - -
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Table 12.4 Continued. 

Counted in 20 patients

Biochemical adverse events, n (%) Total Grade 

1

Grade 

2

Grade 

3

Grade 

4

Grade 

5

Anemia 13 (65) 10 (77) 2 (15) 1 (8)a - -

Leukopenia 1 (5) - 1 (100) - - -

Increased alkaline phosphatase 6 (30) 5 (83) 1 (17)c - - -

Increased gamma-glutamyltransferase 5 (25) 4 (80) 1 (20)c - - -

Increased aspartate aminotransferase 5 (25) 4 (80) - 1 (20)c - -

Increased alanine aminotransferase 3 (16) 2 (67) 1 (33)c - - -

Increased lactate dehydrogenase 4 (20) 4 (100) - - - -

Increased bilirubin 1 (5) 1 (100) - - - -

Increased creatinine 1 (5) 1 (100) - - - -

Hyperkalemia 1 (5) 1 (100) - - - -

Leukocytosisd 17 (85) - - 17 (85) - -

Lymphocytopeniad 16 (80) 2 (13) 9 (56) 4 (25) 1 (6) -

Increased creatinine kinased 7 (35) 6 (86) - 1 (14) - -

Counted after 59 procedures

Clinical adverse events, n (%) Total Grade 

1

Grade 

2

Grade 

3

Grade 

4

Grade 

5

Abdominal pain 52 (88) 36 (69) 15 (29) 1 (2)a - -

Nausea 23 (39) 15 (65) 8 (35) - - -

Fatigue 17 (29) 12 (71) 5 (29) - - -

Vomiting 11 (19) 5 (45) 6 (55) - - -

Diarrhea 10 (17) 6 (60) 4 (40) - - -

Anorexia 9 (15) 6 (67) 3 (33) - - -

Fever 7 (12) 4 (57) 3 (43) - - -

Wound pain 6 (10) 6 (100) - - - -

Postoperative wound hemorrhage 4 (7) 4 (100) - - - -

Abdominal wall hematoma 4 (7) 4 (100) - - - -

Peripheral sensory neuropathy 4 (7) 2 (50) 2 (50) - - -

Flu-like symptoms 3 (5) 1 (33) 2 (67) - - -

Constipation 3 (5) 3 (100) - - - -

Somnolence 3 (5) 3 (100) - - - -

Incisional hernia 3 (5) 3 (100) - - - -

Wound infection 3 (5) 3 (100) - - - -

Alopecia 2 (3) 2 (100) - - - -

Sepsis of unknown originb 1 (2) - - - - 1 (100)b,c

Iatrogenic pneumothorax 1 (2) - - 1 (100) - -
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Table 12.4 Continued. 

Postoperative intraperitoneal 

hemorrhage

1 (2) - - 1 (100)a - -

Bloating 1 (5) - 1 (100) - - -

Urinary retention 1 (5) 1 (100) - - - -

Dysgeusia 1 (5) 1 (100) - - - -

Counted after 59 procedures

Biochemical adverse events, n (%) Total Grade 

1

Grade 

2

Grade 

3

Grade 

4

Grade 

5

Anemia 21 (37) 17 (81) 3 (14) 1 (5)a - -

Leukopenia 1 (2) - 1 (100) - - -

Increased alkaline phosphatase 8 (14) 6 (75) 2 (25)c - - -

Increased gamma-glutamyltransferase 9 (16)f 6 (67) 3 (33)c - - -

Increased aspartate aminotransferase 8 (14) 5 (63) 1 (13)c 2 (25)c - -

Increased alanine aminotransferase 5 (9) 3 (60) 2 (40)c - - -

Increased lactate dehydrogenase 5 (9) 5 (100) - - - -

Increased bilirubin 1 (2) 1 (100) - - - -

Increased creatinine 2 (4) 2 (100) - - - -

Hyperkalemia 1 (2) 1 (100) - - - -

Leukocytosisd 41 (72) - - 41 (100) - -

Lymphocytopeniad 34 (65)g 7 (21) 17 (50) 9 (26) 1 (3%) -

Increased creatinine kinased 12 (22)h 10 (83) 1 (8) 1 (8) - -

Details of the methods of safety assessment are presented in the Supplementary Method 12.1; CTCAE 

common terminology criteria for adverse events; asame patient; bdetails in Supplementary Table 12.5; 
csame patient; dnot counted as major adverse event when classified grade ≥3; estandardized trial 

laboratory tests were performed after 57 of 59 procedures, as one patient preferred off-protocol 

same-day discharge after two procedures; fgamma-glutamyltransferase was determined after 56 

of 57 procedures (not determined after one procedure due to administrative error); gleukocyte 

differentiation was determined after 52 of 57 procedures (not determined after five procedures due to 

administrative error); hcreatinine kinase was determined after 55 of 57 procedures (not determined 

after two procedures due to administrative error).
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Antitumor activity

Detailed tumor response outcomes are presented in Supplementary Table 12.6, with 

summarized data shown in Table 12.5. Response and progression rates were 0% and 37% 

(radiological), 50% and 26% (biochemical), 56% and 19% (pathological), 67% and 13% 

(cytological), 56% and 19% (ascites), and 0% and 0% (macroscopic), respectively (Table 12.5). 

Overall, the radiological PCI increased during trial treatment, whereas carcinoembryonic 

antigen level and ascites volume did not change, and the mean peritoneal regression grading 

score (PRGS), macroscopic PCI, and the macroscopic relative PCI decreased (Table 12.5).

Survival

Details on initial post-trial treatment and progression-free and overall survival are 

presented in Supplementary Table 12.7. Of 20 enrolled patients, 10 (50%) (re)started 

palliative systemic therapy after stopping trial treatment, 5 (25%) qualified for, but did 

not start, palliative systemic therapy (4 preferred a wait-and-see strategy, 1 refused 

further treatment and follow-up), 1 (5%) had no treatment options left, 1 (5%) underwent 

curative intent surgery, and 3 (15%) could not receive further treatment (2 due to 

clinical deterioration, 1 possibly treatment-related death). After a median follow-up 

of 8.0 months (interquartile range [IQR] 6.4–13.9), all patients had disease progression 

and 19 of 20 patients (95%) deceased. Median progression-free and overall survival 

were 3.5 months (IQR 2.5–5.7) and 8.0 months (IQR 6.3–12.6) in all patients, 3.9 months 

(IQR 2.7–6.7) and 8.0 months (IQR 7.1–14.3) in 10 patients undergoing upfront PIPAC-

OX as first-line palliative treatment, and 3.2 months (IQR 2.5–5.7) and 6.7 months (IQR 

6.3–12.6) in 10 patients undergoing PIPAC-OX as a later line of palliative treatment, 

respectively (Supplementary Table 12.7).
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Table 12.5 Tumor response.

Descriptive outcomes

ID No. of PIPAC-OX Radiological response Biochemical response Pathological response Cytological response Ascites response Macroscopic response

1 1 Stable Stable - - - -

2 1 Progressiona Progression - - - -

3 3 Stable Stable Response Response Response Stable

4 4 Stable Stable Progression Stable Progression Stable

5 3 Stable Response Stable Stable Response Stable

6 3 Progressionb Response Response Stable Stable Stable

7 6 Stable Response Stable Stable Stable Stable

8 3 Stable Stable Response Progression Stable Stable

9 5 Stable Progression Stable Stable Stable Stable

10c 4 Stable Response Progression Stable Stable Stable

11 1 - - - - - -

12 4 Progressiona Response Response Response Stable Stable

13 3 Stable Stable Response Stable Response Stable

14 3 Progressionb Stable Response Stable Stable Stable

15c 5 Stable Stable Progression Stable Progression Stable

16 1 Progressionb Stable - - - -

17 3 Stable Progression Response Response Response Stable

18 2 Progressionb Stable Response Response Stable Stable

19 2 Stable Progression Stable Stable Progression Stable

20 2 Progressionb,d Progression Response Progression Response Stable

Total, n (%)

Evaluable - 19 19 16 16 16 16

Progression - 7 (37) 5 (26) 3 (19) 2 (13) 3 (19) 0 (0)

Stable - 12 (63) 9 (47) 4 (25) 10 (63) 8 (50) 16 (100)

Response - 0 (0) 5 (26) 9 (56) 4 (25) 5 (31) 0 (0)

Response rate -

Evaluable - 19 10e 16f 6g 9h 16

Response 0 5 9 4 5 0

Rate (%) - 0 50 56 67 56 0

Comparative outcomes

Variable Baseline Post-treatment p value

Radiological PCI, median (range)i 31 (11-39) 33 (13-39) .03

CEA level (ug/L), median (range)i 6 (1-1200) 6 (1-2500) .67

Mean PRGS, median (range)j 2.50 (1.33-3.33) 2.33 (1.00-3.00) .03

Ascites volume (ml), median (range)j 60 (0-6000) 30 (0-4500) .68

Macroscopic PCI, median (range)j 30 (17-39) 25 (13-39) .005

Macroscopic relative PCI (%), median (range)j 78 (44-100) 68 (33-100) .01

Details of methods of antitumor activity assessment are presented in the Supplementary Method 12.3; CEA 

carcinoembryonic antigen; PCI peritoneal cancer index; PIPAC-OX pressurized intraperitoneal aerosol 

chemotherapy with oxaliplatin; PRGS peritoneal regression grading score; aperitoneal and systemic 

progression; bperitoneal progression only; cpatient with low-grade pseudomyxoma peritonei arising 

from an appendiceal mucinous neoplasm; dwith magnetic resonance imaging due to contraindication for

computed tomography; ebaseline CEA of ≥5 ug/L; fmean or highest baseline PRGS of >1; gpositive baseline 

cytology; hbaseline ascites volume of ≥50 ml; icompared between baseline and evaluation four weeks 

after the third procedure (or the last evaluation in case of earlier trial termination); jcompared between 

the first and third procedure (or the second procedure in case of earlier trial termination).
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Table 12.5 Tumor response.

Descriptive outcomes

ID No. of PIPAC-OX Radiological response Biochemical response Pathological response Cytological response Ascites response Macroscopic response

1 1 Stable Stable - - - -

2 1 Progressiona Progression - - - -

3 3 Stable Stable Response Response Response Stable

4 4 Stable Stable Progression Stable Progression Stable

5 3 Stable Response Stable Stable Response Stable

6 3 Progressionb Response Response Stable Stable Stable

7 6 Stable Response Stable Stable Stable Stable

8 3 Stable Stable Response Progression Stable Stable

9 5 Stable Progression Stable Stable Stable Stable

10c 4 Stable Response Progression Stable Stable Stable

11 1 - - - - - -

12 4 Progressiona Response Response Response Stable Stable

13 3 Stable Stable Response Stable Response Stable

14 3 Progressionb Stable Response Stable Stable Stable

15c 5 Stable Stable Progression Stable Progression Stable

16 1 Progressionb Stable - - - -

17 3 Stable Progression Response Response Response Stable

18 2 Progressionb Stable Response Response Stable Stable

19 2 Stable Progression Stable Stable Progression Stable

20 2 Progressionb,d Progression Response Progression Response Stable

Total, n (%)

Evaluable - 19 19 16 16 16 16

Progression - 7 (37) 5 (26) 3 (19) 2 (13) 3 (19) 0 (0)

Stable - 12 (63) 9 (47) 4 (25) 10 (63) 8 (50) 16 (100)

Response - 0 (0) 5 (26) 9 (56) 4 (25) 5 (31) 0 (0)

Response rate -

Evaluable - 19 10e 16f 6g 9h 16

Response 0 5 9 4 5 0

Rate (%) - 0 50 56 67 56 0

Comparative outcomes

Variable Baseline Post-treatment p value

Radiological PCI, median (range)i 31 (11-39) 33 (13-39) .03

CEA level (ug/L), median (range)i 6 (1-1200) 6 (1-2500) .67

Mean PRGS, median (range)j 2.50 (1.33-3.33) 2.33 (1.00-3.00) .03

Ascites volume (ml), median (range)j 60 (0-6000) 30 (0-4500) .68

Macroscopic PCI, median (range)j 30 (17-39) 25 (13-39) .005

Macroscopic relative PCI (%), median (range)j 78 (44-100) 68 (33-100) .01

Details of methods of antitumor activity assessment are presented in the Supplementary Method 12.3; CEA 

carcinoembryonic antigen; PCI peritoneal cancer index; PIPAC-OX pressurized intraperitoneal aerosol 

chemotherapy with oxaliplatin; PRGS peritoneal regression grading score; aperitoneal and systemic 

progression; bperitoneal progression only; cpatient with low-grade pseudomyxoma peritonei arising 

from an appendiceal mucinous neoplasm; dwith magnetic resonance imaging due to contraindication for

computed tomography; ebaseline CEA of ≥5 ug/L; fmean or highest baseline PRGS of >1; gpositive baseline 

cytology; hbaseline ascites volume of ≥50 ml; icompared between baseline and evaluation four weeks 

after the third procedure (or the last evaluation in case of earlier trial termination); jcompared between 

the first and third procedure (or the second procedure in case of earlier trial termination).
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DISCUSSION

In the present two-center, single-arm, phase 2 trial in patients with isolated unresectable 

colorectal peritoneal metastases undergoing repetitive PIPAC-OX (92  mg/m2) as a 

palliative monotherapy, major treatment-related adverse events occurred in 15% 

of patients after 8% of procedures, including one possibly treatment-related death. 

Minor treatment-related adverse events were common, with the most frequent being 

abdominal pain, nausea, vomiting, and fatigue. Biochemical, pathological, cytological, 

and ascites responses were seen in some patients, but no radiological or clinically 

relevant macroscopic responses were observed.

After completion of the present trial, two phase 1 (3+3) dose-escalation trials of PIPAC-

OX have been published.30,31 The French PIPOX trial used five dose levels (90–300 mg/

m2) to determine the maximum tolerated dose of two PIPAC-OX procedures with 

a preoperative intravenous bolus of 5-fluorouracil/leucovorin, administered at an 

interval of 4–6 weeks in 10 patients with advanced peritoneal metastases of various 

gastrointestinal cancers.30 Although the recommended phase 2 dose of the PIPOX 

trial (90 mg/m2) was comparable with the dose used in the present trial (92 mg/m2), it 

should be noted that patients in the PIPOX trial were allowed to receive concomitant 

systemic therapy, contrasting the present trial. In the Singaporean PIPAC-OX trial,31 

16 patients with advanced peritoneal metastases of various gastrointestinal and 

pancreaticobiliary cancers received 6-weekly PIPAC-OX monotherapy in five dose 

levels (45–150 mg/m2). Patients in this trial underwent only one (50%) or two (50%) 

PIPAC-OX procedures, possibly underestimating cumulative toxicity. No maximum 

tolerated dose of PIPAC-OX monotherapy was determined, as the PIPAC-OX trial was 

prematurely terminated at 120 mg/m2 due to dose-limiting toxicities at 140 mg/m2 in the 

PIPOX trial.31 The recommended phase 2 dose of the PIPOX trial (90 mg/m2) is currently 

evaluated in expansion cohorts of both phase 1 trials (ClinicalTrials.gov: NCT03294252, 

NCT03172416).14,30 Nevertheless, additional trials to determine the maximum tolerated 

dose of repetitive PIPAC-OX monotherapy may be warranted.

Of all studies presenting safety or efficacy outcomes of PIPAC,11,32-35 14 specifically 

reported safety data of PIPAC-OX (10 studies25,29-31,36-41) or efficacy data of PIPAC-OX for 

colorectal peritoneal metastases (9 studies20,29,36,38,40-44). However, 11 of these 14 studies 

did not report separate outcomes of repetitive PIPAC-OX monotherapy for unresectable 

colorectal peritoneal metastases.25,29-31,37-43 The other three studies, all retrospective, 

presented safety data (one study36) or tumor response outcomes (three studies20,36,44) 

of PIPAC-OX monotherapy for unresectable colorectal peritoneal metastases, but only 

in one or two patients. Altogether, the available literature could not be meaningfully 
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compared with the present trial. Hence, the present trial provides a unique insight into 

the safety and antitumor activity of repetitive PIPAC-OX monotherapy, without any 

influence of concomitant palliative systemic therapy, in patients with unresectable 

colorectal peritoneal metastases.

The present trial revealed a low number of intraoperative complications and technical 

or safety issues, no occupational platinum exposure, a short hospital stay, and a low 

number of treatment-related readmissions. These findings suggest that it is feasible to 

implement PIPAC-OX in a multicenter trial setting, probably as an outpatient procedure 

as suggested by others.20,45 Safety data of the present trial may be used to inform 

patients and physicians about PIPAC-OX monotherapy and indicate that abdominal 

pain, nausea, and vomiting are important points of consideration for postoperative 

management. Although pre-trial experience with PIPAC was limited, safety data of the 

present trial can be reliably interpreted given the trial centers’ extensive experience 

with laparoscopic staging and surgical treatment of colorectal peritoneal metastases, 

completion of the certified training PIPAC training prior to trial initiation, and the 

reported short learning curve of PIPAC.46 While the low and transient biochemical 

toxicity of repetitive PIPAC-OX in the present trial may suggest negligible systemic 

oxaliplatin exposure, previously published pharmacokinetic analyses of the present 

trial and the PIPOX trial suggested a significant systemic absorption of PIPAC-OX.30,47 

This systemic oxaliplatin absorption may explain the peripheral sensory neuropathy 

reported by several patients in the present trial.

One possibly treatment-related death due to sepsis of unknown origin occurred in the 

present trial. A literature review by the authors identified 12 other (possibly) PIPAC-

related deaths: one due to respiratory failure after PIPAC-OX,38 one because of acute 

respiratory distress syndrome after PIPAC-cisplatin-adriamycin,39 one due to kidney 

failure after PIPAC-cisplatin-doxorubicin,42,48 and nine after PIPAC with unspecified 

drugs: one because of cardiac decompensation,43 two due to paralytic ileus,43 one because 

of aspiration pneumonia,49 two due to intestinal obstruction,49 and three because of 

intestinal perforation.43,50 Thereby, these cases did not significantly contribute to the 

differential diagnosis of the possibly treatment-related death in the present trial.

While no conversion to resectable disease was observed in the present trial, the 

surgeon-reported macroscopic PCI decreased in the majority of patients. However, 

its role in response assessment in this setting could be questioned by the increasing 

amount of adhesions and the decreasing number of evaluable PCI regions during trial 

treatment. Observed biochemical, pathological, cytological, and ascites responses were 

heterogeneous between and within patients, but may indicate biological activity of 
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PIPAC-OX. It is important to determine the clinical relevance of this biological activity 

in future research, especially since no radiological or clinically relevant macroscopic 

responses were observed. Moreover, the usefulness of scoring pathological regression 

in this setting could be questioned by the possibility of sampling errors due to small 

peritoneal biopsies. As in any single-arm trial, survival outcomes of the present trial 

should be carefully interpreted and should not be used to draw definitive conclusions 

regarding the efficacy or value of repetitive PIPAC-OX monotherapy in this setting. 

The heterogeneous trial population comprised patients with resected and unresected 

primaries in different lines of palliative treatment. Together with some extremely 

poor prognostic factors (i.e. very high baseline PCI, predominance of signet ring cell 

histology), this heterogeneity impedes comparison of survival outcomes between the 

present trial and studies focusing on palliative systemic therapy or supportive care.

The present trial has several limitations. The eligibility criteria allowed enrolment of 

patients with peritoneal metastases of high-grade appendiceal cancer. While enrolment 

of these patients is unlikely to influence feasibility or safety outcomes of the present 

trial, it may complicate interpretation of presented preliminary efficacy outcomes. 

Furthermore, post-enrolment peritoneal biopsies of two patients were unexpectedly 

classified as low-grade pseudomyxoma peritonei arising from an appendiceal mucinous 

neoplasm. Lastly, although the largest trial on this topic so far, the sample size of the 

present trial was small.

Before starting the present trial, the investigators hypothesized that intraperitoneal 

disease stabilization with a low treatment burden could be one of the advantages of 

repetitive PIPAC-OX monotherapy. However, given its relatively low biochemical 

toxicity, PIPAC-OX could also be added to systemic therapy with the aim to enhance 

intraperitoneal antitumor activity. The feasibility, safety, and antitumor activity of first-

line palliative systemic therapy combined with repetitive PIPAC-OX (92 mg/m2), which 

is already offered in several PIPAC centers,11,12 is currently evaluated in patients with 

unresectable colorectal peritoneal metastases in the multicenter, single-arm, phase 

2 CRC-PIPAC-2 trial (Netherlands Trial Register: NL8303). Several other ongoing 

single-center, single-arm, phase 2 trials are assessing various outcomes of repetitive 

PIPAC-OX (92 mg/m2) with or without concomitant systemic therapy in patients with 

unresectable colorectal peritoneal metastases in various lines of palliative treatment 

(ClinicalTrials.gov: NCT03287375, NCT03868228, NCT04329494).51 Patients not treated 

within clinical trials should ideally be recorded in the international PIPAC registry 

(ClinicalTrials.gov: NCT03210298) to provide insight into real-world outcomes. The 

present trial, CRC-PIPAC-2, other ongoing phase 2 trials, and international registry data 

may help in designing future randomized trials to determine whether PIPAC-OX could 
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be of value in the palliative treatment of unresectable colorectal peritoneal metastases. 

Importantly, international consensus must be reached on appropriate trial frameworks 

(superiority, equivalence, or non-inferiority) and relevant endpoints to guide sample 

size calculations.

CONCLUSIONS

In patients with unresectable colorectal peritoneal metastases undergoing repetitive 

PIPAC-OX (92 mg/m2) as a palliative monotherapy, some major adverse events 

occurred and minor adverse events were common. The clinical relevance of observed 

biochemical, pathological, cytological, and ascites responses remains to be determined 

in future research, especially since no radiological or clinically relevant macroscopic 

responses were seen. Results of the present trial may be used to inform physicians and 

patients about PIPAC-OX and to design future trials to determine the role of PIPAC-OX 

in this setting.
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Chapter 13
Patient-reported outcomes 
of oxaliplatin-based PIPAC 

for unresectable colorectal 
peritoneal metastases in a 

single-arm phase 2 trial



ABSTRACT

Background: The CRC-PIPAC trial is the first to assess repetitive oxaliplatin-based 

pressurized intraperitoneal aerosol chemotherapy (PIPAC-OX) monotherapy for 

unresectable colorectal peritoneal metastases (CPM). The present study explored 

patient-reported outcomes (PROs) during trial treatment.

Methods: In this single-arm phase 2 trial in two tertiary centers, patients with isolated 

unresectable CPM in any line of palliative treatment received six-weekly PIPAC-OX 

(92 mg/m2). PROs were calculated from EQ-5D-5L and EORTC QLQ-C30 and QLQ-

CR29 questionnaires, and longitudinally compared between baseline and one and four 

weeks after the first three procedures using linear mixed modeling with determination 

of clinical relevance of statistically significant differences.

Results: Twenty patients underwent 59 procedures (median 3, range 1-6). Compared to 

baseline, several PROs worsened one week after the first procedure (mean difference 

[MD]: index value -0.10 [p<0.001], role functioning -27 [p<0.001], social functioning -18 

[p<0.001], C30 summary score -16 [p<0.001], appetite loss +15 [p=0.007], diarrhea +15 

[p=0.002], urinary frequency +13 [p=0.004], flatulence +13 [p=0.001]) and returned to 

baseline at subsequent time-points, whereas other PROs worsened one week after the 

first procedure (MD: physical functioning -20 [p<0.001], fatigue +23 [p<0.001], pain +29 

[p<0.001], abdominal pain +32 [p<0.001]), one week after the second procedure (MD: 

physical functioning -20 [p<0.001], fatigue +23 [p<0.001], pain +21 [p<0.001], abdominal 

pain +20 [p=0.002]), and one week after the third procedure (MD: pain +22 [p<0.001], 

abdominal pain +22 [p=0.002). Except for appetite loss, all changes were clinically 

relevant. All analyzed PROs returned to baseline four weeks after the third procedure. 

Conclusion: Patients receiving repetitive PIPAC-OX monotherapy for isolated 

unresectable CPM in the CRC-PIPAC trial had clinically relevant but reversible 

worsening of several PROs, mainly one week after the first procedure. 
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INTRODUCTION

The peritoneum is a common and often lethal metastatic site of colorectal cancer.1,2 

The majority of patients with colorectal peritoneal metastases (CPM) are treated with 

palliative intent.3,4 Theoretically, intraperitoneal chemotherapy could be an interesting 

palliative treatment option in patients with isolated peritoneal metastases, as it may 

achieve high locoregional efficacy with low systemic toxicity.5 However, its use appears 

to be limited due to an inhomogeneous intraperitoneal distribution, dose-limiting local 

toxicity, and poor tumor penetration.6,7 To overcome these limitations, a laparoscopic 

method for repetitive administration of low-dose intraperitoneal chemotherapy 

as a pressurized aerosol (i.e. pressurized intraperitoneal aerosol chemotherapy 

[PIPAC]) has been developed. PIPAC claims to result in enhanced tumor penetration, 

homogeneous intraperitoneal distribution, and low systemic toxicity.8-11 Its intriguing 

concept and promising preliminary results have led to adoption of PIPAC as a palliative 

treatment option for isolated unresectable CPM in a rapidly increasing number of 

hospitals worldwide.12 In these hospitals, these patients regularly receive oxaliplatin-

based PIPAC (PIPAC-OX) with or without concomitant palliative systemic therapy in a 

dose of 90-92 mg/m2 every four to eight weeks.13 Despite its increasing use, repetitive 

PIPAC-OX has never been prospectively investigated as a palliative monotherapy for 

isolated unresectable CPM in clinical trials. As a first step to address this evidence 

gap, the CRC-PIPAC trial primarily aimed to assess the feasibility, safety, preliminary 

efficacy, and patient-reported outcomes (PROs) of repetitive PIPAC-OX monotherapy 

for isolated unresectable CPM.14,15 The aim of the present study was to explore PROs 

during trial treatment.

METHODS

Trial design

CRC-PIPAC was a single-arm phase 2 trial conducted in two Dutch tertiary centers for 

the surgical treatment of CPM. The trial was approved by a central ethics committee 

(MEC-U, Nieuwegein, Netherlands, R17.038) and the institutional review boards of both 

trial centers. The trial is registered (Clinicaltrials.gov NCT03246321) and the protocol 

has been previously published.14

Patients

The protocol includes a detailed description of the eligibility criteria.14 Briefly, 

eligible patients were adults with a World Health Organization performance status 

of 0-1, pathologically proven isolated unresectable peritoneal metastases of a 
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colorectal or appendiceal carcinoma (including high-grade appendiceal mucinous 

neoplasm), adequate organ functions, no symptoms of gastrointestinal obstruction, 

no contraindications for laparoscopy or the planned chemotherapy, and no previous 

PIPAC, in any line of palliative treatment. Patients were informed about the potential 

consequences of discontinuing or postponing standard palliative treatment, were 

discussed in a multidisciplinary team prior to enrolment, and gave written informed 

consent.

Procedures

PIPAC-OX

The protocol comprises a detailed description of the procedure,14 which was based 

on internationally used protocols at the time of trial initiation.16 Patients underwent 

six-weekly PIPAC-OX (92 mg/m2, maximum 184 mg) with an intraoperative 

intravenous bolus 5-fluorouracil (400 mg/m2) and leucovorin (20 mg/m2) and 

25 minutes of electrostatic aerosol precipitation (i.e. ePIPAC-OX),17,18 without 

concomitant palliative systemic therapy. If possible, patients were discharged on 

the first postoperative day.

Evaluations

Four weeks after each procedure, patients were clinically, biochemically, and 

radiologically evaluated. Trial treatment was stopped in case of radiological 

progression according to the response evaluation criteria in solid tumors 

(RECIST).19 In case of RECIST non-evaluable or stable disease (or response), the 

decision to continue or stop trial treatment was made by shared decision based on 

previous treatment, remaining treatment options, clinical parameters (e.g. toxicity, 

symptoms), biochemical parameters (e.g. tumor markers), macroscopic parameters 

(e.g. ascites volume), and secondary radiological parameters (e.g. radiological 

peritoneal cancer index). If trial treatment was stopped, patients received off-

protocol palliative treatment.

PROs

Patients were asked to complete three questionnaires (EuroQoL EQ-5D-5L,20 EORTC 

QLQ-C30,21 and EORTC QLQ-CR2922) at baseline and one and four weeks after each 

procedure. As the trial’s aim was to assess PROs during trial treatment, patients were 

not asked to complete questionnaires after discontinuation of trial treatment (e.g. due to 

disease progression) or during follow-up. At patient’s preference, questionnaires were 

sent on paper or electronically using certified software (Research Manager, Deventer, 

the Netherlands). Table 13.1 presents the PRO categories of each questionnaire. 
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Table 13.1 PRO categories of each questionnaire.

PRO categories

Questionnaire Function scalesa Symptom scalesb

EQ-5D-5L Visual analogue scale, index value -

EORTC QLQ-C30 Global health status, physical 

functioning, role functioning, 

emotional functioning, cognitive 

functioning, social functioning, C30 

summary score

Fatigue, nausea/vomiting, pain, 

dyspnea, insomnia, appetite loss, 

constipation, diarrhea, financial 

difficulties

EORTC QLQ-CR29 Anxiety, weight, body image, sexual 

interest

Urinary frequency, urinary 

incontinence, dysuria, abdominal 

pain, buttock pain, bloating, 

blood/mucus in stool, dry mouth, 

hair loss, taste, flatulence, fecal 

incontinence, sore skin, stool 

frequency, embarrassment, stoma 

care problems, impotence (males), 

dyspareunia (females)

PRO patient-reported outcome; alower scores indicate worse functioning; bhigher scores indicate 

worse symptoms.

Scores for each PRO category were calculated according to the manuals of EuroQol and 

EORTC.23-25 Scores range from 0 to 100 except for the index value of EQ-5D-5L, which 

ranges from -0.329 to 1.00 according to the Dutch value set.26 In general, PRO categories 

can be divided in function scales (with lower scores indicating worse functioning) and 

symptom scales (with higher scores indicating worse symptoms) (Table 13.1).

Statistical analysis

Since no data were available to guide a sample size calculation, the investigators and the 

ethics committee pragmatically agreed upon a sample size of 20 patients undergoing 

an estimated number of 60 procedures.27 These were considered sufficient numbers 

to explore the safety and feasibility of trial treatment. As PRO assessment of the 

present study was explorative, no a priori hypothesis for PRO analyses was formulated. 

Consequently, scores of all PRO categories up to four weeks after the third procedure 

were included in the analyses. Analyses were performed two-sided using IBM SPSS 

Statistics (version 25.0, Armonk, NY, United States). Given the explorative nature of the 

analyses, statistical significance was pragmatically set at p<.01 to account for multiple 

testing (instead of applying Bonferroni correction for all 41 PRO categories). For each 

PRO category, longitudinal changes in scores between baseline and subsequent time 

points were presented as mean difference (MD) and analyzed using linear mixed 

modeling. All PRO categories with a statistically significant difference in scores between 
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baseline and at least one subsequent time point were graphically presented. Cohen’s d 

(CD) effect sizes were calculated to determine the clinical relevance of each statistically 

significant difference, with a CD of ≥0.5 being considered clinically relevant.28 Since 

mean scores were used to present changes over time and determine effect sizes, all 

scores were presented as a mean (standard deviation) regardless of distribution.

RESULTS

Between October 10, 2017, and September 24, 2018, 43 patients were screened for 

eligibility, of whom 20 were included in the PRO analyses (Figure 13.1). Baseline 

characteristics are presented in Table 13.2. Between October 30, 2017, and April 24, 

2019, these 20 patients underwent 59 (median 3, range 1-6) procedures: four patients 

(20%) underwent one procedure, three patients (15%) underwent two procedures, and 

13 patients (65%) underwent three or more procedures. Figure 13.1 presents the patient 

pathway and questionnaire response rates at each time point, including reasons for 

non-response and discontinuation of trial treatment. 

Table 13.2 Baseline characteristics.

Baseline characteristics

Variable Trial population (n=20)

Sex, n (%)

Male 12 (60)

Female 8 (40)

Years of age at enrolment, median (range) 64 (41-78)

WHO performance status, n (%)

0 8 (40)

1 10 (50)

≥2 2 (10)a

Primary tumor location, n (%)

Right colon 7 (35)

Left colon 6 (30)

Appendix 7 (35)

Histology – primary tumor in colon, n (%)

Adenocarcinoma 4 (31)

Mucinous adenocarcinoma 5 (38) 

Signet ring cell carcinoma 4 (31)

Histology – primary tumor in appendix, n (%)

Mucinous adenocarcinoma 1 (14)

Signet ring cell carcinoma 4 (57)

Low-grade appendiceal mucinous neoplasmb 2 (29)b
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Table 13.2 Continued.

Baseline characteristics

Variable Trial population (n=20)

Primary tumor resection status, n (%)

Resected 6 (30)

In situ, but diverted or bypassed 5 (25)

In situ and not diverted or bypassed 9 (45)

Onset of CPM, n (%)

Synchronous 15 (75)

Metachronous 5 (25)

Months between CPM diagnosis and enrolment, median (range) 4 (1-32)

Previous systemic therapy, n (%)

Yes 12 (60)

No 8 (40)

Previous systemic therapy - synchronous CPM

Nonec 6 (40)c

One line of palliative systemic therapy 8 (53)

Multiple lines of palliative systemic therapy 1 (7) 

Previous systemic therapy - metachronous CPM

Nonec 2 (40)c

Adjuvant systemic therapy onlyc 2 (40)c

Adjuvant and multiple lines of palliative systemic therapy 1 (20)

Latest response to palliative treatment

Stable disease 8 (73)

Progression 3 (27)d

Previous laparotomies

None 13 (65)

One 6 (30) 

Multiple 1 (5)

Ascites

Yes, ≥50 ml 13 (65)

Yes, <50 ml 3 (15)

No 4 (20)

Ascites volume (ml), median (range)e 260 (60-6000)e

Radiological PCI, median (range) 31 (11-39)

Macroscopic PCI, median (range) 29 (17-39)

CPM colorectal peritoneal metastases; PCI peritoneal cancer index; WHO world health organization; 
aboth deteriorated between enrolment (WHO 1) and the first procedure (one WHO 2, one WHO 3) due to 
increasing ascites; bpre-trial biopsies were classified as high-grade appendiceal mucinous neoplasm, but 
peritoneal biopsies during the trial were classified as low-grade pseudomyxoma peritonei arising from 
an appendiceal mucinous neoplasm; ceither refused – or preferred enrolment rather than starting with – 
first- or second-line palliative systemic therapy; done had a wait-and-see strategy; ein those with ≥50ml.
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20 underwent a first procedure and were 
included in PRO analyses

20 of 20 (100%) completed questionnaires 1 week 
after the first procedure

13 underwent a third procedure

12 of 13 (92%) completed questionnaires 1 and 4 
weeks after the third procedure

1 stopped trial treatment and received no further questionnaires
clinical progression (massive ascites with intestinal obstruction) and early deatha

3 stopped trial treatment and received no further questionnaires
1 had biochemical and radiological (peritoneal and systemic) progression
1 had biochemical and radiological (peritoneal) progression
1 had stable disease, but an inaccessible abdomen during the second procedure

16 of 16 (100%) completed questionnaires 1 and 4 
weeks after the second procedure

16 underwent a second procedure

3 stopped trial treatment and received no further questionnaires
1 had biochemical and radiological (peritoneal) progression
1 had radiological (peritoneal) progression
1 had biochemical, ascites, and macroscopic progression

1 stopped trial treatment and received no further questionnaires
1 had stable disease, but deceased due to possibly treatment-related sepsisc

43 patients were screened for eligibility

34 were eligible

26 gave informed consent

22 were scheduled for a first procedure and 
completed baseline questionnaires

9 were ineligible

2 were excluded from trial treatment and received no further questionnaires
1 had resectable disease on explorative laparoscopy
1 had an inaccessible peritoneal cavity

8 were not enrolled
6 preferred (or were referred for) standard palliative systemic therapy
2 preferred PIPAC-OX with concomitant systemic therapy abroad

4 were excluded from trial treatment
2 rapidly developed gastrointestinal obstruction
1 had systemic metastases and ureteral obstruction on baseline CT
1 had systemic metastases on baseline CT

19 of 20 (95%) completed questionnaires 4 weeks 
after the first procedureb

Figure 13.1 Patient pathway and questionnaire response rates (including reasons for non-response) 

at each time point.

CT computed tomography; PIPAC-OX oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy; 
adeceased two weeks postoperatively; bone patient completed EQ-5D-5L and EORTC QLQ-CR29, but 

accidentally forgot to fill in most questions of EORTC QLQ-CR30; cdeceased five days postoperatively. 

Table 13.3 presents the mean scores of all PRO categories at each time point. The following 

function scales had a statistically significant difference in scores between baseline and 

at least one subsequent time point: index value (Figure 13.2A) of EQ-5D-5L and physical 

functioning (Figure 13.2B), role functioning (Figure 13.2C), social functioning (Figure 13.2D), 

and C30 summary score (Figure 13.2E) of EORTC QLQ-C30. The following symptom 

scales had a statistically significant difference in scores between baseline and at least one 

subsequent time point: fatigue (Figure 13.3A), pain (Figure 13.3B), diarrhea (Figure 13.3C), 

and appetite loss (Figure 13.3D) of EORTC QLQ-C30, and urinary frequency (Figure 13.3E), 

abdominal pain (Figure 13.3F), and flatulence (Figure 13.3G) of EORTC QLQ-CR29. Linear 

mixed modeling analyses of these 12 PRO categories are presented in Supplementary Table 

13.1. Scores of all other 29 PRO categories did not significantly change during trial treatment 

(linear mixed modeling analyses presented in Supplementary Table 13.2).
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Function scales

Index value

Compared to baseline, index value worsened one week after the first procedure (MD 

-0.10, 95% confidence interval [CI] -0.16 – -0.05, p<.001, CD 0.76) and returned to baseline 

at subsequent time points (Figure 13.2A, Supplementary Table 13.1).

Physical functioning 

Compared to baseline, physical functioning worsened one week after the first procedure 

(MD -20, 95% CI -27 – -12, p<.001, CD 1.03), returned to baseline four weeks after the 

first procedure (p=.12), worsened one week after the second procedure (MD -11, 95% 

CI -19 – -3, p=.008, CD 0.66), and returned to baseline at subsequent time points (Figure 

13.2B, Supplementary Table 13.1). 

Role functioning 

Compared to baseline, role functioning worsened one week after the first procedure 

(MD -27, 95% CI -39 – -15, p<.001, CD 0.87) and returned to baseline at subsequent time 

points (Figure 13.2C, Supplementary Table 13.1). 

Social functioning 

Compared to baseline, social functioning worsened one week after the first procedure 

(MD -18, 95% CI -28 – -8, p<.001, CD 0.71) and returned to baseline at subsequent time 

points (Figure 13.2D, Supplementary Table 13.1). 

C30 summary score 

Compared to baseline, C30 summary score worsened one week after the first procedure 

(MD -16, 95% CI -20 – -9, p<.001, CD 1.07) and returned to baseline at subsequent time 

points (Figure 13.2E, Supplementary Table 13.1). 

Symptom scales

Fatigue 

Compared to baseline, fatigue worsened one week after the first procedure (MD 

+23, 95% CI 14-33, p<.001, CD 0.98), returned to baseline four weeks after the first 

procedure (p=.13), worsened one week after the second procedure (MD +20, 95% CI 

9-30, p<.001, CD 0.83), and returned to baseline at subsequent time points (Figure 13.3A, 

Supplementary Table 13.1).



282   |   Chapter 13

Table 13.3 Scores of all PRO categories at each time point.

EuroQoL EQ-5D-5L

PRO, mean score (SD) Baseline 1 week after 1st 

procedure

4 weeks after 1st 

procedure

1 week after 2nd 

procedure

4 weeks after 2nd 

procedure

1 week after 3rd 

procedure

4 weeks after 3rd 

procedure

Visual analogue scale 62 (28) 54 (29) 64 (24) 64 (21) 59 (32) 66 (23) 63 (30)

Index value 0.84 (0.11) 0.74 (0.15) 0.82 (0.14) 0.81 (0.12) 0.83 (0.14) 0.80 (0.18) 0.85 (0.14)

EORTC QLQ C-30

PRO, mean score (SD) Baseline 1 week after 1st 

procedure

4 weeks after 1st 

procedure

1 week after 2nd 

procedure

4 weeks after 2nd 

procedure

1 week after 3rd 

procedure

4 weeks after 3rd 

procedure

Global health status 65 (29) 57 (21) 67 (25) 60 (25) 65 (24) 63 (22) 67 (24)

Physical functioning 87 (15) 67 (23) 81 (20) 76 (18) 81 (20) 78 (19) 86 (20)

Role functioning 69 (30) 42 (32) 69 (28) 53 (31) 64 (39) 56 (30) 76 (29)

Emotional functioning 79 (23) 78 (23) 81 (18) 74 (20) 78 (23) 78 (22) 76 (23)

Cognitive functioning 88 (17) 82 (17) 91 (12) 87 (16) 96 (10) 90 (13) 90 (17)

Social functioning 80 (27) 62 (24) 79 (23) 79 (25) 81 (25) 76 (32) 85 (30)

Fatigue 30 (23) 53 (24) 37 (25) 50 (25) 35 (30) 43 (28) 33 (28)

Nausea/vomiting 13 (25) 19 (27) 8 (13) 11 (19) 7 (12) 14 (17) 6 (15)

Pain 21 (20) 50 (19) 29 (18) 42 (24) 29 (27) 43 (26) 25 (23)

Dyspnea 12 (20) 13 (20) 9 (19) 15 (24) 6 (13) 8 (21) 6 (19)

Insomnia 17 (23) 23 (31) 24 (22) 31 (28) 19 (24) 17 (17) 14 (22)

Appetite loss 25 (37) 40 (32) 24 (36) 37 (34) 27 (33) 39 (31) 25 (32)

Constipation 8 (15) 22 (27) 13 (26) 12 (21) 6 (13) 11 (22) 3 (10)

Diarrhea 12 (20) 27 (26) 19 (21) 6 (13) 10 (16) 17 (27) 14 (17)

Financial difficulties 3 (15) 10 (27) 2 (8) 2 (8) 0 (0) 3 (10) 3 (10)

C30 summary score 82 (15) 66 (15) 80 (14) 75 (16) 81 (16) 76 (16) 84 (18)

EORTC QLQ-CR29

PRO, mean score (SD) Baseline 1 week after 1st 

procedure

4 weeks after 1st 

procedure

1 week after 2nd 

procedure

4 weeks after 2nd 

procedure

1 week after 3rd 

procedure

4 weeks after 3rd 

procedure

Urinary frequency 12 (17) 25 (18) 24 (20) 26 (18) 21 (22) 26 (19) 19 (16)

Urinary incontinence 2 (7) 0 (0) 4 (11) 4 (11) 4 (12) 3 (10) 0 (0)

Dysuria 3 (10) 7 (14) 7 (18) 6 (13) 10 (26) 6 (13) 6 (13)

Abdominal pain 20 (17) 52 (23) 39 (25) 40 (28) 35 (33) 42 (25) 22 (26)

Buttock pain 7 (14) 5 (16) 11 (19) 6 (13) 6 (13) 8 (15) 3 (10)

Bloating 28 (27) 35 (23) 23 (25) 33 (30) 29 (32) 28 (31) 22 (30)

Blood/mucus in stool 0 (0) 3 (9) 3 (6) 2 (6) 3 (7) 1 (5) 0 (0)

Dry mouth 18 (23) 27 (32) 24 (25) 25 (23) 19 (21) 22 (22) 17 (22)

Hair loss 3 (10) 5 (12) 5 (12) 4 (11) 8 (19) 8 (21) 11 (30)

Taste 18 (30) 22 (31) 16 (23) 27 (30) 23 (26) 19 (26) 14 (22)

Flatulence 17 (20) 30 (26) 21 (23) 15 (17) 8 (15) 14 (17) 14 (17)
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Table 13.3 Scores of all PRO categories at each time point.

EuroQoL EQ-5D-5L

PRO, mean score (SD) Baseline 1 week after 1st 

procedure

4 weeks after 1st 

procedure

1 week after 2nd 

procedure

4 weeks after 2nd 

procedure

1 week after 3rd 

procedure

4 weeks after 3rd 

procedure

Visual analogue scale 62 (28) 54 (29) 64 (24) 64 (21) 59 (32) 66 (23) 63 (30)

Index value 0.84 (0.11) 0.74 (0.15) 0.82 (0.14) 0.81 (0.12) 0.83 (0.14) 0.80 (0.18) 0.85 (0.14)

EORTC QLQ C-30

PRO, mean score (SD) Baseline 1 week after 1st 

procedure

4 weeks after 1st 

procedure

1 week after 2nd 

procedure

4 weeks after 2nd 

procedure

1 week after 3rd 

procedure

4 weeks after 3rd 

procedure

Global health status 65 (29) 57 (21) 67 (25) 60 (25) 65 (24) 63 (22) 67 (24)

Physical functioning 87 (15) 67 (23) 81 (20) 76 (18) 81 (20) 78 (19) 86 (20)

Role functioning 69 (30) 42 (32) 69 (28) 53 (31) 64 (39) 56 (30) 76 (29)

Emotional functioning 79 (23) 78 (23) 81 (18) 74 (20) 78 (23) 78 (22) 76 (23)

Cognitive functioning 88 (17) 82 (17) 91 (12) 87 (16) 96 (10) 90 (13) 90 (17)

Social functioning 80 (27) 62 (24) 79 (23) 79 (25) 81 (25) 76 (32) 85 (30)

Fatigue 30 (23) 53 (24) 37 (25) 50 (25) 35 (30) 43 (28) 33 (28)

Nausea/vomiting 13 (25) 19 (27) 8 (13) 11 (19) 7 (12) 14 (17) 6 (15)

Pain 21 (20) 50 (19) 29 (18) 42 (24) 29 (27) 43 (26) 25 (23)

Dyspnea 12 (20) 13 (20) 9 (19) 15 (24) 6 (13) 8 (21) 6 (19)

Insomnia 17 (23) 23 (31) 24 (22) 31 (28) 19 (24) 17 (17) 14 (22)

Appetite loss 25 (37) 40 (32) 24 (36) 37 (34) 27 (33) 39 (31) 25 (32)

Constipation 8 (15) 22 (27) 13 (26) 12 (21) 6 (13) 11 (22) 3 (10)

Diarrhea 12 (20) 27 (26) 19 (21) 6 (13) 10 (16) 17 (27) 14 (17)

Financial difficulties 3 (15) 10 (27) 2 (8) 2 (8) 0 (0) 3 (10) 3 (10)

C30 summary score 82 (15) 66 (15) 80 (14) 75 (16) 81 (16) 76 (16) 84 (18)

EORTC QLQ-CR29

PRO, mean score (SD) Baseline 1 week after 1st 

procedure

4 weeks after 1st 

procedure

1 week after 2nd 

procedure

4 weeks after 2nd 

procedure

1 week after 3rd 

procedure

4 weeks after 3rd 

procedure

Urinary frequency 12 (17) 25 (18) 24 (20) 26 (18) 21 (22) 26 (19) 19 (16)

Urinary incontinence 2 (7) 0 (0) 4 (11) 4 (11) 4 (12) 3 (10) 0 (0)

Dysuria 3 (10) 7 (14) 7 (18) 6 (13) 10 (26) 6 (13) 6 (13)

Abdominal pain 20 (17) 52 (23) 39 (25) 40 (28) 35 (33) 42 (25) 22 (26)

Buttock pain 7 (14) 5 (16) 11 (19) 6 (13) 6 (13) 8 (15) 3 (10)

Bloating 28 (27) 35 (23) 23 (25) 33 (30) 29 (32) 28 (31) 22 (30)

Blood/mucus in stool 0 (0) 3 (9) 3 (6) 2 (6) 3 (7) 1 (5) 0 (0)

Dry mouth 18 (23) 27 (32) 24 (25) 25 (23) 19 (21) 22 (22) 17 (22)

Hair loss 3 (10) 5 (12) 5 (12) 4 (11) 8 (19) 8 (21) 11 (30)

Taste 18 (30) 22 (31) 16 (23) 27 (30) 23 (26) 19 (26) 14 (22)

Flatulence 17 (20) 30 (26) 21 (23) 15 (17) 8 (15) 14 (17) 14 (17)
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Table 13.3 Continued.

Fecal incontinence 5 (16) 5 (12) 4 (11) 2 (8) 2 (8) 3 (10) 0 (0)

Sore skin 7 (14) 10 (19) 11 (19) 2 (8) 4 (11) 6 (13) 6 (19)

Stool frequency 8 (11) 15 (23) 5 (8) 7 (10) 6 (10) 7 (15) 7 (11)

Embarrassment 10 (19) 10 (19) 7 (14) 10 (16) 4 (11) 3 (10) 3 (10)

Stoma care problems 8 (17) 8 (17) 0 (0) 17 (24) 33 (47) 17 (24) 17 (24)

Impotence (males) 3 (10) 15 (23) 12 (17) 8 (15) 8 (15) 13 (17) 4 (12)

Dyspareunia (females) 4 (12) 0 (0) 0 (0) 0 (0) 10 (16) 11 (19) 17 (19)

Anxiety 53 (29) 62 (33) 60 (33) 56 (32) 60 (35) 56 (30) 61 (28)

Weight 80 (33) 77 (33) 84 (23) 83 (24) 75 (31) 75 (35) 78 (36)

Body image 87 (17) 83 (23) 90 (14) 84 (22) 85 (21) 82 (25) 81 (23)

Sexual interest (males) 31 (30) 22 (26) 25 (29) 22 (24) 19 (24) 21 (25) 25 (30)

Sexual interest (females) 8 (15) 4 (12) 10 (16) 5 (13) 10 (16) 0 (0) 8 (17)

PRO patient-reported outcome; SD standard deviation.
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Figure 13.2 All function scales with a statistically significant difference in scores between baseline 

and at least one subsequent time point.

Blue lines represent mean scores; dotted blue lines represent standard deviations; hollow dots 

represent statistically significant and clinically relevant differences compared to baseline.
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Table 13.3 Continued.

Fecal incontinence 5 (16) 5 (12) 4 (11) 2 (8) 2 (8) 3 (10) 0 (0)

Sore skin 7 (14) 10 (19) 11 (19) 2 (8) 4 (11) 6 (13) 6 (19)

Stool frequency 8 (11) 15 (23) 5 (8) 7 (10) 6 (10) 7 (15) 7 (11)

Embarrassment 10 (19) 10 (19) 7 (14) 10 (16) 4 (11) 3 (10) 3 (10)

Stoma care problems 8 (17) 8 (17) 0 (0) 17 (24) 33 (47) 17 (24) 17 (24)

Impotence (males) 3 (10) 15 (23) 12 (17) 8 (15) 8 (15) 13 (17) 4 (12)

Dyspareunia (females) 4 (12) 0 (0) 0 (0) 0 (0) 10 (16) 11 (19) 17 (19)

Anxiety 53 (29) 62 (33) 60 (33) 56 (32) 60 (35) 56 (30) 61 (28)

Weight 80 (33) 77 (33) 84 (23) 83 (24) 75 (31) 75 (35) 78 (36)

Body image 87 (17) 83 (23) 90 (14) 84 (22) 85 (21) 82 (25) 81 (23)

Sexual interest (males) 31 (30) 22 (26) 25 (29) 22 (24) 19 (24) 21 (25) 25 (30)

Sexual interest (females) 8 (15) 4 (12) 10 (16) 5 (13) 10 (16) 0 (0) 8 (17)

PRO patient-reported outcome; SD standard deviation.

Figure 13.2 All function scales with a statistically significant difference in scores between baseline 

and at least one subsequent time point.

Blue lines represent mean scores; dotted blue lines represent standard deviations; hollow dots 

represent statistically significant and clinically relevant differences compared to baseline.

Pain 

Compared to baseline, pain was worse one week after the first procedure (MD +29, 95% 

CI 19-40, p<.001, CD 1.49), one week after the second procedure (MD +21, 95% CI 10-33, 

p<.001, CD 0.95), and one week after the third procedure (MD +22, 95% CI 11-36, p<.001, 

CD 0.95), and was comparable to baseline four weeks after each procedure (Figure 13.3B, 

Supplementary Table 13.1).

Appetite loss 

Compared to baseline, appetite loss worsened one week after the first procedure (MD 

+15, 95% CI 4-26, p=.007, CD 0.43) and returned to baseline at subsequent time points 

(Figure 13.3C, Supplementary Table 13.1).

Diarrhea 

Compared to baseline, diarrhea worsened one week after the first procedure (MD 

+15, 95% CI 5-25, p=.002, CD 0.65) and returned to baseline at subsequent time points 

(Figure 13.3C, Supplementary Table 13.1). 

Urinary frequency 

Compared to baseline, urinary frequency worsened one week after the first procedure 

(MD +13, 95% CI 4-22, p=.004, CD 0.74) and returned to baseline at subsequent time 

points (Figure 13.3E, Supplementary Table 13.1). 
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Abdominal pain 

Compared to baseline, abdominal pain was worse one week after the first procedure 

(MD +32, 95% CI 20-43, p<.001, CD 1.58), four weeks after the first procedure (MD +19, 

95% CI 7-31, p=.003, CD 0.89), one week after the second procedure (MD +20, 95% CI 

7-33, p=.002, CD 0.86), and one week after the third procedure (MD +22, 95% CI 9-36, 

p=.002, CD 1.03), and was comparable to baseline four weeks after the second and third 

procedure (Figure 13.3F, Supplementary Table 13.1). 

Flatulence

Compared to baseline, flatulence worsened one week after the first procedure (MD +13, 

95% CI 6-21, p=.001, CD 0.56) and returned to baseline at subsequent time points (Figure 

13.3G, Supplementary Table 13.1). 

DISCUSSION

The present study showed that patients with isolated unresectable CPM receiving 

repetitive ePIPAC-OX monotherapy had worsening of several general (index value, 

physical functioning, role functioning, social functioning, C30 summary score, fatigue) 

and more specific (pain, appetite loss, diarrhea, urinary frequency, abdominal pain, 

flatulence) PROs during trial treatment. The majority of these PROs worsened one 

week after the first procedure and returned to baseline at all subsequent time points. 

Physical functioning and fatigue also worsened one week after the second procedure, 

and (abdominal) pain worsened one week after all three procedures. All worsening 

PROs (except for appetite loss) were clinically relevant, but all eventually returned to 

baseline scores four weeks after the third procedure. All other analyzed PROs did not 

change during trial treatment.

Thirteen other studies assessed PROs in patients undergoing PIPAC for peritoneal 

metastases.29-41 However, six of these specifically focused on PIPAC-cisplatin-

doxorubicin for non-colorectal primaries (ovarian cancer,29,30 gastric cancer,31,32, 

peritoneal mesothelioma33, and endometrial and breast cancer34). Six other studies,35-40 

all focusing on PIPAC with various drugs for various primaries (including oxaliplatin 

for colorectal cancer), did not report specific outcomes for (e)PIPAC-OX for CPM. 

Only one of thirteen studies specifically assessed PROs of PIPAC-OX for CPM.41 

However, this study did not report separate PROs of PIPAC-OX monotherapy and 

PIPAC-OX with concomitant systemic therapy. Altogether, results of the present study 

could not be meaningfully compared with the existing literature. Hence, the present 

study provides the first insight in PROs during repetitive (e)PIPAC-OX monotherapy 
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for isolated unresectable CPM. Results of the present study may be used to inform 

patients and physicians about the burden and side effects of ePIPAC-OX in this setting. 

Several arguments may indicate that the worsening of PROs was most likely related to 

ePIPAC-OX rather than concomitant treatments or disease progression. First, none 

of the patients in the present study received concomitant systemic therapy. Second, 

patients with disease progression did not receive further questionnaires. Third, for all 

worsening PROs, this worsening was seen one week postoperatively and not at four 

weeks postoperatively. The possibility of treatment-related worsening of PROs should 

be taken into account by physicians when proposing (e)PIPAC-OX in the palliative 

setting.

Together with the safety and feasibility report of the CRC-PIPAC trial,15 the present study 

suggests that abdominal pain is the most relevant worsening PRO after ePIPAC-OX. It 

is probably caused by a combination of local pain at trocar sites and diffuse abdominal 

pain due to chemotherapy-induced chemical peritonitis. The other worsening 

gastrointestinal symptoms (i.e. appetite loss, diarrhea, flatulence) may be a result of 

local chemotherapy-induced changes in gastrointestinal motility. The combination of 

these worsening symptoms, the (toxicity of) the relevant systemic oxaliplatin uptake 

after (e)PIPAC-OX,42,43 and the effects of general anesthesia could have led to the 

observed worsening of more general PROs such as fatigue or physical functioning. The 

role of electrostatic precipitation and the concomitant administration of intravenous 

5-fluorouracil with leucovorin in observed PROs and side effects are currently unknown 

and may be subject of future research.

While the present study assessed ePIPAC-OX monotherapy, several PIPAC centers 

regularly offer (e)PIPAC-OX with concomitant systemic therapy with the aim to 

maximize intraperitoneal disease control.13 Three six-weekly cycles of first-line systemic 

chemotherapy and bevacizumab followed by ePIPAC-OX (i.e. bidirectional treatment) 

are currently investigated in 20 patients with isolated unresectable CPM in an ongoing, 

multicenter, single-arm phase 2 trial (CRC-PIPAC-2, Netherlands Trial Register NL8303). 

In this trial, PROs (calculated from EQ-5D-5L, EORTC QLQ-C30, and EORTC QLQ-CR29) 

are explored after the first six weeks of first-line palliative systemic therapy (before 

the first ePIPAC-OX) and one and four weeks after each ePIPAC-OX. Although the 

population of CRC-PIPAC-2 slightly differs from the population of the present study 

(which also included patients in later lines of palliative treatment), CRC-PIPAC-2 may 

increase insight in the difference in PROs between bidirectional treatment and (e)

PIPAC-OX monotherapy. Three other single-arm trials are currently assessing PROs 

during or after (e)PIPAC-OX for unresectable CPM (Clinicaltrials.gov NCT03172416,44 

NCT03287375,45 NCT03868228). The international PIPAC registry (Clinicaltrials.gov 
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NCT03210298), which also analyzes EORTC QLQ-C30, may provide further insight in 

real-world PROs outside of clinical trials. Results of the CRC-PIPAC trial, ongoing trials, 

and the international PIPAC registry may be used to design future randomized trials to 

determine the role of (e)PIPAC-OX in the treatment of patients with isolated (initially) 

unresectable CPM. If PROs will be used as a primary endpoint, results of the present 

study and ongoing trials may be used to choose the most appropriate PROs and may 

serve as a basis for sample size calculations.

The small sample size was the main limitation of the present explorative study. A 

larger sample size may have detected statistically significant fluctuations in PROs that 

could have been clinically relevant. Furthermore, while questionnaire response rates 

were high, trial treatment was stopped before the second procedure in four of twenty 

patients, and before the third procedure in an additional three patients. Although 

inevitable in trials including patients with a very poor prognosis, this drop-out reduced 

the statistical power of comparisons of baseline scores with scores after the second and 

third procedure. Nevertheless, despite the small sample size, linear mixed modeling 

analyses allowed for detection of both statistically significant and clinically relevant 

findings.

CONCLUSIONS

Patients receiving repetitive ePIPAC-OX monotherapy for isolated unresectable CPM 

in the CRC-PIPAC trial had clinically relevant but reversible worsening of several PROs 

during trial treatment, mainly one week after the first procedure. Results of the present 

study may be used to inform patients about the burden of (e)PIPAC-OX, should be taken 

into account by physicians when proposing (e)PIPAC-OX in the palliative setting, and 

could help designing future PRO-focused randomized trials to determine the role of (e)

PIPAC-OX in the palliative treatment of unresectable CPM.



290   |   Chapter 13

REFERENCES

1. van der Geest LG, Lam-Boer J, Koopman M, et al. Nationwide trends in incidence, treatment, 

and survival of colorectal cancer patients with synchronous metastases. Clin Exp Metastasis 

2015;32:457-465.

2. van Gestel YR, Thomassen I, Lemmens VE, et al. Metachronous peritoneal carcinomatosis after 

curative treatment of colorectal cancer. Eur J Surg Oncol 2014;40:963-969.

3. Razenberg LG, Lemmens VE, Verwaal VJ, et al. Challenging the dogma of colorectal peritoneal 

metastases as an untreatable condition: results of a population-based study. Eur J Cancer 

2016;65:113-120.

4. Quere P, Facy O, Manfredi S, et al. Epidemiology, management, and survival of peritoneal 

carcinomatosis from colorectal cancer: a population-based study. Dis Colon Rectum 2015;58:743-

752.

5. Dedrick RL, Myers CE, Bungay PM, et al. Pharmacokinetic rationale for peritoneal drug 

administration in the treatment of ovarian cancer. Cancer Treat Rep 1978;62:1-11.

6. Dedrick RL, Flessner MF. Pharmacokinetic problems in peritoneal drug administration: tissue 

penetration and surface exposure. J Natl Cancer Inst 1997;89:480-487.

7. Markman M. Intraperitoneal antineoplastic drug delivery: rationale and results. Lancet Oncol 

2003;4:277-283.

8. Solass W, Hetzel A, Nadiradze G, et al. Description of a novel approach for intraperitoneal drug 

delivery and the related device. Surg Endosc 2012;26:1849-1855.

9. Solass W, Herbette A, Schwarz T, et al Therapeutic approach of human peritoneal carcinomatosis 

with Dbait in combination with capnoperitoneum: proof of concept. Surg Endosc 2012;26:847-852. 

10. Blanco A, Giger-Pabst U, Solass W, et al. Renal land hepatic toxicities after pressurized 

intraperitoneal aerosol chemotherapy (PIPAC). Ann Surg Oncol 2013;20:2311-2316. 

11. Solass W, Kerb R, Mürdter T, et al. Intraperitoneal chemotherapy of peritoneal carcinomatosis using 

pressurized aerosol as an alternative to liquid solution: first evidence for efficacy. Ann Surg Oncol 

2014;21:553-559. 

12. Alyami M, Hübner M, Grass F, et al. Pressurised intraperitoneal aerosol chemotherapy: rationale, 

evidence, and potential indications. Lancet Oncol 2019;20:e368-e377.

13. Sgarbura O, Villeneuve L, Alyami M, et al. Current practice of pressurized intraperitoneal aerosol 

chemotherapy (PIPAC): still standardized or on the verge of diversification? Eur J Surg Oncol 

2021;47:149-156. 

14. Rovers KP, Lurvink RJ, Wassenaar EC, et al. Repetitive electrostatic pressurised intraperitoneal 

aerosol chemotherapy (ePIPAC) with oxaliplatin as a palliative monotherapy for isolated 

unresectable colorectal peritoneal metastases: protocol of a Dutch, multicentre, open-label, single-

arm, phase II study (CRC-PIPAC) BMJ Open 2019;9:e030408.

15. Rovers KP, Wassenaar EC, Lurvink RJ, et al. Pressurized intraperitoneal aerosol chemotherapy 

(oxaliplatin) for unresectable colorectal peritoneal metastases: a multicenter, single-arm, phase 

II trial (CRC-PIPAC). Ann Surg Oncol 2021;28:5311-5326.

16. Nowacki M, Alyami M, Villeneuve L, et al. Multicenter comprehensive methodological and 

technical analysis of 832 pressurized intraperitoneal aerosol chemotherapy (PIPAC) interventions 

performed in 349 patients for peritoneal carcinomatosis treatment: an international survey study. 

Eur J Surg Oncol 2018;44:991-996. 



PROs of PIPAC-OX for unresectable CPM   |   291

13

17. Elias D, Bonnay M, Puizillou JM, et al. Heated intra-operative intraperitoneal oxaliplatin after 

complete resection of peritoneal carcinomatosis: pharmacokinetics and tissue distribution. Ann 

Oncol 2002;13:267-272.

18. Kakchekeeva T, Demtröder C, Herath NI, et al. In vivo feasibility of electrostatic precipitation 

as an adjunct to pressurized intraperitoneal aerosol chemotherapy (ePIPAC). Ann Surg Oncol 

2016;23:592-598.

19. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in solid tumours: 

revised RECIST guideline (version 1.1). Eur J Cancer 2009;45:228-247. 

20. Herdman M, Gudex C, Lloyd A, et al. Development and preliminary testing of the new five-level 

version of EQ-5D (EQ-5D-5L). Qual Life Res 2011;20:1727-1736. 

21. Aaronson NK, Ahmedzai S, Bergman B, et al. The European Organization for Research and 

Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in international clinical trials 

in oncology. J Natl Cancer Inst 1993;85:365-376.

22. Stiggelbout AM, Kunneman M, Baas-Thijssen MC, et al. The EORTC QLQ-CR29 quality of life 

questionnaire for colorectal cancer: validation of the Dutch version. Qual Life Res 2016;25:1853-

1858. 

23. EuroQol Research Foundation. EQ-5D-5L User Guide, 2019.

24. Fayers PM, Aaronson NK, Bjordal K, et al. The EORTC QLQ-C30 Scoring Manual (3rd Edition). 

European Organisation for Research and Treatment of Cancer, Brussels, 2001.

25. Whistance RN, Conroy T, Chie W, et al. Clinical and psychometric validation of the EORTC QLQ-

CR29 questionnaire module to assess health-related quality of life. Eur J Cancer 2009;45:3017-3026. 

26. van Hout B, Janssen MF, Feng YS, et al. Interim scoring for the EQ-5D-5L: mapping the EQ-5D-5L 

to EQ-5D-3L value sets. Value Health 2012;15:708-715.

27. Demtröder C, Solass W, Zieren J, et al. Pressurized intraperitoneal aerosol chemotherapy with 

oxaliplatin in colorectal peritoneal metastasis. Colorectal Dis 2016;18:364-371.

28. Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in health-related quality of life: the 

remarkable universality of half a standard deviation. Med Care 2003;41:582-592.

29. Tempfer CB, Winnekendonk G, Solass W, et al. Pressurized intraperitoneal aerosol chemotherapy 

in women with recurrent ovarian cancer: a phase 2 study. Gynecol Oncol 2015;137:223-228.

30. Tempfer CB, Rezniczek GA, Ende P, et al. Pressurized intraperitoneal aerosol chemotherapy with 

cisplatin and doxorubicin in women with peritoneal carcinomatosis: a cohort study. Anticancer Res 

2015;35:6723-6729.

31. Gockel I, Jansen-Winkeln B, Haase L, et al. Pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) in gastric cancer patients with peritoneal metastasis (PM): results of a single-center 

experience and register study. J Gastric Cancer 2018;18:379-391.

32. Struller F, Horvath P, Solass W, et al. Pressurized intraperitoneal aerosol chemotherapy with 

low-dose cisplatin and doxorubicin (PIPAC C/D) in patients with gastric cancer and peritoneal 

metastasis: a phase II study. Ther Adv Med Oncol 2019;11:1758835919846402.

33. Giger-Pabst U, Demtröder C, Falkenstein TA, et al. Pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) for the treatment of malignant mesothelioma. BMC Cancer 2018;18:442.

34. Rezniczek GA, Giger-Pabst U, Thaher O, et al. Pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) for rare gynecologic indications: peritoneal metastases from breast and endometrial 

cancer. BMC Cancer 2020;20:1122.

35. Odendahl K, Solass W, Demtröder C, et al. Quality of life of patients with end-stage peritoneal 

metastasis treated with pressurized intraperitoneal aerosol chemotherapy (PIPAC). Eur J Surg 

Oncol 2015;41:1379-1385.



292   |   Chapter 13

36. Robella M, Vaira M, de Simone M. Safety and feasibility of pressurized intraperitoneal aerosol 

chemotherapy (PIPAC) associated with systemic chemotherapy: an innovative approach to treat 

peritoneal carcinomatosis. World J Surg Oncol 2016;14:128.

37. Teixeira Farinha H, Grass F, Kefleyesus A, et al. Impact of pressurized intraperitoneal aerosol 

chemotherapy on quality of life and symptoms in patients with peritoneal carcinomatosis: a 

retrospective cohort study. Gastroenterol Res Pract 2017;2017:4596176.

38. Graversen M, Detlefsen S, Bjerregaard JK, et al. Prospective, single-center implementation and 

response evaluation of pressurized intraperitoneal aerosol chemotherapy (PIPAC) for peritoneal 

metastasis. Ther Adv Med Oncol 2018;10:1758835918777036.

39. de Simone M, Vaira M, Argenziano M, et al. Pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) with oxaliplatin, cisplatin, and doxorubicin in patients with peritoneal carcinomatosis: an 

open-label, single-arm, phase II clinical trial. Biomedicines 2020;8:102.

40. Taibi A, Teixeira Farinha H, Durand Fontanier S, et al. Pressurized intraperitoneal aerosol 

chemotherapy enhanced by electrostatic precipitation (ePIPAC) for patients with peritoneal 

metastases. Ann Surg Oncol 2021;28:3852-3860.

41. Tabchouri N, Buggisch J, Demtroder CR, et al. Pressurized intraperitoneal aerosol chemotherapy 

for colorectal peritoneal metastases. Ann Surg Oncol 2021;28:5275-5286.

42. Lurvink RJ, Tajzai R, Rovers KP, et al. Systemic pharmacokinetics of oxaliplatin after intraperitoneal 

administration by electrostatic pressurized intraperitoneal aerosol chemotherapy (ePIPAC) in 

patients with unresectable colorectal peritoneal metastases in the CRC-PIPAC trial. Ann Surg Oncol 

2021;28:265-272.

43. Dumont F, Passot C, Raoul JL, et al. A phase I dose-escalation study of oxaliplatin delivered via 

a laparoscopic approach using pressurised intraperitoneal aerosol chemotherapy for advanced 

peritoneal metastases of gastrointestinal tract cancers. Eur J Cancer 2020;140:37-44.

44. Kim G, Tan HL, Chen E, et al. Study protocol: phase 1 dose escalating study of pressurized intra-

peritoneal aerosol chemotherapy (PIPAC) with oxaliplatin in peritoneal metastasis. Pleura 

Peritoneum 2018;3:20180118.

45. Graversen M, Detlefsen S, Asmussen J, et al. Treatment of peritoneal carcinomatosis with pressurized 

intraperitoneal aerosol chemotherapy – PIPAC-OPC2. Pleura Peritoneum 2018;3:20180108. 







Chapter 14

van ‘t Erve I, Rovers KP, Constantinides A, et al. 

J Pathol Clin Res 2021;7:203-208. 

Detection of tumor-derived 
cell-free DNA from colorectal 

cancer peritoneal metastases in 
plasma and peritoneal fluid



ABSTRACT

Tumor-derived cell-free DNA (cfDNA) is an emerging biomarker for guiding the 

personalized treatment of patients with metastatic colorectal cancer (CRC). While 

patients with CRC liver metastases (CRC-LM) have relatively high levels of plasma 

cfDNA, little is known about patients with CRC peritoneal metastases (CRC-PM). 

This study evaluated the presence of tumor-derived cfDNA in plasma and peritoneal 

fluid (i.e. ascites or peritoneal washing) in 20 patients with isolated CRC-PM and in 

the plasma of 100 patients with isolated CRC-LM. Among tumor tissue KRAS/BRAF 

mutation carriers, tumor-derived cfDNA was detected by droplet digital polymerase 

chain reaction (ddPCR) in plasma of 93% of CRC-LM and 20% of CRC-PM patients and in 

peritoneal fluid in all CRC-PM patients. Mutant allele fraction (MAF) and mutant copies 

per ml (MTc/ml) were lower in CRC-PM plasma than in CRC-LM plasma (median MAF 

= 0.28% versus 18.9%, p<0.0001; median MTc/ml = 21 versus 1758, p<0.0001). Within 

patients with CRC-PM, higher cfDNA levels were observed in peritoneal fluid than in 

plasma (median MAF = 16.4% versus 0.28%, p=0.0019; median MTc/ml = 305 versus 21, 

p=0.0034). These data imply that tumor-derived cfDNA in plasma is a poor biomarker to 

monitor CRC-PM. Instead, cfDNA detection in peritoneal fluid may offer an alternative 

to guide CRC-PM treatment decisions.
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INTRODUCTION

The peritoneum is a common and underdiagnosed metastatic site of colorectal 

cancer (CRC).1-3 Although patients with CRC peritoneal metastases (CRC-PM) have a 

poor prognosis,1,2 those with limited disease could achieve long-term survival or cure 

after peritoneal cytoreductive surgery with or without hyperthermic intraperitoneal 

chemotherapy.4 However, due to the extent of the disease, the majority of patients 

with peritoneal metastases receive systemic treatment instead.5,6 When systemic 

treatment is offered, treatment response evaluation may be impeded by poor visibility 

of peritoneal metastases on radiological imaging.7 Therefore, there is a clinical need 

to detect peritoneal spread earlier and monitor treatment response better in patients 

with CRC-PM. In general, tumor-derived cell-free DNA (cfDNA) in plasma has great 

potential for tumor detection and monitoring of response to (targeted) therapies.8 Yet, 

clinical implementation requires thorough validation for each specific clinical need. 

While patients with CRC liver metastases (CRC-LM) are known to have relatively high 

levels of tumor-derived cfDNA in plasma, little is known about cfDNA levels in patients 

with CRC-PM.9,10 Therefore, the present study compared plasma cfDNA levels between 

patients with extensive isolated CRC-PM and patients with extensive isolated CRC-LM. 

Moreover, proximal fluids derived from the extracellular surroundings of tissue have been 

shown to be a useful liquid biopsy source of cfDNA, e.g. cerebrospinal fluid for brain cancer11 

and cerebrospinal fluid, pleural effusion, and ascites for non-small-cell lung cancer and 

melanoma patients.12 More recently, peritoneal fluid was reported as a suitable liquid biopsy 

source for the detection of tumor-derived cfDNA for peritoneal surface malignancies.13 

These studies illustrate the feasibility and indicate the putative clinical potential of using 

peritoneal fluid or ascites as a liquid biopsy source to detect tumor-derived cfDNA. However, 

direct comparison of the detection of tumor-derived cfDNA in peritoneal fluid or ascites to 

plasma in patients with isolated CRC-PM has not been reported. In the present study, tumor-

derived cfDNA levels were also compared between peritoneal fluid and plasma in patients 

with CRC-PM to explore peritoneal fluid as a potential source of cfDNA in this patient group.

MATERIALS AND METHODS

Summary

Blood from patients with histologically proven CRC with isolated, initially unresectable 

liver metastases was collected in the multicenter CAIRO5 trial (NCT02162563).14 Blood 

and peritoneal fluid were obtained from patients with histologically proven isolated 

and unresectable CRC-PM, participating in the CRC-PIPAC trial (NCT03246321).15 
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Both trials were approved by a medical ethical committee, and all patients signed 

written informed consent for study participation, as well as liquid biopsy and tumor 

tissue collection for translational research. The liquid biopsies (i.e. blood and 

peritoneal fluid) were collected prior to study treatment and processed and stored 

centrally. Peritoneal fluid (i.e. ascites or a peritoneal washing with saline if ascites 

was not present) in the CRC-PIPAC trial was obtained during the initial laparoscopy. 

Mutation analysis of tumor tissue was performed in all enrolled patients. Patients were 

selected for cfDNA analysis when KRAS or BRAF mutations were found in their tumor 

tissue. cfDNA from plasma and peritoneal fluid was isolated using the QIAsymphony 

(Qiagen, Düsseldorf, Germany) and analyzed by droplet digital polymerase chain 

reaction (ddPCR; Bio-Rad, Hercules, CA, USA). Levels of cfDNA were measured and 

presented as mutant allele fraction (MAF) and mutant copies per ml input (MTc/ml) 

and compared between groups using a Mann–Whitney U-test with a two-sided p-value 

of 0.05 as a cut-off for significance.

Supplementary Methods

Subjects

Blood was collected between February 2015 and September 2018 from 100 patients 

with extensive CRC-LM participating in the CAIRO5 multi-center clinical trial. 

Patients with a histologically and radiologically proven colorectal cancer with 

initially unresectable isolated liver metastases that were previously untreated were 

included in this study. Blood and peritoneal fluid were obtained between October 

2017 and December 2018 from 20 patients with extensive CRC-PM (Peritoneal 

Cancer Index >20) participating in the CRC-PIPAC trial in two Dutch tertiary referral 

hospitals. Patients with a histologically and radiologically proven colorectal cancer 

and initially unresectable isolated peritoneal metastases, not previously treated 

with pressurized intraperitoneal aerosol chemotherapy (PIPAC), were included in 

this study. Patients in both studies had a WHO performance status of 0 or 1 and no 

contraindication for the planned intervention. 

Tumor tissue mutation analyses

In the CAIRO5 trial, the KRAS/BRAF tumor tissue mutation status of the CRC-LM was 

assessed on formalin-fixed paraffin embedded material of the primary tumor or a liver 

metastasis as part of the trial protocol. In the CRC-PIPAC trial, the KRAS/BRAF tumor 

tissue mutation analysis of the primary tumor was extracted from pathology reports. 

Additionally, CRC-PM were biopsied and formalin-fixed paraffin-embedded prior to 

study treatment as part of the CRC-PIPAC trial protocol. DNA of these samples was 

isolated from five to ten 10 μm slides, using the Qiagen AllPrep DNA/RNA/miRNA 

Universal kit (Qiagen, Düsseldorf, Germany). Subsequently, the KRAS and BRAF 
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mutation status was assessed by Sequenom MassARRAY (Agena Bioscience, Hamburg, 

Germany) using a small multigene panel following the standard diagnostics workflow. 

The panel consisted of 67 hotspots in 8 genes (KRAS, NRAS, BRAF, PIK3CA, MAP2K1, 

AKT, DDR2, EGFR). 

Collection, processing, and storage of liquid biopsies

In both trials, blood was collected after trial enrolment and prior to study treatment 

in the hospital of enrolment using 10 ml cell-free DNA BCT® tubes (Streck, La Vista, 

USA). Collected blood samples were shipped to the Netherlands Cancer Institute, 

Amsterdam, the Netherlands. Here, plasma was obtained after a two-step centrifugation 

process (10 minutes at 1700g followed by 10 minutes at 20.000g) and stored at -80°C until 

further processing. In the CRC-PIPAC trial, the peritoneal fluid was obtained during the 

initial laparoscopy, before administration of the intraperitoneal chemotherapy. When 

ascites was present, it was completely evacuated and 5 ml of ascites was collected 

in Nunc®  CryoTubes® (Merck, Darmstadt, Germany). Approximately 20 minutes 

after collection, the ascites was centrifuged two times 5 minutes at 420g before the 

supernatant was snap frozen and stored at -80°C until further processing. When ascites 

was absent, a peritoneal washing was performed by rinsing the abdominal cavity with 

50 ml 0.9% NaCl, after which 5 ml of the collected peritoneal washing was processed 

identically to the ascites.

Isolation of cfDNA

A total of 60 μl of cell-free DNA (cfDNA) of every sample of plasma and peritoneal fluid 

was isolated using the QIAsymphony (Qiagen, Düsseldorf, Germany) and stored at 4°C 

until analysis. Concentration of the cfDNA was measured using the Qubit™ dsDNA High-

Sensitivity Fluorometer Kit (TFS, Waltham, USA), and ranged from 0.12 to 36.6 ng/μl.

Mutation analysis of cfDNA

Mutation analysis of cfDNA was performed by droplet digital PCR (Bio-Rad, Hercules, 

USA) using the ddPCR™  KRAS G12/13, KRAS Q61 or BRAF V600 Screening Kits 

according to the manufacturer’s instructions. All measurements were performed in 

duplicate and included a blank (nuclease free water) and an in-house positive control. 

Data were analyzed using the QuantaSoftTM software version 1.6.6 (Bio-Rad, Hercules, 

USA). Individual wells with less than 10.000 total events (droplets) were excluded from 

the analysis. The limit of detection was determined based on the limit of blank, adjusting 

the outcome according to a predefined ratio of false positive mutants found in wildtype 

samples. For the mutant cases, mutant allele fraction (MAF) and mutant copies per ml 

input (MTc/ml) were assessed. 
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Statistical analyses

Based on normality testing, data were presented as mean and standard deviation or as 

median with the corresponding minimum to maximum range. The number of patients 

with detectable plasma cfDNA mutations was compared between groups using a chi-

square test. The MAF and MTc/ml plasma cfDNA levels were compared across groups 

using a Mann-Whitney-U test. Statistical analyses were performed with Prism version 

8 (GraphPad Software, Inc., USA), with a two-sided p-value of 0.05 as a cut-off value for 

significance.

RESULTS

To investigate tumor-derived cfDNA using sensitive and validated PCR-based assays, 

we focused on the detection of KRAS and BRAF mutations. Of 100 patients with isolated 

CRC-LM (Table 14.1), 57 (57%) had a KRAS or BRAF tumor tissue mutation (Table 14.2). 

Of these, 46 (81%) had synchronous metastases and 32 (56%) had an unresected 

primary tumor at the time of liquid biopsy collection. Of 20 patients with isolated CRC-

PM (Table 14.1), 11 (55%) had a KRAS or BRAF tumor tissue mutation and were selected 

for cfDNA analysis (Table 14.3). Of these, seven (64%) had synchronous metastases with 

an unresected primary tumor at the time of liquid biopsy collection.

Among the patients with a KRAS/BRAF tumor tissue mutation, KRAS/BRAF mutations 

were detected in plasma cfDNA in 93% of patients with CRC-LM compared to 20% 

of patients with CRC-PM (p<0.0001; Figure 14.1). In contrast, these mutations could be 

detected in all available peritoneal fluid samples from the same CRC-PM patients (Figure 

14.1). Both the MAF and MTc/ml plasma cfDNA values were lower in patients with CRC-

PM than in patients with CRC-LM (median [range] MAF: 0.28% [0.12–0.92%] versus 

18.9% [0.06–85.3%], p<0.0001; MTC/ml: 21 [7–37] versus 1758 [3–432.563], p<0.0001; 

Figure 14.2). In patients with CRC-PM, both the MAF and MTc/ml cfDNA values were 

higher in peritoneal fluid than in plasma (median [range] MAF: 16.4% [1.56–46.1%] 

versus 0.28 [0.12–0.92%], p<0.0001; MTc/ml: 305 [36–8947] versus 21 [7–37], p<0.0001; 

Figure 14.2).
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Table 14.1 Baseline characteristics of patients with isolated CRC-LM enrolled in the CAIRO5 trial and 

patients with isolated CRC-PM enrolled in the CRC-PIPAC trial.

Baseline characteristics

Characteristic CRC-LM cohort

(n=100)

CRC-PM cohort

(n=20)

Sex, n (%)

Male 64 (64) 12 (60)

Female 36 (36) 8 (40)

Age in years, mean (SD) 60 (10) 63 (10)

Primary tumor, n (%)

Resected 45 (45) 6 (30)

Unresected 55 (55) 14 (70)

Metastases, n (%)

Synchronous 82 (82) 15 (75)

Metachronous 18 (18) 5 (25)

Source of tumor tissue mutation analysis, n (%)

Primary tumor 91 (91) 5 (25)

Metastases 9 (9) 2 (10)

Both 0 (0) 13 (65)

Tumor tissue mutation, n (%)

KRAS 54 (54) 9 (45)

BRAF 3 (3) 2 (10)

None 43 (43) 9 (45)

Systemic therapy <6 months prior to enrolment, n (%)

Yes 0 (0) 11 (55)

No 100 (100) 9 (45)

CRC-LM colorectal cancer liver metastases; CRC-PM colorectal cancer peritoneal metastases. 



302   |   Chapter 14

Table 14.2 Overview of individual patients with isolated CRC-LM with a KRAS or BRAF mutation in 

tumor tissue.

Overview of CRC-LM patients with a KRAS or BRAF tumor tissue mutation

ID CRC-LM Primary tumor 

resected

Source of tumor tissue 

mutation analysis

KRAS/BRAF

tumor tissue mutation

Bio-Rad screening Kit Mutation in plasma cfDNA Plasma MAF (%) Plasma MTc/ml

1 Synchronous Yes Primary tumor KRAS A146T #10049550 Yes 51,12 144683

2 Synchronous Yes Primary tumor KRAS G12A #1863506 Yes 11,48 418

3 Synchronous Yes Primary tumor KRAS Q61H #12001626 Yes 1,65 79

4 Synchronous Yes Primary tumor BRAF V600E #12001037 Yes 24,00 4644

5 Synchronous No Primary tumor KRAS G12V #1863506 Yes 37,98 34203

6 Synchronous Yes Primary tumor BRAF V600E #12001037 Yes 0,31 15

7 Synchronous No Primary tumor KRAS G12D #1863506 Yes 18,88 26313

8 Synchronous No Primary tumor BRAF V600E #12001037 Yes 10,83 586

9 Synchronous Yes Primary tumor KRAS G12D #1863506 No  - - 

10 Synchronous No Primary tumor KRAS G12V #1863506 Yes 33,59 4199

11 Synchronous No Primary tumor KRAS G12D #1863506 Yes 35,21 12905

12 Synchronous No Primary tumor KRAS A146T #10049550 Yes 43,75 70483

13 Synchronous No CLM KRAS G12C #1863506 Yes 53,12 103847

14 Metachronous Yes Primary tumor KRAS G12C #1863506 Yes 1,15 48

15 Synchronous Yes Primary tumor KRAS G12V #1863506 Yes 55,10 9569

16 Synchronous No Primary tumor KRAS G12C #1863506 Yes 30,04 69456

17 Synchronous No Primary tumor KRAS G12C #1863506 Yes 56,69 2894

18 Metachronous Yes Primary tumor KRAS G12V #1863506 Yes 1,78 185

19 Metachronous Yes Primary tumor KRAS G13D #1863506 Yes 0,41 18

20 Synchronous No Primary tumor KRAS G12A #1863506 Yes 41,39 51438

21 Synchronous No Primary tumor KRAS G12C #1863506 No  - - 

22 Metachronous Yes Primary tumor KRAS Q61L #12001626 Yes 1,18 30

23 Synchronous Yes Primary tumor KRAS Q61R #12001626 Yes 20,73 49

24 Metachronous Yes Primary tumor KRAS G13A #1863506 Yes 1,84 124

25 Synchronous No CLM KRAS A146T #10049550 Yes 78,62 127859

26 Synchronous No Primary tumor KRAS A146T #10049550 Yes 72,85 201346

27 Synchronous No Primary tumor KRAS G12V #1863506 Yes 6,35 165

28 Synchronous No CLM KRAS A146T #10049550 Yes 85,29 432563

29 Synchronous No Primary tumor KRAS G12D #1863506 Yes 1,53 55

30 Synchronous Yes Primary tumor KRAS G12D #1863506 Yes 47,83 98046

31 Synchronous No Primary tumor KRAS G12D #1863506 No  - - 

32 Synchronous No Primary tumor KRAS G12S #1863506 Yes 19,93 622

33 Synchronous No Primary tumor KRAS G12D #1863506 Yes 32,69 37832

34 Synchronous No Primary tumor KRAS G12A #1863506 Yes 34,80 9321
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Table 14.2 Overview of individual patients with isolated CRC-LM with a KRAS or BRAF mutation in 

tumor tissue.

Overview of CRC-LM patients with a KRAS or BRAF tumor tissue mutation

ID CRC-LM Primary tumor 

resected

Source of tumor tissue 

mutation analysis

KRAS/BRAF

tumor tissue mutation

Bio-Rad screening Kit Mutation in plasma cfDNA Plasma MAF (%) Plasma MTc/ml

1 Synchronous Yes Primary tumor KRAS A146T #10049550 Yes 51,12 144683

2 Synchronous Yes Primary tumor KRAS G12A #1863506 Yes 11,48 418

3 Synchronous Yes Primary tumor KRAS Q61H #12001626 Yes 1,65 79

4 Synchronous Yes Primary tumor BRAF V600E #12001037 Yes 24,00 4644

5 Synchronous No Primary tumor KRAS G12V #1863506 Yes 37,98 34203

6 Synchronous Yes Primary tumor BRAF V600E #12001037 Yes 0,31 15

7 Synchronous No Primary tumor KRAS G12D #1863506 Yes 18,88 26313

8 Synchronous No Primary tumor BRAF V600E #12001037 Yes 10,83 586

9 Synchronous Yes Primary tumor KRAS G12D #1863506 No  - - 

10 Synchronous No Primary tumor KRAS G12V #1863506 Yes 33,59 4199

11 Synchronous No Primary tumor KRAS G12D #1863506 Yes 35,21 12905

12 Synchronous No Primary tumor KRAS A146T #10049550 Yes 43,75 70483

13 Synchronous No CLM KRAS G12C #1863506 Yes 53,12 103847

14 Metachronous Yes Primary tumor KRAS G12C #1863506 Yes 1,15 48

15 Synchronous Yes Primary tumor KRAS G12V #1863506 Yes 55,10 9569

16 Synchronous No Primary tumor KRAS G12C #1863506 Yes 30,04 69456

17 Synchronous No Primary tumor KRAS G12C #1863506 Yes 56,69 2894

18 Metachronous Yes Primary tumor KRAS G12V #1863506 Yes 1,78 185

19 Metachronous Yes Primary tumor KRAS G13D #1863506 Yes 0,41 18

20 Synchronous No Primary tumor KRAS G12A #1863506 Yes 41,39 51438

21 Synchronous No Primary tumor KRAS G12C #1863506 No  - - 

22 Metachronous Yes Primary tumor KRAS Q61L #12001626 Yes 1,18 30

23 Synchronous Yes Primary tumor KRAS Q61R #12001626 Yes 20,73 49

24 Metachronous Yes Primary tumor KRAS G13A #1863506 Yes 1,84 124

25 Synchronous No CLM KRAS A146T #10049550 Yes 78,62 127859

26 Synchronous No Primary tumor KRAS A146T #10049550 Yes 72,85 201346

27 Synchronous No Primary tumor KRAS G12V #1863506 Yes 6,35 165

28 Synchronous No CLM KRAS A146T #10049550 Yes 85,29 432563

29 Synchronous No Primary tumor KRAS G12D #1863506 Yes 1,53 55

30 Synchronous Yes Primary tumor KRAS G12D #1863506 Yes 47,83 98046

31 Synchronous No Primary tumor KRAS G12D #1863506 No  - - 

32 Synchronous No Primary tumor KRAS G12S #1863506 Yes 19,93 622

33 Synchronous No Primary tumor KRAS G12D #1863506 Yes 32,69 37832

34 Synchronous No Primary tumor KRAS G12A #1863506 Yes 34,80 9321
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Table 14.2 Continued.

Overview of CRC-LM patients with a KRAS or BRAF tumor tissue mutation

ID CRC-LM Primary tumor 

resected

Source of tumor tissue 

mutation analysis

KRAS/BRAF

tumor tissue mutation

Bio-Rad screening Kit Mutation in plasma cfDNA Plasma MAF (%) Plasma MTc/ml

35 Metachronous Yes Primary tumor KRAS G12V #1863506 Yes 25,30 5218

36 Synchronous No CLM KRAS G12V #1863506 Yes 35,46 13909

37 Synchronous No Primary tumor KRAS G12V #1863506 Yes 0,73 17

38 Synchronous No Primary tumor KRAS G12D #1863506 Yes 5,02 115

39 Synchronous No Primary tumor KRAS G13D #1863506 Yes 43,84 25553

40 Synchronous Yes Primary tumor KRAS G12D #1863506 No  - - 

41 Synchronous Yes Primary tumor KRAS G12V #1863506 Yes 13,18 969

42 Synchronous No Primary tumor KRAS EXON2 #1863506 Yes 29,77 2624

43 Metachronous Yes CLM KRAS G12V #1863506 Yes 2,10 110

44 Synchronous No CLM KRAS G12V #1863506 Yes 25,61 7073

45 Synchronous No Primary tumor KRAS A146T #10049550 Yes 11,20 1758

46 Synchronous No Primary tumor KRAS G12D #1863506 Yes 21,94 2794

47 Synchronous No Primary tumor KRAS A146T #10049550 Yes 0,09 7

48 Synchronous No Primary tumor KRAS G12A #1863506 Yes 58,58 14363

49 Synchronous Yes Primary tumor KRAS G12S #1863506 Yes 24,86 6402

50 Synchronous Yes Primary tumor KRAS G12V #1863506 Yes 6,83 320

51 Metachronous Yes Primary tumor KRAS G12D #1863506 Yes 10,72 600

52 Metachronous Yes Primary tumor KRAS G12D #1863506 Yes 1,35 61

53 Synchronous No Primary tumor KRAS G12A #1863506 Yes 15,92 812

54 Metachronous Yes Primary tumor KRAS G12R #1863506 Yes 17,42 1798

55 Metachronous Yes Primary tumor KRAS EXON4 #10049550 Yes 0,06 3

56 Synchronous Yes CLM KRAS G12V #1863506 Yes 1,94 100

57 Synchronous No Primary tumor KRAS A146T #10049550 Yes 68,33 9510

CRC-LM colorectal cancer liver metastases; cfDNA cell-free tumor DNA; MAF mutant allele 

frequency; MTc/ml mutant copies per ml input.
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Table 14.2 Continued.

Overview of CRC-LM patients with a KRAS or BRAF tumor tissue mutation

ID CRC-LM Primary tumor 

resected

Source of tumor tissue 

mutation analysis

KRAS/BRAF

tumor tissue mutation

Bio-Rad screening Kit Mutation in plasma cfDNA Plasma MAF (%) Plasma MTc/ml

35 Metachronous Yes Primary tumor KRAS G12V #1863506 Yes 25,30 5218

36 Synchronous No CLM KRAS G12V #1863506 Yes 35,46 13909

37 Synchronous No Primary tumor KRAS G12V #1863506 Yes 0,73 17

38 Synchronous No Primary tumor KRAS G12D #1863506 Yes 5,02 115

39 Synchronous No Primary tumor KRAS G13D #1863506 Yes 43,84 25553

40 Synchronous Yes Primary tumor KRAS G12D #1863506 No  - - 

41 Synchronous Yes Primary tumor KRAS G12V #1863506 Yes 13,18 969

42 Synchronous No Primary tumor KRAS EXON2 #1863506 Yes 29,77 2624

43 Metachronous Yes CLM KRAS G12V #1863506 Yes 2,10 110

44 Synchronous No CLM KRAS G12V #1863506 Yes 25,61 7073

45 Synchronous No Primary tumor KRAS A146T #10049550 Yes 11,20 1758

46 Synchronous No Primary tumor KRAS G12D #1863506 Yes 21,94 2794

47 Synchronous No Primary tumor KRAS A146T #10049550 Yes 0,09 7

48 Synchronous No Primary tumor KRAS G12A #1863506 Yes 58,58 14363

49 Synchronous Yes Primary tumor KRAS G12S #1863506 Yes 24,86 6402

50 Synchronous Yes Primary tumor KRAS G12V #1863506 Yes 6,83 320

51 Metachronous Yes Primary tumor KRAS G12D #1863506 Yes 10,72 600

52 Metachronous Yes Primary tumor KRAS G12D #1863506 Yes 1,35 61

53 Synchronous No Primary tumor KRAS G12A #1863506 Yes 15,92 812

54 Metachronous Yes Primary tumor KRAS G12R #1863506 Yes 17,42 1798

55 Metachronous Yes Primary tumor KRAS EXON4 #10049550 Yes 0,06 3

56 Synchronous Yes CLM KRAS G12V #1863506 Yes 1,94 100

57 Synchronous No Primary tumor KRAS A146T #10049550 Yes 68,33 9510

CRC-LM colorectal cancer liver metastases; cfDNA cell-free tumor DNA; MAF mutant allele 

frequency; MTc/ml mutant copies per ml input.
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Table 14.3 Overview of individual patients with isolated CRC-PM with a KRAS or BRAF mutation in 

tumor tissue.

Overview of CRC-PM patients with a KRAS or BRAF tumor tissue mutation

ID CRC-PM PT resected Prior STa Source tumor tissue 

mutation analysis

Tumor tissue 

mutation

Mutation in 

PL cfDNA

PL MAF (%) PL MTc/ml PF type Mutation in 

PF cfDNA

PF MAF (%) PF MTc/ml

1 SYN No Yes PT, CPM KRAS Q61H No - - -b -b -b -b

2 MET Yes Yes PT, CPM BRAF V600E Yes 0,12 8 PW Yes 4,27 37

3 MET Yes No PT, CPM KRAS G13D No - - -b -b -b -b

4 SYN No No PT KRAS G12V No - - ASC Yes 1,56 224

5 MET Yes Yes PT, CPM KRAS G13D No - - ASC Yes 31,33 155

6 SYN No No PT, CPM KRAS 12/13 No - - ASC Yes 3,09 66

7 SYN No Yes PT, CPM KRAS G12V No - - ASC Yes 8,81 668

8 SYN No No CPM KRAS G12D Yes 0,27 11 ASC Yes 46,14 4545

9 SYN No Yes CPM KRAS G12S -b -b -b PW Yes 23,92 386

10 SYN NO Yes PT, CPM KRAS G12S No - - -b -b -b -b

11 MET Yes No PT, CPM BRAF V600E No - - ASC Yes 38,65 8947

ASC ascites; cfDNA cell-free tumor DNA; CRC-PM colorectal cancer peritoneal metastases; MAF 

mutant allele frequency; MET metachronous; MTc/ml mutant copies per ml input; PF peritoneal fluid;

PL plasma; PT primary tumor; PW peritoneal washing; ST systemic therapy; SYN synchronous; a<6 

months before enrolment; binsufficient cfDNA isolated.

CRC-LM 
Plasma
(N=57)

CRC-PM 
Plasma
(N=10)

CRC-PM 
Peritoneal fluid

(N=8)
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Figure 14.1 Among patients with a tumor tissue KRAS/BRAF mutation, the percentage of patients in 

whom a KRAS/BRAF mutation was also detected: (left) in plasma of patients with isolated CRC-LM; 

(middle) in plasma of patients with isolated CRC-PM; and (right) in peritoneal fluid of patients with 

isolated CRC-PM.

CRC-LM colorectal cancer liver metastases; CRC-PM colorectal cancer peritoneal metastases.
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Table 14.3 Overview of individual patients with isolated CRC-PM with a KRAS or BRAF mutation in 

tumor tissue.

Overview of CRC-PM patients with a KRAS or BRAF tumor tissue mutation

ID CRC-PM PT resected Prior STa Source tumor tissue 

mutation analysis

Tumor tissue 

mutation

Mutation in 

PL cfDNA

PL MAF (%) PL MTc/ml PF type Mutation in 

PF cfDNA

PF MAF (%) PF MTc/ml

1 SYN No Yes PT, CPM KRAS Q61H No - - -b -b -b -b

2 MET Yes Yes PT, CPM BRAF V600E Yes 0,12 8 PW Yes 4,27 37

3 MET Yes No PT, CPM KRAS G13D No - - -b -b -b -b

4 SYN No No PT KRAS G12V No - - ASC Yes 1,56 224

5 MET Yes Yes PT, CPM KRAS G13D No - - ASC Yes 31,33 155

6 SYN No No PT, CPM KRAS 12/13 No - - ASC Yes 3,09 66

7 SYN No Yes PT, CPM KRAS G12V No - - ASC Yes 8,81 668

8 SYN No No CPM KRAS G12D Yes 0,27 11 ASC Yes 46,14 4545

9 SYN No Yes CPM KRAS G12S -b -b -b PW Yes 23,92 386

10 SYN NO Yes PT, CPM KRAS G12S No - - -b -b -b -b

11 MET Yes No PT, CPM BRAF V600E No - - ASC Yes 38,65 8947

ASC ascites; cfDNA cell-free tumor DNA; CRC-PM colorectal cancer peritoneal metastases; MAF 

mutant allele frequency; MET metachronous; MTc/ml mutant copies per ml input; PF peritoneal fluid;

PL plasma; PT primary tumor; PW peritoneal washing; ST systemic therapy; SYN synchronous; a<6 

months before enrolment; binsufficient cfDNA isolated.

Figure 14.1 Among patients with a tumor tissue KRAS/BRAF mutation, the percentage of patients in 

whom a KRAS/BRAF mutation was also detected: (left) in plasma of patients with isolated CRC-LM; 

(middle) in plasma of patients with isolated CRC-PM; and (right) in peritoneal fluid of patients with 

isolated CRC-PM.

CRC-LM colorectal cancer liver metastases; CRC-PM colorectal cancer peritoneal metastases.

The presence of the primary tumor at the time of liquid biopsy collection likely affects 

cfDNA levels in plasma and peritoneal fluid. Indeed, compared to CRC-LM patients 

with a resected primary tumor, CRC-LM patients with an unresected primary tumor 

had higher MAF (p=0.0019) and MTc/ml (p=0.0034) plasma cfDNA levels. Interestingly, 

no such difference in the MAF or MTc/ml was found in patients with CRC-PM between 

resected or unresected primary tumors, neither for plasma nor for peritoneal fluid 

(Figure 14.2). These data suggest that, in addition to the CRC-PM, the primary tumors 

of patients with isolated CRC-PM also have a low propensity to shed cfDNA into the 

circulation.
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DISCUSSION

The propensity of a tumor to shed cfDNA into the circulation varies among cancer 

types and is known to be relatively high for patients with metastatic CRC.16 However, 

differences between CRC metastatic sites in general, and analyses of CRC-PM in 

particular, have not been investigated extensively and require studies of carefully 

selected patient populations with isolated metastases. The present study demonstrates 

that plasma cfDNA is not a sensitive biomarker to detect isolated CRC-PM, in sharp 

contrast to patients with isolated CRC-LM.

The low levels of plasma cfDNA in CRC-PM relative to CRC-LM could be explained 

by several mechanisms. Peritoneal metastases and liver metastases originate from 

different dissemination patterns of the primary tumor. While dissemination to the 

liver mainly occurs hematogenously via the portal vein, peritoneal dissemination is 

characterized either by peritoneal penetration from the primary tumor or iatrogenic 

spread as a consequence of surgery.17 These intrinsic differences in dissemination 

pathways of the primary tumor may be associated with differences in the propensity 

to shed cfDNA into the circulation, which might explain why a confounding effect of the 

presence of the primary tumor on cfDNA plasma levels was not observed for patients 

with CRC-PM but was present in patients with CRC-LM (Figure 14.2). Moreover, the 

peritoneum–plasma barrier may restrict cfDNA release from peritoneal metastases into 

the systemic circulation.18 The low levels of plasma cfDNA in patients with isolated CRC-

PM may indicate that peritoneal metastases are a locoregional rather than a systemic 

disease. This supports the general assumption that palliative systemic therapy is 

relatively less effective for isolated CRC-PM than for isolated nonperitoneal colorectal 

metastases.19 Therefore, plasma cfDNA does not appear to be a useful biomarker to 

detect CRC-PM in an early operable stage or to monitor treatment response in this 

particular patient group. Theoretically, when tumor-derived cfDNA is detected in the 

plasma of patients with presumably isolated CRC-PM, this may be indicative of occult 

hematogenous metastases and future systemic disease progression. Consequently, 

patients who qualify for peritoneal cytoreductive surgery and who test positive for 

plasma cfDNA might benefit from perioperative systemic therapy, a hypothesis that is 

currently being tested in the multicenter CAIRO6 clinical trial.20

The high detectability of cfDNA in peritoneal fluid of all patients with isolated CRC-

PM suggests that peritoneal fluid may serve as a more useful source of cfDNA than 

plasma for this patient group. As ascites is not (abundantly) present in all patients with 

peritoneal metastases and mostly manifests itself in a late stage of the disease, cfDNA 

analysis of peritoneal washes may offer an alternative to detect and monitor peritoneal 
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spread in patients with CRC-PM. Peritoneal washing could be a low-risk minimally 

invasive method in patients with isolated CRC-PM when laparoscopy is already part of 

clinical care, i.e. laparoscopy as part of follow-up in patients with high-risk (i.e. pT4a-

bN0-2M0) CRC after resection.21 Aspiration of ascites or peritoneal washing could be 

a method to obtain cfDNA for molecular profiling, response monitoring, and detection 

of chemotherapy resistance in patients with isolated CRC-PM. This hypothesis is 

currently being tested in the multicenter INTERACT trial22 and may also apply to other 

malignancies that frequently metastasize to the peritoneum, especially those that are 

difficult to access for histological biopsy, such as ovarian, pancreatic, appendiceal, and 

small bowel cancers.

This study has several limitations. First, the number of patients within the CRC-PM 

cohort was relatively small. Second, cfDNA analyses were restricted to a subset of 

patients with KRAS/BRAF hot-spot mutations. In addition, while the aim was to measure 

cfDNA derived from metastases, a subgroup of the patients still had an unresected 

primary tumor that may have contributed to the cfDNA signals measured. Finally, in the 

present study, some isolated CRC-PM were previously treated with systemic therapy, 

whereas all isolated CRC-LM were previously untreated at least 6 months before study 

registration. Despite these limitations, clear differences were observed between the 

CRC-PM and CRC-LM cohorts.

CONCLUSIONS

cfDNA in plasma is becoming a realistic approach to guide personalized treatment 

of patients with CRC-LM, while this approach appears less suitable for patients with 

CRC-PM, who instead may benefit from the detection of tumor-derived cfDNA in 

peritoneal fluid. The observations in this study underscore the biological relevance of 

the differences in growth patterns between systemic and peritoneal metastases, which 

should be taken into account when considering the clinical utility of cfDNA.
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Chapter 15
First-line palliative systemic therapy 

alternated with electrostatic 
pressurized intraperitoneal aerosol 

chemotherapy (oxaliplatin) for 
isolated unresectable colorectal 

peritoneal metastases: protocol of a 
multicenter, single-arm, phase 2 

study (CRC-PIPAC-2)



ABSTRACT

Introduction: Despite its increasing use, first-line palliative systemic therapy alternated 

with electrostatic pressurized intraperitoneal aerosol chemotherapy with oxaliplatin 

(ePIPAC-OX), hereinafter referred to as first-line bidirectional therapy, has never 

been prospectively investigated in patients with colorectal peritoneal metastases 

(CPM). As a first step to address this evidence gap, the present study aims to assess 

the safety, feasibility, antitumor activity, patient-reported outcomes, costs and 

systemic pharmacokinetics of first-line bidirectional therapy in patients with isolated 

unresectable CPM.

Methods and analysis: In this single-arm, phase 2 study in two Dutch tertiary referral 

centers, 20 patients are enrolled. Key eligibility criteria are a good performance status, 

pathologically proven isolated unresectable CPM, no previous palliative systemic 

therapy for colorectal cancer, no (neo)adjuvant systemic therapy ≤6 months prior 

to enrolment and no previous pressurized intraperitoneal aerosol chemotherapy 

(PIPAC). Patients receive three cycles of bidirectional therapy. Each cycle consists 

of 6 weeks first-line palliative systemic therapy at the medical oncologists’ decision 

(CAPOX-bevacizumab, FOLFOX-bevacizumab, FOLFIRI-bevacizumab or FOLFOXIRI-

bevacizumab) followed by ePIPAC-OX (92 mg/m2) with an intraoperative bolus of 

intravenous leucovorin (20 mg/m2) and 5-fluorouracil (400 mg/m2). Study treatment 

ends after the third ePIPAC-OX. The primary outcome is the number of patients with—

and procedures leading to—grade ≥3 adverse events (Common Terminology Criteria 

for Adverse Events V.5.0) up to 4 weeks after the last procedure. Key secondary 

outcomes include the number of bidirectional cycles in each patient, treatment-

related characteristics, grade ≤2 adverse events, tumor response (histopathological, 

cytological, radiological, biochemical, macroscopic and ascites), patient-reported 

outcomes, systemic pharmacokinetics of oxaliplatin, costs, progression-free survival 

and overall survival.

Ethics and dissemination: This study is approved by the Dutch competent authority, 

a medical ethics committee and the institutional review boards of both study centers. 

Results will be submitted for publication in peer-reviewed medical journals and 

presented to patients and healthcare professionals.
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INTRODUCTION

The peritoneum is a common metastatic site in colorectal cancer, and the presence of 

colorectal peritoneal metastases (CPM) is characterized by a poor prognosis.1,2 Most 

patients with CPM are treated with palliative intent.3 When treated with systemic therapy, 

patients with CPM have a shorter survival than patients with systemic metastases of 

colorectal cancer.4 Theoretically, intraperitoneal chemotherapy could be an interesting 

palliative treatment option due to a favorable peritoneum–plasma concentration ratio.5 

However, the use of intraperitoneal chemotherapy is limited by poor direct tumor 

penetration, inhomogeneous intraperitoneal drug distribution and dose-limiting local 

toxicity.6,7 Pressurized intraperitoneal aerosol chemotherapy (PIPAC) has been developed 

to overcome these limitations.8–11 PIPAC is a laparoscopic method for the repetitive 

intraperitoneal administration of low-dose chemotherapy as a pressurized aerosol, 

claiming enhanced tumor penetration, homogeneous intraperitoneal drug distribution and 

low toxicity in preliminary studies.8–11 The first clinical reports have suggested that PIPAC is 

feasible, safe and well tolerated in patients with peritoneal metastases of various primary 

tumours.12,13 Given these results, PIPAC is currently implemented in a rapidly increasing 

number of centers worldwide.12,14 In these centers, patients with CPM are generally treated 

with PIPAC with oxaliplatin (92 mg/m2) every 6–8 weeks, with or without concomitant 

systemic therapy.14 Electrostatic precipitation of the aerosol is thought to enhance tissue 

penetration and is practiced in several centres.15–18

Previously, a multicenter, single-arm, phase 2 study (CRC-PIPAC) investigated the safety, 

feasibility antitumor activity, patient-reported outcomes (PROs), costs and pharmacokinetics 

of repetitive electrostatic PIPAC with oxaliplatin (ePIPAC-OX) as a palliative monotherapy 

in 20 patients with isolated unresectable CPM in any line of palliative treatment.19,20 

Repetitive ePIPAC-OX could also be added to first-line systemic therapy with the aim to 

maximize intraperitoneal tumor response and eliminate systemic micrometastases. The 

combination of first-line systemic therapy (including bevacizumab) and repetitive ePIPAC-

OX, hereinafter referred to as first-line bidirectional therapy, is already offered to patients 

with isolated unresectable CPM in several PIPAC centers worldwide.14 Despite its increasing 

use, the feasibility, safety and antitumor activity of first-line bidirectional therapy has never 

been prospectively investigated in patients with isolated unresectable CPM in clinical trials 

with predefined eligibility criteria, interventions and outcomes. Moreover, nothing is known 

about PROs and costs of—and the systemic pharmacokinetics of oxaliplatin during—first-

line bidirectional therapy in this setting. As a first step to address this evidence gap, the 

present multicenter, single-arm, phase 2 study (CRC-PIPAC-2) aims to assess the safety, 

feasibility antitumor activity, PROs, costs and systemic pharmacokinetics of first-line 

bidirectional therapy in patients with isolated unresectable CPM.
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METHODS AND ANALYSIS

Setting

This study is performed in two Dutch tertiary referral centers for the surgical treatment 

of CPM.

Eligibility criteria

Eligibility criteria are:

• ≥18 years of age.

• WHO performance status of 0–1.

• Histologically or cytologically proven peritoneal metastases of a colorectal or 

appendiceal carcinoma.

• Unresectable disease, defined as a Peritoneal Cancer Index (PCI) >20 or the 

judgement that complete resection of peritoneal metastases is surgically not 

feasible, based on abdominal CT, laparoscopy or laparotomy.

• Adequate organ functions (hemoglobin ≥5.0 mmol/L, neutrophils ≥1.5×109/L, 

platelets ≥100×109/L, serum creatinine <1.5 × upper limit of normal (ULN), 

creatinine clearance ≥30 mL/min and liver transaminases <5 × ULN).

• No symptoms of gastrointestinal obstruction.

• No systemic metastases.

• No contraindications for the planned systemic therapy or laparoscopy.

• No previous PIPAC.

• No previous palliative systemic therapy for colorectal cancer.

• No (neo)adjuvant systemic therapy for colorectal cancer ≤6 months prior to 

enrolment.

Interventions and procedures

The study flow chart is shown in Figure 15.1. The schedule of enrolment, interventions 

and assessments is shown in Table 15.1. All patients receive three cycles of first-line 

bidirectional therapy. Each cycle consists of 6 weeks of first-line systemic therapy 

followed by one ePIPAC-OX. Study treatment ends after the third ePIPAC-OX in all 

patients.
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Table 15.1 Schedule of enrolment, interventions and assessments.
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Enrolment

Eligibility screen X

Informed consent X

Interventions

Blood (organ functions, tumor markers) X X X X X X X X

Thoracoabdominal CT X Xb X

Diffusion-weighted MRI-peritoneum X X

Collection of ascites or peritoneal lavage X X X

Peritoneal biopsies X X X

Questionnaires: patient-reported outcomes X Xc Xd Xd Xd

Questionnaires: costs X Xe Xe Xe

Blood (pharmacokinetics) X X

Translational research (blood) X Xf Xf Xf

Translational research (ascites or lavage) X X X

Assessments

Baseline characteristics X

Treatment-related characteristics (ST) X X X

Treatment-related characteristics (PIPAC-OX) X X X

Adverse events X X X X X X X

Hospital stay X X X

Readmissions X X X

Clinical evaluation X X X X X X X X

Biochemical response X X X X X X X X

Radiological response X Xb X

Histopathological response X X X

Cytological response X X X

Macroscopic response X X X

Ascites response X X X

Patient-reported outcomes X Xc Xd Xd Xd

Costs X Xe Xe Xe

Progression-free survival X X X X X X X X

Overall survival X X X X X X X X

CT computed tomography; FUP follow-up; MDT multidisciplinary tumor board; MRI magnetic 

resonance imaging; PIPAC-OX oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy; 

ST systemic therapy; asix weeks of bevacizumab combined with either CAPOX, FOLFOX, FOLFIRI, 

or FOLFOXIRI at physician’s discretion; bone week before second PIPAC-OX; cone week before first 

PIPAC-OX; done and four weeks after PIPAC-OX; efour weeks after PIPAC-OX; fjust before PIPAC-OX.
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First-line palliative systemic therapy

The treating medical oncologist determines which of the following first-line regimens 

will be used:

• Two 3-weekly cycles of CAPOX-bevacizumab (intravenous oxaliplatin (130 mg/m2 

body surface area (BSA)) on day 1, oral capecitabine (1000 mg/m2 BSA) twice daily 

on days 1–14, intravenous bevacizumab (7.5 mg/kg body weight) on day 1).

• Three 2-weekly cycles of FOLFOX-bevacizumab (intravenous oxaliplatin (85 mg/

m2 BSA) on day 1, intravenous leucovorin (400 mg/m2 BSA) on day 1, intravenous 

bolus/continuous 5-fluorouracil (400/2400 mg/m2 BSA) on days 1–2, intravenous 

bevacizumab (5 mg/kg body weight) on day 1).

• Three 2-weekly cycles of FOLFIRI-bevacizumab (intravenous irinotecan (180 mg/

m2 BSA) on day 1, intravenous leucovorin (400 mg/m2 BSA) on day 1, intravenous 

bolus/continuous 5-fluorouracil (400/2400 mg/m2 BSA) on days 1–2, intravenous 

bevacizumab (5 mg/kg body weight) on day 1).

• Three 2-weekly cycles of FOLFOXIRI-bevacizumab (intravenous oxaliplatin (85 

mg/m2 BSA) on day 1, intravenous irinotecan (165 mg/m2 BSA) on day 1, intravenous 

leucovorin (400 mg/m2 BSA) on day 1, intravenous continuous 5-fluorouracil (2400 

mg/m2 BSA) on days 1–2, intravenous bevacizumab (5 mg/kg body weight) on day 1).

These regimens are based on the European Society for Medical Oncology (ESMO) and 

the Dutch guideline for the treatment of metastatic colorectal cancer.21,22 According 

to the ESMO guideline, both bevacizumab and anti-EGFR therapy can be added to 

first-line systemic chemotherapy when disease control is the main goal of treatment. 

According to the Dutch guideline, bevacizumab is the first-choice biological agent for 

the treatment of metastatic colorectal cancer, as it can be administered to patients with 

wildtype KRAS and patients with mutated KRAS, in contrast to anti-EGFR therapy. Dose 

reductions, switches between allowed regimens and management of toxicity are left to 

the discretion of the treating medical oncologist. Dihydropyrimidine dehydrogenase 

status is assessed by genotyping before the first administration of systemic therapy, 

and dosages of capecitabine or 5-fluorouracil are modified accordingly.23

ePIPAC-OX

The procedure has been extensively described in the protocol of the CRC-PIPAC 

study.19,20 In summary, after creating a 12 mm Hg pneumoperitoneum with two balloon 

trocars using an open introduction, an explorative laparoscopy is performed with 

adhesiolysis if needed to create enough working space. If ePIPAC-OX seems feasible, 

leucovorin (20 mg/m2 BSA in 10 min) and 5-fluorouracil (400 mg/m2 BSA in 15 min) 

are administered intravenously, since these drugs are thought to increase the efficacy 

of oxaliplatin.24,25 Meanwhile, ascites (or peritoneal lavage using saline if ascites is 
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absent) is evacuated and sent for cytology, the PCI and ascites volume are registered26 

and three peritoneal metastases from different intra-abdominal areas (if possible) are 

biopsied and sent for histopathology. Biopsy locations are marked with clips to enable 

similar biopsies during subsequent procedures. Then, after building the PIPAC setup 

and ensuring a leak-free pneumoperitoneum, oxaliplatin (92 mg/m2 BSA (maximum 184 

mg) diluted to a total volume of 150 mL in a 5% dextrose solution) is aerosolized into 

the peritoneal cavity through a nebulizer (CapnoPen, Capnomed GmbH, Villingendorf, 

Germany) using an angiographic injector at a maximum pressure of 200 psi and a flow 

of 30 mL/min, all according to internationally used protocols.14 After formation of the 

aerosol in 5 min, it is electrostatically precipitated for another 25 min using Ultravision 

technology (Alesi Surgical, Cardiff, UK) as described by others,16 as this could enhance 

tumor penetration of oxaliplatin.15 Then, the peritoneal cavity is exsufflated through a 

closed aerosol waste system, instruments are removed, and incisions are closed.

Postoperatively, patients receive analgesics and antiemetics according to local protocol. 

Standard postoperative clinical evaluations are performed a few hours after ePIPAC-OX 

and on every postoperative day until discharge. Postoperative laboratory tests are only 

performed if indicated. Patients are intentionally discharged on the day of ePIPAC-OX 

or on the first postoperative day.

Evaluations

Before each cycle of systemic therapy, patients undergo clinical and biochemical (ie, 

tumor markers and organ functions) evaluation by the treating medical oncologist. 

Before each ePIPAC-OX, patients undergo clinical evaluation by the treating surgeon. 

During and shortly after ePIPAC-OX, patients undergo macroscopic (ie, peritoneal 

cancer index (PCI)26 and ascites volume), histopathological (ie, peritoneal regression 

grading score (PRGS) of peritoneal biopsies27,28) and cytological evaluation. Radiological 

evaluation is performed 1 week before the second ePIPAC-OX and 4 weeks after the third 

ePIPAC-OX.29 Patients are discussed by a multidisciplinary tumor board after the second 

and third ePIPAC-OX. After completing 6 weeks of systemic therapy, the subsequent 

ePIPAC-OX is planned within 1–4 weeks thereafter. After ePIPAC-OX, systemic therapy 

is restarted 1–4 weeks postoperatively. Study treatment is discontinued in case of 

physician-determined disease progression, unacceptable toxicity or physician’s or 

patient’s decision to discontinue participation. Study treatment ends after the third 

ePIPAC-OX, regardless of response to therapy, after which patients receive standard 

supportive, palliative or curative care according to the Dutch national guideline without 

further ePIPAC-OX.22
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Pharmacokinetic sampling

Four milliliters of whole blood samples are collected in heparin tubes at multiple time 

points during and after the first ePIPAC-OX as well as during and after the first cycle 

of systemic therapy:

• ePIPAC-OX: at t=0, t=0.5, t=1, t=2 and t=16 hours and t=1 week after intraperitoneal 

oxaliplatin injection.

• CAPOX-bevacizumab: at t=0, t=0.5, t=1 and t=2 hours and t=3 weeks after 

intravenous administration of oxaliplatin.

• FOLFOX-bevacizumab or FOLFOXIRI-bevacizumab: at t=0, t=0.5, t=1, t=2, t=48 

hours and t=2 weeks after intravenous administration of oxaliplatin.

After direct centrifuging, a plasma aliquot is stored at −80°C until analysis. To obtain 

the free fraction of oxaliplatin, a second 1 mL plasma aliquot is centrifuged through an 

ultrafiltration membrane and stored at −80°C until analysis. Oxaliplatin concentrations 

are measured using atomic absorption spectrometry performed on a Thermo Fisher 

Solaar ICE 3500 graphite-furnace spectrophotometer with Zeeman correction (Thermo 

Fisher Scientific, Bremen, Germany).

Translational research

Two 10 mL cell-free DNA BCT tubes (Streck, La Vista, Nebraska, USA) are used to collect 

20 mL of whole blood at baseline and before each ePIPAC-OX. Tubes are sent to a central 

laboratory for isolation and storage (−80°C) of plasma and cell pellet according to the 

manufacturer’s instructions. Collected ascites or peritoneal lavage is centrifuged twice 

(5 min, 420 g, zero break) under sterile conditions. The supernatant is snap frozen and 

stored (−80°C) until further analysis. The cell pellet is suspended into an organoid 

culture medium at 4°C for transport and further preparation.

Outcomes

The primary outcome is the number of patients with—and procedures leading to—grade 

≥3 adverse events according to the Common Terminology Criteria for Adverse Events 

(CTCAE) v5.0 (primary classification) and Clavien-Dindo (secondary classification) up 

to 4 weeks after the last ePIPAC-OX.30,31 Secondary outcomes are:

• The number of completed cycles of bidirectional therapy in each patient and 

reasons for discontinuation.

• Characteristics of systemic therapy (eg, administered regimens, number of 

completed cycles and dose reductions).

• Characteristics of ePIPAC-OX (eg, intraoperative complications and operating time).
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• The number of patients with—and procedures leading to—grade ≤2 adverse events 

according to the CTCAE V.5.0 (primary classification) and Clavien-Dindo (secondary 

classification) up to 4 weeks after the last ePIPAC-OX.30,31

• Hospital stay, defined as the number of days between ePIPAC-OX and initial discharge.

• Readmissions, defined as any unplanned hospital admission after initial discharge up 

to 4 weeks after the last ePIPAC-OX.

• Radiological tumor response, centrally evaluated by two assessors blinded to clinical 

outcomes, using the Response Evaluation Criteria In Solid Tumors v1.1 and the 

radiological PCI.29

• Histopathological tumor response, centrally evaluated by two assessors blinded to 

clinical outcomes, using the four-tier PRGS of collected peritoneal biopsies during 

each ePIPAC-OX.27,28

• Macroscopic tumor response, based on the PCI during each ePIPAC-OX.

• Ascites response, based on ascites volume during each ePIPAC-OX.

• Biochemical tumor response, based on carcinoembryonic antigen levels at baseline 

and before each ePIPAC-OX.

• Cytological tumor response, based on the presence or absence of malignant cells in 

ascites or peritoneal lavage collected during each ePIPAC-OX.

• PROs, based on the EQ-5D-5L,32 EORTC QLQ-C3033 and EORTC QLQ-CR2934 

questionnaires at baseline, 1 week before the first ePIPAC-OX and 1 and 4 weeks after 

each ePIPAC-OX.

• The bioavailability of oxaliplatin, based on the systemic pharmacokinetics of oxaliplatin 

during and after one intravenous administration, as well as during and after one 

ePIPAC-OX.

• Costs, derived from the Dutch cost guideline for healthcare research at the time of 

analysis, based on hospital information systems, case report forms and the iMTA 

Productivity cost questionnaire35 and the iMTA Medical consumption questionnaire36 

at baseline and 4 weeks after each ePIPAC-OX.

• Progression-free survival, defined as the time between enrolment and physician-

determined disease progression or death.

• Overall survival, defined as the time between enrolment and death.

Sample size

Given the absence of data to guide a sample size calculation, the central ethics committee 

approved a pragmatically determined sample size of 20 patients as a sufficient number 

to explore the safety, feasibility and antitumor activity of the study treatment, similar to 

the CRC-PIPAC study.19,20 Enrolled patients who are unable to receive the first ePIPAC-

OX are replaced to enroll a total number of 20 patients who receive at least one cycle of 

bidirectional therapy.
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Recruitment

The study commenced on 30 January 2020 and the first patient was enrolled on 5 

February 2020. The investigators expect to complete accrual within a maximum of 3 

years. Strategies for achieving adequate patient accrual are not defined a priori.

Data collection and data management

Outcomes are collected in all patients who complete at least one cycle of bidirectional 

therapy. All baseline characteristics and outcomes are prospectively collected by a local 

investigator in each study center using standardized electronic case report forms linked 

to an ISO 27001 certified central study database (De Research Manager, Deventer, the 

Netherlands). This ISO 27001 certified system optimizes data quality by standardized 

data entry, coding, security and storage.

Statistical methods

Continuous data are presented as a median with (interquartile) range, and categorical 

data are presented as number (percentage). Due to the single-arm design of the present 

study and the explorative nature of the analyzed outcomes, basic statistical methods are 

not defined a priori. These methods will be defined before data analysis. Time-to-event 

variables, such as progression-free and overall survival, are analyzed and presented 

using the Kaplan-Meier method.

Data monitoring

Interim analyses are performed 4 weeks after the 5th, 15th, 30th and 45th procedure. 

The study is terminated, or temporarily halted for evaluation and potential adaption of 

the study protocol, if more than three CTCAE grade 3 or 4 adverse events occur or more 

than one CTCAE grade 5 adverse event occur that are considered directly related to 

ePIPAC-OX. Adverse events related to systemic therapy are not included in the stopping 

rules. If the study is terminated, enrolled patients do not receive any further ePIPAC-

OX. The principal investigators (IHJTH and DB) have access to the interim results 

and make the final decision to terminate or continue the study. No data monitoring 

committee was formed for this study.

Harms

All serious adverse events (SAEs) or suspected unexpected serious adverse reactions 

(SUSARs) that occur from enrolment up to 4 weeks after the last ePIPAC-OX are 

reported by local investigators to the coordinating investigator within 24 hours. The 

coordinating investigator reports these SAEs/SUSARs to the central ethics committee 

within 7 days of first knowledge for lethal or life-threatening SAEs/SUSARs and within 

15 days for other SAEs/SUSARs.
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Auditing

Auditing is performed by independent qualified monitors of the study centers. The 

study is considered a medium-risk study according to the brochure ‘Kwaliteitsborging 

mensgebonden onderzoek 2.0’ by the Dutch Federation of University Medical Centers, 

meaning that study centers are audited two to three times per year, depending on 

enrolment, with 25% auditing of the study master file, investigator site files, informed 

consent forms, eligibility criteria, source data verification and SAEs/SUSARs.

Patient and public involvement

Patients are not involved in the design, recruitment and conduct of the study but will 

be involved in the dissemination of study results.

ETHICS AND DISSEMINATION

Research ethics approval

The present study is approved by a central ethics committee (MEC-U, Nieuwegein, 

Netherlands, number R19.087) and the institutional review boards of both study centers.

Protocol amendments

Important modifications to the study protocol need to be authorized by the central 

ethics committee. After authorization, these modifications are communicated to the 

Dutch competent authority, the institutional review boards of both study centers, 

all investigators, study registries and patients (if required by the central ethics 

committee).

Informed consent

Patients are enrolled by their treating physician and provide written informed consent. 

Patients are able to give separate consent for participation in translational side studies.

Confidentiality

Personal data of patients is collected, shared and maintained according to the Dutch law.

Access to data

All authors have access to the final dataset, without any contractual agreements that 

limit such access.
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Ancillary and poststudy care

One of the study centers (Catharina Hospital, Eindhoven, the Netherlands) is insured 

to cover harms caused by study participation in either participating hospital. After 

stopping study treatment, patients receive further supportive, palliative or curative 

intent treatment according to Dutch guideline.22

Dissemination policy

Study results will be personally communicated to participants, submitted for publication 

in peer-reviewed medical journals and presented to patients, healthcare professionals 

and the public during (inter)national meetings. Authorship eligibility guidelines are 

not defined a priori. The full study protocol and the Dutch informed consent form are 

available from the corresponding author. After study completion, the participant-level 

dataset and statistical code will be available on reasonable request.

DISCUSSION

To the knowledge of the authors, CRC-PIPAC-2 is the first study that prospectively 

investigates the safety, feasibility, antitumor activity, PROs, costs and systemic 

pharmacokinetics of first-line systemic chemotherapy and bevacizumab alternated 

with repetitive ePIPAC-OX (ie, first-line bidirectional therapy) in patients with isolated 

unresectable CPM.

The present study has several strengths. All patients in the present study receive 

standard first-line systemic regimens based on the ESMO guideline for the treatment 

of metastatic colorectal cancer,21 which contrasts the heterogeneity in treatment lines 

in available studies on (e)PIPAC-OX for CPM. The homogeneity in first-line treatment 

may facilitate a comparison between the present study and other first-line studies in 

metastatic colorectal cancer. Furthermore, assessment of outcomes such as PROs, costs 

and systemic pharmacokinetics will provide further insight in the tolerability, costs and 

pharmacokinetic profile of first-line bidirectional therapy in this setting. Translational 

side studies may open new opportunities for research in understanding and treating 

CPM.

A potential limitation of the present study is the histopathological heterogeneity of 

the study population, since the eligibility criteria allow the enrolment of patients with 

both colorectal and appendiceal carcinomas, as well as including distinct pathological 

features such as signet ring cell histology. Furthermore, different first-line palliative 

systemic regimens are allowed, including FOLFOXIRI-bevacizumab, which might 
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result in clinical heterogeneity. Although the potential clinical and histopathological 

heterogeneity could impede the interpretation of preliminary efficacy outcomes, this 

is not the major focus of this study.

With regards to the chemotherapy regimen used in this study, the results of the recently 

published PRODIGE-7 trial may question the intraperitoneal use of oxaliplatin (combined 

with 5-fluorouracil and leucovorin) in patients with CPM.37 However, in contrast with 

PRODIGE-7, patients in the present study are either systemic therapy-naïve or had 

undergone a mandatory 6-month wash-out period of systemic therapy. As a result, the 

previously untreated patients in this study may be more sensitive to intraperitoneal 

oxaliplatin than patients in the PRODIGE-7 trial. Most importantly, patients in the 

present study undergo palliative instead of curative intent treatment and receive 

repetitive instead of a single administration of intraperitoneal oxaliplatin. Repetitive 

PIPAC-OX (with or without intraoperative intravenous bolus 5-fluorouracil/leucovorin) 

is increasingly offered and frequently combined with first-line systemic chemotherapy 

and bevacizumab in many centers worldwide.12,14,38,39 Despite the increasing use, the 

safety and feasibility of this combination has never been prospectively investigated in 

clinical trials. Altogether, it remains important to assess the feasibility and safety of the 

combination of first-line palliative systemic therapy and repetitive PIPAC-OX, hence 

the major focus of this study.

With regards to the oxaliplatin dose during PIPAC, two phase 1 dose-escalation trials 

recently assessed the maximum tolerated dose of repetitive PIPAC-OX for unresectable 

peritoneal metastases of various origins.40,41 The French PIPOX trial observed two dose-

limiting toxicities of systemic therapy with repetitive PIPAC-OX at 140 mg/m2 and the 

investigators defined a maximum tolerated dose of repetitive PIPAC-OX of 90 mg/m2. 

The PIPAC-OX trial from Singapore reported no dose-limiting toxicities with repetitive 

PIPAC-OX 120 mg/m2 monotherapy; however, this trial was prematurely terminated due 

to the dose-limiting toxicities of the PIPOX trial. As a result, both trials are currently 

recruiting phase 2 expansion cohorts to investigate various systemic regimens 

combined with repetitive PIPAC-OX at 90 mg/m2: a dose similar to the oxaliplatin dose 

in the current trial.

Results of several other ongoing single-arm, phase 2 studies are closely monitored. The 

first study primarily assesses the histopathological response of PIPAC with various 

drugs for peritoneal metastases of various origins (including PIPAC-OX for CPM), 

with or without concomitant systemic therapy, in 137 patients in any line of palliative 

treatment.42 The second study assesses the safety of PIPAC with various drugs for 

peritoneal metastases of various origins (including PIPAC-OX for CPM), with or without 
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concomitant systemic therapy, in 16 patients in a later line of palliative treatment 

(ClinicalTrials.gov, NCT04329494). The third study assesses progression-free survival 

of 30 patients with CPM receiving PIPAC-OX, with or without concomitant systemic 

therapy, in any line of palliative treatment (ClinicalTrials.gov, NCT03868228). Results 

of the previous CRC-PIPAC study, the present CRC-PIPAC-2 study, and these ongoing 

studies may help designing future randomized trials to determine the role of (e)PIPAC-

OX in the palliative treatment of patients with isolated unresectable CPM.
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PART 1 – CURRENT PRACTICE

The study described in chapter 2 aimed to assess the association between hospital of 

diagnosis with isolated colorectal peritoneal metastases (CPM) and the probability of 

undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 

(CRS-HIPEC) and survival. Using data of the nationwide Netherlands Cancer Registry, 

this retrospective cohort study included all 2661 patients diagnosed with isolated 

synchronous CPM in 89 Dutch hospitals between January 2005 and January 2015. The 

proportion of patients undergoing CRS-HIPEC largely differed between hospitals of 

diagnosis, ranging from 0% in the six ‘lowest’ hospitals to 50% in the ‘highest’ hospital. 

Patients diagnosed in the eight specialized high-volume CRS-HIPEC centers had an 

approximately 3.5 times higher probability of undergoing CRS-HIPEC and better 

survival than patients diagnosed in referring hospitals. Patients diagnosed in non-

teaching hospitals had an approximately 1.5 times lower probability of undergoing 

CRS-HIPEC and worse survival than patients diagnosed in academic and teaching 

hospitals. In patients diagnosed in referring hospitals, those diagnosed in hospitals with 

high probability of CRS-HIPEC had better survival than those diagnosed in hospitals 

with low probability of CRS-HIPEC. In conclusion, this study showed that hospital of 

diagnosis with isolated CPM is associated with the probability of receiving curative 

intent CRS-HIPEC and survival. These findings may be applicable to other countries 

with centralized CRS-HIPEC and suggest that treatment decision making in these 

patients could be improved.

As previously discussed, the relevant between-hospital differences in the probability 

of curative intent CRS-HIPEC could be caused by differences in belief or non-belief in 

this procedure, especially among physicians working in referring and non-teaching 

hospitals. The ‘non-belief’ in CRS-HIPEC for limited isolated CPM is probably caused by 

a combination of high morbidity and mortality rates when CRS-HIPEC was introduced 

in the Netherlands,1 absence (or premature termination) of trials randomizing these 

patients to CRS-HIPEC (± modern systemic therapy) or modern systemic therapy alone,2,3 

and uncertainty about the independent effects of CRS and HIPEC.1 However, morbidity 

and mortality of CRS-HIPEC significantly decreased during the last years and nowadays 

appear to be comparable to more accepted major gastrointestinal surgical procedures.4,5 

Moreover, despite the absence of recent randomized trials comparing CRS-HIPEC 

(± modern systemic therapy) with modern systemic therapy alone, a growing body 

of non-randomized evidence suggests that CRS-HIPEC (± modern systemic therapy) 

gives the best chance of long-term survival or cure in patients with CPM, with pooled 

5-year survival rates of 30% in recent series and much higher survival rates in series of 

highly selected patients.6,7 To compare: the 5-year survival rate of patients with isolated 
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CPM receiving systemic therapy was less than 5% in a pooled analyses of pivotal first-

line metastatic colorectal cancer trials.8 Finally, a recently published randomized trial 

showed that centralized, high-quality CRS (± systemic therapy) and not HIPEC is the 

cornerstone of curative intent CPM treatment,9,10 with reported 5-year survival rates of 

nearly 40% after CRS without HIPEC.9 Therefore, regardless of hospitals of diagnosis, 

each patient diagnosed with isolated CPM should at least be considered for CRS in an 

experienced high-volume center. 

The survey described in chapter 3 aimed to describe the current surgico-oncological 

treatment practice of CPM worldwide, to identify topics of low consensus, and to form a 

basis for future research and consensus meetings. Using the network of the Peritoneal 

Surface Oncology Group International, 19 highly experienced surgical oncologists 

from 19 different countries were invited to complete questions about the integration 

of CRS-HIPEC for CPM in clinical practice in their country, about treatment practice in 

their hospital, and about their own opinions regarding several potentially controversial 

topics. Large between-country differences were observed in estimated numbers of 

CRS-HIPEC centers per million inhabitants (0.007 to 1.8), estimated numbers of CRS-

HIPEC procedures for CPM per million inhabitants (0.053 to 23.6), inclusion of CRS-

HIPEC in CRC treatment guidelines, reimbursement of CRS-HIPEC for CPM by health 

insurers, enrolment of these patients in quality registries, and criteria for hospitals 

to be recognized as certified CRS-HIPEC centers. Treatment practice and opinions 

largely differed between hospitals and participants, with relatively less consensus on 

indications for CRS-HIPEC for CPM in case of concomitant liver metastases, on routine 

bilateral ovariectomy, on timing of bowel anastomoses, on HIPEC (technique, perfusate 

volume, first-choice regimen, perfusion time), on perioperative systemic therapy, on 

the best strategy to prevent metachronous CPM after resection of high-risk colorectal 

cancer, and on the best therapy for unresectable CPM. In conclusion, this survey showed 

relevant between-country difference in integration of CRS-HIPEC for CPM in clinical 

practice and relevant differences in treatment practice and opinions between hospitals. 

These findings emphasize a need for consensus, with topics of low consensus serving 

as a basis for future research and consensus meetings.

After this survey, three randomized trials addressed important observed topics of 

low consensus. Two trials investigated treatment strategies to prevent metachronous 

CPM after resection of high-risk colorectal cancer,11,12 whereas another trial assessed 

the value of oxaliplatin-based HIPEC after complete CRS.9 The Dutch multicenter 

COLOPEC trial randomized patients with resected T4N0-2M0 or perforated colon 

cancer to standard adjuvant systemic chemotherapy or adjuvant oxaliplatin-based 

HIPEC followed by standard adjuvant systemic chemotherapy.11 Adjuvant oxaliplatin-
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based HIPEC did not improve the trial’s primary endpoint of CPM-free survival at 18 

months. The French multicenter PROPHYLOCHIP trial enrolled patients who underwent 

resection of perforated colorectal cancer, colorectal cancer with ovarian metastases, 

or colorectal cancer with localized CPM.12 Enrolled patients were randomized to 

six months of adjuvant systemic chemotherapy or six months of adjuvant systemic 

chemotherapy followed by early second-look surgery, macroscopic resection of all 

CPM (if present), and oxaliplatin-based HIPEC. Second-look surgery and HIPEC did 

not improve the trial’s primary endpoint of disease-free survival. Though many survey 

participants recommended adjuvant HIPEC (42%) or early second-look surgery 

(42%) and only few recommended radiological follow-up only (16%), results of these 

two trials suggest no benefit of such proactive strategies and indicate that current 

standard follow-up is adequate. The French multicenter PRODIGE 7 trial randomized 

patients who underwent (near-)complete CRS for CPM to oxaliplatin-based HIPEC or 

no HIPEC.9 Though the majority of survey participants preferred oxaliplatin-based over 

mitomycin C-based HIPEC, PRODIGE 7 showed that oxaliplatin-based HIPEC did not 

improve the trial’s primary endpoint of overall survival. Altogether, results of these 

three recently published trials have led to a worldwide and ongoing debate about the 

value of oxaliplatin-based HIPEC, and HIPEC in general, in these settings. 

PART 2 – CURATIVE INTENT SETTING

The systematic review described in chapter 4 aimed to evaluate (the quality of) clinical 

studies reporting the association of perioperative systemic therapy with survival 

and postoperative morbidity in patients with resectable CPM. The review identified 

11 retrospective cohort studies that reported the association between neoadjuvant, 

adjuvant, or perioperative systemic therapy and survival or the association between 

neoadjuvant systemic therapy and major postoperative morbidity. Studies had 

heterogeneous populations that included only patients who underwent surgery, 

leading to selected cohorts. In all but one study, nothing was known about the 

reasons for (not) giving systemic therapy, leading to selection bias. Of four studies 

reporting the association between neoadjuvant or no neoadjuvant systemic therapy 

and survival, three showed better survival after neoadjuvant systemic therapy (of 

which one only reported univariable analysis). Two studies reporting the association 

between different neoadjuvant regimens and survival both showed better survival 

after neoadjuvant systemic chemotherapy with versus without bevacizumab. All three 

studies reporting the association between adjuvant or no adjuvant systemic therapy 

and survival revealed no difference. The only study reporting the association between 

perioperative or no perioperative systemic therapy and survival showed better survival 
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after perioperative systemic therapy. The only study reporting the association between 

different perioperative regimens and survival revealed better survival after modern 

versus conventional systemic regimens. All three studies reporting the association 

between neoadjuvant or no neoadjuvant systemic therapy and major postoperative 

morbidity showed no difference. The only study reporting the association between 

different neoadjuvant regimens and major postoperative morbidity revealed higher 

postoperative morbidity of neoadjuvant systemic chemotherapy with versus without 

bevacizumab. In conclusion, available evidence on perioperative systemic therapy 

for CPM is limited by the absence of prospective data, heterogeneous and selected 

populations, and selection bias. This questions its current widespread use in this 

setting and stresses a need for randomized trials on this topic. Included studies may 

point towards benefit of neoadjuvant (or perioperative) systemic therapy including 

bevacizumab, the latter probably increasing major postoperative morbidity.

After this systematic review, several other studies primarily aimed to assess the 

association between neoadjuvant or perioperative systemic therapy and survival or 

postoperative morbidity in patients with CPM. Using the review’s search and eligibility 

criteria, two additional retrospective cohort studies were identified.13,14 Relative to 

upfront CRS-HIPEC, a multicenter study from the United States showed no association 

between (mostly modern) neoadjuvant systemic therapy and better survival in 298 

patients with CPM who underwent CRS-HIPEC between 2000 and 2017.13 Relative to 

no perioperative systemic therapy, a two-center Belgian study revealed no association 

between ≥5 cycles of perioperative systemic therapy and better survival in 113 patients 

with CPM who underwent CRS-HIPEC between 2008 and 2017.14 Both studies found 

no difference in major postoperative morbidity between studied groups, even though 

a relevant number of patients received bevacizumab.13,14 Though both studies may 

indicate that neoadjuvant systemic therapy is safe, their survival data are difficult to 

interpret. Similar to all retrospective studies included in the systematic review, both 

studies only included successfully operated patients and reported no data about the 

outcomes and proportions of patients not proceeding to surgery after neoadjuvant 

treatment (e.g. due to progression or toxicity) and about why certain patients did or 

did not receive neoadjuvant or perioperative systemic therapy. This leads to selected 

populations, a significant chance of selection bias, and uncertainty about the outcomes 

of these treatment strategies on an intention-to-treat basis. Altogether, results of 

these two studies again emphasize the importance of ongoing prospective trials on 

this topic such as the single-arm phase 2 BEV-IP (clinicaltrials.gov NCT0239941015) 

and CARCINOSIS (clinicaltrials.gov NCT02591667) trials and the phase 3 part of the 

randomized CAIRO6 trial. 
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The study described in chapter 5 aimed to assess the association between adjuvant 

systemic chemotherapy and overall survival after upfront resection of CPM. Using data 

of the nationwide Netherlands Cancer Registry, this retrospective cohort study included 

all 393 patients with isolated synchronous CPM, diagnosed between January 2005 

and December 2017, who underwent upfront CRS-HIPEC and were alive three months 

postoperatively. Of these, 172 patients (44%) received adjuvant systemic chemotherapy 

and 221 patients (56%) underwent active surveillance. After propensity score-

matching patients of both groups based on relevant patient-, tumor-, and treatment-

level covariates, adjuvant systemic chemotherapy was associated with better overall 

survival (median 39 months) relative to active surveillance (median 25 months): an 

association that remained consistent in a landmark analysis of patients surviving the 

first six months postoperatively and after a sensitivity analysis with adjustment for 

unmeasured confounding by major postoperative morbidity. In conclusion, this study 

showed an association between adjuvant systemic chemotherapy and better survival 

after upfront resection of isolated synchronous CPM. 

Although this study used propensity score-based matching, a landmark analysis, and 

several sensitivity analyses, the authors could not completely exclude an influence of 

residual selection bias on the reported association due to the retrospective study design. 

Differences in unmeasured covariates other than major postoperative morbidity could 

still have led to relevant differences between the adjuvant systemic chemotherapy 

and active surveillance groups. Therefore, though this study may encourage routine 

use of adjuvant systemic chemotherapy after upfront resection of synchronous CPM, 

especially given the current absence of data on this topic, results should be cautiously 

interpreted and should not be used as a proof that adjuvant systemic chemotherapy is 

beneficial in this setting.

The CAIRO6 randomized phase 2 trial described in chapter 7 aimed to assess the feasibility 

and safety of perioperative systemic therapy in patients with resectable CPM and the 

response of CPM to neoadjuvant treatment. This open-label parallel-group phase 2 trial 

in all nine Dutch tertiary centers for the surgical treatment of CPM enrolled 80 patients 

with pathologically proven isolated resectable CPM who did not receive systemic therapy 

≤6 months prior to enrolment. Enrolled patients were randomized (1:1) to perioperative 

systemic therapy (experimental arm) or CRS-HIPEC alone (control arm). At physician’s 

discretion, perioperative systemic therapy comprised three months of neoadjuvant 

bevacizumab with either CAPOX, FOLFOX, or FOLFIRI followed by three months of 

adjuvant CAPOX, FOLFOX, or fluoropyrimidine monotherapy. The trial’s primary 

feasibility outcome (i.e. the proportion of patients undergoing macroscopic complete 

CRS-HIPEC) did not significantly differ between the experimental arm (89%) and the 
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control arm (86%). The trial’s primary safety outcome (i.e. the proportion of patients with 

major postoperative morbidity) did not significantly differ between the experimental 

arm (22%) and the control arm (33%). No treatment-related deaths occurred. Objective 

radiological and major pathological response rates of CPM to neoadjuvant treatment 

were 28% and 38%, respectively. In conclusion, this randomized phase 2 trial showed 

that perioperative systemic therapy in this setting seems feasible, safe, and able to induce 

relevant response of CPM, justifying a phase 3 trial. 

Although the relevance of investigating the value of perioperative systemic therapy for 

resectable CPM seems unrelated to the value of HIPEC, publication of the previously 

discussed PRODIGE 7 trial may complicate continuation of the CAIRO6 phase 3 trial. 

Results of PRODIGE 7 have led to an (inter)national debate about the value of oxaliplatin-

based HIPEC after CRS,9 with some proposing that HIPEC in general should be entirely 

omitted from clinical practice.16 Omitting HIPEC from clinical practice may lead to a 

certain decentralization of CRS, probably worsening the feasibility of CAIRO6 and more 

importantly: patient outcomes. However, the CAIRO6 investigators’ interpretation 

of PRODIGE 7 is that oxaliplatin-based HIPEC failed to show the (overoptimistic) 

hypothesized survival gain in highly selected patients undergoing CRS after long-term, 

mostly oxaliplatin-based neoadjuvant systemic therapy within a very specific French 

treatment protocol.10 Though the CAIRO6 investigators agree that oxaliplatin-based HIPEC 

should be omitted in the phase 3 trial, they believe that results of PRODIGE 7 should not be 

automatically extrapolated to patients receiving mitomycin C-based HIPEC after upfront 

CRS. Thereby, mitomycin C-based HIPEC is still practiced in the Netherlands and CRS 

(hopefully) remains centralized. Nevertheless, results of PRODIGE 7 encourage new trials 

comparing CRS alone with CRS followed by mitomycin C-based HIPEC or even better: 

new and innovative intraperitoneal drug regimens. If CAIRO6 phase 3 shows benefit of 

perioperative systemic therapy relative to CRS-HIPEC alone for resectable CPM, future 

trials may focus on comparisons between the perioperative systemic CAIRO6 regimen 

and intensified or ‘new’ perioperative systemic regimens based on first-line metastatic 

or neoadjuvant colorectal cancer trials, such as triplet chemotherapy (± bevacizumab) 

or immunotherapies in certain molecular subgroups.17-21 Oncological outcomes according 

to molecular profile will be centrally analyzed after completion of the CAIRO6 phase 3 

trial.22 These analyses may identify subgroups of patients with resectable CPM that do 

and do not benefit from the given perioperative systemic therapy.

As part of CAIRO6 phase 2 trial, the study described in chapter 8 aimed to compare 

five predefined PROs (visual analogue scale, global health status, physical functioning, 

fatigue, and C30 summary score) between patients randomized to perioperative 

systemic therapy (experimental arm) versus CRS-HIPEC alone (control arm). A 
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secondary aim was to longitudinally analyze all PROs of patients receiving perioperative 

systemic therapy in the experimental arm. PROs were calculated from EORTC 

QLQ-C30, EORTC QLQ-CR29, and EQ-5D-5L at baseline, after neoadjuvant treatment 

(experimental arm), and three and six months postoperatively. All predefined PROs 

were comparable between both arms at all time points and returned to baseline three 

or six months postoperatively. Patients in the experimental arm had clinically relevant 

worsening of fatigue, loss of appetite, hair loss, and loss of taste after neoadjuvant 

treatment. Except for loss of appetite, these PROs returned to baseline at three or six 

months postoperatively. In conclusion, this study suggested acceptable tolerability of 

perioperative systemic therapy in this setting. Together with the previously discussed 

feasibility and safety data of chapter 7, these findings contribute to the justification of 

a phase 3 trial.

Besides the fact that PROs were never compared between perioperative systemic therapy 

and CRS-HIPEC alone for resectable CPM, the investigators also noticed that PROs 

have never been compared between perioperative systemic therapy and surgery alone 

in patients with other CRC entities. In CAIRO6, patients received a fluoropyrimidine 

with oxaliplatin or irinotecan as neoadjuvant treatment and a fluoropyrimidine with 

oxaliplatin or fluoropyrimidine monotherapy as adjuvant treatment. To date, these 

combinations are also given as neoadjuvant or perioperative systemic treatment for 

CRC liver metastases,23-25 as systemic induction treatment for recurrent rectal cancer,26 

and as (neo)adjuvant systemic treatment for advanced colon cancer.27-32 Though an 

indirect comparison, results of the study described in this chapter may be indicative 

for the burden and tolerability of (neo)adjuvant or perioperative systemic therapy in 

these other CRC entities.

PART 3 – PALLIATIVE SETTING

The systematic review described in chapter 9 aimed to evaluate (the quality of) clinical 

studies that reported safety and efficacy outcomes of oxaliplatin-based pressurized 

intraperitoneal aerosol chemotherapy (PIPAC-OX) in patients with unresectable CPM. 

The review identified 28 studies that included ≥1 patient undergoing PIPAC-OX for 

unresectable CPM and reported ≥1 of the following prespecified outcomes: adverse 

events, tumor response, PROs, secondary curative intent surgery, progression-free 

survival, overall survival, and occupational safety of PIPAC-OX. Of these 28 studies, 

only 14 single-arm, mostly small, and mostly retrospective studies reported separate 

results of PIPAC-OX for CPM. Though PIPAC-OX seems safe for patients and operating 

personnel, results of these studies were difficult to interpret for various reasons. Most 
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studies reporting adverse events, tumor response, secondary curative intent surgery, 

progression-free survival, and overall survival did not stratify results for PIPAC-OX 

monotherapy versus bidirectional therapy. Several studies reporting tumor response 

insufficiently described methods of outcome assessment. Lastly, studies reporting 

survival outcomes did not stratify results for first-line versus later-line treatment. 

In conclusion, this systematic reviewed showed that limited available evidence 

insufficiently justifies the widespread, increasing, and off-trial use of PIPAC-OX for 

CPM.

After this systematic review, several other studies reported one of the review’s outcomes 

of interest. By applying the review’s search and eligibility criteria, two additional single-

arm retrospective cohort studies were identified.33,34 The first three-center study 

reported safety, PROs, and efficacy outcomes of 69 patients with peritoneal metastases 

of various cancers undergoing 147 PIPAC procedures with various drugs (including 

PIPAC-OX for CPM).33 However, this study failed to report separate results of PIPAC-

OX for CPM, limiting interpretability. The second single-center study reported safety, 

pathological response, and survival outcomes of 80 patients with CPM undergoing 185 

PIPAC-OX procedures.34 About half of patients in this study received repetitive PIPAC-

OX monotherapy, whereas the other half received systemic therapy alternated with 

repetitive PIPAC-OX (i.e. bidirectional therapy). However, this study failed to stratify 

safety and efficacy outcomes PIPAC-OX monotherapy versus bidirectional therapy and 

to stratify survival outcomes for line of palliative treatment, impeding interpretability. 

Altogether, these two additional studies largely have the same limitations as the 

majority of identified studies in the systematic review, underlining the importance of 

prospective trials with predefined eligibility criteria, interventions, and outcomes on 

this topic, such as the CRC-PIPAC trial and the CRC-PIPAC-2 trial. 

The pharmacokinetic substudy of the CRC-PIPAC trial described in chapter 11 

aimed to provide the first in-human assessment of the systemic pharmacokinetics 

of repetitive PIPAC-OX (92 mg/m2). Twenty, 16, and 13 patients with unresectable 

CPM underwent a first, second, and third PIPAC-OX, yielding 49 procedures for 

pharmacokinetic analyses. Blood was collected before and up to 1080 minutes after 

intraperitoneal oxaliplatin injection. Urine was collected before and up to 7 days after 

PIPAC-OX. Atomic absorption spectrometry and non-linear mixed modeling were 

used to determine Cmax (maximum oxaliplatin concentration), Tmax (time to reach Cmax), 

and AUC0-24h (area under the oxaliplatin concentration-time curve up to 24 hours after 

oxaliplatin injection) in plasma and ultrafiltrate, and oxaliplatin concentrations in 

urine. Cmax and AUC0-24h in plasma and ultrafiltrate after PIPAC-OX were comparable 

to data of intravenous oxaliplatin reported in the literature. Between the first and third 
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PIPAC-OX, a significant increase was observed in plasma Cmax, ultrafiltrate Cmax, plasma 

AUC0-24h, and ultrafiltrate AUC0-24h, Median plasma and ultrafiltrate Tmax were 93 and 30 

minutes after the first procedure, respectively, and did not change after subsequent 

procedures. Oxaliplatin concentrations in urine significantly decreased between the 

first and seventh postoperative day. Before the second and third PIPAC-OX, no residual 

oxaliplatin from previous procedures was detected in urine. In conclusion, this study 

showed that systemic oxaliplatin absorption after PIPAC-OX is relevant, probably 

comparable to that of intravenous oxaliplatin, and slightly increasing with repetitive 

procedures, though urine analysis suggests no cumulative toxicity. 

In the Discussion section of chapter 11, the authors stated that the increasing Cmax and 

AUC of PIPAC-OX in plasma and ultrafiltrate after repetitive procedures could be caused 

by regression of CPM during treatment, leading to a larger healthy peritoneum available 

for systemic drug absorption. However, this hypothesis was questioned by the trial’s 

response outcomes described in chapter 12, which showed no relevant macroscopic 

responses of CPM during treatment. Hence, other potential explanations for the 

increasing systemic oxaliplatin exposure after repetitive procedures are a decreased 

function of the peritoneum-plasma barrier due to increasing chemical peritonitis and 

the presence of residual intraperitoneal oxaliplatin after ending the first PIPAC-OX 

procedure, which migrates to the systemic circulation due to intra-abdominal pressure 

during the second (and subsequent) procedures. 

The phase 2 single-arm CRC-PIPAC trial described in chapter 12 aimed to assess the 

feasibility, safety, and antitumor activity of repetitive PIPAC-OX (92 mg/m2) in patients 

with unresectable CPM. This phase 2 trial in two Dutch tertiary centers enrolled 20 

patients with isolated unresectable CPM in various lines of palliative treatment who 

underwent 59 procedures (median 3, range 1-6) at six-weekly intervals. No major 

intraoperative complications occurred and no occupational platinum was detected 

during analyzed procedures. Major treatment-related adverse events occurred in 

15% of patients after 8% of procedures (abdominal pain, intraperitoneal hemorrhage, 

iatrogenic pneumothorax, transient liver toxicity), including one possibly treatment-

related death due to sepsis of unknown origin. Minor treatment-related adverse 

events occurred in all patients after 97% of procedures, the most common being 

abdominal pain (all patients after 88% of procedures), nausea (65% of patients after 

39% of procedures), anemia (65% of patients after 37% of procedures), fatigue (65% 

of patients after 29% of procedures), and vomiting (35% of patients after 19% of 

procedures). No treatment-related renal toxicity was observed and transient treatment-

related hepatic toxicity occurred in 5% of patients after 5% of procedures. Hospital 

stay was one day (median) and more than one day after 2% of procedures. Treatment-
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related readmissions occurred in 10% after 3% of procedures. Response rates were 

0% (radiological), 50% (biochemical), 56% (pathological), 67% (cytological), 56% 

(ascites), and 0% (macroscopic). Median progression-free and overall survival were 

3.9 months and 8.0 months in ten patients undergoing PIPAC-OX as first-line palliative 

treatment and 3.2 and 6.7 months in ten patients undergoing PIPAC-OX as later-line 

palliative treatment, respectively. In conclusion, this trial in patients with unresectable 

CPM showed that repetitive PIPAC-OX monotherapy is associated with short hospital 

stay and low readmission rate, but has a risk of (sometimes severe) adverse events. 

Observed biochemical, pathological, cytological, and ascites responses may indicate 

biological activity of PIPAC-OX for CPM, but the clinical relevance of this biological 

activity remains to be determined, especially since no radiological or clinically relevant 

macroscopic responses were observed.

After completion of the CRC-PIPAC trial, two phase 1 dose-escalation trials of repetitive 

PIPAC-OX in patients with peritoneal metastases of various origins were published.35,36 

The first trial (PIPOX) used five dose levels (90-300 mg/m2) to determine the maximum 

tolerated dose of two PIPAC-OX administered at an interval of four to six weeks.35 The 

reported maximum tolerated dose of 90 mg/m2 was comparable to the uniformly used 

dose of 92 mg/m2 in all centers and ongoing trials worldwide, but it should be noted 

that patients in the PIPOX trial were allowed to receive concomitant systemic therapy. 

Although this could have largely influenced (dose-limiting) toxicity, the trial report 

lacks data on the proportion of patients receiving concomitant systemic therapy and 

the administered systemic regimens. Nonetheless, adverse events were aggregately 

reported for PIPAC-OX and systemic therapy. Moreover, both dose-limiting toxicities 

at the second dose level of 140 mg/m2 were considered unrelated to PIPAC-OX by the 

PIPOX investigators. Altogether, instead of the maximum tolerated dose of PIPAC-

OX, this trial actually determined the maximum tolerated dose of standard (but yet 

unspecified) systemic therapy with PIPAC-OX. The second trial determined the 

maximum tolerated dose of six-weekly PIPAC-OX monotherapy at 40, 60, 90, 120, and 

150 mg/m2.36 Despite reporting no dose-limiting toxicity of PIPAC-OX monotherapy 

at 120 mg/m2, this trial was unjustifiably terminated due to dose-limiting toxicities 

of systemic therapy with PIPAC-OX at 140 mg/m2 in the PIPOX trial. As a result, the 

maximum tolerated dose of repetitive PIPAC-OX monotherapy remains unknown, 

is probably higher than 120  mg/m2, and may be subject of additional phase 1 and 

subsequent phase 2 trials. Together with the CRC-PIPAC trial, ongoing phase 2 trials 

(clinicaltrials.gov NCT03287375,37 NCT04329494, NCT03868228, NCT04329494; 

Netherlands Trial Register NL830338) and international registry data (clinicaltrials.

gov NCT03210298), such trials may help designing future randomized trials to 

determine whether repetitive PIPAC-OX could be of value in the palliative treatment 
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of unresectable CPM. Importantly, before starting such randomized trials, international 

consensus must first be reached on the most appropriate interventions (e.g. PIPAC-OX 

monotherapy, bidirectional therapy), settings (e.g. neoadjuvant, first-line, second-line, 

refractory), frameworks (e.g. superiority, equivalence, non-inferiority), and endpoints 

(e.g. overall survival, [peritoneal] progression-free survival, PROs, combinations) to 

guide sample size calculations. Besides trials of PIPAC-OX, another ongoing phase 1 trial 

in patients with unresectable CPM is currently investigating the maximum tolerated 

dose of intraperitoneal irinotecan in addition to standard first-line systemic therapy.39 

This trial will increase insight in the potential of this new intraperitoneal regimen for 

unresectable CPM.

As part of the CRC-PIPAC trial, the study described in chapter 13 aimed to longitudinally 

analyze PROs of 20 patients during six-weekly PIPAC-OX (92 mg/m2). PROs were 

calculated from EQ-5D-5L, EORTC QLQ-C30, and EORTC QLQ-CR29 at baseline and 

one and four weeks after the first three procedures. Compared to baseline, several 

PROs worsened one week after the first procedure (index value, role functioning, 

social functioning, C30 summary score, appetite loss, diarrhea, urinary frequency, 

flatulence) and returned to baseline at subsequent time points, whereas other PROs 

worsened one week after the first two procedures (physical functioning, fatigue) and 

one week after the first three procedures ([abdominal] pain). Except for appetite loss, 

all changes were clinically relevant. All PROs returned to baseline four weeks after the 

third procedure. In conclusion, patients receiving repetitive PIPAC-OX monotherapy 

for isolated unresectable CPM had transient but clinically relevant worsening of several 

PROs, mainly one week after the first procedure. These findings may be used to inform 

patients about the burden of PIPAC-OX and should be taken into account by physicians 

when proposing PIPAC-OX in the palliative setting. 

Several other ongoing trials are assessing PROs during or after repetitive PIPAC-OX for 

unresectable CPM (clinicaltrials.gov NCT03172416,40 NCT03287375,37 NCT03868228, 

NCT04329494; Netherlands Trial Register NL830338). A phase 1 trial asks patients to 

complete EORTC QLQ-C30 at baseline and six and twelve weeks during different doses 

of six-weekly PIPAC-OX monotherapy for various origins (including CPM) in a later 

line of palliative treatment (clinicaltrials.gov NCT0317241640). The first single-arm 

phase 2 trial analyzes EORTC QLQ-C30 at baseline and four months after enrolment 

in patients undergoing PIPAC with various drugs ± concomitant systemic therapy 

for various origins (including PIPAC-OX for CPM) in any line of palliative treatment 

(clinicaltrials.gov NCT0328737537). The second single-arm phase 2 trial asks patients 

to complete EORTC QLQ-C30 at baseline and just before every procedure during six-

to-eight-weekly PIPAC-OX ± concomitant systemic therapy for unresectable CPM 
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in various lines of palliative treatment (clinicaltrials.gov NCT03868228). The third 

single-arm phase 2 trial analyzes EQ-5D-5L and MD Anderson Symptom Inventory 

at baseline and 6, 12, and 18 weeks after enrolment in patients undergoing six-weekly 

PIPAC-OX monotherapy for CPM in a later line of palliative treatment (clinicaltrials.gov 

NCT04329494). The phase 2 single-arm CRC-PIPAC-2 trial asks patients to complete 

EQ-5D-5L, EORTC QLQ-C30, and EORTC QLQ-CR29 at baseline, after the first six weeks 

of first-line systemic therapy, and one and four weeks after each PIPAC-OX during first-

line bidirectional therapy for unresectable CPM (Netherlands Trial Register NL830338). 

In addition to these ongoing trials, the international PIPAC registry may provide further 

insight in real-world PROs by regularly assessing EORTC QLQ-C30 during and after 

treatment (Clinicaltrials.gov NCT03210298). If PROs will be used as endpoint of future 

randomized trials assessing the value of PIPAC-OX for unresectable CPM, reported 

PROs of the CRC-PIPAC trial, ongoing trials, and international registry data may be used 

to choose the most appropriate PROs as endpoint and basis for sample size calculations.

The study described in chapter 14 aimed to compare the detectability of cell-free 

tumor DNA (cftDNA) in plasma between patients with CPM and patients with CRC liver 

metastases (CLM). A secondary aim in CPM patients was to compare the detectability 

of cftDNA between plasma and peritoneal fluid. Using prospectively collected samples 

within two clinical trials, this cohort study used pre-treatment plasma and peritoneal 

fluid of 11 KRAS/BRAF mutants with isolated unresectable CPM and pre-treatment 

plasma of 57 KRAS/BRAF mutants with isolated unresectable CLM. Compared to the 

CLM group, the CPM group had a lower proportion of detected KRAS/BRAF mutations 

in plasma cftDNA (20% versus 93%) and lower corresponding mutant allele fractions 

and mutant copies per ml. In the CPM group, KRAS/BRAF mutations were detected in all 

evaluable peritoneal fluid samples, with higher corresponding mutant allele fractions 

and mutant copies per ml than in plasma. In conclusion, cftDNA in peritoneal fluid 

seems a more useful potential biomarker than plasma cftDNA in patients with isolated 

CPM, requiring further investigation.

Besides this translational substudy of the CRC-PIPAC trial, the protocols of CAIRO6 

(chapter 6), CRC-PIPAC (chapter 10) and CRC-PIPAC-2 (chapter 15) describe several 

other (future) translational spin-off studies. In both CRC-PIPAC and CRC-PIPAC-2, part 

of the collected ascites of peritoneal lavage has also been centrifuged under sterile 

conditions, after which the cell pellet has been suspended into an organoid culture 

medium. These CPM organoids will be used as in vitro intraperitoneal chemotherapy 

models. A recent study showed that these models are feasible and indicated that 

currently used oxaliplatin-based and mitomycin C-based HIPEC regimens had only 

a minor effect on the viability of the organoid lines.41 Thereby, these in vitro organoid 
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models may serve as a platform for identification, development, and preclinical testing 

of potentially beneficial intraperitoneal anticancer drug regimens. In CAIRO6, CRC-

PIPAC, and CRC-PIPAC-2, biopsies of CPM and the primary tumor (if possible) have 

been stored as both formalin-fixed paraffin-embedded and fresh-frozen tissue. These 

samples may be used to identify molecular biomarkers that predict prognosis of 

these patients in various settings. Previous studies already showed that well-known 

biomarkers such as KRAS/BRAF mutations have important prognostic impact in patients 

undergoing CRS-HIPEC for CPM.42-45 Furthermore, these tissue samples may be used for 

histopathological and molecular characterization of CPM to identify potential targets 

for new therapies. A recent study using such samples showed significant enrichment 

of consensus molecular subtype 4 in CPM,46 probably explaining the inefficacy of 

oxaliplatin-based HIPEC.47 In CAIRO6, CRC-PIPAC, and CRC-PIPAC-2, blood has been 

collected during trial treatment for analysis of plasma cftDNA. Although the study 

described in this chapter showed low detectability of plasma cftDNA in patients with 

isolated CPM, detectable plasma cftDNA may be indicative of future systemic disease 

progression. Previous studies already showed an association between detection of 

perioperative plasma cftDNA and oncological outcomes in patients undergoing CRS-

HIPEC for CPM.48-50 Thereby, hypothetically, patients with isolated CPM and detectable 

plasma cftDNA may benefit (the most) from addition of perioperative systemic therapy 

to CRS-HIPEC or addition of palliative systemic therapy to repetitive PIPAC-OX. These 

hypotheses will be investigated in the near future.
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PART 1 – CURRENT PRACTICE

The nationwide Dutch retrospective cohort study described in chapter 2 showed an 

association of hospital of diagnosis with isolated colorectal peritoneal metastases 

(CPM) with the probability of undergoing cytoreductive surgery and hyperthermic 

intraperitoneal chemotherapy (CRS-HIPEC) and survival, with a large variation in 

probability of CRS-HIPEC at individual hospital level (0% to 50%). These results were 

as unwanted as unexpected in a small and well-regulated country with a long history 

and high awareness of CRS-HIPEC.1 The observed differences could even be more 

pronounced in other countries, in which both patients’ accessibility to CRS-HIPEC 

and awareness of CRS-HIPEC among physicians may be lower.2,3 Results of this study 

appeared of (inter)national interest and were presented during plenary sessions at 

(inter)national surgical and oncology meetings.4,5 Dissemination of these results could 

increase attention for this potentially relevant issue and may initiate (inter)national 

initiatives to better spread the latest knowledge on CRS-HIPEC for CPM, especially 

among physicians working in non-specialized centers. Several examples of potential 

initiatives are proporsed in the Discussion section of the chapter. Such initiatives may 

contribute to uniformization of treatment decision making for isolated CPM and to 

consideration of curative intent treatment in all (or at least an increasing number of) 

eligible patients regardless of hospital of diagnosis.

The survey among 19 PSOGI members from 19 countries described in chapter 3 

showed relevant between-country differences in integration of CRS-HIPEC for CPM in 

clinical practice and relevant between-hospital and between-participant differences 

in current surgico-oncological treatment practice of CPM. Several important topics of 

low consensus were identified. The observed between-country differences in estimated 

numbers of CRS-HIPEC procedures per million inhabitants, reimbursement of CRS-

HIPEC by health insurers, and inclusion of CRS-HIPEC in guidelines may suggest 

that curative intent treatment is not equally accessible for patients across different 

countries and socioeconomic groups. Thereby, results of this survey may encourage 

international initiatives to better equalize and standardize integration of CRS-HIPEC 

across countries. Though the survey’s methodology was not designed to provide 

evidence-based consensus statements, its findings should rather be used as a basis to 

form these. Several observed controversial topics have been addressed by randomized 

trials or this thesis,6-8 but remaining topics of low consensus may serve as a basis for 

future studies and consensus meetings. 
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PART 2 – CURATIVE INTENT SETTING

The systematic review described in chapter 4 showed a striking lack of high-quality 

evidence on the value of perioperative (i.e. neoadjuvant, adjuvant) systemic therapy 

for resectable CPM. Despite this lack of evidence, perioperative systemic therapy in 

this setting has been widely used in many centers worldwide.9 In light of the lack of 

evidence shown by this review, one could question this widespread use in the era of 

evidence-based medicine, especially as perioperative systemic therapy is not without 

risks and may lead to relevant health care costs.10-12 Results of this systematic review 

led to a change of clinical practice in the Netherlands, and probably also in other 

countries. Before the systematic review, the Dutch colorectal cancer guideline did not 

include recommendations on neoadjuvant treatment, but stated that adjuvant systemic 

chemotherapy could be considered after upfront CRS-HIPEC for CPM.13 After presenting 

results of the systematic review, the Dutch Peritoneal Oncology Group and the Dutch 

Colorectal Cancer Group uniformly decided that perioperative systemic therapy was no 

longer recommended for CPM until its benefit is proven in a randomized trial: CAIRO6. 

Ever since, upfront CRS-HIPEC alone has been the standard of care for patients with 

resectable CPM in all Dutch CRS-HIPEC centers.14 

The retrospective cohort study described in chapter 5 showed a strong association 

between adjuvant systemic chemotherapy and better overall survival relative to active 

surveillance following upfront CRS-HIPEC for isolated synchronous CPM. Results of 

this study again led to a discussion within the Dutch Peritoneal Oncology Group about 

whether upfront CRS-HIPEC alone is the appropriate standard of care for resectable 

CPM. However, as discussed in chapter 5 and chapter 16, the retrospective study 

design inevitably led to a potentially relevant influence of selection bias on reported 

results. Therefore, it was decided that upfront CRS-HIPEC alone remained the standard 

of care until results of the CAIRO6 trial (which had then already enrolled about 150 

patients) become available. In other countries, results of this study probably led to 

routine use of adjuvant systemic chemotherapy following upfront CRS-HIPEC for 

isolated synchronous CPM, especially given the current lack of data on this topic in 

this particular patient group.

The CAIRO6 randomized phase 2 trial described in chapter 7 showed that perioperative 

systemic therapy in patients with resectable CPM seems feasible, safe, and able to 

induce relevant response of CPM. These results justified continuation to the CAIRO6 

phase 3 trial. With almost 250 enrolled patients to date, results of the phase 3 trial will 

likely standardize the perioperative systemic treatment of patients with resectable 

CPM worldwide. The trial’s radiological, pathological, and translational spin-off studies 
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will probably allow for identification of a subgroup of patients who benefit the most from 

perioperative systemic therapy, sparing its toxicity and burden to those who are unlikely 

to benefit. The phase 2 trial showed that about a third of all eligible patients were not 

approached for trial participation. Besides being caused by the first-time character of 

CAIRO6, this may be explained by the treating surgeons’ fear of missing a window to 

operate because of progression or toxicity during neoadjuvant treatment. Moreover, 

based on previously published data,15 some surgeons may have had concerns about 

increased postoperative morbidity due to neoadjuvant administration of bevacizumab. 

Importantly, the phase 2 trial showed a higher absolute proportion of macroscopic 

complete CRS-HIPEC and a lower absolute proportion of major postoperative morbidity 

in patients receiving neoadjuvant treatment relative to those undergoing upfront CRS-

HIPEC. Thereby, these results may contribute to the phase 3 trial’s feasibility of accrual. 

As part of the CAIRO6 randomized phase 2 trial, the study described in chapter 8 

showed no relevant differences in patient-reported outcomes (PROs) between patients 

receiving perioperative systemic therapy relative to those undergoing upfront CRS-

HIPEC alone. Together with the previously discussed feasibility, safety, and tumor 

response data of the phase 2 trial, these findings contribute to the justification of the 

CAIRO6 phase 3 trial. The phase 2 trial showed that nearly half of approached patients 

refused trial participation, mainly because they feared the toxicity and burden of 

perioperative systemic therapy. Moreover, before trial initiation, several physicians 

involved in CAIRO6 thought the burden of perioperative systemic therapy would be 

too high in this setting, especially surgeons. Importantly, results of this study suggest 

acceptable tolerability of perioperative systemic therapy for resectable CPM and may 

be used by physicians to inform patients about its burden.

PART 3 – PALLIATIVE SETTING

The systematic review described in chapter 9 showed a striking lack of evidence on the 

value of PIPAC-OX in patients with unresectable CPM. Despite this lack of evidence, 

PIPAC-OX has been adopted as a palliative treatment option for unresectable CPM in 

a rapidly increasing number of hospitals worldwide.16,17 Given results of this systematic 

review, one could question this rapidly increasing use in the era of evidence-based 

medicine. Though PIPAC was unavailable in the Netherlands, its seemingly promising 

initial results have been increasingly published in the Dutch lay press.18-20 As a result, 

many Dutch patients with unresectable CPM went to other countries to undergo (non-

evidence-based) PIPAC-OX in an off-trial setting, frequently at own costs of several 

thousands of euros: an unwanted and unethical situation. Together with the lack of 
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evidence, this trend has encouraged development of the first ethically approved, funded 

clinical trial that prospectively assessed the feasibility, safety, preliminary efficacy, 

PROs, costs, and systemic pharmacokinetics of repetitive PIPAC-OX in patients with 

unresectable CPM: the CRC-PIPAC trial. 

The pharmacokinetic substudy of the CRC-PIPAC trial described in chapter 11 showed 

that repetitive PIPAC-OX in the uniformly administered dose worldwide (92 mg/m2) led 

to a relevant systemic oxaliplatin exposure that is comparable to that of intravenous 

oxaliplatin reported in the literature. Being the first in-human pharmacokinetic study 

of PIPAC-OX, results of this study challenged the popular belief of low systemic drug 

exposure after PIPAC.21,22 As the comparison with intravenous oxaliplatin was indirect, 

results of this study formed the basis of pharmacokinetic studies of the CRC-PIPAC-2 

trial. In this ongoing trial, pharmacokinetic blood samples are collected after the first 

cycle of oxaliplatin-based systemic therapy and the first PIPAC-OX to provide the first 

direct comparison of systemic oxaliplatin exposure between these two methods of 

administration.23

The phase 2 CRC-PIPAC trial in patients with unresectable CPM described in chapter 

12 showed that repetitive PIPAC-OX (92 mg/m2) is associated with short hospital stay 

and low readmission rate, but has a risk of (sometimes severe) toxicity. Observed 

biochemical, pathological, cytological, and ascites responses may indicate biological 

activity of PIPAC-OX for CPM, but the clinical relevance of this biological activity 

remains to be determined, especially since no radiological or clinically relevant 

macroscopic responses were observed. Being the first prospective trial of repetitive 

PIPAC-OX monotherapy for unresectable CPM, this trial received international 

attention of several research groups and may serve as a reference trial in this new 

and still small area of research.24,25 Though the trial confirmed the feasibility of 

implementing PIPAC in a multicenter trial setting, reported safety data suggest that 

the risks of PIPAC-OX should not be underestimated. This further questions the 

current widespread off-trial use of repetitive PIPAC-OX in the absence of evidence 

proving its efficacy. Although PIPAC-OX appeared biologically active, the observed 

lack of radiological or clinically relevant macroscopic response may attenuate the 

seemingly promising efficacy of repetitive PIPAC-OX reported thus far,17,26 probably as 

the CRC-PIPAC trial is the first to assess repetitive PIPAC-OX monotherapy. Thereby, 

results of this trial could lead towards a shift from trials assessing repetitive PIPAC-

OX monotherapy towards trials investigating more aggressive strategies such as 

first-line systemic therapy alternated with PIPAC-OX: the regimen investigated in 

the ongoing CRC-PIPAC-2 trial. 
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As part of the CRC-PIPAC trial, the study described in chapter 13 showed that patients 

receiving repetitive PIPAC-OX monotherapy for unresectable CPM had transient but 

clinically relevant worsening of several PROs during treatment, with (abdominal) 

pain being the most relevant. Being the first study assessing PROs of PIPAC-OX for 

unresectable CPM, findings of this study may slightly attenuate the previously reported 

good tolerability of PIPAC-OX,26 could be used by physicians to inform patients about the 

burden of PIPAC-OX, and should be taken into account by physicians when proposing 

PIPAC-OX in the palliative setting. These results will be put into more perspective 

by the ongoing CRC-PIPAC-2 trial, as patients in this trial are asked to complete PRO 

questionnaires after systemic therapy cycles and after PIPAC-OX. 

The study described in chapter 14 showed that cell-free tumor DNA (cftDNA) in 

plasma may not be a useful biomarker in patients with isolated CPM, in whom cftDNA 

in peritoneal fluid may be a relevant alternative requiring further research. This proof-

of-concept study formed the basis of ongoing and future cftDNA-focused translational 

side studies with samples collected in CAIRO6, CRC-PIPAC, and CRC-PIPAC-2, as 

described in chapter 16. Furthermore, this proof-of-concept study may support the 

general assumption that CPM is a locoregional rather than systemic disease.
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CHAPTER 2

Supplementary Table 2.1 Definition of tumor characteristics.

Definition of cohort and tumor characteristics of included patients

Variable ICD-O topographical or morphological code

Tumor topography

Colon C180, C182-C188

Rectum C19, C20

Appendix C181

Unspecified C189

Tumor histology

Carcinoma

Adenocarcinoma 8140, 8144, 8210, 8211, 8220, 8255, 8260, 8261, 8263, 8323, 8570

Mucinous carcinoma 8470, 8480, 8481

Signet ring cell carcinoma 8490

Other/unspecified 8010, 8012, 8020, 8021, 8031, 8032, 8033, 8041, 8045, 8046, 8201, 

8560, 8441

Neuroendocrine neoplasm 8013, 8240, 8243, 8244, 8245, 8246, 8249, 8574

Sarcoma 8858, 8936

Unspecified 8000, 8001

Metastases

Locoregional metastases C16, C17, C18, C19, C20, C21, C23, C24, C25, C26, C422, C445, C474, 

C48, C494, C52, C53, C54, C55, C56, C57, C61, C620, C631, C64, 

C65, C66, C67, C74, C762, C763, C772, C775

Systemic metastases All other topographical codes not mentioned after ‘’Locoregional 

metastases’’

ICD-O international classification of diseases for oncology.
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Supplementary Table 2.2 Baseline characteristics of 2661 patients with synchronous PMCRC 

diagnosed in non-teaching hospitals and academic/teaching hospitals in the Netherlands.

Baseline characteristics

Variable, n (%) Diagnosis in non-teaching 

hospitals 

(n=1324)

Diagnosis in academic/

teaching hospitals 

(n=1337)

Chi 

square p

Gender 0.06

Male 676 (51) 633 (47)

Female 648 (49) 704 (53)

Age 0.56

<70 years 640 (48) 631 (47)

≥70 years 684 (52) 706 (53)

Socioeconomic status 0.47

Low 354 (27) 355 (27)

Middle 527 (40) 504 (38)

High 320 (24) 357 (27)

Unknown 123 (9) 121 (9)

T-stage 0.37

T0-3 354 (27) 389 (29)

T4 711 (54) 688 (51)

TX 259 (20) 260 (19)

N-stage 0.21

N0 218 (16) 242 (18)

N1 321 (24) 345 (26)

N2 467 (35) 470 (35)

NX 318 (24) 280 (21)

Primary tumor location 0.42

Colon 1172 (89) 1170 (88)

Rectum 152 (11) 167 (12)

Tumor histology 0.65

Adenocarcinoma 812 (61) 841 (63)

Mucinous carcinoma 368 (28) 362 (27)

Signet ring cell carcinoma 144 (11) 134 (10)

Tumor differentiation 0.04

Well/moderately 432 (33) 461 (34)

Poorly/undifferentiated 400 (30) 345 (26)

Unknown 492 (37) 531 (40)

Treatment <0.01

CRS/HIPEC 221 (17) 150 (11)

Systemic therapy 430 (32) 489 (37)

Other/no treatment 686 (51) 685 (52)

CRS/HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; PMCRC peritoneal 

metastases of colorectal cancer..
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Supplementary Table 2.3 Baseline characteristics of 2661 patients with synchronous PMCRC 

diagnoised in HIPEC centers and referring hospitals in the Netherlands.

Baseline characteristics

Variable, n (%) Diagnosis in

HIPEC centers

(n=154)

Diagnosis in

referring hospitals

(n=154)

Chi 

square p

Gender 0.65

Male 73 (47) 1236 (49)

Female 81 (53) 1271 (51)

Age 0.04

<70 years 86 (56) 1185 (47)

≥70 years 68 (44) 1322 (53)

Socioeconomic status 0.85

Low 38 (24) 672 (27)

Middle 63 (41) 968 (39)

High 41 (27) 636 (25) 

Unknown 13 (8) 231 (9)

T-stage 0.12

T0-3 38 (25) 705 (28)

T4 93 (60) 1306 (52)

TX 23 (15) 496 (20)

N-stage 0.25

N0 28 (18) 432 (17)

N1 39 (25) 627 (25)

N2 62 (40) 875 (35)

NX 25 (16) 573 (23)

Primary tumor location 0.69

Colon 134 (87) 2208 (88)

Rectum 20 (13) 299 (12)

Tumor histology 0.51

Adenocarcinoma 102 (66) 1551 (62)

Mucinous carcinoma 39 (25) 691 (28)

Signet ring cell carcinoma 13 (8) 265 (11)

Tumor differentiation 0.95

Well/moderately 51 (33) 842 (34)

Poorly/undifferentiated 42 (27) 703 (28)

Unknown 61 (40) 962 (38)

Treatment <0.01

CRS/HIPEC 51 (33) 320 (13)

Systemic therapy 42 (27) 877 (35)

Other/no treatment 61 (40) 1310 (52)

CRS/HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; PMCRC 

peritoneal metastases of colorectal cancer.
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Supplementary Table 2.4 Baseline characteristics of 2507 patients with synchronous PMCRC 

diagnosed in low-frequency referring hospitals, medium-frequency referring hospitals, and high-

frequency referring hospitals in the Netherlands.

Baseline characteristics

Variable, n (%) Diagnosis in 

low-frequency 

referring 

hospitals 

(n=875)

Diagnosis 

in medium-

frequency 

referring hospitals

(n=854)

Diagnosis in 

high-frequency 

referring 

hospitals

(n=778)

Chi 

square 

p

Diagnosis in <0.01

Academic/teaching hospital 269 (31) 349 (41) 565 (73)

Non-taching hospital 606 (69) 505 (59) 213 (27)

Sex 0.13

Male 430 (49) 442 (52) 364 (47)

Female 445 (51) 412 (48) 414 (53)

Years of age at diagnosis 0.57

<70 years 425 (49) 393 (46) 367 (47)

≥70 years 450 (51) 461 (54) 411 (53)

Socioeconomic status 0.21

Low 262 (30) 209 (24) 201 (26)

Middle 318 (36) 343 (40) 307 (39)

High 217 (25) 216 (25) 203 (26)

Unknown 78 (9) 86 (10) 67 (9)

T-stage 0.02

T
0-3 246 (28) 240 (28) 219 (28)

T4 433 (49) 439 (51) 434 (56)

TX 196 (22) 175 (20) 125 (16)

N-stage 0.04

N0 137 (16) 161 (19) 134 (17)

N1 216 (25) 209 (24) 202 (26)

N2 292 (33) 293 (34) 290 (37)

NX 230 (26) 191 (22) 152 (19)

Primary tumor location 0.61

Colon 778 (89) 750 (88) 680 (87)

Rectum 97 (11) 104 (12) 98 (13)

Histology 0.89

Adenocarcinoma 530 (61) 536 (63) 485 (62)

Mucinous carcinoma 249 (28) 232 (27) 210 (27)

Signet ring cell adenocarcinoma 96 (11) 86 (10) 83 (11)
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Supplementary Table 2.4 Continued.

Baseline characteristics

Variable, n (%) Diagnosis in 

low-frequency 

referring 

hospitals 

(n=875)

Diagnosis 

in medium-

frequency 

referring hospitals

(n=854)

Diagnosis in 

high-frequency 

referring 

hospitals

(n=778)

Chi 

square 

p

Differentiation 0.01

Well or moderately 253 (29) 310 (36) 279 (36)

Poorly or undifferentiated 255 (29) 237 (28) 211 (27)

Unknown 367 (42) 307 (36) 288 (37)

Treatment <0.01

CRS/HIPEC 57 (7) 111 (13) 152 (20)

Systemic therapy 330 (38) 292 (34) 255 (33)

Other/no treatment 488 (56) 451 (53) 371 (48)

CRS/HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; PMCRC peritoneal 

metastases of colorectal cancer. 
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CHAPTER 4

Supplementary Table 4.1 Literature search.

Literature search

MeSH-term Free terms

#1 Colorectal Neoplasms colorectal neoplasm OR colorectal carcinoma OR 

colorectal cancer OR colon carcinoma OR colon 

cancer OR colonic cancer OR colonic carcinoma OR 

rectal carcinoma OR rectal cancer OR crc 

#2 Peritoneal Neoplasms peritoneal metastases OR peritoneal metastasis 

OR peritoneal carcinomatosis OR colorectal 

carcinomatosis OR peritoneal dissemination 

OR peritoneal spread OR peritoneal disease OR 

peritoneal tumour OR peritoneal tumor

#3 Chemotherapy, Cancer, Regional 

Perfusion

crs OR hipec OR cytoreductive surgery OR 

intraperitoneal chemotherapy OR intraperitoneal 

chemoperfusion

#4 Induction Chemotherapy OR

Consolidation Chemotherapy OR 

Maintenance Chemotherapy OR 

Chemotherapy, Adjuvant OR

Molecular Targeted Therapy

chemotherapy OR systemic therapy OR targeted 

therapy OR egfr OR vegf

Search: (#1 MeSH-term OR (#1 free terms)) AND (#2 MeSH-term OR (#2 free terms)) AND (#3 MeSH-

term OR (#3 free terms)) AND (#4 MeSH-term OR (#4 free terms))
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Supplementary Table 4.2 Risk of bias in individual studies, assessed by using the methodological 

index for non-randomized studies.

Methological index for non-randomized studies

Methological items Passot9

2012

Baratti10

2014

Devilee11

2016

Ceelen12

2014

Passot13

2014

Glehen14

2004a

Glehen15

2004b

Maillet16

2016

Kuijpers17

2014

Chua18

2011

Eveno19

2014

For all non-randomised studies

A clearly stated aim 2 2 2 2 2 2 2 2 2 2 2

Inclusion of consecutive patients 2 2 2 0 2 0 0 2 2 0 0

Prospective collection of data 0 0 0 0 0 0 0 0 0 0 0

Endpoints appropriate to aim 1 1 1 1 1 1 1 1 1 1 1

Unbiased assessment of study endpoint 0 0 0 0 0 0 0 0 0 0 0

Follow-up period appropriate to aim 2 2 2 1 1 2 2 0 2 1 0

Loss to follow up less than 5% 2 2 0 2 0 0 2 0 0 0 0

Prospective calculation of study size 0 0 0 0 0 0 0 0 0 0 0

For comparative non-randomised studies

Adequate control group 0 - 0 0 0 - - 0 0 0 0

Contemporary groups 2 - 2 2 2 - - 2 2 2 2

Baseline equivalence of groups 0 - 1 0 0 - - 2 0 0 2

Adequate statistical analysis 1 - 2 2 2 - - 2 2 1 2

Total score 12/24 9/16 12/24 10/24 10/24 5/16 7/16 11/24 11/24 7/16 11/24

The items are scored 0 (not reported), 1 (reported but inadequate) or 2 (reported and adequate).
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Supplementary Table 4.2 Risk of bias in individual studies, assessed by using the methodological 

index for non-randomized studies.

Methological index for non-randomized studies

Methological items Passot9

2012

Baratti10

2014

Devilee11

2016

Ceelen12

2014

Passot13

2014

Glehen14

2004a

Glehen15

2004b

Maillet16

2016

Kuijpers17

2014

Chua18

2011

Eveno19

2014

For all non-randomised studies

A clearly stated aim 2 2 2 2 2 2 2 2 2 2 2

Inclusion of consecutive patients 2 2 2 0 2 0 0 2 2 0 0

Prospective collection of data 0 0 0 0 0 0 0 0 0 0 0

Endpoints appropriate to aim 1 1 1 1 1 1 1 1 1 1 1

Unbiased assessment of study endpoint 0 0 0 0 0 0 0 0 0 0 0

Follow-up period appropriate to aim 2 2 2 1 1 2 2 0 2 1 0

Loss to follow up less than 5% 2 2 0 2 0 0 2 0 0 0 0

Prospective calculation of study size 0 0 0 0 0 0 0 0 0 0 0

For comparative non-randomised studies

Adequate control group 0 - 0 0 0 - - 0 0 0 0

Contemporary groups 2 - 2 2 2 - - 2 2 2 2

Baseline equivalence of groups 0 - 1 0 0 - - 2 0 0 2

Adequate statistical analysis 1 - 2 2 2 - - 2 2 1 2

Total score 12/24 9/16 12/24 10/24 10/24 5/16 7/16 11/24 11/24 7/16 11/24

The items are scored 0 (not reported), 1 (reported but inadequate) or 2 (reported and adequate).
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CHAPTER 5

Supplementary Table 5.1 Definitions of cohort selection, adjuvant treatment, and covariates.

Initial cohort selection ICD-O topography and morphology codes

Colorectal cancer – 

topographical codes

C18 colon (89%); C19 rectosigmoid junction (2%); C20 rectum 

(8%)

Colorectal cancer – 

morphological codes

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%)

Synchronous peritoneal 

metastases

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%)

Excluded after initial cohort 

selection

ICD-O topography and morphology codes

Appendiceal primary tumor C181 appendix

Unspecified primary tumor 

location

C188 overlapping lesion of colon; C189 colon, NOS

Histology other than 

adenocarcinoma

8020 carcinoma, undifferentiated, NOS; 8070 squamous cell 

carcinoma, NOS

Concomitant extraperitoneal 

metastases

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

Definition of adjuvant treatment Netherlands Cancer Registry treatment codes

Targeted agents 432000 monoclonal antibody; L01XC07 bevacizumab 

Systemic chemotherapy 420000 systemic chemotherapy; 422000 platinum-containing 

chemotherapy; 423000 chemotherapy with levamisole/

leucovorin; 4GA000 CAPOX; 4GC000 FOLFOX; L01BC02 5-FU; 

L01BC06 capecitabine; L01XA03 oxaliplatin
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Supplementary Table 5.1 Continued.

A fluoropyrimidine with 

oxaliplatin

422000 platinum-containing chemotherapy; 4GA000 CAPOX; 

4GC000 FOLFOX; L01XA03 oxaliplatin

Fluoropyrimidine 

monotherapy

423000 chemotherapy with levamisole/leucovorin; L01BC02 

5-FU; L01BC06 capecitabine

Chemotherapy, NOS 420000 systemic chemotherapy

Definition of covariates ICD-O topography and morphology codes

Primary tumor location – 

proximal colon

C180 caecum; C182 ascending colon; C183 hepatic flexure of 

colon; C184 transverse colon

Primary tumor location – distal 

colon

C185 splenic flexure of colon; C186 descending colon; C187 

sigmoid colon

Primary tumor location – 

rectum 

C19 rectosigmoid junction; C20 rectum

Histology – adenocarcinoma 8140 adenocarcinoma, NOS; 8144 adenocarcinoma, intestinal 

type; 8510 medullary adenocarcinoma

Histology – mucinous 

adenocarcinoma 

8480 mucinous adenocarcinoma; 8481 mucin-producing 

adenocarcinoma

Histology – signet ring cell 

adenocarcinoma

8490 signet ring cell 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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All patients

>21 days

<=21 days

Initial length of hospital stay b

Poorly/undifferentiated

Well/moderately

Differentiationb

Signet ring cell adenocarcinoma

Mucinous adenocarcinoma

Adenocarcinoma

Histologic characteristics

pN2

pN1

pN0

Pathologic N categoryb

pT4

pT0-3

Pathologic T category b

Rectum

Distal colon

Proximal colon

Primary tumor location

2014-2017

2010-2013

2005-2009

Period of diagnosis

>69

60-69

<60

Years of age at diagnosis

Female

Male

Sex

0.10 0.25 0.50 1 2 4 10

Hazard ratio (95% CI)

Favors ASC group Favors active surveillance group Hazard ratio (95% CI) p-valuean

136

148

110

61

41

101

142

151

122

11

80

200

54

98

126

172

95

17

159

51

284

0.65 (0.43 - 0.98)

0.62 (0.42 - 0.94)

0.59 (0.36 - 0.97)

0.66 (0.42 - 1.04)

0.63 (0.35 - 1.13)

0.69 (0.35 - 1.35)

0.74 (0.48 - 1.15)

0.52 (0.32 - 0.84)

0.59 (0.40 - 0.88)

0.79 (0.51 - 1.23)

0.19 (0.03 - 1.16)

1.13 (0.66 - 1.95)

0.47 (0.33 - 0.67)

0.54 (0.27 - 1.07)

0.74 (0.45 - 1.22)

0.58 (0.38 - 0.89)

0.61 (0.42 - 0.89)

0.60 (0.37 - 1.00)

1.00 (0.31 - 3.18)

0.74 (0.50 - 1.10)

0.75 (0.40 - 1.41)

0.64 (0.46 - 0.86)

0.89

0.95

0.55

0.26

0.008

0.69

0.73

0.97

113

0.78

0.63 (0.42 - 0.95)

0.93 (0.34 -2.51)

159

22

Supplementary Figure 5.1 Association between adjuvant systemic chemotherapy and overall survival 

across different levels of covariates.

ASC adjuvant systemic chemotherapy; CI confidence interval; atest for interaction; bmissing data not 

included.
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CHAPTER 7

Supplementary Method 7.1 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);

• 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.
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Supplementary Method 7.2 Doses, routes, and schedules of perioperative systemic 

regimens.

CAPOX-bevacizumab

Four three-week neoadjuvant and four-three week 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-week neoadjuvant and six two-week 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-week 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 day 1) added to the 

first four neoadjuvant cycles, followed by either four three-week adjuvant cycles of 

oral capecitabine (1000 mg/m2 BSA, twice daily on days 1-14) or six two-week 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 7.3 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),12,16 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.15 Both regimens were allowed, since a 

recent systematic review showed that no meaningful survival comparison between 

these regimens could be made.17 HIPEC regimens or doses were not adjusted based on 

previous systemic therapies.
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Supplementary Method 7.4 Central radiologic and pathologic 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. 

Radiologic and pathologic response to neoadjuvant treatment were both evaluated 

by two independent assessors blinded to clinical outcomes. Radiologic response was 

assessed using the Response Evaluation Criteria in Solid Tumors (RECIST) and the 

radiologic PCI.12,19 When in situ, the primary tumor was not included in the radiologic 

PCI. Pathologic response was classified according to Mandard’s tumor regression 

grading (TRG) and the Peritoneal Regression Grading Score (PRGS).20,21 

Radiologic response

Response according to RECIST was classified as complete response, partial response, 

stable disease, progressive disease, or non-evaluable.19 Analogue to RECIST, response 

according to radiologic PCI was classified as complete response (i.e. disappearance of 

all peritoneal lesions), partial response (i.e. ≥30% decrease 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 radiologic response was 

defined as complete or partial response.

Pathologic 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.20 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.21 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 

pathologic response was defined as TRG1 or TRG2.
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Supplementary Table 7.1 Comparison of baseline characteristics in the intention-to-treat and the 

modified intention-to-treat population. 

Baseline characteristics Intention-to-treat population Modified intention-to-treat population

Variable Experimental

(n=40)

Control

(n=40)

p

value

Experimental

(n=37)

Control

(n=42)

p

value

Sex, n (%) .26 .33

Male 19 (48) 24 (60) 18 (49) 25 (60)

Female 21 (53) 16 (40) 19 (51) 17 (40)

Age in years, mean (SD) 60 (11) 64 (10) .05 59 (11) 64 (10) .03

WHO performance score, n (%) .59 .33

0 30 (75) 33 (83) 27 (73) 35 (83)

1 9 (23) 7 (18) 9 (24) 7 (17)

2 1 (3)a 0 (0) 1 (3)a 0 (0)

Primary tumor location, n (%) .74 .71

Proximal colonb 17 (43) 14 (35) 16 (43) 15 (36)

Distal colonc 21 (53) 25 (63) 19 (51) 26 (62)

Rectum 1 (3) 1 (3) 1 (3) 1 (2)

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

Histology, n (%) >.99 .87

Non-mucinous adenocarcinoma 37 (93) 37 (93) 34 (92) 39 (93)

Mucinous adenocarcinoma 3 (8) 3 (8) 3 (8) 3 (7)

Primary tumor status, n (%) .16 .21

Resected 29 (73) 23 (58) 27 (73) 25 (60)

In situ 11 (28) 17 (43) 10 (27) 17 (40)

T-stage of primary tumord, n (%) .80 .48

T0-3 18 (45) 21 (53) 16 (43) 23 (55)

T4 21 (53) 19 (48) 21 (57) 19 (45)

Unknown 1 (3)e 0 (0) 0 (0) 0 (0)

N-stage of primary tumord, n (%) .25 .39

N0 14 (35) 15 (38) 13 (35) 16 (38)

N1 17 (43) 11 (28) 16 (43) 12 (29)

N2 8 (20) 14 (35) 8 (22) 14 (33)

Unknown 1 (3)e 0 (0) 0 (0) 0 (0)

Previous systemic therapy for CRC, n (%) .61 .74

No 29 (73) 31 (78) 27 (73) 32 (76)

Adjuvant: a fluoropyrimidine with oxaliplatin 9 (23) 9 (23) 9 (24) 9 (21)

Adjuvant: fluoropyrimidine monotherapy 2 (5) 0 (0) 1 (3) 1 (2)

For metastatic disease 0 (0) 0 (0) 0 (0) 0 (0)
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Supplementary Table 7.1 Comparison of baseline characteristics in the intention-to-treat and the 

modified intention-to-treat population. 

Baseline characteristics Intention-to-treat population Modified intention-to-treat population

Variable Experimental

(n=40)

Control

(n=40)

p

value

Experimental

(n=37)

Control

(n=42)

p

value

Sex, n (%) .26 .33

Male 19 (48) 24 (60) 18 (49) 25 (60)

Female 21 (53) 16 (40) 19 (51) 17 (40)

Age in years, mean (SD) 60 (11) 64 (10) .05 59 (11) 64 (10) .03

WHO performance score, n (%) .59 .33

0 30 (75) 33 (83) 27 (73) 35 (83)

1 9 (23) 7 (18) 9 (24) 7 (17)

2 1 (3)a 0 (0) 1 (3)a 0 (0)

Primary tumor location, n (%) .74 .71

Proximal colonb 17 (43) 14 (35) 16 (43) 15 (36)

Distal colonc 21 (53) 25 (63) 19 (51) 26 (62)

Rectum 1 (3) 1 (3) 1 (3) 1 (2)

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

Histology, n (%) >.99 .87

Non-mucinous adenocarcinoma 37 (93) 37 (93) 34 (92) 39 (93)

Mucinous adenocarcinoma 3 (8) 3 (8) 3 (8) 3 (7)

Primary tumor status, n (%) .16 .21

Resected 29 (73) 23 (58) 27 (73) 25 (60)

In situ 11 (28) 17 (43) 10 (27) 17 (40)

T-stage of primary tumord, n (%) .80 .48

T0-3 18 (45) 21 (53) 16 (43) 23 (55)

T4 21 (53) 19 (48) 21 (57) 19 (45)

Unknown 1 (3)e 0 (0) 0 (0) 0 (0)

N-stage of primary tumord, n (%) .25 .39

N0 14 (35) 15 (38) 13 (35) 16 (38)

N1 17 (43) 11 (28) 16 (43) 12 (29)

N2 8 (20) 14 (35) 8 (22) 14 (33)

Unknown 1 (3)e 0 (0) 0 (0) 0 (0)

Previous systemic therapy for CRC, n (%) .61 .74

No 29 (73) 31 (78) 27 (73) 32 (76)

Adjuvant: a fluoropyrimidine with oxaliplatin 9 (23) 9 (23) 9 (24) 9 (21)

Adjuvant: fluoropyrimidine monotherapy 2 (5) 0 (0) 1 (3) 1 (2)

For metastatic disease 0 (0) 0 (0) 0 (0) 0 (0)
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Supplementary Table 7.1 Continued. 

Baseline characteristics Intention-to-treat population Modified intention-to-treat population

Variable Experimental

(n=40)

Control

(n=40)

p

value

Experimental

(n=37)

Control

(n=42)

p

value

Previous resection of extraperitoneal CRC metastases, n (%) .24 .10

No 37 (93) 40 (100) 34 (92) 42 (100)

Yes 3 (8) 0 (0) 3 (8) 0 (0)

Onset of CPM, n (%) .50 .78

Synchronous 21 (53) 24 (60) 20 (54) 24 (57)

Metachronous 19 (48) 16 (40) 17 (46) 18 (43)

CRC diagnosis to synchronous CPM, months, median (range) 1 (0-2) 1 (0-2) .78 1 (0-2) 1 (0-2) .90

CRC diagnosis to metachronous CPM, months, median (range) 14 (4-44) 20 (7-48) .32 14 (4-44) 21 (7-48) .08

CPM diagnosis to trial enrolment, months, median (range) 1 (0-4) 1 (0-4) .41 1 (0-4) 1 (0-4) .37

Baseline PCI, median (range) 3 (0f-15) 5 (0g-18) .06 3 (0f-15) 5 (0g-18) .10

Modality of determining baseline PCI, n (%) .03 .01

Laparoscopy 25 (63)h 34 (85) 22 (59)h 36 (86)

Laparotomy 14 (35)h 6 (15) 14 (38)h 6 (14)

Center of determining baseline PCI, n (%) .22 .40

Trial center 18 (45)h 24 (60) 18 (49)h 25 (60)

Referring center 21 (53)h 16 (40) 18 (49)h 17 (40)

Planned HIPEC regimen, n (%) >.99 .99

Mitomycin C 32 (80) 32 (80) 30 (81) 34 (81)

Oxaliplatin 8 (20) 8 (20) 7 (19) 8 (19)

CPM colorectal peritoneal metastases; CRC colorectal cancer; 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; dpathologic 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; f2 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.
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Supplementary Table 7.1 Continued. 

Baseline characteristics Intention-to-treat population Modified intention-to-treat population

Variable Experimental

(n=40)

Control

(n=40)

p

value

Experimental

(n=37)

Control

(n=42)

p

value

Previous resection of extraperitoneal CRC metastases, n (%) .24 .10

No 37 (93) 40 (100) 34 (92) 42 (100)

Yes 3 (8) 0 (0) 3 (8) 0 (0)

Onset of CPM, n (%) .50 .78

Synchronous 21 (53) 24 (60) 20 (54) 24 (57)

Metachronous 19 (48) 16 (40) 17 (46) 18 (43)

CRC diagnosis to synchronous CPM, months, median (range) 1 (0-2) 1 (0-2) .78 1 (0-2) 1 (0-2) .90

CRC diagnosis to metachronous CPM, months, median (range) 14 (4-44) 20 (7-48) .32 14 (4-44) 21 (7-48) .08

CPM diagnosis to trial enrolment, months, median (range) 1 (0-4) 1 (0-4) .41 1 (0-4) 1 (0-4) .37

Baseline PCI, median (range) 3 (0f-15) 5 (0g-18) .06 3 (0f-15) 5 (0g-18) .10

Modality of determining baseline PCI, n (%) .03 .01

Laparoscopy 25 (63)h 34 (85) 22 (59)h 36 (86)

Laparotomy 14 (35)h 6 (15) 14 (38)h 6 (14)

Center of determining baseline PCI, n (%) .22 .40

Trial center 18 (45)h 24 (60) 18 (49)h 25 (60)

Referring center 21 (53)h 16 (40) 18 (49)h 17 (40)

Planned HIPEC regimen, n (%) >.99 .99

Mitomycin C 32 (80) 32 (80) 30 (81) 34 (81)

Oxaliplatin 8 (20) 8 (20) 7 (19) 8 (19)

CPM colorectal peritoneal metastases; CRC colorectal cancer; 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; dpathologic 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; f2 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.
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Supplementary Table 7.2 Baseline characteristics of the CRS-HIPEC population.

Baseline characteristics CRS-HIPEC population

Variable Experimental

(n=33)

Control

(n=36)

Total

(n=69)

Sex, n (%)

Male 14 (42) 22 (61) 36 (52)

Female 19 (58) 14 (39) 33 (48)

Age in years, mean (SD) 60 (11) 64 (10) 62 (10)

WHO performance score, n (%)

0 25 (76) 31 (86) 56 (81)

1 7 (21) 5 (14) 12 (17)

2 1 (3)a 0 (0) 1 (1)a

Primary tumor location, n (%)

Proximal colonb 14 (42) 11 (31) 25 (36)

Distal colonc 17 (52) 24 (67) 41 (59)

Rectum 1 (3) 1 (3) 2 (3)

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

Histology, n (%)

Non-mucinous adenocarcinoma 32 (97) 33 (92) 65 (94)

Mucinous adenocarcinoma 1 (3) 3 (8) 4 (6)

Primary tumor status, n (%)

Resected 26 (79) 23 (64) 49 (71)

In situ 7 (21) 13 (36) 20 (29)

T-stage of primary tumord, n (%) 

T0-3 13 (39) 22 (61) 35 (51)

T4 20 (61) 14 (39) 34 (49)

N-stage of primary tumord, n (%) 

N0 12 (36) 12 (33) 24 (35)

N1 13 (39) 10 (28) 23 (33)

N2 8 (24) 14 (39) 22 (32)

Previous systemic therapy for CRC, n (%)

No 23 (70) 26 (72) 49 (71)

Adjuvant: a fluoropyrimidine with oxaliplatin 9 (27) 9 (25) 18 (26)

Adjuvant: fluoropyrimidine monotherapy 1 (3) 1 (3) 2 (3)

For metastatic disease 0 (0) 0 (0) 0 (0)

Previous resection of extraperitoneal CRC metastases, n (%)

No 30 (91) 36 (100) 66 (96)

Yes 3 (9) 0 (0) 3 (4)
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Supplementary Table 7.2 Continued.

Baseline characteristics CRS-HIPEC population

Variable Experimental

(n=33)

Control

(n=36)

Total

(n=69)

Onset of CPM, n (%)

Synchronous 17 (52) 19 (53) 36 (52)

Metachronous 16 (48) 17 (47) 33 (48)

CRC diagnosis to synchronous CPM, months, median (range) 0 (0-2) 1 (0-2) 1 (0-2)

CRC diagnosis to metachronous CPM, months, 

median (range)

14 (4-44) 20 (7-48) 19 (4-48)

CPM diagnosis to trial enrolment, months, median (range) 1 (0-4) 1 (0-4) 1 (0-4)

Baseline PCI, median (range) 3 (0-14) 5 (0-18) 4 (0-18)

Modality of determining baseline PCI, n (%)

Laparoscopy 19 (58)e 31 (86) 50 (72)e

Laparotomy 13 (39)e 5 (14) 18 (26)e

Center of determining baseline PCI, n (%)

Trial center 17 (52)e 22 (61) 39 (57)e

Referring center 15 (45)e 14 (39) 29 (42)e

Planned HIPEC regimen, n (%)

Mitomycin C 26 (79) 29 (81) 55 (80)

Oxaliplatin 7 (21) 7 (19) 14 (20)

CPM colorectal peritoneal metastases; CRC colorectal cancer; CRS cytoreductive surgery; 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; dpathologic 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, resectability 

was not determined by laparoscopy or laparotomy, but by radiology only.
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Supplementary Table 7.3 Intraoperative and postoperative characteristics of the CRS-HIPEC 

population, including details of Clavien-Dindo grade ≥3 postoperative morbidity and reoperations.

Intraoperative characteristics

Variable Experimental

(n=33)

Control

(n=36)

Total

(n=69)

p value

PCI, median (range) 4 (0-14) 11 (0-20) 8 (0-20) .004

Primary tumor resection, n (%) .17

Yes 7 (21) 13 (36) 20 (29)

No 26 (79) 23 (64) 49 (71)

Bowel anastomosis, n (%) .20

Yes 17 (52) 24 (67) 41 (59)

No 16 (48) 12 (33) 28 (41)

Ostomy formation, n (%) .006

Yes 6 (18) 18 (50) 24 (35)

No 27 (82) 18 (50) 45 (65)

Operating time in minutes, mean (SD) 344 (94) 372 (132) 359 (115) .32

HIPEC regimen, n (%) .64

Mitomycin C 28 (85) 29 (81) 57 (83)

Oxaliplatin 5 (15) 7 (19) 12 (17)

Postoperative characteristics

Variable Experimental

(n=33)

Control

(n=36)

Total

(n=69)

p value

Initial hospital stay in days, median (IQR) 8 (7-16) 12 (8-21) 10 (7-16) .09

Readmission, n (%) .06

Yes 6 (18) 14 (39) 20 (29)

No 27 (82) 22 (61) 49 (71)

Reoperation, n (%) .68

Yes 6 (18) 8 (22) 14 (20)

No 27 (82) 28 (78) 55 (80)

Any Clavien-Dindo grade ≥2 postoperative 

morbidity, n (%)

.01

Yes 16 (48) 28 (78) 44 (64)

No 17 (52) 8 (22) 25 (36)

Any Clavien-Dindo grade ≥3 postoperative 

morbidity, n (%)

.17

Yes 7 (21) 13 (36) 20 (29)

No 26 (79) 23 (64) 49 (71)

Any Clavien-Dindo grade 4 postoperative 

morbidity, n (%)

.57

Yes 3 (9) 2 (6) 5 (7)

No 30 (91) 34 (94) 64 (93)
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Supplementary Table 7.3 Continued.

Details of Clavien-Dindo grade ≥3 postoperative morbidityc

Adverse event, n (%) Experimental

(n=33)

Control

(n=36)

Total

(n=69)

p valued

Anastomotic leakage, grade 3 1 (3c)/(6d) 3 (8c)/(13d) 4 (6c)/(10d) NA

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

Reoperationsg

Adverse event, n (%) Experimental

(n=37)

Control

(n=42)

Total

(n=79)

p valued

Anastomotic leakage, grade 3 1 (3c)/(6d) 3 (8c)/(13d) 4 (6c)/(10d) NA

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

Intra-abdominal abscess, grade 4 2 (6) 1 (1) 3 (4) NA

Fascia dehiscence, grade 3 1 (3) 2 (5) 3 (4) NA

Ileus, grade 3 1 (3) 0 (0) 1 (1) NA

Postoperative hemorrhage, grade 3 0 (0) 1 (1) 1 (1) NA

Bowel perforation, grade 3 0 (0) 1 (1) 1 (1) 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.
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Supplementary Table 7.4 Details of Clavien-Dindo grade 2 postoperative morbidity in the modified 

intention-to-treat (i.e. operated) and the CRS-HIPEC population. 

Modified intention-to-treat 

population

CRS-HIPEC population

Adverse event, n (%) Experi-

mental 

(n=37)

Control

(n=42)

Total

(n=79)

Experi-

mental 

(n=33)

Control

(n=36)

Total

(n=69)

Gastroparesis 2 (5) 8 (19) 10 (13) 2 (6) 7 (19) 9 (13)

Pneumonia 3 (8) 4 (10) 7 (9) 3 (9) 4 (11) 7 (10)

Urinary tract infection 2 (5) 3 (7) 5 (6) 2 (6) 3 (8) 5 (7)

Wound infection 1 (3) 4 (10) 5 (6) 1 (3) 3 (8) 4 (6)

Intra-abdominal abscess 1 (3) 3 (7) 4 (5) 1 (3) 3 (8) 4 (6)

Ileus 2 (5) 3 (7) 5 (6) 1 (3) 2 (6) 3 (4)

Anastomotic leakage 1 (3a)/(6b) 0 (0) 1 (1a)/(2b) 1 (3a)/(6b) 0 (0) 1 (1a)/(2b)

Bowel perforation 0 (0) 1 (2) 1 (1) 0 (0) 1 (3) 1 (1)

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

Thromboembolic event 0 (0) 1 (2) 1 (1) 0 (0) 1 (3) 1 (1)

Infected hematoma 0 (0) 1 (2) 1 (1) 0 (0) 1 (3) 1 (1)

Urinary retention 0 (0) 1 (2) 1 (1) 0 (0) 0 (0) 0 (0)

Delirium 1 (3) 0 (0) 1 (1) 1 (3) 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 7.5 Details of CTCAE grade 2 systemic therapy-related toxicity in the 

experimental arm of the modified intention-to-treat population.

Modified intention-to-treat population

Adverse event, n (%) Experimental (n=37)

Diarrhea 10 (27)

Nausea/vomiting 9 (24)

Peripheral neuropathy 8 (22)

Abdominal pain 2 (5)

Colonic perforation 1 (3)

Constipation 2 (5)

Mucosal infection 1 (3)

Anorexia 1 (3)

Phlebitis 1 (3)

Laryngospasm 1 (3)

Allergic reaction 5 (14)

Dysgeusia 1 (3)

Skin ulceration 1 (3)

Chest pain – cardiac 1 (3)

Hypertension 1 (3)

Dizziness 1 (3)

Thromboembolic event 1 (3)

Stroke 1 (3)

Pancreatitis 1 (3)

Lung infection 1 (3)

Fatigue 5 (14)

Chronic kidney disease 1 (3)

Fever 1 (3)

Depression 1 (3)

Vaginal hemorrhage 1 (3)

Hiccups 1 (3)

Ascites 1 (3)

Anxiety 1 (3)

Increased urinary frequency 1 (3)

Neutrophil count decreased 1 (3)

Hypokalemia 1 (3)

Platelet count decreased 1 (3)

Alanine aminotransferase increased 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 7.6 Details of central review of radiologic response to neoadjuvant treatment.

Characteristics Central radiologic review

ID Onset of 

peritoneal 

metastases

Primary 

tumor 

status

RECIST PCI at 

baseline 

CT

PCI at 

restaging 

CT

PCI 

difference 

(%)

PCI

response

1 Synchronous In situ SD 6 4 -33% PR

2 Metachronous Resected NEa 17 1 -94% NEa

3 Synchronous In situ NE 0 0 0% SD

4 Metachronous Resected SD 9 8 11% SD

5 Synchronous Resected PR 3 3 0% SD

6 Synchronous In situ NE 17 21 +24% PDb

7 Metachronous Resected CR 4 0 -100% CR

8 Synchronous In situ SD 4 4 0% SD

9 Synchronous Resected NE 4 3 -25% SD

10 Metachronous Resected NE 1 1 0% SD

11 Synchronous In situ NE 4 1 -75% PR

12 Synchronous Resected NEc 1 1 0% NEc

13 Synchronous In situ NE 5 24 +380% PD

14 Metachronous Resected NE 3 3 0% SD

15 Synchronous In situ NE 12 12 0% SD

16 Synchronous Resected NE 20 7 -65% PR

17 Metachronous Resected NEc 10 6 -40% NEc

18 Synchronous In situ NE 17 7 -59% PR

19 Synchronous Resected SD 10 10 0% SD

20 Synchronous Resected NE 11 9 -18% SD

21 Synchronous In situ NE 8 8 0% SD

22 Synchronous In situ SD 5 5 0% SD

23 Metachronous Resected SD 3 3 0% SD

24 Metachronous Resected NE 8 8 0% SD

25 Synchronous Resected NE 7 4 -43% PR

26 Synchronous Resected NE 11 10 -9% SD

27 Metachronous Resected SD 5 4 -20% SD

28 Synchronous Resected NE 12 10 -17% SD

29 Metachronous Resected SD 4 4 0% SD

30 Synchronous Resected NEc 8 8 -75% NEc

31 Metachronous Resected SD 4 4 0% SD

32 Metachronous Resected SD 6 6 0% SD

33 Metachronous Resected SD 4 3 -25% SD

34 Metachronous Resected NE 12 12 0% SD
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Supplementary Table 7.6 Continued.

Characteristics Central radiologic review

ID Onset of 

peritoneal 

metastases

Primary 

tumor 

status

RECIST PCI at 

baseline 

CT

PCI at 

restaging 

CT

PCI 

difference 

(%)

PCI

response

35 Synchronous Resected NE 8 6 -25% SD

36 Synchronous Resected NEc 2 0 -100% NEc

37 Metachronous Resected NE 3 1 -67% PR

CR complete response; CT computed tomography; NE non-evaluable; PCI peritoneal cancer index; 

PD progressive disease; PR partial response; RECIST response evaluation criteria in solid tumors; SD 

stable disease; apatient had resection of symptomatic ovarian metastases (and several other lesions) 

between baseline CT and enrolment, and was therefore classified as non-evaluable; bclassified as 

stable disease by the treating physicians; cpatient 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.
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Supplementary Table 7.7 Details of central review of pathologic response to neoadjuvant treatment.

Characteristics Central pathologic review

ID Onset of peritoneal 

metastases

Primary tumor status No. of resected specimens sent to pathology Peritoneal metastases Primary tumor Locoregional lymph nodes Overall response

Total Tumor-positive (%) TRG PRGS TRG PRGS TRG PRGS TRG PRGS

1 Synchronous In situ 7 3 (43%) 3 2 4 3 3 2 3 2

2 Metachronous Resected 6 2 (33%) 2 2 NA NA NA NA 2 2

3 Synchronous In situ 7 2 (29%) 3 2 3 2 4 3 3 2

4 Metachronous Resected 13 12 (92%) 4 3 NA NA NA NA 4 3

5 Synchronous Resected 3 1 (33%) 3 2 NA NA NA NA 3 2

6 Synchronous In situ 5a 4 (80%)a 3a 2a 3a 2a 4a 3a 3a 2a

7 Metachronous Resected 6 2 (33%) 4 3 NA NA NA NA 4 3

8 Synchronous In situ 10 8 (80%) 5 4 3 2 4 3 4 3

9 Synchronous Resected 8 0 (0%) 1 1 NA NA NA NA 1 1

10 Metachronous Resected 2 1 (50%) 3 2 NA NA NA NA 3 2

11 Synchronous In situ 1b 1 (100%)b NEb NEb 3 2 3 2 3 2

12 Synchronous Resected 4 0 (0%) 1 1 NA NA NA NA 1 1

13 Synchronous In situ 0c 0c NEc NEc NEc NEc NEc NEc NEc NEc

14 Metachronous Resected 7 4 (57%) 2 2 NA NA NA NA 2 2

15 Synchronous In situ 10 5 (50%) 3 3 2 2 3 2 3 2

16 Synchronous Resected 7 0 (0%) 1 1 NA NA NA NA 1 1

17 Metachronous Resected 9 0 (0%) NEd NEd NA NA NA NA NEd NEd

18 Synchronous In situ 10 8 (80%) 3 2 4 3 3 2 3 2

19 Synchronous Resected 7 0 (0%) 1 1 NA NA NA NA 1 1

20 Synchronous Resected 7 0 (0%) 1 1 NA NA NA NA 1 1

21 Synchronous In situ 3e 3 (100%)e 5e 4e NEe NEe NEe NEe 5e 4e 

22 Synchronous In situ 5 3 (60%) 2 2 1 1 1 1 1 1

23 Metachronous Resected 2 0 (0%) 1 1 NA NA NA NA 1 1

24 Metachronous Resected 5 0 (0%) 1 1 NA NA NA NA 1 1

25 Synchronous Resected 7 0 (0%) 1 1 NA NA NA NA 1 1

26 Synchronous Resected 7 7 (100%) 4 3 NA NA NA NA 4 3

27 Metachronous Resected 7 1 (14%) 4 3 NA NA NA NA 4 3

28 Synchronous Resected 11 1 (9%) 3 2 NA NA NA NA 3 2

29 Metachronous Resected 4 2 (50%) 5 4 NA NA NA NA 5 4

30 Synchronous Resected 21 2 (10%) 3 2 NA NA NA NA 3 2

31 Metachronous Resected 9 5 (56%) 4 3 NA NA NA NA 4 3

32 Metachronous Resected 9 5 (56%) 5 4 NA NA NA NA 5 4

33 Metachronous Resected 2 1 (50%) 3 2 NA NA NA NA 3 2

34 Metachronous Resected 3h 3 (100%)e 5e 4e NA NA NA NA 5e 4e
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Supplementary Table 7.7 Details of central review of pathologic response to neoadjuvant treatment.

Characteristics Central pathologic review

ID Onset of peritoneal 

metastases

Primary tumor status No. of resected specimens sent to pathology Peritoneal metastases Primary tumor Locoregional lymph nodes Overall response

Total Tumor-positive (%) TRG PRGS TRG PRGS TRG PRGS TRG PRGS

1 Synchronous In situ 7 3 (43%) 3 2 4 3 3 2 3 2

2 Metachronous Resected 6 2 (33%) 2 2 NA NA NA NA 2 2

3 Synchronous In situ 7 2 (29%) 3 2 3 2 4 3 3 2

4 Metachronous Resected 13 12 (92%) 4 3 NA NA NA NA 4 3

5 Synchronous Resected 3 1 (33%) 3 2 NA NA NA NA 3 2

6 Synchronous In situ 5a 4 (80%)a 3a 2a 3a 2a 4a 3a 3a 2a

7 Metachronous Resected 6 2 (33%) 4 3 NA NA NA NA 4 3

8 Synchronous In situ 10 8 (80%) 5 4 3 2 4 3 4 3

9 Synchronous Resected 8 0 (0%) 1 1 NA NA NA NA 1 1

10 Metachronous Resected 2 1 (50%) 3 2 NA NA NA NA 3 2

11 Synchronous In situ 1b 1 (100%)b NEb NEb 3 2 3 2 3 2

12 Synchronous Resected 4 0 (0%) 1 1 NA NA NA NA 1 1

13 Synchronous In situ 0c 0c NEc NEc NEc NEc NEc NEc NEc NEc

14 Metachronous Resected 7 4 (57%) 2 2 NA NA NA NA 2 2

15 Synchronous In situ 10 5 (50%) 3 3 2 2 3 2 3 2

16 Synchronous Resected 7 0 (0%) 1 1 NA NA NA NA 1 1

17 Metachronous Resected 9 0 (0%) NEd NEd NA NA NA NA NEd NEd

18 Synchronous In situ 10 8 (80%) 3 2 4 3 3 2 3 2

19 Synchronous Resected 7 0 (0%) 1 1 NA NA NA NA 1 1

20 Synchronous Resected 7 0 (0%) 1 1 NA NA NA NA 1 1

21 Synchronous In situ 3e 3 (100%)e 5e 4e NEe NEe NEe NEe 5e 4e 

22 Synchronous In situ 5 3 (60%) 2 2 1 1 1 1 1 1

23 Metachronous Resected 2 0 (0%) 1 1 NA NA NA NA 1 1

24 Metachronous Resected 5 0 (0%) 1 1 NA NA NA NA 1 1

25 Synchronous Resected 7 0 (0%) 1 1 NA NA NA NA 1 1

26 Synchronous Resected 7 7 (100%) 4 3 NA NA NA NA 4 3

27 Metachronous Resected 7 1 (14%) 4 3 NA NA NA NA 4 3

28 Synchronous Resected 11 1 (9%) 3 2 NA NA NA NA 3 2

29 Metachronous Resected 4 2 (50%) 5 4 NA NA NA NA 5 4

30 Synchronous Resected 21 2 (10%) 3 2 NA NA NA NA 3 2

31 Metachronous Resected 9 5 (56%) 4 3 NA NA NA NA 4 3

32 Metachronous Resected 9 5 (56%) 5 4 NA NA NA NA 5 4

33 Metachronous Resected 2 1 (50%) 3 2 NA NA NA NA 3 2

34 Metachronous Resected 3h 3 (100%)e 5e 4e NA NA NA NA 5e 4e
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Supplementary Table 7.7 Continued.

Characteristics Central pathologic review

ID Onset of peritoneal 

metastases

Primary tumor status No. of resected specimens sent to pathology Peritoneal metastases Primary tumor Locoregional lymph nodes Overall response

Total Tumor-positive (%) TRG PRGS TRG PRGS TRG PRGS TRG PRGS

35 Synchronous Resected 8 2 (25%) 2 2 NA NA NA NA 2 2

36 Synchronous Resected 18 1 (6%) 2 2 NA NA NA NA 2 2

37 Metachronous Resected 11 1 (9%) 3 2 NA NA NA NA 3 2

NA not applicable; NE non-evaluable; PRGS peritoneal regression grading score; TRG tumor 

regression grade (Mandard); apatient did not undergo cytoreductive surgery due to extensive 

peritoneal disease, but had palliative primary tumor resection and peritoneal biopsies for response 

assessment; bonly 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); cpatient 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; dalthough 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 pathologic review revealed that the peritoneal metastases were not pathologically proven 

before enrolment, and pathologic regression was therefore classified as non-evaluable rather than 

TRG1 or PRGS1; epatient did not undergo cytoreductive surgery due to extensive peritoneal disease, 

but had peritoneal biopsies for response assessment.

28 completed all neoadjuvant cycles
2 stopped after 1 cycle of CAPOX-B
 1 had severe emetophobia
 1 had gastrointestinal toxicity
3 stopped after 2 cycles of CAPOX-B
 1 had gastrointestinal toxicity
 1 had a cerebrovascular accident
 1 at patient’s request
3 stopped after 3 cycles of CAPOX-B
 1 had obstructive ileus
 1 had progression on restaging CT
 1 had gastrointestinal toxicity
1 stopped after 5 cycles of FOLFOX-B
 at patient’s request

22 started adjuvant treatment
16 started CAPOX
4 started FOLFOX
2 started capecitabine

37 started neoadjuvant treatment
26 started CAPOX-Ba

8 started FOLFIRI-B
3 started FOLFOX-B

12 completed all adjuvant cycles
1 stopped after 1 cycle of FOLFOX
 had hematologic, gastrointestinal, and dermatologic toxicity
1 stopped after 1 cycle of capecitabine
 had hematologic toxicity
3 stopped after 2 cycles of CAPOX
 1 had neurologic toxicity
 1 had gastrointestinal toxicity
 1 at patient’s request
1 stopped after 3 cycles of FOLFOX
 had hematologic toxicity
4 stopped after 3 cycles of CAPOX
 2 had neurologic toxicity
 2 at patient’s request

Supplementary Figure 7.1 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-enrollment wound dehiscence.
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Supplementary Table 7.7 Continued.

Characteristics Central pathologic review

ID Onset of peritoneal 

metastases

Primary tumor status No. of resected specimens sent to pathology Peritoneal metastases Primary tumor Locoregional lymph nodes Overall response

Total Tumor-positive (%) TRG PRGS TRG PRGS TRG PRGS TRG PRGS

35 Synchronous Resected 8 2 (25%) 2 2 NA NA NA NA 2 2

36 Synchronous Resected 18 1 (6%) 2 2 NA NA NA NA 2 2

37 Metachronous Resected 11 1 (9%) 3 2 NA NA NA NA 3 2

NA not applicable; NE non-evaluable; PRGS peritoneal regression grading score; TRG tumor 

regression grade (Mandard); apatient did not undergo cytoreductive surgery due to extensive 

peritoneal disease, but had palliative primary tumor resection and peritoneal biopsies for response 

assessment; bonly 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); cpatient 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; dalthough 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 pathologic review revealed that the peritoneal metastases were not pathologically proven 

before enrolment, and pathologic regression was therefore classified as non-evaluable rather than 

TRG1 or PRGS1; epatient did not undergo cytoreductive surgery due to extensive peritoneal disease, 

but had peritoneal biopsies for response assessment.

Supplementary Figure 7.1 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-enrollment wound dehiscence.
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Supplementary Figure 7.2 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 8

Supplementary Table 8.1 PROs of each questionnaire.

PROs of each questionnaire

Questionnaire PROs – function scalesa PROs – symptom scalesb

EQ-5D-5L Visual analogue scale, index value -

EORTC QLQ-C30 Global health status, physical 

functioning, role functioning, 

emotional functioning, cognitive 

functioning, social functioning, C30 

summary score 

Fatigue, nausea and vomiting, pain, 

dyspnea, insomnia, , loss of appetite, 

constipation, diarrhea, financial 

difficulties

EORTC QLQ-CR29 Weight, body image, sexual interest 

(males), sexual interest (females)

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; ahigher score indicates better functioning; bhigher score indicates worse symptoms.
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Supplementary Table 8.2 Baseline characteristics of the intention-to-treat trial population.

Baseline characteristics of the intention-to-treat trial population

Variable Experimental

(n=40)

Control

(n=40)

p value

Sex, n (%) .26

Male 19 (48) 24 (60)

Female 21 (52) 16 (40)

Age in years, mean (SD) 60 (11) 64 (10) .05

WHO performance score, n (%) .59

0 30 (75) 33 (83)

1 9 (23) 7 (17)

2 1 (3)a 0 (0)

Primary tumor location, n (%) .74

Proximal colonb 17 (43) 14 (35)

Distal colonc 21 (53) 25 (63)

Rectum 1 (3) 1 (3)

Multiple 1 (3) 0 (0)

Primary tumor status, n (%) .16

Resected 30 (75) 23 (57)

In situ 10 (25) 17 (43)

Previous adjuvant systemic chemotherapy for CRC, n (%) .61

No 29 (73) 31 (78)

Yes 11 (27) 9 (23) 

Onset of CPM, n (%) .50

Synchronous 21 (53) 24 (60)

Metachronous 19 (48) 16 (40)

Baseline peritoneal cancer index, median (range) 3 (0-15) 5 (1-18) .06

Planned HIPEC regimen, n (%) >.99

Mitomycin C 32 (80) 32 (80)

Oxaliplatin 8 (20) 8 (20)

CPM colorectal peritoneal metastases; CRC colorectal cancer; HIPEC hyperthermic intraperitoneal 

chemotherapy; SD standard deviation; WHO world health organization; adue to severe obesity; 
bcaecum, ascending colon, hepatic flexure, transverse colon; csplenic flexure, descending colon, 

sigmoid, rectosigmoid.
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Supplementary Table 8.3 PRO scores of 68 patients included in primary comparative analyses.

PRO scores of 68 patients included in primary comparative analyses

Questionnaire

PRO, mean (SD)

Baseline After neoadjuvant treatment Three months postoperatively Six months postoperatively

Experimental Control Experimental Control Experimental Control Experimental Control

EQ-5D-5L

Index value 0.85 (0.16) 0.84 (0.19) 0.79 (0.22) - 0.79 (0.22) 0.77 (0.16) 0.86 (0.20) 0.82 (0.13)

Visual analogue scale 77 (19) 75 (20) 68 (22) - 68 (22) 65 (28) 79 (14) 74 (12)

EORTC QLQ-C30

Global health status 77 (16) 75 (20) 69 (16) - 70 (20) 70 (20) 77 (18) 72 (18)

Physical functioning 85 (17) 85 (17) 82 (16) - 77 (17) 74 (20) 86 (12) 79 (19)

Role functioning 74 (26) 76 (29) 66 (25) - 61 (27) 60 (28) 77 (24) 69 (26)

Emotional functioning 75 (18) 75 (18) 78 (22) - 84 (18) 76 (23) 85 (20) 76 (22)

Cognitive functioning 89 (17) 89 (12) 83 (22) - 88 (18) 82 (18) 85 (19) 82 (18)

Social functioning 84 (19) 76 (20) 81 (22) - 77 (23) 71 (25) 86 (17) 76 (27)

Fatigue 24 (19) 26 (19) 39 (27) - 41 (22) 38 (23) 25 (21) 30 (23)

Nausea/vomiting 2 (7) 6 (16) 5 (9) - 10 (20) 16 (30) 6 (12) 10 (17)

Pain 23 (23) 18 (24) 13 (21) - 21 (25) 27 (24) 11 (20) 21 (24)

Dyspnea 8 (17) 06 (16) 11 (18) - 17 (26) 23 (23) 10 (22) 16 (21)

Insomnia 19 (24) 27 (22) 25 (30) - 18 (28) 31 (28) 14 (23) 25 (25)

Loss of appetite 6 (18) 41 (36) 22 (27) - 23 (29) 36 (39) 21 (31) 24 (36)

Constipation 5 (15) 7 (18) 1 (6) - 9 (21) 9 (23) 0 (0) 8 (21)

Diarrhea 8 (22) 10 (19) 16 (24) - 15 (24) 17 (27) 10 (16) 16 (28)

Financial difficulties 9 (21) 6 (19) 12 (24) - 10 (23) 6 (15) 9 (20) 3 (10)

C30 summary score 86 (11) 82 (11) 81 (10) - 80 (13) 74 (15) 87 (11) 80 (13)

EORTC QLQ-CR29

Urinary frequency 25 (22) 30 (21) 25 (24) - 25 (22) 31 (25) 23 (25) 29 (25)

Urinary incontinence 4 (11) 9 (17) 06 (20) - 4 (14) 12 (23) 6 (20) 15 (19)

Dysuria 4 (14) 4 (11) 1 (6) - 2 (8) 3 (9) 0 (0) 2 (6)

Abdominal pain 19 (19) 29 (28) 14 (19) - 20 (28) 24 (25) 14 (21) 23 (25)

Buttock pain 3 (10) 6 (15) 9 (19) - 4 (14) 10 (24) 2 (8) 14 (27)

Bloating 10 (20) 15 (20) 10 (18) - 14 (22) 20 (27) 11 (20) 16 (26)

Blood/mucus in stool 2 (5) 6 (15) 2 (5) - 5 (3) 6 (10) 1 (3) 4 (10)

Dry mouth 8 (17) 8 (18) 22 (28) - 11 (18) 19 (25) 10 (16) 17 (23)

Hair loss 3 (13) 0 (0) 19 (28) - 12 (20) 13 (22) 10 (23) 9 (18)

Loss of taste 3 (13) 04 (13) 32 (36) - 19 (22) 19 (31) 11 (22) 15 (23)

Flatulence 16 (22) 21 (23) 24 (26) - 28 (24) 23 (23) 19 (24) 31 (26)

Fecal incontinence 1 (6) 6 (13) 6 (16) - 6 (18) 21 (27) 3 (10) 16 (28)

Sore skin 7 (16) 4 (11) 11 (20) - 5 (15) 15 (25) 7 (14) 15 (28)
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Supplementary Table 8.3 PRO scores of 68 patients included in primary comparative analyses.

PRO scores of 68 patients included in primary comparative analyses

Questionnaire

PRO, mean (SD)

Baseline After neoadjuvant treatment Three months postoperatively Six months postoperatively

Experimental Control Experimental Control Experimental Control Experimental Control

EQ-5D-5L

Index value 0.85 (0.16) 0.84 (0.19) 0.79 (0.22) - 0.79 (0.22) 0.77 (0.16) 0.86 (0.20) 0.82 (0.13)

Visual analogue scale 77 (19) 75 (20) 68 (22) - 68 (22) 65 (28) 79 (14) 74 (12)

EORTC QLQ-C30

Global health status 77 (16) 75 (20) 69 (16) - 70 (20) 70 (20) 77 (18) 72 (18)

Physical functioning 85 (17) 85 (17) 82 (16) - 77 (17) 74 (20) 86 (12) 79 (19)

Role functioning 74 (26) 76 (29) 66 (25) - 61 (27) 60 (28) 77 (24) 69 (26)

Emotional functioning 75 (18) 75 (18) 78 (22) - 84 (18) 76 (23) 85 (20) 76 (22)

Cognitive functioning 89 (17) 89 (12) 83 (22) - 88 (18) 82 (18) 85 (19) 82 (18)

Social functioning 84 (19) 76 (20) 81 (22) - 77 (23) 71 (25) 86 (17) 76 (27)

Fatigue 24 (19) 26 (19) 39 (27) - 41 (22) 38 (23) 25 (21) 30 (23)

Nausea/vomiting 2 (7) 6 (16) 5 (9) - 10 (20) 16 (30) 6 (12) 10 (17)

Pain 23 (23) 18 (24) 13 (21) - 21 (25) 27 (24) 11 (20) 21 (24)

Dyspnea 8 (17) 06 (16) 11 (18) - 17 (26) 23 (23) 10 (22) 16 (21)

Insomnia 19 (24) 27 (22) 25 (30) - 18 (28) 31 (28) 14 (23) 25 (25)

Loss of appetite 6 (18) 41 (36) 22 (27) - 23 (29) 36 (39) 21 (31) 24 (36)

Constipation 5 (15) 7 (18) 1 (6) - 9 (21) 9 (23) 0 (0) 8 (21)

Diarrhea 8 (22) 10 (19) 16 (24) - 15 (24) 17 (27) 10 (16) 16 (28)

Financial difficulties 9 (21) 6 (19) 12 (24) - 10 (23) 6 (15) 9 (20) 3 (10)

C30 summary score 86 (11) 82 (11) 81 (10) - 80 (13) 74 (15) 87 (11) 80 (13)

EORTC QLQ-CR29

Urinary frequency 25 (22) 30 (21) 25 (24) - 25 (22) 31 (25) 23 (25) 29 (25)

Urinary incontinence 4 (11) 9 (17) 06 (20) - 4 (14) 12 (23) 6 (20) 15 (19)

Dysuria 4 (14) 4 (11) 1 (6) - 2 (8) 3 (9) 0 (0) 2 (6)

Abdominal pain 19 (19) 29 (28) 14 (19) - 20 (28) 24 (25) 14 (21) 23 (25)

Buttock pain 3 (10) 6 (15) 9 (19) - 4 (14) 10 (24) 2 (8) 14 (27)

Bloating 10 (20) 15 (20) 10 (18) - 14 (22) 20 (27) 11 (20) 16 (26)

Blood/mucus in stool 2 (5) 6 (15) 2 (5) - 5 (3) 6 (10) 1 (3) 4 (10)

Dry mouth 8 (17) 8 (18) 22 (28) - 11 (18) 19 (25) 10 (16) 17 (23)

Hair loss 3 (13) 0 (0) 19 (28) - 12 (20) 13 (22) 10 (23) 9 (18)

Loss of taste 3 (13) 04 (13) 32 (36) - 19 (22) 19 (31) 11 (22) 15 (23)

Flatulence 16 (22) 21 (23) 24 (26) - 28 (24) 23 (23) 19 (24) 31 (26)

Fecal incontinence 1 (6) 6 (13) 6 (16) - 6 (18) 21 (27) 3 (10) 16 (28)

Sore skin 7 (16) 4 (11) 11 (20) - 5 (15) 15 (25) 7 (14) 15 (28)
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Supplementary Table 8.3 Continued.

PRO scores of 68 patients included in primary comparative analyses

Questionnaire

PRO, mean (SD)

Baseline After neoadjuvant treatment Three months postoperatively Six months postoperatively

Experimental Control Experimental Control Experimental Control Experimental Control

Stool frequency 15 (21) 11 (20) 13 (17) - 9 (15) 21 (25) 11 (17) 22 (26)

Embarrassment 14 (30) 9 (19) 14 (27) - 13 (28) 28 (27) 11 (27) 25 (29)

Stoma care problems 24 (25) 7 (15) 19 (26) - 4 (12) 24 (34) 4 (12) 8 (19)

Impotence (m) 29 (34) 25 (37) 29 (34) - 21 (31) 42 (41) 29 (33) 43 (39)

Dyspareunia (f) 8 (21) 0 (0) 12 (17) - 13 (17) 11 (24) 14 (30) 0 (0)

Anxiety 46 (25) 44 (30) 59 (25) - 65 (26) 51 (28) 66 (22) 56 (30)

Weight 88 (25) 85 (22) 81 (25) - 83 (28) 80 (26) 82 (27) 87 (21)

Body image 85 (22) 91 (13) 81 (22) - 80 (21) 79 (22) 81 (21) 79 (19)

Sexual interest (m) 36 (24) 28 (22) 31 (21) - 31 (20) 19 (17) 40 (23) 26 (27)

Sexual interest (f) 17 (17) 10 (16) 16 (17) - 21 (17) 04 (12) 14 (17) 3 (10)

PRO patient-reported outcome; SD standard deviation; EORTC european organization for research 

and treatment of cancer.
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Supplementary Table 8.3 Continued.

PRO scores of 68 patients included in primary comparative analyses

Questionnaire

PRO, mean (SD)

Baseline After neoadjuvant treatment Three months postoperatively Six months postoperatively

Experimental Control Experimental Control Experimental Control Experimental Control

Stool frequency 15 (21) 11 (20) 13 (17) - 9 (15) 21 (25) 11 (17) 22 (26)

Embarrassment 14 (30) 9 (19) 14 (27) - 13 (28) 28 (27) 11 (27) 25 (29)

Stoma care problems 24 (25) 7 (15) 19 (26) - 4 (12) 24 (34) 4 (12) 8 (19)

Impotence (m) 29 (34) 25 (37) 29 (34) - 21 (31) 42 (41) 29 (33) 43 (39)

Dyspareunia (f) 8 (21) 0 (0) 12 (17) - 13 (17) 11 (24) 14 (30) 0 (0)

Anxiety 46 (25) 44 (30) 59 (25) - 65 (26) 51 (28) 66 (22) 56 (30)

Weight 88 (25) 85 (22) 81 (25) - 83 (28) 80 (26) 82 (27) 87 (21)

Body image 85 (22) 91 (13) 81 (22) - 80 (21) 79 (22) 81 (21) 79 (19)

Sexual interest (m) 36 (24) 28 (22) 31 (21) - 31 (20) 19 (17) 40 (23) 26 (27)

Sexual interest (f) 17 (17) 10 (16) 16 (17) - 21 (17) 04 (12) 14 (17) 3 (10)

PRO patient-reported outcome; SD standard deviation; EORTC european organization for research 

and treatment of cancer.
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Supplementary Table 8.4 PRO scores of 35 patients of the experimental arm included in secondary 

explorative analyses.

PRO scores of 35 patients included in secondary explorative analyses

Questionnaire

PRO, mean (SD)

Baseline After neoadjuvant 

treatment

Three months 

postoperatively

Six months 

postoperatively

EQ-5D-5L

Index value 0.84 (0.16) 0.79 (0.22) 0.79 (0.22) 0.86 (0.20)

Visual analogue scale 77 (18) 66 (24) 68 (22) 79 (14)

EORTC QLQ-C30

Global health status 76 (15) 68 (16) 70 (20) 77 (18)

Physical functioning 84 (18) 80 (18) 77 (17) 86 (12)

Role functioning 75 (25) 67 (24) 61 (27) 77 (24)

Emotional functioning 74 (18) 78 (22) 84 (18) 85 (20)

Cognitive functioning 89 (17) 82 (22) 88 (18) 85 (19)

Social functioning 85 (19) 75 (19) 77 (23) 86 (17)

Fatigue 24 (18) 38 (27) 41 (22) 25 (21)

Nausea/vomiting 2 (7) 6 (9) 10 (20) 6 (12)

Pain 22 (22) 13 (21) 21 (25) 11 (20)

Dyspnea 9 (17) 11 (18) 17 (26) 10 (22)

Insomnia 20 (25) 24 (29) 18 (28) 14 (23)

Loss of appetite 7 (18) 22 (26) 23 (29) 21 (31)

Constipation 5 (14) 3 (10) 9 (21) 0 (0)

Diarrhea 10 (22) 15 (23) 15 (24) 10 (16)

Financial difficulties 9 (20) 11 (23) 10 (23) 9 (19)

C30 summary score 85 (11) 81 (10) 80 (13) 87 (11)

EORTC QLQ-CR29

Urinary frequency 26 (23) 25 (24) 25 (22) 23 (25)

Urinary incontinence 5 (12) 6 (19) 4 (14) 6 (20)

Dysuria 5 (14) 1 (6) 2 (8) 0 (0)

Abdominal pain 19 (19) 14 (19) 20 (28) 14 (21)

Buttock pain 4 (11) 9 (19) 4 (14) 2 (8)

Bloating 12 (20) 11 (20) 14 (22) 11 (20)

Blood/mucus in stool 1 (5) 2 (5) 1 (3) 1 (3)

Dry mouth 10 (19) 23 (28) 11 (18) 10 (16)

Hair loss 3 (12) 21 (28) 12 (20) 10 (23)

Loss of taste 3 (12) 30 (35) 19 (22) 11 (22)

Flatulence 15 (22) 24 (25) 28 (24) 19 (24)

Fecal incontinence 2 (8) 6 (15) 6 (18) 3 (10)

Sore skin 8 (16) 11 (20) 5 (15) 7 (14)
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Supplementary Table 8.4 Continued.

PRO scores of 35 patients included in secondary explorative analyses

Questionnaire

PRO, mean (SD)

Baseline After neoadjuvant 

treatment

Three months 

postoperatively

Six months 

postoperatively

Stool frequency 14 (21) 12 (16) 9 (15) 11 (17)

Embarrassment 13 (29) 14 (26) 13 (28) 11 (27)

Stoma care problems 25 (24) 21 (25) 4 (12) 4 (12)

Impotence (m) 25 (33) 25 (33) 21 (31) 29 (33)

Dyspareunia (f) 8 (21) 11 (16) 13 (17) 14 (30)

Anxiety 45 (25) 57 (27) 65 (26) 66 (22)

Weight 87 (25) 81 (25) 83 (28) 82 (27)

Body image 85 (21) 82 (22) 80 (21) 81 (21)

Sexual interest (m) 31 (26) 29 (21) 31 (20) 40 (23)

Sexual interest (f) 16 (17) 15 (17) 21 (17) 14 (17)

PRO patient-reported outcome; SD standard deviation; EORTC European organization for research 

and treatment of cancer.
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Supplementary Table 8.5 Linear mixed models of primary comparative analyses of five predefined 

PROs between both arms.

Visual analogue scale

Comparison Mean difference 95% CI p value Cohen’s da

Between-arm comparison of differential effect in scores over time - - .32 -

Between-arm comparison of scores at each time point

Baseline +2b -8 to 11 .69 -

Three months postoperatively +3b -7 to 12 .57 -

Six months postoperatively +5b -3 to 17 .19 -

Longitudinal analysis after merging scores of both arms

Baseline vs. three months postoperatively -10c -15 to -4 .001 0.42

Baseline vs. six months postoperatively +1c -5 to 6 .93 -

Global health status

Comparison Mean difference 95% CI p value Cohen’s da

Between-arm comparison of differential effect in scores over time - - .44 -

Between-arm comparison of scores at each time point

Baseline +1b -7 to 11 .66 -

Three months postoperatively +0b -9 to 9 .95 -

Six months postoperatively +5b -3 to 16 .18 -

Longitudinal analysis after merging scores of both arms

Baseline vs. three months postoperatively -6c -11 to -1 .02 -

Baseline vs. six months postoperatively -1c -7 to 3 .48 -

Physical functioning

Comparison Mean difference 95% CI p value Cohen’s da

Between-arm comparison of differential effect in scores over time - - .46 -

Between-arm comparison of scores at each time point

Baseline +0b -9 to 8 .89 -

Three months postoperatively +3b -6 to 11 .52 -

Six months postoperatively +7b -2 to 16 .12 -

Longitudinal analysis after merging scores of both arms

Baseline vs. three months postoperatively -9c -13 to -6 <.001 0.50

Baseline vs. six months postoperatively -2c -8 to 0 .04 -

Fatigue

Comparison Mean difference 95% CI p value Cohen’s da

Between-arm comparison of differential effect in scores over time - - .64 -

Between-arm comparison of scores at each time point

Baseline -2b -13 to 7 .61 -

Three months postoperatively +3b -7 to 13 .55 -

Six months postoperatively -5b -17 to 4 .21 -
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Supplementary Table 8.5 Linear mixed models of primary comparative analyses of five predefined 

PROs between both arms.

Visual analogue scale

Comparison Mean difference 95% CI p value Cohen’s da

Between-arm comparison of differential effect in scores over time - - .32 -

Between-arm comparison of scores at each time point

Baseline +2b -8 to 11 .69 -

Three months postoperatively +3b -7 to 12 .57 -

Six months postoperatively +5b -3 to 17 .19 -

Longitudinal analysis after merging scores of both arms

Baseline vs. three months postoperatively -10c -15 to -4 .001 0.42

Baseline vs. six months postoperatively +1c -5 to 6 .93 -

Global health status

Comparison Mean difference 95% CI p value Cohen’s da

Between-arm comparison of differential effect in scores over time - - .44 -

Between-arm comparison of scores at each time point

Baseline +1b -7 to 11 .66 -

Three months postoperatively +0b -9 to 9 .95 -

Six months postoperatively +5b -3 to 16 .18 -

Longitudinal analysis after merging scores of both arms

Baseline vs. three months postoperatively -6c -11 to -1 .02 -

Baseline vs. six months postoperatively -1c -7 to 3 .48 -

Physical functioning

Comparison Mean difference 95% CI p value Cohen’s da

Between-arm comparison of differential effect in scores over time - - .46 -

Between-arm comparison of scores at each time point

Baseline +0b -9 to 8 .89 -

Three months postoperatively +3b -6 to 11 .52 -

Six months postoperatively +7b -2 to 16 .12 -

Longitudinal analysis after merging scores of both arms

Baseline vs. three months postoperatively -9c -13 to -6 <.001 0.50

Baseline vs. six months postoperatively -2c -8 to 0 .04 -

Fatigue

Comparison Mean difference 95% CI p value Cohen’s da

Between-arm comparison of differential effect in scores over time - - .64 -

Between-arm comparison of scores at each time point

Baseline -2b -13 to 7 .61 -

Three months postoperatively +3b -7 to 13 .55 -

Six months postoperatively -5b -17 to 4 .21 -
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Supplementary Table 8.5 Continued

Longitudinal analysis after merging scores of both arms

Baseline vs. three months postoperatively +15c 9 to 20 <.001 0.71

Baseline vs. six months postoperatively +3c -3 to 8 .35 -

C30 summary score

Comparison Mean difference 95% CI p value Cohen’s da

Between-arm comparison of differential effect in scores over time - - .03 -

Between-arm comparison of scores at each time point

Baseline +4b -3 to 9 .26 -

Three months postoperatively +6b -1 to 11 .10 -

Six months postoperatively +7b 1 to 13 .02 -

Longitudinal analysis after merging scores of both arms

Baseline vs. three months postoperatively -7c -10 to -4 <.001 0.56

Baseline vs. six months postoperatively +0c -4 to 2 .48 -

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 time point minus 

baseline score.

Supplementary Table 8.6 Linear mixed models of PROs with a statistically significant difference in 

score between baseline and after neoadjuvant treatment in the experimental arm. 

PROs with a statistically significant difference in score between baseline and after neoadjuvant treatment

PRO Mean 

differencea

95% CI p value Cohen’s db

Fatigue

Differential effect in scores over time - - <.001 -

Baseline vs. after neoadjuvant treatment +14 6 to 23 .001 0.61

Baseline vs. three months postoperatively +17 9 to 26 <.001 0.85

Baseline vs. six months postoperatively +1 -8 to 9 .93 -

Loss of appetite

Differential effect in scores over time - - .005 -

Baseline vs. after neoadjuvant treatment +15 5 to 25 .003 0.67

Baseline vs. three months postoperatively +16 6 to 29 .003 0.66

Baseline vs. six months postoperatively +14 4 to 25 .007 0.55

Hair loss

Differential effect in scores over time - - .002 -

Baseline vs. after neoadjuvant treatment +18 9 to 26 <.001 0.84

Baseline vs. three months postoperatively +9 0 to 18 .05 -

Baseline vs. six months postoperatively +7 -1 to 17 .11 -
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Supplementary Table 8.5 Continued

Longitudinal analysis after merging scores of both arms

Baseline vs. three months postoperatively +15c 9 to 20 <.001 0.71

Baseline vs. six months postoperatively +3c -3 to 8 .35 -

C30 summary score

Comparison Mean difference 95% CI p value Cohen’s da

Between-arm comparison of differential effect in scores over time - - .03 -

Between-arm comparison of scores at each time point

Baseline +4b -3 to 9 .26 -

Three months postoperatively +6b -1 to 11 .10 -

Six months postoperatively +7b 1 to 13 .02 -

Longitudinal analysis after merging scores of both arms

Baseline vs. three months postoperatively -7c -10 to -4 <.001 0.56

Baseline vs. six months postoperatively +0c -4 to 2 .48 -

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 time point minus 

baseline score.

Supplementary Table 8.6 Linear mixed models of PROs with a statistically significant difference in 

score between baseline and after neoadjuvant treatment in the experimental arm. 

PROs with a statistically significant difference in score between baseline and after neoadjuvant treatment

PRO Mean 

differencea

95% CI p value Cohen’s db

Fatigue

Differential effect in scores over time - - <.001 -

Baseline vs. after neoadjuvant treatment +14 6 to 23 .001 0.61

Baseline vs. three months postoperatively +17 9 to 26 <.001 0.85

Baseline vs. six months postoperatively +1 -8 to 9 .93 -

Loss of appetite

Differential effect in scores over time - - .005 -

Baseline vs. after neoadjuvant treatment +15 5 to 25 .003 0.67

Baseline vs. three months postoperatively +16 6 to 29 .003 0.66

Baseline vs. six months postoperatively +14 4 to 25 .007 0.55

Hair loss

Differential effect in scores over time - - .002 -

Baseline vs. after neoadjuvant treatment +18 9 to 26 <.001 0.84

Baseline vs. three months postoperatively +9 0 to 18 .05 -

Baseline vs. six months postoperatively +7 -1 to 17 .11 -

Supplementary Table 8.6 Continued. 

PROs with a statistically significant difference in score between baseline and after neoadjuvant treatment

PRO Mean 

differencea

95% CI p value Cohen’s db

Loss of taste

Differential effect in scores over time - - <.001 -

Baseline vs. after neoadjuvant treatment +27 19 to 36 <.001 1.03

Baseline vs. three months postoperatively +16 7 to 25 .001 0.90

Baseline vs. six months postoperatively +8 -1 to 18 .07 -

CI confidence interval; PRO patient-reported outcome; ascore of last time point minus baseline score; 
bmean difference divided by pooled standard deviation.
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CHAPTER 9

Supplementary Table 9.1 Details of 37 excluded clinical studies.

Details of 37 excluded clinical studies

Studies on PIPAC-C/D for non-colorectal peritoneal metastases (n=30)

Blanco A, Giger-Pabst U, Solass W, et al. Renal and hepatic toxicities after pressurized intraperitoneal 

aerosol chemotherapy (PIPAC). Ann Surg Oncol 2013;20:2311-2316.

Solass W, Kerb R, Mürdter T, et al. Intraperitoneal chemotherapy of peritoneal carcinomatosis using 

pressurized aerosol as an alternative to liquid solution: first evidence for efficacy. Ann Surg Oncol 

2014;21:553-559. 

Tempfer CB, Celik I, Solass W, et al. Activity of pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) with cisplatin and doxorubicin in women with recurrent, platinum-resistant ovarian cancer: 

preliminary clinical experience. Gynecol Oncol 2014;132:307-311. 

Tempfer CB, Winnekendonk G, Solass W, et al. Pressurized intraperitoneal aerosol chemotherapy in 

women with recurrent ovarian cancer: a phase 2 study. Gynecol Oncol 2015;137:223-228. 

Giger-Pabst U, Solass W, Buerkle B, et al. Low-dose pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) as an alternative therapy for ovarian cancer in an octogenarian patient. Anticancer Res 

2015;35:2309-2314.

Tempfer CB, Solass W, Buerkle B, et al. Pressurised intraperitoneal aerosol chemotherapy (PIPAC) 

with cisplatin and doxorubicin in a woman with pseudomyxoma peritonei: a case report. Gynecol 

Oncol Rep 2014;10:32-35. 

Nadiradze G, Giger-Pabst U, Zieren J, et al. Pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) with low-dose cisplatin and doxorubicin in gastric peritoneal metastasis. J Gastrointest Surg 

2016;20:367-373.

Tempfer CB, Rezniczek GA, Ende P, et al. Pressurized intraperitoneal aerosol chemotherapy with 

cisplatin and doxorubicin in women with peritoneal carcinomatosis: a cohort study. Anticancer Res 

2015;35:6723-6729. 

Reymond MA, Demtroeder C, Solass W, et al. Electrostatic precipitation pressurized intraperitoneal 

aerosol chemotherapy (ePIPAC): first in-human application. Pleura Peritoneum 2016;1:109-116. 

Rezniczek GA, Jüngst F, Jütte H, et al. Dynamic changes of tumor gene expression during repeated 

pressurized intraperitoneal aerosol chemotherapy (PIPAC) in women with peritoneal cancer. BMC 

Cancer 2016;16:654. 

Khomyakov V, Ryabov A, Ivanov A, et al. Bidirectional chemotherapy in gastric cancer with peritoneal 

metastasis combining intravenous xelox with intraperitoneal chemotherapy with low-dose cisplatin 

and doxorubicin administered as a pressurized aerosol: an open-label, phase-2 study (PIPAC-GA2). 

Pleura Peritoneum 2016;1:159-166. 

Tempfer CB, Hartmann F, Hilal Z, et al. Intraperitoneal cisplatin and doxorubicin as maintenance 

chemotherapy for unresectable ovarian cancer: a case report. BMC Cancer 2017;17:26. 

Graversen M, Detlefsen S, Bjerregaard JK, et al. Peritoneal metastasis from pancreatic cancer treated 

with pressurized intraperitoneal aerosol chemotherapy (PIPAC). Clin Exp Metastasis 2017;34:309-

314. 
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Hilal Z, Rezniczek GA, Klenke R, Dogan A, Tempfer CB. Nutritional status, cachexia, and anorexia 

in women with peritoneal metastasis and intraperitoneal chemotherapy: a longitudinal analysis. J 

Gynecol Oncol. 2017;28:e80. 

Khosrawipour T, Khosrawipour V, Giger-Pabst U. Pressurized intraperitoneal aerosol chemotherapy 

in patients suffering from peritoneal carcinomatosis of pancreatic adenocarcinoma. PLoS One 

2017;12:e0186709. 

Falkenstein TA, Götze TO, Ouaissi M, et al. First clinical data of pressurized intraperitoneal aerosol 

chemotherapy (PIPAC) as salvage therapy for peritoneal metastatic biliary tract cancer. Anticancer 

Res 2018;38:373-378.

Giger-Pabst U, Demtröder C, Falkenstein TA, et al. Pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) for the treatment of malignant mesothelioma. BMC Cancer 2018;18:442. 

Somashekhar SP, Rajagopal AK, Zaveri SS, et al. First Indian study on pressurized intraperitoneal 

aerosol chemotherapy (PIPAC) procedure for advanced peritoneal carcinomatosis secondary to 

epithelial ovarian cancer. Indian J Gynecol Oncolog 2018;16:25. 

Tempfer CB, Giger-Pabst U, Seebacher V, et al. A phase I, single-arm, open-label, dose escalation 

study of intraperitoneal cisplatin and doxorubicin in patients with recurrent ovarian cancer and 

peritoneal carcinomatosis. Gynecol Oncol 2018;150:23-30. 

Zakharenko AA, Belyaev MA, Trushiti AA, et al. First results of laparoscopic pressurized 

intreaperitoneal aerosol chemotherapy (PIPAC) in treatment for peritoneal carcinomatosis in 

patients with gastric cancer. Voprosy Onkologii 2018;64:222-227. 

Tempfer CB, HIlal Z, Dogan A, et al. Concentrations of cisplatin and doxorubicin in ascites and 

peritoneal tumor nodules before and after pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) in patients with peritoneal metastasis. Eur J Surg Oncol 2018;44:1112-1117. 

Nowacki M, Grzanka D, Zegarski W. Pressurized intraperitoneal aerosol chemotherapy after 

misdiagnosed gastric cancer: case report and review of the literature. World J Gastroenterol 

2018;24:2130-2136. 

Horvath P, Beckert S, Struller F, et al. Pressurized intraperitoneal aerosol chemotherapy (PIPAC) for 

peritoneal metastases of pancreas and biliary tract cancer. Clin Exp Metastasis 2018;35:635-640. 

Larbre V, Alyami M, Mercier F, et al. No renal toxicity after repeated treatment with pressurized 

intraperitoneal aerosol chemotherapy (PIPAC) in patients with unresectable peritoneal metastasis. 

Anticancer Res 2018;38:6869-6875. 

Gockel I, Jansen-Winkeln B, Haase L, et al. Pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) in gastric cancer patients with peritoneal metastasis (PM): results of a single-center 

experience and register study. J Gastric Cancer 2018;18:379-391.

Struller F, Horvath P, Solass W, et al. Pressurized intraperitoneal aerosol chemotherapy with low-dose 

cisplatin and doxorubicin (PIPAC C/D) in patients with gastric cancer and peritoneal metastasis: a 

phase II study. Ther Adv Med Oncol 2019;11:1758835919846402. 

Nowacki M, Nowacka K, Glowacka I, et al. Overall clinical and trichoscopic analysis performed in 

patients who underwent pressurized intraperitoneal aerosol chemotherapy (PIPAC) treatment for 

peritoneal carcinomatosis – initial trial preliminary report. Postepy Dermatol Alergol 2019;36:461-

467. 
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Ellebaek SB, Graversen M, Detlefsen S, et al. Pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) of peritoneal metastasis from gastric cancer: a descriptive cohort study. Clin Exp Metastasis 

2020;37:325-332. 

Nielsen M, Graversen M, Ellebaek SB, et al. Next-generation sequencing and histological response 

assessment in peritoneal metastasis from pancreatic cancer treated with PIPAC. J Clin Pathol 

2021;74:19-24. 

Alyami M, Bonnot PE, Mercier F, et al. Pressurized intraperitoneal aerosol chemotherapy (PIPAC) for 

unresectable peritoneal metastasis from gastric cancer. Eur J Surg Oncol 2021;47:123-127.

Studies on PIPAC-C/D for various indications, including colorectal peritoneal metastases (n=2)

Jansen-Winkeln B, Thieme R, Haase L, et al. Perioperative safety of intraperitoneal aerosol 

chemotherapy: analysis of our first 111 pressurized intraperitoneal aerosol chemotherapy (PIPAC) 

procedures. Chirurg 2019;90:137-145. 

Gockel I, Jansen-Winkeln B, Haase L, et al. Pressurized intraperitoneal aerosol chemotherapy 

(PIPAC) in patients with peritoneal metastasized colorectal, appendiceal, and small bowel cancer. 

Tumori 2020;106:70-78. 

Studies excluded for other reasons (n=5)

Study on PIPAC-OX for non-colorectal peritoneal metastases (n=1)

Graversen M, Detlefsen S, Pfeiffer P, et al. Severe peritoneal sclerosis after repeated pressurized 

intraperitoneal aerosol chemotherapy with oxaliplatin (PIPAC OX): report of two cases and literature 

survey. Clin Exp Metastasis 2018;35:103-108.

Study on procedural characteristics of PIPAC with various drugs for various indications (n=1)

Hübner M, Grass F, Teixeira-Farinha H, et al. Pressurized intraperitoneal aerosol chemotherapy – 

practical aspects. Eur J Surg Oncol 2017;43:1102-1109. 

Study on PIPAC in solid organ transplant recipients (n=1)

Horvath P, Yurttas C, Struller F, et al. Pressurized intraperitoneal aerosol chemotherapy (PIPAC) for 

peritoneal metastases in solid organ graft recipients: first experience. Ann Transplant 2019;24:30-35.

Study on pharmacokinetics of PIPAC-OX for colorectal peritoneal metastases (n=1)

Lurvink RJ, Tajzai R, Rovers KP, et al. Systemic pharmacokinetics of oxaliplatin after intraperitoneal 

administration by electrostatic pressurized intraperitoneal aerosol chemotherapy (ePIPAC) in 

patients with unresectable colorectal peritoneal metastases in the CRC-PIPAC trial. Ann Surg Oncol 

2021;27:265-272. 

Study on anesthesiological concerns and management during PIPAC (n=1)

Solanki SL, Kumar PP, DeSouza A, et al. Perioperative concerns and management of pressurised 

intraperitoneal aerosolised chemotherapy: report of two cases. Indian J Anaesth 2018;62:225-228. 

PIPAC pressurized intraperitoneal aerosol chemotherapy; PIPAC-C/D cisplatin-doxorubicin-based 

pressurized intraperitoneal aerosol chemotherapy; PIPAC-OX oxaliplatin-based pressurized 

intraperitoneal aerosol chemotherapy.
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CHAPTER 11

Supplementary Method 11.1 Sample processing, quantitative analyses of oxaliplatin 

concentrations, and validation procedures.

Sample processing

Before analysis, plasma and plasma ultrafiltrate samples were thawed, vortex-mixed, 

and diluted tenfold with NaCl/HCl solution. After dilution, a total of 150 uL of the diluted 

samples was placed in the vials for analysis. A stock solution of 2000 µmol/L platinum 

was prepared from a platinum inductively coupled plasma standard of 1000 mg/L (Merck 

KGaA, Darmstadt, Germany). The stock solution was diluted to concentrations of 20, 

50 and 100 µmol/L and served as a working solution. Next, the working solution was 

diluted 1:9 (v/v) with platinum-free matrix, containing plasma (Sanquin, Amsterdam, 

the Netherlands), plasma ultrafiltrate, urine, and water (Aqua ad iniectabilla, Baxter 

Healthcare SA, Zürich, Switzerland), and with 0.5% Triton X-100 (Alfa Aesar, Karlsruhe, 

Germany) and 0.2 mol/L HCl (Merck KGaA, Darmstadt, Germany) in 0.9% NaCl. This 1:9 

dilution was used to obtain calibration standards of 0-30 µmol/L platinum for plasma, 

of 0-10 µmol/L for plasma ultrafiltrate, and of 0-50 µmol/L for urine. Quality control 

samples were prepared in a concentration of 12 µmol/L for plasma, 4 µmol/L for plasma 

ultrafiltrate, and 25 µmol/L for urine. Since plasma ultrafiltrate caused a strong matrix 

effect, a stock solution of 2000 µmol/L oxaliplatin was used instead of the platinum 

stock solution. This stock solution was diluted to concentrations of 10 and 50 µmol/L 

and served as a working solution. Next, the working solution was diluted 1:6 (v/v) with 

platinum-free plasma ultrafiltrate and with 0.5% Triton X-100 (Alfa Aesar, Karlsruhe, 

Germany) and 0.2 mol/L HCl (Merck KGaA, Darmstadt, Germany) in 0.9% NaCl. This 

1:6 dilution was used to obtain calibration standards of 0-10 µmol/L. After obtaining the 

calibration line, a blank sample was injected to reduce the potentially high absorption 

and possible chance of carry-over. Next, a quality control sample was injected to ensure 

that results of the analysis were consistent, comparable, accurate, and within specified 

limits of precision. If the quality control sample failed to stay within the upper and lower 

limit of the calibration line, the blank sample was re-analyzed. 

Quantitative analyses of oxaliplatin concentrations 

Oxaliplatin concentrations were measured using atomic absorption spectrometry (AAS) 

on a Thermo Fisher Solaar ICE 3500 graphite-furnace (GF) (GFS352, Zeeman Furnace) 

spectrophotometer with Zeeman correction (Thermo Fisher Scientific, Bremen, 

Germany). The platinum hollow cathode lamp was operated with a monochromatic 

slit width of 0.2 nm. Absorption was measured at a wavelength of 266.0 nm. The GF-AAS 

program consisted of four stages: a drying stage (step 1-4), an ashing stage (step 5-6), an 
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atomization stage (step 7), and a cleaning and cooling stage (step 8-9). The graphite tube 

atomizer was cooled by a Therma Flex 900 cooling device. Argon and nitrogen gases 

were used during GF-AAS to cleanse the graphite tube at a flow rate of 0.2 L/min and 

0.3 L/min, respectively (Air Liquide, Eindhoven, Netherlands). After testing different 

temperatures for every matrix (plasma, plasma ultrafiltrate, urine), temperatures with 

the lowest background disruptions were chosen. The settings during each of these 

steps are shown in Supplementary Table 11.1. Absorption during the atomization stage 

was monitored with a Zeeman correction. Each sample was analyzed in duplicate, after 

which the mean of both results was noted. After every sample, the fired signal and the 

absorbed signal were compared; if the absorbed signal decreased significantly, the 

pyrolytically coated partitioned graphite tube (Thermo Electron) was replaced. After 

every ten samples, calibration was repeated with a quality control sample. 

Validation procedures

Four calibration standards were analyzed for plasma, plasma ultrafiltrate, and urine 

in separate analyses. The concentration-response curve was hyperbolic of shape, and 

was therefore best described by quadratic regression. The correlation coefficient was 

calculated and a correlation coefficient between 0.950-1.000 was considered as a high 

correlation, which was obtained during all analyses. The accuracy was determined by 

analyzing quality control samples; four duplicates of each sample (limit of quantification, 

low concentration sample, medium concentration sample, high concentration sample) 

were analyzed for plasma, plasma ultrafiltrate, and urine. Quality control samples were 

analyzed with the four duplicates against the calibration line. The accuracy and precision 

were calculated as the relative standard deviation of the nominal concentration and 

should be within 80-120% of the nominal concentration for the limit of quantification 

and within 85-115% of the nominal concentration for the other duplicates. The relative 

standard deviations of all duplicates are listed in Supplementary Table 11.2. All were 

within predefined criteria. The carry-over effect was determined by analyzing blank 

samples. The response of the blank sample after the most concentrated calibration 

sample should be less than 20% of the response of the limit of quantification sample.
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Supplementary Table 11.1 Settings during different steps of graphite furnace atomic absorption 

spectroscopy analysis of oxaliplatin concentrations.

Settings during different steps of GF-AAS analysis of oxaliplatin concentrations

Step Temperature (oC) Time (s) Ramp (oC/s) Flow (L/min) Gas type

1 50 1 0 0.3 2 inert (N2)

2 85 5 17 0.3 2 inert (N2)

3 95 30 1 0.3 2 inert (N2)

4 120 20 2 0.3 2 inert (N2)

5 250 30 5 0.2 1 alternate (Ar)

6 1300 to 1600a 40 30 0.2 1 alternate (Ar)

7 2700 3 0 Off 2 inert (N2)

8 2800 4 0 0.2 1 alternate (Ar)

9 50 10 0 0.3 2 inert (N2)

GF-AAS graphite furnace atomic absorption spectroscopy.

Supplementary Table 11.2 Validation of accuracy and precision.

Validation of accuracy and precision

Duplicates Plasma Plasma ultrafiltrate Urine

µmol/L RSD (%) µmol/L RSD (%) µmol/L RSD (%)

Limit of quantification 86.4 5.3 90.0 4.2 105.0 2.9

Low concentration sample 100.0 2.1 98.8 5.5 96.8 0.8

Medium concentration sample 103.0 1.2 102.9 2.2 96.2 3.6

High concentration sample 101.9 1.3 116.5 4.4 93.1 1.3

RSD relative standard deviation.

Peritoneal
compartment

Compartment 1:
central

Compartment 2:
peripheral

K1>2

K2>1

K1>0

Ka

Supplementary Figure 11.1 Two-compartment model for ePIPAC-OX pharmacokinetics in plasma 

with first-order absorption from the peritoneal compartment with first-order elimination.

Ka absorption rate constant; K1>2 distribution from central to peripheral compartment; K2>1 

distribution from peripheral to central compartment; K1>0 excretion.



418   |   Appendix

run30c1: PIPAC PLASMA
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Supplementary Figure 11.2 Goodness of fit plot of the model of oxaliplatin in plasma after ePIPAC-OX. 

Blue dots represent individual measurements; red line represents the mean prediction.
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Supplementary Figure 11.3 Goodness of fit plot of the model of oxaliplatin in plasma ultrafiltrate (UF) 

after ePIPAC-OX. 

Blue dots represent individual measurements; red line represents the mean prediction.
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CHAPTER 12

Supplementary Method 12.1 Assessment of safety.

The investigators prospectively recorded postoperative hospital stay, readmissions, 

and all adverse events during the procedure, postoperative hospital stay, readmissions, 

phone call evaluations one week postoperatively, and outpatient evaluations four weeks 

postoperatively up to four weeks after the last procedure. The severity of all adverse 

events was classified according to the Common Terminology Criteria for Adverse 

Events (CTCAE) v5.0 and the Clavien-Dindo classification.23,24 All adverse events and 

readmissions were categorized as treatment-related, disease-related, or other. Adverse 

events and readmissions were both counted in patients and after procedures. When the 

same adverse event was reported multiple times in a patient or after a procedure, only 

the one with the highest grade was counted. When counted in patients, hematological 

toxicity (i.e. anemia, leukocytosis, lymphocytopenia) could only be classified as 

treatment-related if no hematological toxicity was present at baseline, or if its severity 

grade increased during trial treatment. When counted after procedures, biochemical 

adverse events (i.e. hematological, hepatic, and renal toxicity) could only be classified as 

treatment-related if the adverse event was not present at the last measurement before 

the procedure, or if their severity grade increased after the procedure. Leukocytosis, 

lymphocytopenia, and increased creatinine kinase were registered, but not counted as 

major adverse events when classified grade ≥3, since an inflammatory response and 

cell death without clinical consequences were expected in the majority of patients as a 

result of the procedure, the disease, or both.25 

Supplementary Method 12.2 Assessment of feasibility.

Procedural characteristics

After each procedure, the investigators registered (non-)access, the number of trocars, 

trocar positions, adhesiolysis (none, blunt, or sharp), intraoperative complications, 

intraoperative technical or safety issues, operating time, blood loss, the Zühlke adhesion 

score,17 and the number of evaluable PCI regions.19 

Occupational platinum exposure

Occupational platinum exposure was assessed on surfaces and in the air of the operating 

room to monitor platinum surface contamination and potential platinum exposure risk 

for personnel, respectively. For both surface and air measurements, assessments were 

performed during three days procedures were performed (one day with one procedure 

and two days with two procedures). For platinum surface measurements, several surfaces 
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(Supplementary Table 12.4) of the operating room were wiped after completion of the 

procedure(s) with a tissue containing 2 ml of a 0.05 M nitric acid solution. For each wiped 

surface, one tissue was used with a maximum wiped area of 1600 cm2. Surface samples 

were analyzed using a validated atomic absorption spectroscopy assay. For platinum air 

measurements, air was filtered at a constant rate of approximately 2000 ml/min through 

Teflon filters (25 mm) at five positions: one stationary filter (starting just before oxaliplatin 

injection, ending after the procedure) and four filters connected to the surgeon, anesthetist, 

and two scrub nurses (starting just before re-entering the operating room after 25 minutes of 

electrostatic aerosol precipitation, ending after the procedure). Air samples were analyzed 

using a validated inductively coupled plasma mass spectrometry assay.

Supplementary Method 12.3 Assessment of antitumor activity.

After trial completion, the trial team centrally collected all radiological examinations, 

laboratory results, peritoneal biopsies, cytology samples, and operative notes to assess 

the radiological, biochemical, pathological, cytological, ascites, and macroscopic tumor 

response. Analogue to other research groups, radiological and biochemical response 

were evaluated by comparing data between baseline and the evaluation four weeks 

after the third procedure,11,12 while pathological, cytological, ascites, and macroscopic 

response were investigated by comparing data between the first and third procedure.26,27 

In case of earlier termination of trial treatment, data of the last evaluation or procedure 

were used for response assessment. 

Radiological response

Radiological response was evaluated by two independent assessors blinded to 

clinical outcomes, with disagreements being solved by consensus, using the response 

evaluation criteria in solid tumors (RECIST) and the radiological PCI.19,22 When in situ, 

the primary tumor was not included in the radiological PCI. Radiological response 

was primarily classified according to RECIST as complete response, partial response, 

stable disease, progressive disease, or non-evaluable.22 In patients with RECIST non-

evaluable disease, radiological response was classified according to the radiological 

PCI as complete response (i.e. disappearance of all peritoneal lesions), partial response 

(i.e. ≥30% decrease of PCI), stable disease (i.e. <30% decrease or <20% increase of 

PCI), progressive disease (i.e. ≥20% increase of PCI), or non-evaluable. The radiological 

response rate was defined as the percentage of patients with a complete or partial 

response. The radiological progression rate was defined the percentage of patients with 

progressive disease. Others were classified as stable. 
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Biochemical response

Biochemical response was assessed using carcinoembryonic antigen (CEA) levels. The 

biochemical response rate was defined as the percentage of patients with an elevated 

baseline CEA level (i.e. ≥5 ug/L) that had a decrease of CEA level of ≥2 ug/L (when 

baseline level was 5-10 ug/L), ≥3 ug/L (when baseline level was 10-20 ug/L), ≥5 ug/L 

(when baseline level was 20-50 ug/L), ≥10 ug/L (when baseline level was 50-100 ug/L), 

or ≥20 ug/L (when baseline level was >100 ug/L). The biochemical progression rate was 

defined as the percentage of patients with an increase of CEA level of ≥2 ug/L (when 

baseline level was <10 ug/L), ≥3 ug/L (when baseline level was 10-20 ug/L), ≥5 ug/L 

(when baseline level was 20-50 ug/L), ≥10 ug/L (when baseline level was 50-100 ug/L), 

or ≥20 ug/L (when baseline level was >100 ug/L). Others were classified as stable. 

Pathological response

Pathological response was evaluated by two independent assessors blinded to clinical 

outcomes, with disagreements being solved by consensus, using the peritoneal 

grading regression score (PRGS).28 Peritoneal biopsies were fixed in formalin and 

embedded in paraffin (FFPE). Sections were cut from the FFPE material and stained 

with hematoxylin-eosin (H&E). If no tumor cells were present on evaluation of 

H&E slides, additional immunohistochemical staining (i.e. CK20 [clone IT-ks20.8, 

PROGEN Biotechnik GmbH, 1:130], CDX2 [clone EPR2764Y, Immunologic, 1:50], and/

or Claudin-4 [clone 3E2C1, Invitrogen, 1:900]) was performed to detect solitary tumor 

cells. Each biopsy was scored PRGS1 (i.e. absence of tumor cells), PRGS2 (i.e. major 

regressive features with few residual tumor cells), PRGS3 (minor regressive features 

with predominance of residual tumor cells), or PRGS4 (no regressive features).28 

The assessors determined the mean and highest PRGS of all biopsies taken during a 

procedure. The pathological response rate was defined as the percentage of patients 

with a baseline mean or highest PRGS of >1 that had a decrease of the mean PRGS, 

highest PRGS, or both, as described by others.27,28 The pathological progression 

rate was defined as the percentage of patients with an increase of the mean PRGS, 

highest PRGS, or both. Others (including those with an increasing mean PRGS and a 

decreasing highest PRGS or vice versa) were classified as stable. If biopsy locations 

differed between the first and third procedure, biopsies of the second procedure could 

have been used as baseline or post-treatment biopsy. 

Cytological response

Cytological response was evaluated by an assessor blinded to clinical outcomes as 

previously described.27 Ascites (or peritoneal washing) was centrifuged and smears 

of the sediment were analyzed using conventional cytology (Papanicolaou and May-

Giemsa Grünwald staining). In case of equivocal cytology, leftovers were used to make 
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a cell block (CellientTM automated cell block system, Hologic). One section of the cell 

block was stained with H&E. If necessary, another section was cut for a CK20 stain 

(clone IT-ks20.8, PROGEN Biotechnik GmbH, 1:250). Cytology was classified as positive 

(i.e. malignant or suspicious cells) or negative (atypical, no malignant, or other cells).27 

The cytological response rate was defined as the percentage of patients with positive 

baseline cytology that converted to negative cytology.27 The cytological progression rate 

was defined as the percentage of patients with a conversion from negative to positive 

cytology. Others were classified as stable.

Ascites response

The ascites response rate was defined as the percentage of patients with a baseline 

ascites volume of ≥50 ml that had a decrease of ascites volume of ≥50 ml. The ascites 

progression rate was defined as the percentage of patients with an increase of ascites 

volume of ≥50 ml. Others were classified as stable.

Macroscopic response

Given the potential subjectivity of the macroscopic PCI and its dependence of the 

number of evaluable regions (which may vary due to changing trocar positions and 

adhesions), the macroscopic response was assessed using the relative PCI. The relative 

PCI was defined as the actual PCI divided by the hypothetical maximum PCI based on the 

number of evaluable regions times 100 (%).19 Analogue to RECIST criteria for radiological 

response,22 the macroscopic response rate was defined as the percentage of patients 

with a decrease of macroscopic relative PCI of ≥30%. The macroscopic progression rate 

was defined as the percentage of patients with an increase of macroscopic relative PCI 

of ≥20%. Others were classified as stable.
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Supplementary Table 12.1 Baseline characteristics.

A – baseline patient and tumor characteristics

ID Sex Age (y) WHO status Primary tumor location Histology Primary tumor status Onset of PM Primary resection to 

PM (months)

Diagnosis PM to 

enrolment (months)

1 M 41 1 Caecum SRCC In situ (diverted) SYN - 13

2 M 57 0 Hepatic flexure MAC Resected MET 91 1

3 M 43 1 Appendix SRCC In situ (diverted) SYN - 1

4 M 57 1 Appendix SRCC Resected SYN - 3

5 M 69 1 Appendix SRCC In situ SYN - 7

6 F 69 0 Caecum SRCC In situ SYN - 1

7 F 75 0 Sigmoid MAC In situ SYN - 32

8 F 78 0 Ascending colon AC Resected MET 7 3

9 M 71 1 Ascending colon AC Resected MET 20 2

10 M 57 0 Appendix LAMNa In situ SYN - 14

11 F 60 1>3b Appendix SRCC In situ (bypassed) SYN - 2

12 M 75 1 Sigmoid MAC Resected MET 19 13

13 M 61 0 Caecum SRC In situ SYN - 4

14 F 66 0 Sigmoid AC In situ (diverted) SYN - 8

15 M 59 1 Appendix LAMNa In situ SYN - 2

16 M 66 1 Ascending colon MAC In situ (diverted) SYN - 5

17 M 50 1>2b Appendix MAC In situ SYN - 1

18 F 70 1 Sigmoid SRC In situ SYN - 5

19 F 60 1 Sigmoid AC In situ SYN - 23

20 F 68 0 Sigmoid MAC Resected MET 26 1

AC adenocarcinoma; LAMN low-grade appendiceal mucinous neoplasm; MAC mucinous 

adenocarcinoma; MET metachronous; PM peritoneal metastases; SRCC signet ring cell carcinoma; 

SYN synchronous; WHO world health organization; apre-trial peritoneal biopsies were classified as

peritoneal metastases of high-grade appendiceal cancer, but peritoneal biopsies during the trial were 

classified as low-grade pseudomyxoma peritonei arising from an appendiceal mucinous neoplasms; 
bdeteriorated between enrolment and the first procedure due to increasing ascites.

B – previous therapies

ID Previous systemic therapy Adjuvant systemic therapy after primary resection Palliative systemic therapy for metastatic disease Last response Previous laparotomies

1 Yes - 12x FOLFOX-B, 6x 5FU-B SD 1 (diverting ostomy)

2 Yes 6x FOLFOX Noa - 1 (primary resection)

3 Noa - - - None

4 Yes - 1x CAPOX-Bb PD 1 (primary resection)

5 Yes - 6x CAPOX-B PD None

6 Noa - - - None

7 Yes - 2x CAPOX-B, 39x CAP-B SD None

8 Yes 4x CAPOX, 3x CAP Noc - None

9 Noa - - - 1 (primary resection)
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Supplementary Table 12.1 Baseline characteristics.

A – baseline patient and tumor characteristics

ID Sex Age (y) WHO status Primary tumor location Histology Primary tumor status Onset of PM Primary resection to 

PM (months)

Diagnosis PM to 

enrolment (months)

1 M 41 1 Caecum SRCC In situ (diverted) SYN - 13

2 M 57 0 Hepatic flexure MAC Resected MET 91 1

3 M 43 1 Appendix SRCC In situ (diverted) SYN - 1

4 M 57 1 Appendix SRCC Resected SYN - 3

5 M 69 1 Appendix SRCC In situ SYN - 7

6 F 69 0 Caecum SRCC In situ SYN - 1

7 F 75 0 Sigmoid MAC In situ SYN - 32

8 F 78 0 Ascending colon AC Resected MET 7 3

9 M 71 1 Ascending colon AC Resected MET 20 2

10 M 57 0 Appendix LAMNa In situ SYN - 14

11 F 60 1>3b Appendix SRCC In situ (bypassed) SYN - 2

12 M 75 1 Sigmoid MAC Resected MET 19 13

13 M 61 0 Caecum SRC In situ SYN - 4

14 F 66 0 Sigmoid AC In situ (diverted) SYN - 8

15 M 59 1 Appendix LAMNa In situ SYN - 2

16 M 66 1 Ascending colon MAC In situ (diverted) SYN - 5

17 M 50 1>2b Appendix MAC In situ SYN - 1

18 F 70 1 Sigmoid SRC In situ SYN - 5

19 F 60 1 Sigmoid AC In situ SYN - 23

20 F 68 0 Sigmoid MAC Resected MET 26 1

AC adenocarcinoma; LAMN low-grade appendiceal mucinous neoplasm; MAC mucinous 

adenocarcinoma; MET metachronous; PM peritoneal metastases; SRCC signet ring cell carcinoma; 

SYN synchronous; WHO world health organization; apre-trial peritoneal biopsies were classified as

peritoneal metastases of high-grade appendiceal cancer, but peritoneal biopsies during the trial were 

classified as low-grade pseudomyxoma peritonei arising from an appendiceal mucinous neoplasms; 
bdeteriorated between enrolment and the first procedure due to increasing ascites.

B – previous therapies

ID Previous systemic therapy Adjuvant systemic therapy after primary resection Palliative systemic therapy for metastatic disease Last response Previous laparotomies

1 Yes - 12x FOLFOX-B, 6x 5FU-B SD 1 (diverting ostomy)

2 Yes 6x FOLFOX Noa - 1 (primary resection)

3 Noa - - - None

4 Yes - 1x CAPOX-Bb PD 1 (primary resection)

5 Yes - 6x CAPOX-B PD None

6 Noa - - - None

7 Yes - 2x CAPOX-B, 39x CAP-B SD None

8 Yes 4x CAPOX, 3x CAP Noc - None

9 Noa - - - 1 (primary resection)
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B – previous therapies (Continued)

10 Nod - - PDd None

11 Noa - - - 1 (palliative bypass)

12 Yes 2x CAPOX, 4x CAP 4x FOLFOX-B, 14x FOLFIRI-B SD None

13 Yes - 2x CAPOX-Bb SD None

14 Yes - 6x CAPOX-B SD 2 (ostomy, CRS attempt)

15 Noa - - - None

16 Yes - 2x CAP-B, 1x CAPb SD 1 (diverting ostomy)

17 Noa - - - None

18 Yes - 2x CAPOX-B, 2x FOLFOX-Bb SD None

19 Yes - 6x CAPOX-B, 8x CAP-B, 12x FOLFIRI, 5x FOLFOX SD None

20 Noa - - - None

5FU-B 5-fluorouracil, leucovorin, bevacizumab; CAP(-B) capecitabine, (-bevacizumab); CAPOX(-B) 

capecitabine, oxaliplatin, (-bevacizumab); CRS cytoreductive surgery; FOLFIRI(-B) 5-fluorouracil, 

leucovorin, irinotecan, (-bevacizumab); FOLFOX(-B) 5-fluorouracil, leucovorin, oxaliplatin, 

(-bevacizumab); PD progressive disease; SD stable disease; aeither refused - or preferred enrolment

rather than starting with - first-line palliative systemic therapy; bstopped due to toxicity; ceither 

refused - or preferred enrolment rather than starting with - second-line palliative systemic therapy; 
dhad a wait-and-see strategy;

C – baseline radiological, biochemical, cytological, and macroscopic disease parameters

ID Radiological PCI Elevated CEA? CEA level (ug/L) Peritoneal cytology Ascites volume (ml) Macroscopic PCI Hypothetical maximum PCI Macroscopic relative PCIa (%)

1 39 No 2.8 Negative 260 20 24 83

2 31 No 1.2 Positive 150 19 30 63

3 30 Yes 7.4 Positive 75 29 39 74

4 28 No 1.5 Negative 60 24 39 62

5 39 Yes 130 Negative 500 27 27 100

6 13 Yes 12 Negative 5 17 39 44

7 31 Yes 7.5 Negative 10 39 39 100

8 22 No 2.4 Negative 0 21 39 54

9 22 Yes 50 Negative 0 33 39 85

10 34 Yes 44 Negative 60 29 39 74

11 39 No 2.6 Negative 4000 39 39 100

12 33 Yes 20 Positive 0 33 39 85

13 29 No 1.0 Negative 100 37 39 95

14 11 No 2.7 Positive 0 24 33 73

15 39 No 4.9 Positive 2500 39 39 100

16 31 Yes 6.1 Negative 100 21 39 54

17 39 Yes 1200 Positive 6000 30 39 77

18 24 No 3.1 Positive 10 27 39 69

19 39 No 3.7 Negative 600 36 36 100

20 25 Yes 25 Negative 1700 31 39 79

CEA carcinoembryonic antigen; PCI peritoneal cancer index; adefined as the actual PCI divided by the 

hypothetical maximum PCI based on the number of evaluable regions times 100 (%).



Supplementary material   |   427

A

B – previous therapies (Continued)

10 Nod - - PDd None

11 Noa - - - 1 (palliative bypass)

12 Yes 2x CAPOX, 4x CAP 4x FOLFOX-B, 14x FOLFIRI-B SD None

13 Yes - 2x CAPOX-Bb SD None

14 Yes - 6x CAPOX-B SD 2 (ostomy, CRS attempt)

15 Noa - - - None

16 Yes - 2x CAP-B, 1x CAPb SD 1 (diverting ostomy)

17 Noa - - - None

18 Yes - 2x CAPOX-B, 2x FOLFOX-Bb SD None

19 Yes - 6x CAPOX-B, 8x CAP-B, 12x FOLFIRI, 5x FOLFOX SD None

20 Noa - - - None

5FU-B 5-fluorouracil, leucovorin, bevacizumab; CAP(-B) capecitabine, (-bevacizumab); CAPOX(-B) 

capecitabine, oxaliplatin, (-bevacizumab); CRS cytoreductive surgery; FOLFIRI(-B) 5-fluorouracil, 

leucovorin, irinotecan, (-bevacizumab); FOLFOX(-B) 5-fluorouracil, leucovorin, oxaliplatin, 

(-bevacizumab); PD progressive disease; SD stable disease; aeither refused - or preferred enrolment

rather than starting with - first-line palliative systemic therapy; bstopped due to toxicity; ceither 

refused - or preferred enrolment rather than starting with - second-line palliative systemic therapy; 
dhad a wait-and-see strategy;

C – baseline radiological, biochemical, cytological, and macroscopic disease parameters

ID Radiological PCI Elevated CEA? CEA level (ug/L) Peritoneal cytology Ascites volume (ml) Macroscopic PCI Hypothetical maximum PCI Macroscopic relative PCIa (%)

1 39 No 2.8 Negative 260 20 24 83

2 31 No 1.2 Positive 150 19 30 63

3 30 Yes 7.4 Positive 75 29 39 74

4 28 No 1.5 Negative 60 24 39 62

5 39 Yes 130 Negative 500 27 27 100

6 13 Yes 12 Negative 5 17 39 44

7 31 Yes 7.5 Negative 10 39 39 100

8 22 No 2.4 Negative 0 21 39 54

9 22 Yes 50 Negative 0 33 39 85

10 34 Yes 44 Negative 60 29 39 74

11 39 No 2.6 Negative 4000 39 39 100

12 33 Yes 20 Positive 0 33 39 85

13 29 No 1.0 Negative 100 37 39 95

14 11 No 2.7 Positive 0 24 33 73

15 39 No 4.9 Positive 2500 39 39 100

16 31 Yes 6.1 Negative 100 21 39 54

17 39 Yes 1200 Positive 6000 30 39 77

18 24 No 3.1 Positive 10 27 39 69

19 39 No 3.7 Negative 600 36 36 100

20 25 Yes 25 Negative 1700 31 39 79

CEA carcinoembryonic antigen; PCI peritoneal cancer index; adefined as the actual PCI divided by the 

hypothetical maximum PCI based on the number of evaluable regions times 100 (%).
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Supplementary Table 12.2 Time points and reasons of stopping trial treatment.

Time points and reasons of stopping trial treatment

ID Time point of stopping Clinical parameters Radiological parameters Biochemical parameters Ascites Other factors

1 Before 2nd procedure Stable Stable Stable - Non-accessible peritoneal cavity during second procedure

2 Evaluation after 1st procedure Improved Progressiona Progression - No

3 Evaluation after 3rd procedure Stable Stable Stable Response Physician’s decision: switch to systemic therapy

4 After 4th procedure Progression Stable Stable Progression Clinical: esophageal varices bleeding

5 After 3rd procedure Improved Stable Stable Response Possibly treatment-related death (sepsis of unknown origin)

6 Evaluation after 3rd procedure Stable Progressionb Response Stable No

7 After 6th procedure Stable Stable Stable Stable Physician’s decision: peritoneal cavity inaccessible

8 Evaluation after 3rd procedure Stable Stable Stable Stable Patient’s decision: preferred wait-and-see strategy 

9 Evaluation after 5th procedure Improved Progressionb Progression Stable No

10 Evaluation after 4th procedure Stable Stable Response Stable Stable disease and LAMN, referred for CRS-HIPEC

11 After 1st procedure Progression - - - Clinical progression: massive ascites with intestinal 

obstruction

12 Evaluation after 4th procedure Stable Progressiona Progression Stable No

13 Evaluation after 3rd procedure Stable Stable Stable Response Patient’s decision: preferred wait-and-see strategy

14 After 3rd procedure Stable Progressionb,c Stable Stable Overall judgment of macroscopic progression

15 After 5th procedure Progression Stable Progression Progression Clinical progression: due to increasing ascites

16 Evaluation after 1st procedure Stable Progressionb Progression - No

17 After 3rd procedure Progression Stable Progression Response Clinical progression: progressive fatigue and weight loss

18 Evaluation after 2nd procedure Improved Progressionb Stable Stable No

19 After 2nd procedure Stable Stable Progression Progression Overall judgment of macroscopic progression

20 Evaluation after 2nd procedure Stable Progressionb Progression Response No

CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; LAMN low-grade 

appendiceal mucinous neoplasm; aperitoneal and systemic progression; bperitoneal progression only; 

cnew ovarian metastasis that the treating physician aimed to remove during the third procedure, but 

this could not be safely done.

Supplementary Table 12.3 Procedural characteristics.

Procedural characteristics

Patient Procedure Days after previous 

procedure

No. of 

trocars

Trocar 

positions

Adhesiolysis Intraoperative 

complications or problems

Operating time 

(min)

Blood loss 

(ml)

Zühlke 

score

Evaluable PCI 

regions

ID 1

Procedure 1 20a 2 LF, EA Blunt No 152 50 3 8

ID 2

Procedure 1 12a 2 RIF, RF No No 103 15 3 10

ID 3

Procedure 1 6a 2 LUA, LIF No No 78 5 0 13

Procedure 2 44 2 EA, LIF No No 89 10 2 13

Procedure 3 33 2 LF, LIF No No 102 5 1 13
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Supplementary Table 12.2 Time points and reasons of stopping trial treatment.

Time points and reasons of stopping trial treatment

ID Time point of stopping Clinical parameters Radiological parameters Biochemical parameters Ascites Other factors

1 Before 2nd procedure Stable Stable Stable - Non-accessible peritoneal cavity during second procedure

2 Evaluation after 1st procedure Improved Progressiona Progression - No

3 Evaluation after 3rd procedure Stable Stable Stable Response Physician’s decision: switch to systemic therapy

4 After 4th procedure Progression Stable Stable Progression Clinical: esophageal varices bleeding

5 After 3rd procedure Improved Stable Stable Response Possibly treatment-related death (sepsis of unknown origin)

6 Evaluation after 3rd procedure Stable Progressionb Response Stable No

7 After 6th procedure Stable Stable Stable Stable Physician’s decision: peritoneal cavity inaccessible

8 Evaluation after 3rd procedure Stable Stable Stable Stable Patient’s decision: preferred wait-and-see strategy 

9 Evaluation after 5th procedure Improved Progressionb Progression Stable No

10 Evaluation after 4th procedure Stable Stable Response Stable Stable disease and LAMN, referred for CRS-HIPEC

11 After 1st procedure Progression - - - Clinical progression: massive ascites with intestinal 

obstruction

12 Evaluation after 4th procedure Stable Progressiona Progression Stable No

13 Evaluation after 3rd procedure Stable Stable Stable Response Patient’s decision: preferred wait-and-see strategy

14 After 3rd procedure Stable Progressionb,c Stable Stable Overall judgment of macroscopic progression

15 After 5th procedure Progression Stable Progression Progression Clinical progression: due to increasing ascites

16 Evaluation after 1st procedure Stable Progressionb Progression - No

17 After 3rd procedure Progression Stable Progression Response Clinical progression: progressive fatigue and weight loss

18 Evaluation after 2nd procedure Improved Progressionb Stable Stable No

19 After 2nd procedure Stable Stable Progression Progression Overall judgment of macroscopic progression

20 Evaluation after 2nd procedure Stable Progressionb Progression Response No

CRS-HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; LAMN low-grade 

appendiceal mucinous neoplasm; aperitoneal and systemic progression; bperitoneal progression only; 

cnew ovarian metastasis that the treating physician aimed to remove during the third procedure, but 

this could not be safely done.

Supplementary Table 12.3 Procedural characteristics.

Procedural characteristics

Patient Procedure Days after previous 

procedure

No. of 

trocars

Trocar 

positions

Adhesiolysis Intraoperative 

complications or problems

Operating time 

(min)

Blood loss 

(ml)

Zühlke 

score

Evaluable PCI 

regions

ID 1

Procedure 1 20a 2 LF, EA Blunt No 152 50 3 8

ID 2

Procedure 1 12a 2 RIF, RF No No 103 15 3 10

ID 3

Procedure 1 6a 2 LUA, LIF No No 78 5 0 13

Procedure 2 44 2 EA, LIF No No 89 10 2 13

Procedure 3 33 2 LF, LIF No No 102 5 1 13
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Supplementary Table 12.3 Continued.

Procedural characteristics

Patient Procedure Days after previous 

procedure

No. of 

trocars

Trocar 

positions

Adhesiolysis Intraoperative 

complications or problems

Operating time 

(min)

Blood loss 

(ml)

Zühlke 

score

Evaluable PCI 

regions

ID 4

Procedure 1 22a 2 EA, LF No Yesb 95 100 2 13

Procedure 2 40 2 LF, LIF No No 103 10 2 13

Procedure 3 56 2 LF, RF No No 94 10 2 11

Procedure 4 42 2 LF, RF No No 94 10 2 11

ID 5

Procedure 1 14a 2 LF, EA No No 86 5 0 9

Procedure 2 49 2 LF, EA No No 90 5 0 9

Procedure 3 37 2 LIF, EA No No 99 5 0 9

ID 6

Procedure 1 12a 2 LUA, LF No No 103 10 0 13

Procedure 2 42 2 LF, LIF No No 93 5 0 13

Procedure 3 39 2 LIF, LUA No No 98 5 0 12

ID 7

Procedure 1 23a 2 LUA, RF Blunt Yesc 81 20 2 13

Procedure 2 39 2 LUA, RF Blunt No 89 20 2 12

Procedure 3 42 2 LUA, RF Blunt No 60 10 1 13

Procedure 4 44 2 EA, RF Blunt No 77 10 2 10

Procedure 5 54 2 LUA, RF Blunt No 107 10 3 8

Procedure 6 42 2 EA, LIF Blunt No 84 10 3 8

ID 8

Procedure 1 6a 2 HA, LF No No 67 5 1 13

Procedure 2 60 2 HA, EA Blunt No 109 5 2 12

Procedure 3 35 2 HA, EA No No 73 10 1 13

ID 9

Procedure 1 23a 2 LF, LUA No No 86 10 1 13

Procedure 2 66 2 LF, HA No No 108 10 2 12

Procedure 3 42 2 LF, LUA No No 113 10 2 12

Procedure 4 42 2 LF, LUA No No 87 40 2 13

Procedure 5 58 2 LF, HA No No 94 20 3 11

ID 10

Procedure 1 26a 2 LUA, LUA No No 95 10 0 13

Procedure 2 39 2 LUA, LF No No 74 10 0 13

Procedure 3 45 2 LUA, LF No No 94 5 1 12

Procedure 4 56 2 LUA, LF No No 72 5 1 11

ID 11

Procedure 1 34a 2 LUA, LIF No No 99 5 2 13
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Supplementary Table 12.3 Continued.

Procedural characteristics

Patient Procedure Days after previous 

procedure

No. of 

trocars

Trocar 

positions

Adhesiolysis Intraoperative 

complications or problems

Operating time 

(min)

Blood loss 

(ml)

Zühlke 

score

Evaluable PCI 

regions

ID 4

Procedure 1 22a 2 EA, LF No Yesb 95 100 2 13

Procedure 2 40 2 LF, LIF No No 103 10 2 13

Procedure 3 56 2 LF, RF No No 94 10 2 11

Procedure 4 42 2 LF, RF No No 94 10 2 11

ID 5

Procedure 1 14a 2 LF, EA No No 86 5 0 9

Procedure 2 49 2 LF, EA No No 90 5 0 9

Procedure 3 37 2 LIF, EA No No 99 5 0 9

ID 6

Procedure 1 12a 2 LUA, LF No No 103 10 0 13

Procedure 2 42 2 LF, LIF No No 93 5 0 13

Procedure 3 39 2 LIF, LUA No No 98 5 0 12

ID 7

Procedure 1 23a 2 LUA, RF Blunt Yesc 81 20 2 13

Procedure 2 39 2 LUA, RF Blunt No 89 20 2 12

Procedure 3 42 2 LUA, RF Blunt No 60 10 1 13

Procedure 4 44 2 EA, RF Blunt No 77 10 2 10

Procedure 5 54 2 LUA, RF Blunt No 107 10 3 8

Procedure 6 42 2 EA, LIF Blunt No 84 10 3 8

ID 8

Procedure 1 6a 2 HA, LF No No 67 5 1 13

Procedure 2 60 2 HA, EA Blunt No 109 5 2 12

Procedure 3 35 2 HA, EA No No 73 10 1 13

ID 9

Procedure 1 23a 2 LF, LUA No No 86 10 1 13

Procedure 2 66 2 LF, HA No No 108 10 2 12

Procedure 3 42 2 LF, LUA No No 113 10 2 12

Procedure 4 42 2 LF, LUA No No 87 40 2 13

Procedure 5 58 2 LF, HA No No 94 20 3 11

ID 10

Procedure 1 26a 2 LUA, LUA No No 95 10 0 13

Procedure 2 39 2 LUA, LF No No 74 10 0 13

Procedure 3 45 2 LUA, LF No No 94 5 1 12

Procedure 4 56 2 LUA, LF No No 72 5 1 11

ID 11

Procedure 1 34a 2 LUA, LIF No No 99 5 2 13



432   |   Appendix

Supplementary Table 12.3 Continued.

Procedural characteristics

Patient Procedure Days after previous 

procedure

No. of 

trocars

Trocar 

positions

Adhesiolysis Intraoperative 

complications or problems

Operating time 

(min)

Blood loss 

(ml)

Zühlke 

score

Evaluable PCI 

regions

ID 12

Procedure 1 10a 2 RIF, RUA No No 80 5 0 13

Procedure 2 51 2 RIF, RUA No No 100 20 0 13

Procedure 3 36 2 RIF, LIF No No 119 20 2 12

Procedure 4 53 2 LIF, LUA No No 104 20 2 12

ID 13

Procedure 1 10a 2 LF, EA No No 97 20 0 13

Procedure 2 45 2 LF, EA No No 70 5 0 13

Procedure 3 31 2 LF, EA No Yesd 97 30 0 13

ID 14

Procedure 1 23a 2 RF, RUA No No 105 5 3 11

Procedure 2 41 2 RF, RUA No No 98 30 2 12

Procedure 3 41 2 RF, EA Sharp No 128 5 3 11

ID 15

Procedure 1 14a 2 LIF, LF No No 119 5 0 13

Procedure 2 44 2 LUA, LF No No 125 5 0 13

Procedure 3 42 2 LUA, LF No Yesc 91 5 0 13

Procedure 4 35 2 LUA, LF No No 104 5 0 13

Procedure 5 47 2 LUA, LF No No 75 5 0 13

ID 16

Procedure 1 8a 3c LF, LUA, EAe No Yesf 129 5 0 13

ID 17

Procedure 1 13a 2 LF, HA No No 92 20 1 13

Procedure 2 35 2 LF, HA No No 97 20 1 13

Procedure 3 35 2 LF, HA Blunt No 88 40 3 10

ID 18

Procedure 1 14a 2 LF, HA No No 110 40 1 13

Procedure 2 33 2 LF, EA No No 84 20 1 13

ID 19

Procedure 1 7a 2 LIF, RIF Sharp No 84 30 2 12

Procedure 2 40 2 LIF, RIF Blunt No 100 5 3 8

ID 20

Procedure 1 17a 2 LUA, RUA No No 80 5 0 13

Procedure 2 40 2 LUA, RF No No 79 5 1 13

EA epigastric area; LIF left iliac fossa; LF left flank; LUA left upper abdomen; HA hypogastric area; 

PCI peritoneal cancer index; RIF right iliac fossa; RF right flank; RUA right upper abdomen; adays 

after enrolment; bepigastric artery bleeding, sutured without further consequences; cproblem 

with oxaliplatin injection due to air in oxaliplatin-containing syringe, immediately solved without

delaying the procedure; dproblem with oxaliplatin injection due to kink in line between angiographic 

injector and nebulizer, immediately solved without delaying the procedure; eone additional trocar to 

suture diaphragm perforation; fdiaphragm perforation due to peritoneal biopsy, sutured and chest 

tube inserted that could be removed the next day, after which patient was discharged.
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Supplementary Table 12.3 Continued.

Procedural characteristics

Patient Procedure Days after previous 

procedure

No. of 

trocars

Trocar 

positions

Adhesiolysis Intraoperative 

complications or problems

Operating time 

(min)

Blood loss 

(ml)

Zühlke 

score

Evaluable PCI 

regions

ID 12

Procedure 1 10a 2 RIF, RUA No No 80 5 0 13

Procedure 2 51 2 RIF, RUA No No 100 20 0 13

Procedure 3 36 2 RIF, LIF No No 119 20 2 12

Procedure 4 53 2 LIF, LUA No No 104 20 2 12

ID 13

Procedure 1 10a 2 LF, EA No No 97 20 0 13

Procedure 2 45 2 LF, EA No No 70 5 0 13

Procedure 3 31 2 LF, EA No Yesd 97 30 0 13

ID 14

Procedure 1 23a 2 RF, RUA No No 105 5 3 11

Procedure 2 41 2 RF, RUA No No 98 30 2 12

Procedure 3 41 2 RF, EA Sharp No 128 5 3 11

ID 15

Procedure 1 14a 2 LIF, LF No No 119 5 0 13

Procedure 2 44 2 LUA, LF No No 125 5 0 13

Procedure 3 42 2 LUA, LF No Yesc 91 5 0 13

Procedure 4 35 2 LUA, LF No No 104 5 0 13

Procedure 5 47 2 LUA, LF No No 75 5 0 13

ID 16

Procedure 1 8a 3c LF, LUA, EAe No Yesf 129 5 0 13

ID 17

Procedure 1 13a 2 LF, HA No No 92 20 1 13

Procedure 2 35 2 LF, HA No No 97 20 1 13

Procedure 3 35 2 LF, HA Blunt No 88 40 3 10

ID 18

Procedure 1 14a 2 LF, HA No No 110 40 1 13

Procedure 2 33 2 LF, EA No No 84 20 1 13

ID 19

Procedure 1 7a 2 LIF, RIF Sharp No 84 30 2 12

Procedure 2 40 2 LIF, RIF Blunt No 100 5 3 8

ID 20

Procedure 1 17a 2 LUA, RUA No No 80 5 0 13

Procedure 2 40 2 LUA, RF No No 79 5 1 13

EA epigastric area; LIF left iliac fossa; LF left flank; LUA left upper abdomen; HA hypogastric area; 

PCI peritoneal cancer index; RIF right iliac fossa; RF right flank; RUA right upper abdomen; adays 

after enrolment; bepigastric artery bleeding, sutured without further consequences; cproblem 

with oxaliplatin injection due to air in oxaliplatin-containing syringe, immediately solved without

delaying the procedure; dproblem with oxaliplatin injection due to kink in line between angiographic 

injector and nebulizer, immediately solved without delaying the procedure; eone additional trocar to 

suture diaphragm perforation; fdiaphragm perforation due to peritoneal biopsy, sutured and chest 

tube inserted that could be removed the next day, after which patient was discharged.
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Supplementary Table 12.4 Occupational platinum exposure.

A – surfaces of operating room

Location of wipe First day (one procedure) Second day (two procedures) Third day (two procedures)

Wiped surface

(cm2)

Pt per wipe

(ug)

Pt total

(ng/cm2)

Wiped surface

(cm2)

Pt per wipe

(ug)

Pt total

(ng/cm2)

Wiped surface

(cm2)

Pt per wipe

(ug)

Pt total,

(ng/cm2)

Handle of surgical lamp 164 <0.06 <0.42 164 <0.06 <0.42 164 <0.06 <0.42

Floor below head of patient 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Floor right of patient 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Floor left of patient 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Floor below feet of patient 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Floor surrounding chemotherapy waste bin 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Closed aerosol waste system 605 <0.06 <0.11 605 <0.06 <0.11 605 <0.06 <0.11

Syringe holder of angiographic injector 415 <0.06 <0.16 415 <0.06 <0.16 415 <0.06 <0.16

Angiographic injector (random) 510 <0.06 <0.13 510 <0.06 <0.13 510 <0.06 <0.13

Floor surrounding surgeon’s computer 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Desk of surgeon’s computer 600 <0.06 <0.11 600 <0.06 <0.11 600 <0.06 <0.11

Mouse of surgeon’s computer 165 <0.06 <0.41 165 <0.06 <0.41 165 <0.06 <0.41

Surface of surgical material cart 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Handle of chemotherapy waste bin 330 <0.06 <0.21 330 <0.06 <0.21 330 <0.06 <0.21

Control panel of scrub nurse instrument table 235 <0.06 <0.29 235 <0.06 <0.29 235 <0.06 <0.29

Control panel of anesthetic syringe pump 540 <0.06 <0.13 540 <0.06 <0.13 540 <0.06 <0.13

‘<’ represents a value below the detection limit; Pt platinum.

B – air of operating room

Location of measurement First day (one procedure) Second day (two procedures) Third day (two procedures)

Time (min) Vol (L) Pt (ng) Pt (ug/m3) Time (min) Vol (L) Pt (ng) Pt (ug/m3) Time (min) Vol (L) Pt (ng) Pt (ug/m3)

Stationary 59 124 <5.0 <0.04 106 227 <5.0 <0.02 109 227 <5.0 <0.02

Surgeon 27 57 <5.0 <0.09 61 130 <5.0 <0.04 46 96 <5.0 <0.05

Anesthetist 34 72 <5.0 <0.07 58 124 <5.0 <0.04 55 115 <5.0 <0.04

Scrub nurse I 28 60 <5.0 <0.08 54 116 <5.0 <0.04 49 102 <5.0 <0.05

Scrub nurse II 29 61 <5.0 <0.08 54 115 <5.0 <0.04 52 109 <5.0 <0.05

‘<’ represents a value below the detection limit; Pt platinum.
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Supplementary Table 12.4 Occupational platinum exposure.

A – surfaces of operating room

Location of wipe First day (one procedure) Second day (two procedures) Third day (two procedures)

Wiped surface

(cm2)

Pt per wipe

(ug)

Pt total

(ng/cm2)

Wiped surface

(cm2)

Pt per wipe

(ug)

Pt total

(ng/cm2)

Wiped surface

(cm2)

Pt per wipe

(ug)

Pt total,

(ng/cm2)

Handle of surgical lamp 164 <0.06 <0.42 164 <0.06 <0.42 164 <0.06 <0.42

Floor below head of patient 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Floor right of patient 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Floor left of patient 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Floor below feet of patient 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Floor surrounding chemotherapy waste bin 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Closed aerosol waste system 605 <0.06 <0.11 605 <0.06 <0.11 605 <0.06 <0.11

Syringe holder of angiographic injector 415 <0.06 <0.16 415 <0.06 <0.16 415 <0.06 <0.16

Angiographic injector (random) 510 <0.06 <0.13 510 <0.06 <0.13 510 <0.06 <0.13

Floor surrounding surgeon’s computer 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Desk of surgeon’s computer 600 <0.06 <0.11 600 <0.06 <0.11 600 <0.06 <0.11

Mouse of surgeon’s computer 165 <0.06 <0.41 165 <0.06 <0.41 165 <0.06 <0.41

Surface of surgical material cart 1600 <0.06 <0.04 1600 <0.06 <0.04 1600 <0.06 <0.04

Handle of chemotherapy waste bin 330 <0.06 <0.21 330 <0.06 <0.21 330 <0.06 <0.21

Control panel of scrub nurse instrument table 235 <0.06 <0.29 235 <0.06 <0.29 235 <0.06 <0.29

Control panel of anesthetic syringe pump 540 <0.06 <0.13 540 <0.06 <0.13 540 <0.06 <0.13

‘<’ represents a value below the detection limit; Pt platinum.

B – air of operating room

Location of measurement First day (one procedure) Second day (two procedures) Third day (two procedures)

Time (min) Vol (L) Pt (ng) Pt (ug/m3) Time (min) Vol (L) Pt (ng) Pt (ug/m3) Time (min) Vol (L) Pt (ng) Pt (ug/m3)

Stationary 59 124 <5.0 <0.04 106 227 <5.0 <0.02 109 227 <5.0 <0.02

Surgeon 27 57 <5.0 <0.09 61 130 <5.0 <0.04 46 96 <5.0 <0.05

Anesthetist 34 72 <5.0 <0.07 58 124 <5.0 <0.04 55 115 <5.0 <0.04

Scrub nurse I 28 60 <5.0 <0.08 54 116 <5.0 <0.04 49 102 <5.0 <0.05

Scrub nurse II 29 61 <5.0 <0.08 54 115 <5.0 <0.04 52 109 <5.0 <0.05

‘<’ represents a value below the detection limit; Pt platinum.
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Supplementary Table 12.5 Adverse events, hospital stay, and readmissions.

A – adverse events

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

ID 1

Procedure 1 Postoperative Abdominal pain Treatment 1 1

Fatigue Treatment 1 1

Lymphocytopenia Treatment 2 1

Anemia Diseasea 1 1

Decreased platelets Diseasea 1 1

Phone call Bloating Treatment 2 1

Outpatient Wound pain Treatment 1 1

Peripheral sensory neuropathy Treatment 1 1

Diarrhea Treatment 1 1

Bloating Disease 2 1

Anemia Diseasea 1 1

ID 2

Procedure 1 Postoperative Abdominal pain Treatment 1 1

Postoperative wound hemorrhage Treatment 1 1

Somnolence Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Anemia Diseasea 1 1

Phone call Flu-like symptoms Treatment 2 1

Anorexia Treatment 1 1

Outpatient Wound pain Treatment 1 1

Anemia Diseasea 1 1

Increased aspartate aminotransferase Diseaseb 1 1

Increased alanine aminotransferase Diseaseb 1 1

Increased alkaline phosphatase Diseaseb 2 1

Increased gamma-glutamyltransferase Diseaseb 2 1

ID 3

Procedure 1 Postoperative Abdominal pain Treatment 2 1

Anemia Treatment 1 1

Lymphocytopenia Treatment 1 1

Leukocytosis Diseasea 3 1

Phone call Abdominal pain Treatment 2 1

Fatigue Treatment 1 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Anorexia Treatment 1 1

Outpatient Anemia Treatment 1 1

Anal pain Other 2 1

Muscle weakness of lower limb Other 1 1

Dysuria Other 1 1

ID 3

Procedure 2 Postoperative Abdominal pain Treatment 2 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Increased creatinine kinase Treatment 1 1

Phone call Abdominal pain Treatment 1 1

Outpatient Wound pain Treatment 1 1

Dysuria Other 1 1

Urinary incontinence Other 1 1

ID 3

Procedure 3 Postoperative Abdominal pain Treatment 1 1

Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 3 1

Phone call Flu-like symptoms Treatment 1 1

Fatigue Treatment 1 1

Outpatient Anemia Treatment 1 1

ID 4

Procedure 1 Postoperative Abdominal pain Treatment 2 1

Abdominal wall hematoma Treatment 1 1

Nausea Treatment 2 1

Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 1 1

Increased bilirubin Treatment 2 1

Hypoalbuminemia Disease 1 1

Anxiety Other 1 1

Phone call Abdominal pain Treatment 2 1

Fever Treatment 1 1

Anorexia Treatment 2 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Dysuria Other 1 1

Outpatient Diarrhea Treatment 1 1

Anemia Treatment 1 1

Epididymitis and testicular pain Other 2 1

ID 4 Postoperative Leukocytosis Treatment 3 1

Procedure 2 Anemia Otherc 1 1

Phone call Abdominal pain Treatment 1 1

Fatigue Treatment 1 1

Anorexia Treatment 1 1

Outpatient Abdominal pain Treatment 1 1

Anemia Otherc 1 1

ID 4

Procedure 3 Postoperative Anemia Otherc 1 1

Phone call None - - -

Outpatient Abdominal pain Treatment 1 1

Anorexia Disease 1 1

Bloating Disease 1 1

Anemia Otherc 1 1

ID 4

Procedure 4 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 1 1

Increased aspartate 

aminotransferase

Diseased 1 1

Increased alanine aminotransferase Diseased 1 1

Increased alkaline phosphatase Diseased 1 1

Anemia Otherc 1 1

Phone call Anorexia Treatment 1 1

Readmission Esophageal varices hemorrhagel Disease 3 3

Fatiguel Disease 3 1

Anemial Disease 3 3

Increased aspartate 

aminotransferase

Diseased 1 1

Increased alanine aminotransferase Diseased 1 1

Increased alkaline phosphatase Diseased 2 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Hypoalbuminemia Disease 1 1

Outpatient Not performed - - -

ID 5

Procedure 1 Postoperative Abdominal pain Treatment 1 1

Nausea Treatment 1 1

Lymphocytopenia Treatment 1 1

Increased aspartate 

aminotransferase

Treatment 3 1

Increased alanine aminotransferase Treatment 2 1

Increased lactate dehydrogenase Treatment 1 1

Increased alkaline phosphatase Treatment 2 1

Increased gamma-

glutamyltransferase

Treatment 2 1

Anemia Diseasea 1 1

Phone call Abdominal pain Treatment 1 1

Fatigue Treatment 1 1

Outpatient Wound infection Treatment 1 1

Anemia Diseasea 1 1

ID 5

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Lymphocytopenia Treatment 2 1

Increased aspartate 

aminotransferase

Treatment 3 1

Increased alanine aminotransferase Treatment 2 1

Increased lactate dehydrogenase Treatment 1 1

Increased alkaline phosphatase Treatment 2 1

Increased gamma-

glutamyltransferase

Treatment 2 1

Anemia Diseasea 1 1

Hypoalbuminemia Disease 1 1

Phone call Abdominal pain Treatment 1 1

Outpatient Wound infection Treatment 1 1

Lymphocytopenia Treatment 1 1

Anemia Diseasea 1 1

Hypoalbuminemia Disease 1 1

Muscle weakness of lower limb Other 1 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

ID 5

Procedure 3 Postoperative Anemia Treatment 2 1

Leukopenia Treatment 2 1

Increased aspartate 

aminotransferase

Treatment 2 1

Increased alanine aminotransferase Treatment 1 1

Increased alkaline phosphatase Treatment 1 1

Increased gamma-

glutamyltransferase

Treatment 2 1

Hypoalbuminemia Disease 1 1

Lymphocytopenia Other 3 1

Readmission Abdominal pain Treatment 2 1

Postoperative wound hemorrhage Treatment 1 1

Sepsis of unknown origine Treatmente 5e 5e

Phone call Not performed - - -

Outpatient Not performed - - -

ID 6

Procedure 1 Postoperative Abdominal pain Treatment 1 1

Nausea Treatment 2 1

Vomiting Treatment 2 1

Anemia Treatment 1 1

Increased creatinine kinase Treatment 3 1

Phone call Constipation Treatment 1 1

Outpatient Abdominal pain Treatment 1 1

ID 6

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Postoperative wound hemorrhage Treatment 1 1

Nausea Treatment 2 1

Vomiting Treatment 2 1

Lymphocytopenia Treatment 1 1

Increased creatinine kinase Treatment 1 1

Phone call Abdominal pain Treatment 1 1

Flu-like symptoms Treatment 2 1

Anorexia Treatment 2 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Outpatient Abdominal pain Treatment 1 1

Dysgeusia Treatment 1 1

Anemia Treatment 1 1

ID 6

Procedure 3 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Increased creatinine kinase Treatment 2 1

Anemia Otherc 1 1

Phone call Abdominal pain Treatment 1 1

Outpatient Fatigue Treatment 1 1

Bloating Disease 1 1

ID 7

Procedure 1 Postoperativef Abdominal pain Treatment 2 1

Leukocytosis Treatment 3 1

Phone call Diarrhea Treatment 2 1

Outpatient Abdominal pain Treatment 2 1

Diarrhea Treatment 2 1

ID 7

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Increased aspartate 

aminotransferase

Treatment 1 1

Increased creatinine kinase Treatment 1 1

Phone call Diarrhea Treatment 2 1

Outpatientg None - - -

ID 7

Procedure 3 Postoperativeh Abdominal pain Treatment 1 1

Urinary retention Treatment 1 1

Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Phone call Diarrhea Treatment 2 1

Urinary tract infection Other 2 2

Outpatient None - - -



442   |   Appendix

A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

ID 7

Procedure 4 Postoperativei Abdominal pain Treatment 1 1

Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Increased creatinine kinase Treatment 1 1

Phone call Diarrhea Treatment 2 1

Fatigue Treatment 2 1

Peripheral sensory neuropathy Treatment 2 1

Outpatienti None - - -

ID 7

Procedure 5 Postoperativei Abdominal pain Treatment 1 1

Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Phone call Fatigue Treatment 2 1

Outpatienti None - - -

ID 7

Procedure 6 Postoperative Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Phone call None - - -

Outpatientg None - - -

ID 8

Procedure 1 Postoperative Abdominal pain Treatment 3 1

Nausea Treatment 2 1

Vomiting Treatment 2 1

Fever Treatment 1 1

Postoperative intraperitoneal 

hemorrhage

Treatment 3 2

Anemia Treatment 3 2

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Phone call None - - -

Outpatient Abdominal pain Treatment 1 1

Nausea Treatment 2 1

Anorexia Treatment 2 1

Abdominal wall hematoma Treatment 1 1



Supplementary material   |   443

A

A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Increased aspartate 

aminotransferase

Treatment 1 1

Increased alanine aminotransferase Treatment 1 1

Increased lactate dehydrogenase Treatment 1 1

Increased alkaline phosphatase Treatment 1 1

Anemia Treatment 2 1

ID 8

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Nausea Treatment 1 1

Vomiting Treatment 1 1

Anemia Otherc 1 1

Phone call Abdominal pain Treatment 1 1

Outpatient Anemia Treatment 2 1

ID 8 Postoperative Abdominal pain Treatment 1 1

Procedure 3 Nausea Treatment 1 1

Vomiting Treatment 1 1

Somnolence Treatment 1 1

Lymphocytopenia Treatment 1 1

Anemia Otherc 2 1

Phone call None - - -

Outpatient Fatigue Treatment 1 1

Alopecia Treatment 1 1

Peripheral sensory neuropathy Treatment 2 1

Incisional hernia Treatment 1 1

Anemia Otherc 2 1

ID 9

Procedure 1 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Increased aspartate 

aminotransferase

Treatment 1 1

Increased alanine aminotransferase Treatment 1 1

Increased gamma-

glutamyltransferase

Treatment 1 1

Anemia Diseasea 1 1

Increased creatinine kinase Diseasea 1 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Phone call Abdominal pain Treatment 1 1

Anorexia Treatment 1 1

Constipation Treatment 1 1

Outpatient Abdominal pain Treatment 1 1

Increased gamma-

glutamyltransferase

Treatment 1 1

Anemia Diseasea 1 1

ID 9

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Increased aspartate 

aminotransferase

Treatment 1 1

Increased creatinine kinase Treatment 1 1

Anemia Diseasea 1 1

Increased gamma-

glutamyltransferase

Otherc 1 1

Phone call None - - -

Outpatient Abdominal pain Treatment 1 1

Anemia Diseasea 1 1

Increased gamma-

glutamyltransferase

Otherc 1 1

ID 9

Procedure 3 Postoperative Abdominal pain Treatment 1 1

Lymphocytopenia Treatment 4 1

Anemia Diseasea 1 1

Increased gamma-

glutamyltransferase

Otherc 1 1

Phone call None - - -

Outpatient Fatigue Treatment 1 1

Nausea Treatment 1 1

Diarrhea Treatment 1 1

Wound infection Treatment 1 1

Anemia Diseasea 1 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

ID 9

Procedure 4 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 3 1

Increased creatinine Treatment 1 1

Increased creatinine kinase Treatment 1 1

Anemia Diseasea 1 1

Phone call None - - -

Outpatient Vomiting Other 1 1

Anemia Diseasea 1 1

ID 9

Procedure 5 Postoperative Abdominal pain Treatment 1 1

Nausea Treatment 1 1

Vomiting Treatment 1 1

Fever Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 3 1

Increased creatinine Treatment 1 1

Anemia Diseasea 1 1

Phone call None - - -

Outpatient Anemia Diseasea 1 1

ID 10

Procedure 1 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Phone call Abdominal pain Treatment 1 1

Fatigue Treatment 1 1

Outpatient Alopecia Treatment 1 1

Peripheral sensory neuropathy Treatment 1 1

ID 10

Procedure 2 Postoperative Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 1 1

Phone call None - - -

Outpatient Abdominal pain Treatment 1 1

Anemia Treatment 1 1

Hyperkalemia Other 1 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

ID 10

Procedure 3 Postoperative Abdominal pain Treatment 1 1

Fever Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 3 1

Phone call Fever Treatment 2 1

Outpatient Incisional hernia Treatment 1 1

Anemia Treatment 1 1

ID 10

Procedure 4 Postoperative Fever Treatment 1 1

Postoperative wound hemorrhage Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Anemia Otherc 1 1

Phone call Fever Treatment 2 1

Outpatient None - - -

ID 11

Procedure 1 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Hypoalbuminemia Disease 1 1

Readmission Intestinal obstruction (massive 

ascites)j

Diseasej 5j 5j

Phone call Not performed - - -

Outpatient Not performed - - -

ID 12

Procedure 1 Postoperative Abdominal pain Treatment 2 1

Nausea Treatment 2 1

Vomiting Treatment 2 1

Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Increased gamma-

glutamyltransferase

Treatment 1 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Phone call Abdominal pain Treatment 1 1

Fever Treatment 2 1

Diarrhea Treatment 1 1

Cough Other 1 1

Outpatient Anemia Treatment 1 1

Increased gamma-

glutamyltransferase

Treatment 1 1

ID 12

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 3 1

Anemia Otherc 1 1

Increased gamma-

glutamyltransferase

Otherc 1 1

Phone call None - - -

Outpatient Increased alkaline phosphatase Treatment 1 1

Anemia Otherc 1 1

Increased gamma-

glutamyltransferase

Otherc 1 1

ID 12

Procedure 3 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 3 1

Anemia Otherc 1 1

Increased gamma-

glutamyltransferase

Otherc 1 1

Phone call Abdominal pain Treatment 1 1

Fatigue Treatment 1 1

Outpatient Abdominal pain Treatment 1 1

Anemia Otherc 1 1

Increased alkaline phosphatase Otherc 1 1

ID 12

Procedure 4 Postoperative Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 3 1

Increased gamma-

glutamyltransferase

Treatment 1 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Hyperkalemia Treatment 1 1

Anemia Otherc 1 1

Phone call Abdominal pain Treatment 2 1

Outpatient Nonek - - -

ID 13

Procedure 1 Postoperative Abdominal pain Treatment 2 1

Nausea Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Anemia Diseasea 1 1

Phone call None - - -

Outpatient Wound pain Treatment 1 1

Anemia Diseasea 1 1

ID 13

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Increased creatinine kinase Treatment 1 1

Readmission Abdominal pain Treatment 2 1

Nausea Treatment 2 1

Vomiting Treatment 2 1

Diarrhea Treatment 1 1

Abdominal wall hematoma Treatment 1 1

Phone call Abdominal pain Treatment 1 1

Outpatient Anemia Treatment 1 1

Abdominal pain Treatment 1 1

Fatigue Treatment 1 1

ID 13

Procedure 3 Postoperative Abdominal pain Treatment 2 1

Nausea Treatment 2 1

Anorexia Treatment 1 1

Lymphocytopenia Treatment 2 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Anemia Otherc 1 1

Phone call Fatigue Treatment 2 1

Anorexia Treatment 1 1

Outpatient Abdominal pain Treatment 1 1

Fatigue Treatment 1 1

Anemia Otherc 1 1

ID 14

Procedure 1 Postoperative Abdominal pain Treatment 2 1

Nausea Treatment 1 1

Leukocytosis Treatment 3 1

Phone call Abdominal pain Treatment 1 1

Outpatient Leukocytosis Other 3 1

ID 14

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Nausea Treatment 1 1

Lymphocytopenia Treatment 2 1

Leukocytosis Otherc 3 1

Phone call None - - -

Outpatient Increased lactate dehydrogenase Treatment 1 1

Leukocytosis Otherc 3 1

ID 14

Procedure 3 Postoperative Abdominal pain Treatment 1 1

Nausea Treatment 1 1

Vomiting Treatment 1 1

Lymphocytopenia Treatment 2 1

Increased aspartate 

aminotransferase

Treatment 1 1

Increased creatinine kinase Treatment 1 1

Leukocytosis Otherc 3 1

Increased lactate dehydrogenase Otherc 1 1

Phone call Abdominal pain Treatment 1 1

Abdominal wall hematoma Treatment 1 1

Outpatient Not performed - - -
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

ID 15

Procedure 1 Postoperativeg Abdominal pain Treatment 2 1

Anemia Treatment 1 1

Leukocytosis Treatment 3 1

Hypoalbuminemia Disease 1 1

Phone call Nausea Treatment 1 1

Outpatientf Anemia Treatment 1 1

Increased creatinine kinase Other 1 1

ID 15

Procedure 2 Postoperativel Leukocytosis Treatment 3 1

Anemia Otherc 1 1

Hypoalbuminemia Disease 1 1

Phone call None - - -

Outpatientf Increased lactate dehydrogenase Treatment 1 1

Anemia Otherc 1 1

ID 15

Procedure 3 Postoperativef Leukocytosis Treatment 3 1

Hypoalbuminemia Disease 1 1

Anemia Otherc 1 1

Phone call None - - -

Outpatient Anemia Otherc 1 1

Increased creatinine kinase Other 1 1

ID 15

Procedure 4 Postoperative Nonem - - -

Phone call None - - -

Outpatient Anemia Otherc 1 1

Readmission Intestinal obstruction (ascites)n Disease 3 3

ID 15

Procedure 5 Postoperative Nonem - - -

Phone call None - - -

Readmission Intestinal obstruction (ascites)n Disease 3 3

Outpatient Not performed - - -
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A

A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

ID 16

Procedure 1 Postoperative Iatrogenic pneumothorax Treatment 3 3

Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Increased creatinine kinase Treatment 1 1

Anemia Diseasea 1 1

Phone call Abdominal pain Treatment 1 1

Outpatient Lymphocytopenia Treatment 1 1

Anemia Diseasea 1 1

Leukocytosis Other 3 1

ID 17

Procedure 1 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Anemia Diseasea 1 1

Hypoalbuminemia Disease 1 1

Phone call Abdominal pain Treatment 1 1

Nausea Treatment 1 1

Fatigue Disease 1 1

Anorexia Disease 2 1

Outpatient Fatigue Disease 2 1

Anorexia Disease 2 1

Anemia Diseasea 1 1

ID 17

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Nausea Treatment 1 1

Leukocytosis Treatment 3 1

Anemia Diseasea 1 1

Phone call Wound pain Treatment 1 1

Fatigue Treatment 2 1

Anorexia Disease 2 1

Outpatient Abdominal pain Treatment 1 1

Increased alkaline phosphatase Treatment 1 1

Increased gamma-

glutamyltransferase

Treatment 1 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Fatigue Disease 3 1

Anorexia Disease 2 1

Anemia Diseasea 1 1

ID 17

Procedure 3 Postoperative Abdominal pain Treatment 2 1

Nausea Treatment 1 1

Fatigue Treatment 2 1

Anemia Treatment 2 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 2 1

Hypoalbuminemia Disease 2 1

Phone call Abdominal pain Treatment 1 1

Anorexia Disease 3 1

Outpatient Not performed - - -

ID 18

Procedure 1 Postoperative Abdominal pain Treatment 1 1

Nausea Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 3 1

Phone call Abdominal pain Treatment 1 1

Constipation Treatment 1 1

Outpatient Wound pain Treatment 1 1

Anemia Treatment 1 1

Nausea Disease 1 1

Anorexia Disease 1 1

Generalized muscle weakness Other 1 1

ID 18

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Fever Treatment 1 1

Leukocytosis Treatment 3 1

Lymphocytopenia Treatment 3 1

Anal pain Other 2 1

Anemia Otherc 1 1
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A

A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Phone call Abdominal pain Treatment 2 1

Anal pain Other 2 1

Outpatient Abdominal pain Treatment 1 1

Fatigue Treatment 1 1

Nausea Disease 1 1

Bloating Disease 1 1

Anemia Otherc 1 1

ID 19

Procedure 1 Postoperative Somnolence Treatment 1 1

Lymphocytopenia Treatment 2 1

Anemia Diseasea 2 1

Hypoalbuminemia Disease 1 1

Phone call Abdominal pain Treatment 1 1

Nausea Treatment 1 1

Diarrhea Treatment 1 1

Outpatient Abdominal pain Treatment 1 1

Increased alkaline phosphatase Treatment 1 1

Bloating Disease 2 1

Anemia Diseasea 2 1

Hypoalbuminemia Disease 1 1

Leukocytosis Other 3 1

Hyponatremia Other 1 1

ID 19

Procedure 2 Postoperative Abdominal pain Treatment 1 1

Leukocytosis Treatment 3 1

Anemia Diseasea 2 1

Hypoalbuminemia Disease 2 1

Phone call Abdominal pain Treatment 1 1

Incisional hernia Treatment 1 1

Outpatient Not performed - - -

ID 20

Procedure 1 Postoperativef Abdominal pain Treatment 2 1

Nausea Treatment 2 1

Vomiting Treatment 2 1

Leukocytosis Diseasea 3 1
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A – adverse events (Continued)

Patient

Procedure

Time point of 

adverse event

Description of adverse event Relation CTCAE 

grade

Clavien-

Dindo

grade

Increased lactate dehydrogenase Diseasea 1 1

Phone call Abdominal pain Treatment 2 1

Outpatient Increased alkaline phosphatase Treatment 1 1

Increased gamma-

glutamyltransferase

Treatment 1 1

Anorexia Disease 1 1

Leukocytosis Diseasea 3 1

Increased lactate dehydrogenase Diseasea 1 1

ID 20

Procedure 2 Postoperativef Anemiao Treatment 1 1

Increased lactate dehydrogenaseo Diseasea 1 1

Increased gamma-

glutamyltransferaseo

Otherc 1 1

Phone call None - - -

Outpatient Anemia Treatment 1 1
aalready present at baseline; bdue to rapidly progressive liver metastases; calready present at last 

measurement before the procedure; ddue to progression of metastases in the porta hepatis; euneventfully 

discharged on the first postoperative day, but readmitted two days postoperatively with sepsis of 

unknown origin (clinical examination, laboratory testing, imaging, immediate laparoscopy, and blood 

cultures revealed no focus of sepsis, ascites cultures revealed s. dysgalactiae, group A streptococcus, 

and s. aureus), patient deceased on fifth postoperative day due to progressive sepsis despite broad 

antibiotics and support in the intensive care unit, no obduction allowed by patient’s family, adverse 

event classified as possibly treatment-related sepsis of unknown origin; fleukocyte differentiation 

not determined due to administrative error; gcreatinine kinase not determined due to administrative 

error; hleukocyte differentiation and albumin not determined due to administrative error; ialbumin not 

determined due to administrative error; jdischarged on the first postoperative day without symptoms of 

intestinal obstruction after ascites evacuation, but readmitted four days postoperatively with intestinal 

obstruction due to massive recurrent ascites after which patient was discharged for supportive 

care and deceased shortly thereafter; kevaluation performed without standardized trial laboratory 

tests (patient’s decision); lcreatinine kinase and gamma-glutamyltransferase not determined due to 

administrative error; mevaluation performed without standardized trial laboratory tests, since patient 

preferred off-protocol same-day discharge; nintestinal obstruction due to massive recurrent ascites 

requiring radiological drainage; ostandardized trial laboratory tests done several hours postoperatively, 

since patient preferred off-protocol same-evening discharge.
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A

B – hospital stay and readmissions

Patient

Procedure

Stay

(days)

Read-

mission

Days after 

discharge

Reason for readmission Relation

ID 1

Procedure 1 1 No - - -

ID 2

Procedure 1 1 No - - -

ID 3

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -

ID 4

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -

Procedure 4 1 Yes 12 Esophageal varices hemorrhagea Disease

ID 5

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 Yes 2 Sepsis of unknown origin Treatment

ID 6

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -

ID 7

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -

Procedure 4 1 No - - -

Procedure 5 1 No - - -

Procedure 6 1 No - - -

ID 8

Procedure 1 3 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -
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B – hospital stay and readmissions (Continued)

Patient

Procedure

Stay

(days)

Read-

mission

Days after 

discharge

Reason for readmission Relation

ID 9

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -

Procedure 4 1 No - - -

Procedure 5 1 No - - -

ID 10

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -

Procedure 4 1 No - - -

ID 11

Procedure 1 1 Yes 4 Massive recurrent ascites with 

intestinal obstruction

Disease

ID 12

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -

Procedure 4 1 No - - -

ID 13

Procedure 1 1 No - - -

Procedure 2 1 Yes 3 Abdominal pain, nausea, and 

vomiting

Treatment

Procedure 3 1 No - - -

ID 14

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -

ID 15

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -

Procedure 4 0b Yes 40 Recurrent ascites with intestinal 

obstructionc

Disease

Procedure 5 0b Yes 16 Recurrent ascites with intestinal 

obstructionc

Disease
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A

B – hospital stay and readmissions (Continued)

Patient

Procedure

Stay

(days)

Read-

mission

Days after 

discharge

Reason for readmission Relation

ID 16

Procedure 1 1 No - - -

ID 17

Procedure 1 1 No - - -

Procedure 2 1 No - - -

Procedure 3 1 No - - -

ID 18

Procedure 1 1 No - - -

Procedure 2 1 No - - -

ID 19

Procedure 1 1 No - - -

Procedure 2 1 No - - -

ID 20

Procedure 1 1 No - - -

Procedure 2 0b No - - -
adue to progression of metastases in the porta hepatis; bpatient preferring off-protocol same-day 

discharge; crequiring hospital admission for radiological drainage.
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Supplementary Table 12.6 Tumor response.

A – radiological response

ID Baseline Evaluation after 1st 

procedure

Evaluation after 

2nd procedure

Evaluation after 

3rd procedure

Conclusion

PCI RECIST PCI RECIST PCI RECIST PCI RECIST PCI

1 39 NE 39 - - - - NE SD

2 31 PDa 35 - - - - PD SD

3 30 NE 30 NE 30 NE 30 NE SD

4 28 NE 30 NE 33 NE 33 NE SD

5 39 NE 39 NE 39 - - NE SD

6 13 SD 13 SD 13 PDb 13 PD SD

7 31 NE 31 NE 30 NE 29 NE SD

8 22 NE 22 NE 22 NE 22 NE SD

9 22 SD 22 SD 22 SD 22 SD SD

10c 34 NE 34 NE 34 NE 34 NE SD

11 39 - - - - - - NE NE

12 33 NE 36 NE 37 PDa 37 PD SD

13 29 NE 29 NE 29 NE 29 NE SD

14 11 NE 12 PDd 13 - - PD SD

15c 39 NE 39 NE 39 NE 39 NE SD

16 31 PDb 33 - - - - PD SD

17 39 NE 39 NE 39 - - NE SD

18 24 NE 24 PDd 27 - - PD SD

19 39 NE 39 - - - - NE SD

20e 25 SD 25 PDb 25 - - PD SD

NE non-evaluable; PCI peritoneal cancer index; PD progressive disease; RECIST response evaluation 

criteria in solid tumors; SD stable disease; anew systemic and peritoneal lesions; bgrowth of 

peritoneal target lesion; cpatient with low-grade pseudomyxoma arising from an appendiceal 

mucinous neoplasm; dnew peritoneal lesion(s); eevaluated with magnetic resonance imaging due to 

contraindication for computed tomography.
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A

B – biochemical response

ID Baseline Evaluation after 

1st procedure

Evaluation after 

2nd procedure

Evaluation after 

3rd procedure

Conclusion

CEA (ug/L) CEA (ug/L) CEA (ug/L) CEA (ug/L)

1 2.8 2.4 - - Stable

2 1.2 3.7 - - Progression

3 7.4 8.0 5.6 6.1 Stable

4 1.5 1.1 1.3 1.2 Stable

5 130 81 100 - Response

6 12 8.1 5.4 4.4 Response

7 7.5 4.5 4.0 3.8 Response

8 2.4 2.4 2.6 3.4 Stable

9 50 54 120 160 Progression

10a 44 26 22 20 Response

11 2.6 - - - Non-evaluable

12 20 9.1 12 15 Response

13 1.0 1.3 1.5 1.4 Stable

14 2.7 2.3 3.4 - Stable

15a 4.9 4.9 5.0 6.5 Stable

16 6.1 5.8 - - Stable

17 1200 1700 2500 - Progression

18 3.1 3.2 3.6 - Stable

19 3.7 9.7 - - Progression

20 24 21 41 - Progression

CEA carcinoembryonic antigen; apatient with low-grade pseudomyxoma peritonei arising from an 

appendiceal mucinous neoplasm.
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C – pathological response

ID 1st procedure  (baseline) 2nd procedure 3rd procedure Mean PRGS Highest PRGS Conclusion

Biopsy location PRGS Biopsy location PRGS Biopsy location PRGS Before After Before After

1 LD NS - - - - - - - - Non-evaluable

RD NS - - - -

- - - - - -

2 RD NS - - - - - - - - Non-evaluable

RF NS - - - -

RLA NS - - - -

3 RLa 3a RL 1 RLb 1b 3.33 2.33 4 3 Response

RFa 4a RF 1 RFb 3b

LFa 3a LF 3 LFb 3b

4 LLA 1 Pelvisa 1a Pelvisb 2b 2.00 2.33 3 3 Progression

RFa 2a RF 1 RFb 2b

LDa 3a LD 3 LDb 3b

5 RFa 3a RF 2 RFb 3b 2.67 2.67 3 3 Stable

LDa 3a LD 3 LDb 2b

OM I 3 OM IIa 2a OM IIb 3b

6 RFa 2a RF 2 RFb 1b 1.67 1.00 2 1 Response

RDa 2a RD 1 RDb 1b

LD 1 Pelvisa 2a Pelvisb 1b

7 RLA 3 RFa 2a RFb 3b 2.33 2.33 3 3 Stable

Pelvisa 3a Pelvis 3 Pelvisb 3b

RUAa 2a RUA 1 RUAb 1b

8 RFa 2a RF 3 RFb 1b 2.33 2.00 3 3 Response

RDa 2a RD 1 RDb 3b

RLa 3a LF 1 RLb 2b

9 RLAa 3a RLA 3 RLAb 3b 3.00 3.00 3 3 Stable

LLAa 3a LLA 2 LLAb 3b

OMa 3a OM 3 OMb 3b

10c RFa 1a RF 1 RFb 1b 1.33 1.67 2 2 Progression

RDa 2a RDb 2b LD 2

RLa 1a RL 2 RLb 2b

11 RF NS - - - - - - - - Non-evaluable

CAW NS - - - -

LD NS - - - -

12 LUAa 1a LUA 3 LUAb 3b 2.00 1.67 3 3 Response

RL 3 OMa 2a OMb 1b

CAWa 3a CAW 2 CAWb 1b
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A

C – pathological response

ID 1st procedure  (baseline) 2nd procedure 3rd procedure Mean PRGS Highest PRGS Conclusion

Biopsy location PRGS Biopsy location PRGS Biopsy location PRGS Before After Before After

1 LD NS - - - - - - - - Non-evaluable

RD NS - - - -

- - - - - -

2 RD NS - - - - - - - - Non-evaluable

RF NS - - - -

RLA NS - - - -

3 RLa 3a RL 1 RLb 1b 3.33 2.33 4 3 Response

RFa 4a RF 1 RFb 3b

LFa 3a LF 3 LFb 3b

4 LLA 1 Pelvisa 1a Pelvisb 2b 2.00 2.33 3 3 Progression

RFa 2a RF 1 RFb 2b

LDa 3a LD 3 LDb 3b

5 RFa 3a RF 2 RFb 3b 2.67 2.67 3 3 Stable

LDa 3a LD 3 LDb 2b

OM I 3 OM IIa 2a OM IIb 3b

6 RFa 2a RF 2 RFb 1b 1.67 1.00 2 1 Response

RDa 2a RD 1 RDb 1b

LD 1 Pelvisa 2a Pelvisb 1b

7 RLA 3 RFa 2a RFb 3b 2.33 2.33 3 3 Stable

Pelvisa 3a Pelvis 3 Pelvisb 3b

RUAa 2a RUA 1 RUAb 1b

8 RFa 2a RF 3 RFb 1b 2.33 2.00 3 3 Response

RDa 2a RD 1 RDb 3b

RLa 3a LF 1 RLb 2b

9 RLAa 3a RLA 3 RLAb 3b 3.00 3.00 3 3 Stable

LLAa 3a LLA 2 LLAb 3b

OMa 3a OM 3 OMb 3b

10c RFa 1a RF 1 RFb 1b 1.33 1.67 2 2 Progression

RDa 2a RDb 2b LD 2

RLa 1a RL 2 RLb 2b

11 RF NS - - - - - - - - Non-evaluable

CAW NS - - - -

LD NS - - - -

12 LUAa 1a LUA 3 LUAb 3b 2.00 1.67 3 3 Response

RL 3 OMa 2a OMb 1b

CAWa 3a CAW 2 CAWb 1b
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C – pathological response

ID 1st procedure  (baseline) 2nd procedure 3rd procedure Mean PRGS Highest PRGS Conclusion

Biopsy location PRGS Biopsy location PRGS Biopsy location PRGS Before After Before After

13 RLa 3a RL 2 RLb 3b 3.00 2.33 3 3 Response

RDa 3a RD 1 RDb 3b

LLAa 3a LLA 1 LLAb 1b

14 MES Ia 3a MES Ib 1b MES III 3 2.33 1.67 3 3 Response

OM 1 FLa 1a FLb 1b

MES IIa 3a MES IIb 3b LF 3

15c RUAa 3a RUA 2 RUAb 3b 2.33 2.67 3 3 Progression

RLa 2a RL 3 RLb 3b

CAWa 2a CAW 2 CAWb 2b

16 RD NS - - - - - - - - Non-evaluable

RF NS - - - -

LD NS - - - -

17 RDa 3a RDb 3b LF 1 2.67 2.33 3 3 Response

RFa 2a RF 2 RFb 1b

Pelvisa 3a Pelvis 3 Pelvisb 3b

18 RLAa 3a RLAb 1b - - 3.00 1.33 3 2 Response

RFa 3a RFb 1b - -

MESa 3a MESb 2b - -

19 RDa 3a RDb 3b - - 3.00 3.00 3 3 Stable

RLAa 3a RLAb 3b - -

LFa 3a LFb 3b - -

20 RDa 3a RDb 2b - - 3.00 2.00 3 2 Response

RFa 3a RFb 2b - -

RLAa 3a RLAb 2b - -

CAW central abdominal wall; FL falciform ligament; LD left diaphragm; LF left flank; LLA left lower 

abdomen; LUA left upper abdomen; MES mesentery; NS not scored; OM omentum; PRGS peritoneal 

regression grading score; RD right diaphragm; RF right flank; RL round ligament; 

RLA right lower abdomen; RUA right upper abdomen; aused to calculate baseline PRGS; bused to 

calculate post-treatment PRGS; cpatient with low-grade pseudomyxoma peritonei arising from an 

appendiceal mucinous neoplasm.



Supplementary material   |   463

A

C – pathological response

ID 1st procedure  (baseline) 2nd procedure 3rd procedure Mean PRGS Highest PRGS Conclusion

Biopsy location PRGS Biopsy location PRGS Biopsy location PRGS Before After Before After

13 RLa 3a RL 2 RLb 3b 3.00 2.33 3 3 Response

RDa 3a RD 1 RDb 3b

LLAa 3a LLA 1 LLAb 1b

14 MES Ia 3a MES Ib 1b MES III 3 2.33 1.67 3 3 Response

OM 1 FLa 1a FLb 1b

MES IIa 3a MES IIb 3b LF 3

15c RUAa 3a RUA 2 RUAb 3b 2.33 2.67 3 3 Progression

RLa 2a RL 3 RLb 3b

CAWa 2a CAW 2 CAWb 2b

16 RD NS - - - - - - - - Non-evaluable

RF NS - - - -

LD NS - - - -

17 RDa 3a RDb 3b LF 1 2.67 2.33 3 3 Response

RFa 2a RF 2 RFb 1b

Pelvisa 3a Pelvis 3 Pelvisb 3b

18 RLAa 3a RLAb 1b - - 3.00 1.33 3 2 Response

RFa 3a RFb 1b - -

MESa 3a MESb 2b - -

19 RDa 3a RDb 3b - - 3.00 3.00 3 3 Stable

RLAa 3a RLAb 3b - -

LFa 3a LFb 3b - -

20 RDa 3a RDb 2b - - 3.00 2.00 3 2 Response

RFa 3a RFb 2b - -

RLAa 3a RLAb 2b - -

CAW central abdominal wall; FL falciform ligament; LD left diaphragm; LF left flank; LLA left lower 

abdomen; LUA left upper abdomen; MES mesentery; NS not scored; OM omentum; PRGS peritoneal 

regression grading score; RD right diaphragm; RF right flank; RL round ligament; 

RLA right lower abdomen; RUA right upper abdomen; aused to calculate baseline PRGS; bused to 

calculate post-treatment PRGS; cpatient with low-grade pseudomyxoma peritonei arising from an 

appendiceal mucinous neoplasm.
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D – cytological response

ID 1st procedure (baseline) 2nd procedure 3rd procedure Conclusion

Ascites or 

washing

Positive or 

negative

Ascites or 

washing

Positive or 

negative

Ascites or 

washing

Positive or 

negative

1 Ascites Negative - - - - Non-evaluable

2 Ascites Positive - - - - Non-evaluable

3 Ascites Positive Ascites Positive Washing Negative Response 

4 Ascites Negative Ascites Positive Ascites Negative Stable

5 Ascites Negative Ascites Positive Ascites Negative Stable

6 Washing Negative Washing Negative Washing Negative Stable

7 Ascites Negative Ascites Negative Washing Negative Stable

8 Washing Negative Washing Positive Washing Positive Progression

9 Washing Negative Washing Positive Washing Negative Stable

10a Ascites Negative Ascites Negative Ascites Negative Stable

11 Ascites Negative - - - - Non-evaluable

12 Washing Positive Washing Positive Washing Negative Response

13 Ascites Negative Washing Negative Washing Negative Stable

14 Washing Positive Ascites Negative Ascites Positive Stable

15a Ascites Positive Ascites Negative Ascites Positive Stable

16 Ascites Negative - - - - Non-evaluable

17 Ascites Positive Ascites Negative Ascites Negative Response

18 Washing Positive Washing Negative - - Response

19 Ascites Negative Ascites Negative - - Stable

20 Ascites Negative Ascites Positive - - Progression
apatient with low-grade pseudomyxoma peritonei arising from an appendiceal mucinous neoplasm.

E – ascites response

ID 1st procedure (baseline) 2nd procedure 3rd procedure Conclusion

Ascites volume (ml) Ascites volume (ml) Ascites volume (ml)

1 260 - - Non-evaluable

2 150 - - Non-evaluable

3 75 60 0 Response

4 60 200 700 Progression

5 500 200 200 Response

6 5 20 0 Stable

7 10 15 0 Stable

8 0 0 0 Stable

9 0 0 0 Stable

10a 60 50 50 Stable

11 4000 - - Non-evaluable

12 0 0 20 Stable
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A

E – ascites response (Continued)

ID 1st procedure (baseline) 2nd procedure 3rd procedure Conclusion

Ascites volume (ml) Ascites volume (ml) Ascites volume (ml)

13 100 100 0 Response

14 0 5 40 Stable

15a 2500 2800 4500 Progression

16 100 - - Non-evaluable

17 6000 1200 100 Response

18 10 0 - Stable

19 600 2000 - Progression

20 1700 400 - Response
apatient with low-grade pseudomyxoma peritonei arising from an appendiceal mucinous neoplasm.

F – macroscopic response

ID 1st procedure (baseline) 2nd procedure 3rd procedure Conclusion

PCI Maxi-

mum

PCI

Relative

PCI (%)

PCI Maxi-

mum

PCI

Relative

PCI (%)

PCI Maxi-

mum

PCI

Relative

PCI (%)

1 20 24 83 - - - - - - Non-evaluable

2 19 30 63 - - - - - - Non-evaluable

3 29 39 74 22 39 56 22 39 56 Stable

4 24 39 62 29 39 74 20 33 61 Stable

5 27 27 100 24 27 89 22 27 81 Stable

6 17 39 44 19 39 49 17 36 47 Stable

7 39 39 100 39 39 100 39 39 100 Stable

8 21 39 54 9 36 25 13 39 33 Stable

9 33 39 85 29 36 81 25 36 69 Stable

10a 29 39 74 24 39 62 19 36 53 Stable

11 39 39 100 - - - - - - Non-evaluable

12 33 39 85 37 39 95 26 36 72 Stable

13 37 39 95 29 39 74 34 39 87 Stable

14 24 33 73 26 36 72 28 33 85 Stable

15a 39 39 100 39 39 100 39 39 100 Stable

16 21 39 54 - - - - - - Non-evaluable

17 30 39 77 24 39 62 15 30 50 Stable

18 27 39 69 26 39 67 - - - Stable

19 36 36 100 24 24 100 - - - Stable

20 31 39 79 26 39 67 - - - Stable

PCI peritoneal cancer index; apatient with low-grade pseudomyxoma peritonei arising from an 

appendiceal mucinous neoplasm.
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Supplementary Table 12.7 Initial post-trial treatment and progression-free and overall survival.

Initial post-trial treatment and progression-free and overall survival

ID Progres-sion? Location of progression Type of progression PFS months Initial post-trial treatment Vital status Main cause of death Follow-up months

1 Yes PER CLIN 2.7 FOLFIRI-B Dead Peritoneal disease 6.5

2 Yes PER, SYS RAD, BIO 1.3 5FU-B Dead Liver metastases 5.7

3 Yes PER CLIN 4.3 CAPOX-B Dead Peritoneal disease 9.2

4 Yes PER CLIN, ASC 5.7 FOLFOX-Ba Dead Peritoneal disease 6.3

5 Yes NA Death 3.5 - Dead Adverse event 3.5

6 Yes PER RAD 3.9 CAPOX Dead Peritoneal disease 17.0

7 Yes PER RAD 11.3 Wait-see Alive NA 23.5

8 Yes PER RAD, CLIN 6.7 Wait-see Dead Peritoneal disease 7.1

9 Yes PER RAD, BIO 8.3 CAPOX-B Dead Peritoneal disease 28.4

10b Yes NA Death 8.0 CRS-HIPEC Dead Surgical morbidity 8.0

11 Yes PER CLIN 1.2 Supportive Dead Peritoneal disease 2.0

12 Yes PER RAD, BIO 5.7 No options Dead Peritoneal disease 8.0

13 Yes PER RAD, CLIN 4.6 Wait-see Dead Peritoneal disease 15.0

14 Yes PER RAD, MAC 3.2 CAP-B Dead Peritoneal disease 12.6

15b Yes PER CLIN, BIO, ASC 6.0 Supportive Dead Peritoneal disease 8.3

16 Yes PER RAD, BIO 1.2 Irinotecan Dead Peritoneal disease 3.2

17 Yes PER CLIN, BIO 2.7 FOLFOX-B Dead Peritoneal disease 8.0

18 Yes PER RAD 2.5 Wait-see Dead Peritoneal disease 7.3

19 Yes PER BIO, ASC, MAC 1.6 CAPOX Dead Peritoneal disease 6.7

20 Yes PER RAD, BIO 3.0 CAPOX-B Dead Peritoneal disease 14.3

5FU-B 5-fluorouracil, leucovorin, bevacizumab; ASC ascites; BIO biochemical; CAP-B capecitabine, 

bevacizumab; CAPOX(-B) capecitabine, oxaliplatin, (-bevacizumab); CLIN clinical; CRS-HIPEC 

cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; FOLFIRI-B 5-fluorouracil, 

leucovorin, irinotecan, bevacizumab; FOLFOX-B 5-fluorouracil, leucovorin, oxaliplatin, bevacizumab; 

MAC macroscopic; NA not applicable; PER peritoneal; PFS progression-free survival; RAD 

radiological; SYS systemic; aqualified for (and planned to start with) FOLFOX-B, but refused further 

treatment and follow-up just before the start of FOLFOX-B; bpatient with low-grade pseudomyxoma 

peritonei arising from an appendiceal mucinous neoplasm.
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Supplementary Table 12.7 Initial post-trial treatment and progression-free and overall survival.

Initial post-trial treatment and progression-free and overall survival

ID Progres-sion? Location of progression Type of progression PFS months Initial post-trial treatment Vital status Main cause of death Follow-up months

1 Yes PER CLIN 2.7 FOLFIRI-B Dead Peritoneal disease 6.5

2 Yes PER, SYS RAD, BIO 1.3 5FU-B Dead Liver metastases 5.7

3 Yes PER CLIN 4.3 CAPOX-B Dead Peritoneal disease 9.2

4 Yes PER CLIN, ASC 5.7 FOLFOX-Ba Dead Peritoneal disease 6.3

5 Yes NA Death 3.5 - Dead Adverse event 3.5

6 Yes PER RAD 3.9 CAPOX Dead Peritoneal disease 17.0

7 Yes PER RAD 11.3 Wait-see Alive NA 23.5

8 Yes PER RAD, CLIN 6.7 Wait-see Dead Peritoneal disease 7.1

9 Yes PER RAD, BIO 8.3 CAPOX-B Dead Peritoneal disease 28.4

10b Yes NA Death 8.0 CRS-HIPEC Dead Surgical morbidity 8.0

11 Yes PER CLIN 1.2 Supportive Dead Peritoneal disease 2.0

12 Yes PER RAD, BIO 5.7 No options Dead Peritoneal disease 8.0

13 Yes PER RAD, CLIN 4.6 Wait-see Dead Peritoneal disease 15.0

14 Yes PER RAD, MAC 3.2 CAP-B Dead Peritoneal disease 12.6

15b Yes PER CLIN, BIO, ASC 6.0 Supportive Dead Peritoneal disease 8.3

16 Yes PER RAD, BIO 1.2 Irinotecan Dead Peritoneal disease 3.2

17 Yes PER CLIN, BIO 2.7 FOLFOX-B Dead Peritoneal disease 8.0

18 Yes PER RAD 2.5 Wait-see Dead Peritoneal disease 7.3

19 Yes PER BIO, ASC, MAC 1.6 CAPOX Dead Peritoneal disease 6.7

20 Yes PER RAD, BIO 3.0 CAPOX-B Dead Peritoneal disease 14.3

5FU-B 5-fluorouracil, leucovorin, bevacizumab; ASC ascites; BIO biochemical; CAP-B capecitabine, 

bevacizumab; CAPOX(-B) capecitabine, oxaliplatin, (-bevacizumab); CLIN clinical; CRS-HIPEC 

cytoreductive surgery and hyperthermic intraperitoneal chemotherapy; FOLFIRI-B 5-fluorouracil, 

leucovorin, irinotecan, bevacizumab; FOLFOX-B 5-fluorouracil, leucovorin, oxaliplatin, bevacizumab; 

MAC macroscopic; NA not applicable; PER peritoneal; PFS progression-free survival; RAD 

radiological; SYS systemic; aqualified for (and planned to start with) FOLFOX-B, but refused further 

treatment and follow-up just before the start of FOLFOX-B; bpatient with low-grade pseudomyxoma 

peritonei arising from an appendiceal mucinous neoplasm.
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CHAPTER 13

Supplementary Table 13.1 Linear mixed modeling analyses of 12 PROs with a statistically difference 

in scores between baseline and at least one subsequent time point.

Function scales

PRO Mean 

differencea

95% CI p value Cohen’s db

Index value (EQ-5D-5L)

Baseline vs. one week after first procedure -0.10 -0.16 – -0.05 <.001 0.76

Baseline vs. four weeks after first procedure -0.02 -0.09 – 0.02 .24 -

Baseline vs. one week after second procedure -0.03 -0.10 – 0.02 .18 -

Baseline vs. four weeks after second procedure -0.01 -0.09 – 0.03 .35 -

Baseline vs. one week after third procedure -0.04 -0.12 – 0.01 .12 -

Baseline vs. four weeks after third procedure +0.01 -0.06 – 0.06 .99 -

Physical functioning (EORTC QLQ-C30)

Baseline vs. one week after first procedure -20 -27 – -12 <.001 1.03

Baseline vs. four weeks after first procedure -6 -14 – 2 .12 -

Baseline vs. one week after second procedure -11 -19 – -3 .008 0.66

Baseline vs. four weeks after second procedure -6 -13 – 3 .19 -

Baseline vs. one week after third procedure -9 -18 – -1 .03 -

Baseline vs. four weeks after third procedure -1 -11 – 6 .58 -

Role functioning (EORTC QLQ-C30)

Baseline vs. one week after first procedure -27 -39 – -15 <.001 0.87

Baseline vs. four weeks after first procedure +0 -13 – 12 .97 -

Baseline vs. one week after second procedure -16 -30 – -4 .013 -

Baseline vs. four weeks after second procedure -5 -19 – 7 .35 -

Baseline vs. one week after third procedure -13 -29 – 0 .05 -

Baseline vs. four weeks after third procedure +7 -8 – 21 .37 -

Social functioning (EORTC QLQ-C30)

Baseline vs. one week after first procedure -18 -28 – -8 <.001 0.71

Baseline vs. four weeks after first procedure -1 -12 – 9 .75 -

Baseline vs. one week after second procedure -1 -12 – 9 .76 -

Baseline vs. four weeks after second procedure +1 -10 – 11 .94 -

Baseline vs. one week after third procedure -4 -16 – 7 .46 -

Baseline vs. four weeks after third procedure +5 -8 – 16 .51 -

C30 summary score (EORTC QLQ-C30)

Baseline vs. one week after first procedure -16 -20 – -9 <.001 1.07

Baseline vs. four weeks after first procedure -2 -9 – 2 .24 -

Baseline vs. one week after second procedure -7 -13 – -1 .02 -
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Baseline vs. four weeks after second procedure -1 -7 – 5 .78 -

Baseline vs. one week after third procedure -6 -14 – -1 .03 -

Baseline vs. four weeks after third procedure +2 -6 – 7 .89 -

Symptom scales

PRO Mean 

differencea

95% CI p value Cohen’s 

db

Fatigue (EORTC QLQ-C30)

Baseline vs. one week after first procedure +23 14 – 33 <.001 0.98

Baseline vs. four weeks after first procedure +7 -2 – 18 .13 -

Baseline vs. one week after second procedure +20 9 – 30 <.001 0.83

Baseline vs. four weeks after second procedure +5 -5 – 16 .32 -

Baseline vs. one week after third procedure +13 3 – 26 .02 -

Baseline vs. four weeks after third procedure +3 -7 – 16 .41 -

Pain (EORTC QLQ-C30)

Baseline vs. one week after first procedure +29 19 – 40 <.001 1.49

Baseline vs. four weeks after first procedure +8 -4 – 18 .20 -

Baseline vs. one week after second procedure +21 10 – 33 <.001 0.95

Baseline vs. four weeks after second procedure +8 -2 – 21 .11 -

Baseline vs. one week after third procedure +22 11 – 36 <.001 0.95

Baseline vs. four weeks after third procedure +4 -7 – 18 .36 -

Appetite loss (EORTC QLQ-C30)

Baseline vs. one week after first procedure +15 4 – 26 .007 0.43

Baseline vs. four weeks after first procedure -1 -11 – 12 .92 -

Baseline vs. one week after second procedure +12 1 – 24 .04 -

Baseline vs. four weeks after second procedure +2 -10 – 14 .76 -

Baseline vs. one week after third procedure +14 0 – 25 .05 -

Baseline vs. four weeks after third procedure +0 -14 – 12 .86 -

Diarrhea (EORTC QLQ-C30)

Baseline vs. one week after first procedure +15 5 – 25 .002 0.65

Baseline vs. four weeks after first procedure +7 -2 – 18 .12 -

Baseline vs. one week after second procedure -6 -15 – 5 .32 -

Baseline vs. four weeks after second procedure -2 -11 – 9 .85 -

Baseline vs. one week after third procedure +5 -7 – 15 .47 -

Baseline vs. four weeks after third procedure +2 -10 – 13 .81 -

Urinary frequency (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +13 4 – 22 .004 0.74

Baseline vs. four weeks after first procedure +12 2 – 21 .02 -

Baseline vs. one week after second procedure +14 3 – 22 .014 -
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Baseline vs. four weeks after second procedure +9 -3 – 17 .16 -

Baseline vs. one week after third procedure +14 3 – 24 .013 -

Baseline vs. four weeks after third procedure +7 -4 – 17 .22 -

Abdominal pain (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +32 20 – 43 <.001 1.58

Baseline vs. four weeks after first procedure +19 7 – 31 .003 0.89

Baseline vs. one week after second procedure +20 7 – 33 .002 0.86

Baseline vs. four weeks after second procedure +15 3 – 29 .02 -

Baseline vs. one week after third procedure +22 9 – 36 .002 1.03

Baseline vs. four weeks after third procedure +2 -11 – 17 .67 -

Flatulence (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +13 6 – 21 .001 0.56

Baseline vs. four weeks after first procedure +4 -4 – 12 .29 -

Baseline vs. one week after second procedure -2 -9 – 7 .75 -

Baseline vs. four weeks after second procedure -9 -16 – 1 .07 -

Baseline vs. one week after third procedure -3 -13 – 5 .35 -

Baseline vs. four weeks after third procedure -3 -13 – 5 .35 -

CI confidence interval; PRO patient-reported outcome; amean score of a time point minus mean 

baseline score; bmean difference divided by pooled standard deviation. 

Supplementary Table 13.2 Linear mixed modeling analyses of 29 PROs without a statistically 

significant difference in scores between baseline and subsequent time points.

Function scales

PRO Mean 

differencea

95% CI p value

Visual analogue scale (EQ-5D-5L)

Baseline vs. one week after first procedure -8 -22 – 5 .22

Baseline vs. four weeks after first procedure +2 -12 – 16 .79

Baseline vs. one week after second procedure +2 -13 – 17 .80

Baseline vs. four weeks after second procedure -3 -17 – 12 .72

Baseline vs. one week after third procedure +4 -14 – 19 .76

Baseline vs. four weeks after third procedure +1 -17 – 15 .94

Global health status (EORTC QLQ-C30)

Baseline vs. one week after first procedure -8 -17 – -1 .03

Baseline vs. four weeks after first procedure +2 -5 – 10 .54

Baseline vs. one week after second procedure -5 -12 – 4 .36

Baseline vs. four weeks after second procedure 0 -7 – 10 .73

Baseline vs. one week after third procedure -2 -10 – 8 .84

Baseline vs. four weeks after third procedure +2 -6 – 12 .48
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Emotional functioning (EORTC QLQ-C30)

Baseline vs. one week after first procedure -1 -7 – 5 .79

Baseline vs. four weeks after first procedure +2 -6 – 7 .82

Baseline vs. one week after second procedure -5 -11 – 2 .19

Baseline vs. four weeks after second procedure -1 -6 – 7 .90

Baseline vs. one week after third procedure -1 -6 – 8 .76

Baseline vs. four weeks after third procedure -3 -9 – 6 .65

Cognitive functioning (EORTC QLQ-C30)

Baseline vs. one week after first procedure -6 -13 – 1 .11

Baseline vs. four weeks after first procedure +3 -6 – 9 .64

Baseline vs. one week after second procedure -1 -9 – 7 .81

Baseline vs. four weeks after second procedure +8 0 – 15 .06

Baseline vs. one week after third procedure +2 -6 – 11 .49

Baseline vs. four weeks after third procedure +2 -6 – 11 .49

Body image (EORTC QLQ-CR29)

Baseline vs. one week after first procedure -4 -10 – 3 .31

Baseline vs. four weeks after first procedure +3 -5 – 8 .70

Baseline vs. one week after second procedure -3 -10 – 4 .35

Baseline vs. four weeks after second procedure -3 -10 – 4 .45

Baseline vs. one week after third procedure -5 -11 – 5 .42

Baseline vs. four weeks after third procedure -6 -13 – 3 .20

Weight (EORTC QLQ-CR29)

Baseline vs. one week after first procedure -3 -14 – 7 .51

Baseline vs. four weeks after first procedure +4 -10 – 11 .89

Baseline vs. one week after second procedure +3 -9 – 13 .71

Baseline vs. four weeks after second procedure -5 -17 – 5 .25

Baseline vs. one week after third procedure -5 -18 – 6 .30

Baseline vs. four weeks after third procedure -2 -15 – 8 .56

Anxiety (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +9 -1 – 18 .09

Baseline vs. four weeks after first procedure +7 -4 – 16 .22

Baseline vs. one week after second procedure +3 -5 – 16 .32

Baseline vs. four weeks after second procedure +7 -1 – 20 .07

Baseline vs. one week after third procedure +3 -8 – 14 .61

Baseline vs. four weeks after third procedure +8 -3 – 20 .14

Sexual interest, males (EORTC QLQ-CR29)

Baseline vs. one week after first procedure -9 -16 – 0 .05

Baseline vs. four weeks after first procedure -6 -14 – 3 .18

Baseline vs. one week after second procedure -9 -11 – 7 .59
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Baseline vs. four weeks after second procedure -12 -15 – 3 .18

Baseline vs. one week after third procedure -10 -16 – 3 .19

Baseline vs. four weeks after third procedure -6 -11 – 7 .66

Sexual interest, females (EORTC QLQ-CR29)

Baseline vs. one week after first procedure -4 -11 – 3 .25

Baseline vs. four weeks after first procedure +2 -7 – 8 .90

Baseline vs. one week after second procedure -3 -12 – 3 .26

Baseline vs. four weeks after second procedure +2 -7 – 8 .90

Baseline vs. one week after third procedure -8 -19 – -1 .04

Baseline vs. four weeks after third procedure 0 -10 – 8 .76

Symptom scales

PRO Mean 

differencea

95% CI p value

Nausea/vomiting (EORTC QLQ-C30)

Baseline vs. one week after first procedure +6 -2 – 15 .11

Baseline vs. four weeks after first procedure -5 -10 – 7 .80

Baseline vs. one week after second procedure -2 -8 – 10 .80

Baseline vs. four weeks after second procedure -6 -11 – 7 .64

Baseline vs. one week after third procedure +1 -5 – 14 .33

Baseline vs. four weeks after third procedure -7 -13 – 6 .47

Dyspnea (EORTC QLQ-C30)

Baseline vs. one week after first procedure +1 -7 – 10 .71

Baseline vs. four weeks after first procedure -3 -11 – 7 .66

Baseline vs. one week after second procedure +3 -6 – 12 .52

Baseline vs. four weeks after second procedure -6 -15 – 4 .26

Baseline vs. one week after third procedure -4 -9 – 12 .73

Baseline vs. four weeks after third procedure -6 -11 – 9 .85

Insomnia (EORTC QLQ-C30)

Baseline vs. one week after first procedure +6 -7 – 20 .32

Baseline vs. four weeks after first procedure +7 -4 – 23 .18

Baseline vs. one week after second procedure +14 1 – 29 .04

Baseline vs. four weeks after second procedure +2 -12 – 17 .72

Baseline vs. one week after third procedure 0 -12 – 19 .63

Baseline vs. four weeks after third procedure -3 -15 – 17 .89

Constipation (EORTC QLQ-C30)

Baseline vs. one week after first procedure +14 2 – 25 .03

Baseline vs. four weeks after first procedure +5 -8 – 16 .49

Baseline vs. one week after second procedure +4 -9 – 16 .57

Baseline vs. four weeks after second procedure -2 -15 – 10 .68
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Baseline vs. one week after third procedure +3 -12 – 15 .87

Baseline vs. four weeks after third procedure -5 -21 – 6 .30

Financial difficulties (EORTC QLQ-C30)

Baseline vs. one week after first procedure +7 1 – 12 .02

Baseline vs. four weeks after first procedure -1 -5 – 6 .93

Baseline vs. one week after second procedure -1 -3 – 9 .28

Baseline vs. four weeks after second procedure -3 -5 – 7 .70

Baseline vs. one week after third procedure +3 -3 -10 .27

Baseline vs. four weeks after third procedure +3 -3 – 10 .27

Urinary incontinence (EORTC QLQ-CR29)

Baseline vs. one week after first procedure -2 -6 – 3 .46

Baseline vs. four weeks after first procedure +2 -3 – 6 .43

Baseline vs. one week after second procedure +2 -2 – 7 .34

Baseline vs. four weeks after second procedure +2 -2 – 7 .32

Baseline vs. one week after third procedure +1 -4 – 6 .70

Baseline vs. four weeks after third procedure -2 -7 – 4 .51

Dysuria (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +4 -4 – 11 .38

Baseline vs. four weeks after first procedure +4 -4 – 11 .36

Baseline vs. one week after second procedure +3 -6 – 10 .62

Baseline vs. four weeks after second procedure +7 -1 – 14 .13

Baseline vs. one week after third procedure +3 -9 – 9 .95

Baseline vs. four weeks after third procedure +3 -9 – 9 .95

Buttock pain (EORTC QLQ-CR29)

Baseline vs. one week after first procedure -2 -9 – 6 .65

Baseline vs. four weeks after first procedure +4 -2 – 13 .16

Baseline vs. one week after second procedure -1 -8 – 8 .96

Baseline vs. four weeks after second procedure -1 -8 – 8 .96

Baseline vs. one week after third procedure +1 -7 – 10 .67

Baseline vs. four weeks after third procedure -4 -12 – 5 .40

Bloating (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +7 -6 – 20 .31

Baseline vs. four weeks after first procedure -5 -18 – 8 .46

Baseline vs. one week after second procedure +5 -9 – 19 .50

Baseline vs. four weeks after second procedure +1 -13 – 15 .93

Baseline vs. one week after third procedure 0 -14 – 17 .82

Baseline vs. four weeks after third procedure -6 -19 – 12 .63

Blood/mucus in stool (EORTC QLQ-CR29) 

Baseline vs. one week after first procedure +3 0 – 7 .05

Baseline vs. four weeks after first procedure +3 -1 – 6 .12
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Baseline vs. one week after second procedure +2 -2 – 5 .27

Baseline vs. four weeks after second procedure +3 0 – 6 .09

Baseline vs. one week after third procedure +1 -3 – 5 .52

Baseline vs. four weeks after third procedure 0 -4 – 4 .95

Dry mouth (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +9 -2 – 18 .10

Baseline vs. four weeks after first procedure +6 -2 – 19 .10

Baseline vs. one week after second procedure +7 -3 – 18 .16

Baseline vs. four weeks after second procedure +1 -9 – 12 .81

Baseline vs. one week after third procedure +4 -4 – 20 .18

Baseline vs. four weeks after third procedure -1 -9 – 14 .68

Hair loss (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +2 -5 – 9 .64

Baseline vs. four weeks after first procedure +2 -5 – 9 .62

Baseline vs. one week after second procedure +1 -8 – 8 .99

Baseline vs. four weeks after second procedure +5 -3 – 12 .28

Baseline vs. one week after third procedure +5 -3 – 13 .25

Baseline vs. four weeks after third procedure +8 -1 – 16 .07

Taste (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +4 -6 – 12 .46

Baseline vs. four weeks after first procedure -2 -9 – 9 .95

Baseline vs. one week after second procedure +9 -1 – 19 .07

Baseline vs. four weeks after second procedure +5 -5 – 14 .34

Baseline vs. one week after third procedure +1 -8 – 13 .61

Baseline vs. four weeks after third procedure -4 -13 – 8 .60

Fecal incontinence (EORTC QLQ-CR29)

Baseline vs. one week after first procedure 0 -5 – 5 >.99

Baseline vs. four weeks after first procedure -1 -7 – 4 .67

Baseline vs. one week after second procedure -3 -9 – 3 .30

Baseline vs. four weeks after second procedure -3 -9 – 3 .30

Baseline vs. one week after third procedure -2 -8 – 4 .52

Baseline vs. four weeks after third procedure -5 -11 – 1.5 .13

Sore skin (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +3 -3 – 10 .32

Baseline vs. four weeks after first procedure +4 -3 – 11 .22

Baseline vs. one week after second procedure -5 -10 – 4 .44

Baseline vs. four weeks after second procedure -3 -8 – 6 .84

Baseline vs. one week after third procedure -1 -8 – 8 .99

Baseline vs. four weeks after third procedure -1 -8 – 8 .99
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Stool frequency (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +7 1 – 14 .03

Baseline vs. four weeks after first procedure -3 -7 – 6 .85

Baseline vs. one week after second procedure -1 -6 – 8 .82

Baseline vs. four weeks after second procedure -2 -7 – 7 .96

Baseline vs. one week after third procedure -1 -7 – 8 .87

Baseline vs. four weeks after third procedure -1 -7 – 8 .87

Embarrassment (EORTC QLQ-CR29)

Baseline vs. one week after first procedure 0 -8 – 8 >.99

Baseline vs. four weeks after first procedure -3 -11 – 6 .51

Baseline vs. one week after second procedure 0 -9 – 9 .93

Baseline vs. four weeks after second procedure -6 -15 – 3 .20

Baseline vs. one week after third procedure -7 -16 – 4 .23

Baseline vs. four weeks after third procedure -7 -16 – 4 .23

Stoma care problems (EORTC QLQ-CR29)

Baseline vs. one week after first procedure 0 -13 – 13 >.99

Baseline vs. four weeks after first procedure -8 -22 – 5 .21

Baseline vs. one week after second procedure -9 -14 – 21 .67

Baseline vs. four weeks after second procedure +25 3 – 37 .02

Baseline vs. one week after third procedure +9 -14 – 21 .67

Baseline vs. four weeks after third procedure +9 -14 – 21 .67

Impotence, males (EORTC QLQ-CR29)

Baseline vs. one week after first procedure +12 1 – 24 .04

Baseline vs. four weeks after first procedure +9 -2 – 21 .12

Baseline vs. one week after second procedure +5 -9 – 16 .59

Baseline vs. four weeks after second procedure +5 -9 – 16 .59

Baseline vs. one week after third procedure +10 -5 – 20 .23

Baseline vs. four weeks after third procedure +1 -13 – 12 .92

Dyspareunia, females (EORTC QLQ-CR29)

Baseline vs. one week after first procedure -4 -8 – 6 .74

Baseline vs. four weeks after first procedure -4 -9 – 6 .76

Baseline vs. one week after second procedure -4 -9 – 6 .76

Baseline vs. four weeks after second procedure +6 -2 – 12 .17

Baseline vs. one week after third procedure +7 -1 – 19 .07

Baseline vs. four weeks after third procedure +13 0 – 17 .05

CI confidence interval; PRO patient-reported outcome; amean score of a time point minus mean 

baseline score.
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COLORECTALE BUIKVLIES-UITZAAIINGEN 
EN DE HIPEC-OPERATIE

Dit proefschrift gaat over de behandeling van dikkedarm- en endeldarmkanker met 

buikvlies-uitzaaiingen. In medische termen noemt men dikkedarm- en endeldarmkanker 

samen ook wel ‘colorectale kanker’. Na borst- en longkanker is colorectale kanker de 

meest voorkomende vorm van kanker wereldwijd.1 Het zorgt na longkanker voor de 

meeste sterfgevallen aan kanker wereldwijd: ongeveer een miljoen per jaar.1 De meeste 

mensen overlijden door uitzaaiingen naar andere plaatsen in het lichaam. Colorectale 

kanker zaait het vaakst uit naar de lever, longen, en het buikvlies.2,3 Het buikvlies 

bekleedt de binnenkant van de buikholte en de buikorganen. Vroeger werden buikvlies-

uitzaaiingen uit colorectale kanker, vanaf nu ‘colorectale buikvlies-uitzaaiingen’, 

beschouwd als een onbehandelbare laatste fase van de ziekte. Daarom werd er vaak 

niets meer gedaan: geen chemotherapie en geen operatie.4-7 De buikvlies-uitzaaiingen 

gaan dan groeien. Dit zorgt op den duur voor darmobstructie en ophoping van buikvocht 

(Figuur 18.1). Hierdoor kunnen patiënten niet meer eten of drinken en kan de darm zelfs 

scheuren. In bijna alle patiënten leidt dit tot overlijden binnen weken tot maanden.4-7

Figuur 18.1 Foto van colorectale buikvlies-uitzaaiingen (witte pijl) en buikvocht.
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In de afgelopen twintig jaar zijn er belangrijke ontwikkelingen geweest in de behandeling 

van colorectale buikvlies-uitzaaiingen. Artsen ontdekten dat het buikvlies vaak de enige 

plaats van uitzaaiingen was,8,9 dus zonder andere uitzaaiingen in bijvoorbeeld lever 

of longen. Daardoor dacht men dat colorectale buikvlies-uitzaaiingen op een andere 

manier ontstaan dan colorectale lever- of long-uitzaaiingen. Colorectale lever- en long-

uitzaaiingen ontstaan uit kankercellen die losraken van de tumor en via het bloed in 

lever of longen terechtkomen. Colorectale buikvlies-uitzaaiingen ontstaan ofwel uit 

kankercellen die zich vanuit de tumor door de darmwand naar het buikvlies verplaatsen 

ofwel uit kankercellen die tijdens een operatie losraken van de tumor en op het buikvlies 

vallen.10 Daarom werden colorectale buikvlies-uitzaaiingen steeds meer gezien als 

lokale vorm van uitzaaiingen die ook lokaal (dus in de buik) behandeld moet worden. 

Dit leidde tot een op genezing gerichte lokale behandeling: de HIPEC-operatie.11,12 De 

HIPEC-operatie bestaat uit twee delen. Het eerste deel is het belangrijkste deel: een 

operatie waarbij de chirurg alle zichtbare kanker uit de buik weghaalt.11 Daarna volgt het 

tweede deel van de operatie: de HIPEC.12 HIPEC staat voor hyperthermic intraperitoneal 

chemotherapy, oftewel een verhitte chemotherapie-spoeling van de buik. Het idee van 

de HIPEC is dat het onzichtbare achtergebleven kankercellen vernietigt. Zo hoopt men 

te voorkomen dat de buikvlies-uitzaaiingen terugkeren.12 Na de HIPEC wordt de buik 

gesloten en de operatie beëindigd.

Figuur 18.2 Schematische weergave van HIPEC: een verhitte chemotherapie-spoeling van de buik. 
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De HIPEC-operatie is alleen op het buikvlies gericht. Daarom is deze behandeling alleen 

voor patiënten met colorectale buikvlies-uitzaaiingen zónder andere uitzaaiingen. 

Dit noemt men ‘geïsoleerde colorectale buikvlies-uitzaaiingen’. De HIPEC-operatie 

heeft de levensverwachting van deze patiënten fors verbeterd.6 Het geeft patiënten 

met geïsoleerde colorectale buikvlies-uitzaaiingen de enige kans op een langdurige 

levensverwachting of genezing. Na de HIPEC-operatie is de kans om na vijf jaar nog te 

leven ±30% en de genezingskans ±20%.13-15 Ter vergelijking: met alléén chemotherapie 

via infuus en tabletten, ook wel ‘systemische chemotherapie’ genoemd, is de kans om 

na vijf jaar nog te leven <5% zonder genezingskans.16 Daarom adviseren nagenoeg alle 

(inter)nationale richtlijnen de HIPEC-operatie voor geïsoleerde colorectale buikvlies-

uitzaaiingen.17 De HIPEC-operatie wordt inmiddels wereldwijd uitgevoerd in honderden 

ziekenhuizen en duizenden patiënten met colorectale buikvlies-uitzaaiingen per jaar.18 

DEEL 1 VAN DIT PROEFSCHRIFT 
DE HUIDIGE PRAKTIJK

De HIPEC-operatie is een grote en complexe operatie met een hoge kans op complicaties.19 

Daarom wordt de HIPEC-operatie in Nederland en veel andere landen alleen uitgevoerd 

in gespecialiseerde ziekenhuizen. In Nederland zijn dit acht ziekenhuizen: de HIPEC-

ziekenhuizen. Patiënten krijgen de diagnose colorectale buikvlies-uitzaaiingen 

echter in elk Nederlands ziekenhuis. Idealiter heeft het ziekenhuis van diagnose 

met colorectale buikvlies-uitzaaiingen geen invloed op de kans op de op genezing 

gerichte HIPEC-operatie. Een enquête liet echter zien dat de HIPEC-operatie niet als 

standaardbehandeling wordt gezien voor geïsoleerde, operabele colorectale buikvlies-

uitzaaiingen door een derde van alle Nederlandse chirurgen en oncologen; vooral niet 

door chirurgen uit oncologen uit perifere streekziekenhuizen. Dit kan tot verschillen 

tussen Nederlandse ziekenhuizen leiden in het aantal patiënten dat zij verwijzen voor 

de HIPEC-operatie. Hierdoor krijgen sommige patiënten misschien geen op genezing 

gerichte behandeling, terwijl zij hier wel recht op hebben. Om dit mogelijke probleem 

te onderzoeken, beschrijft hoofdstuk 2 een studie die de relatie onderzoekt tussen het 

ziekenhuis van diagnose met geïsoleerde colorectale buikvlies-uitzaaiingen en de kans 

op het ondergaan van de HIPEC-operatie enerzijds en levensverwachting anderzijds.

Voor deze studie werden alle Nederlandse patiënten geïdentificeerd die tussen 2005 en 

2015 werden gediagnosticeerd met geïsoleerde colorectale buikvlies-uitzaaiingen. Het 

percentage patiënten dat de HIPEC-operatie onderging bleek enorm te variëren tussen 

verschillende ziekenhuizen van diagnose: van 0% in de zes ‘laagste’ ziekenhuizen 

tot 50% in het ‘hoogste’ ziekenhuis. Patiënten gediagnosticeerd in gespecialiseerde 
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HIPEC-ziekenhuizen hadden een 3.5x hogere kans op de HIPEC-operatie en een betere 

levensverwachting dan patiënten gediagnosticeerd in de andere ziekenhuizen. Patiënten 

gediagnosticeerd in perifere streekziekenhuizen hadden een 1.5x lagere kans op de 

HIPEC-operatie en een slechtere levensverwachting dan patiënten gediagnosticeerd in 

topklinische of academische ziekenhuizen. Patiënten gediagnosticeerd in ziekenhuizen 

met een hogere kans op de HIPEC-operatie hadden een betere levensverwachting dan 

patiënten gediagnosticeerd in ziekenhuizen met een lagere kans op de HIPEC-operatie. 

Uit deze studie werd geconcludeerd dat het ziekenhuis van diagnose met geïsoleerde 

colorectale buikvlies-uitzaaiingen van invloed is op de kans op de op genezing gerichte 

HIPEC-operatie én op de levensverwachting. Deze resultaten waren onwenselijk en 

onverwacht. Ze zijn waarschijnlijk ook van toepassing op andere landen waar de HIPEC-

operatie alleen in gespecialiseerde ziekenhuizen wordt uitgevoerd. Dit moedigt aan tot 

oplossingen die iedere patiënt met colorectale buikvlies-uitzaaiingen een gelijke kans 

geeft op het ondergaan van de HIPEC-operatie, ongeacht het ziekenhuis van diagnose.

De peritoneal surface oncology group international (PSOGI) is een internationale groep 

gespecialiseerde HIPEC-chirurgen die de behandeling van colorectale buikvlies-

uitzaaiingen wereldwijd probeert te standaardiseren en verbeteren.19 Dit doen ze door 

medisch-wetenschappelijk onderzoek en tweejaarlijkse internationale congressen 

voor betrokken specialisten.20 Als voorbereiding op het internationale congres van 

2018 werden 19 zeer ervaren HIPEC-chirurgen uit 19 verschillende landen gevraagd een 

enquête in te vullen. Het eerste doel van de enquête was het in kaart brengen van de 

huidige chirurgisch-oncologische behandeling van colorectale buikvlies-uitzaaiingen 

wereldwijd. Het tweede doel was het achterhalen van aspecten van de behandeling 

waar overeenstemming en geen overeenstemming over is. Het laatste doel was het 

identificeren van thema’s voor toekomstig onderzoek. De vragen aan de deelnemers van 

de enquête hadden drie thema’s: de integratie van de HIPEC-operatie in de zorg in hun 

land, de behandelprotocollen voor colorectale buikvlies-uitzaaiingen in hun ziekenhuis, 

en hun mening over controversiële onderwerpen binnen de behandeling van colorectale 

buikvlies-uitzaaiingen. De resultaten van deze enquête zijn beschreven in hoofdstuk 3. 

Er bleken onder andere grote verschillen tussen landen te bestaan in het aantal HIPEC-

ziekenhuizen en het aantal uitgevoerde HIPEC-operaties per hoofd van de bevolking, 

vergoeding van de HIPEC-operatie door zorgverzekeraars, adviezen over de HIPEC-

operatie in richtlijnen, en criteria waar ziekenhuizen aan moeten voldoen om HIPEC-

operaties uit te mogen voeren. Deze resultaten suggereren dat de toegang tot – en 

de kwaliteit van – de HIPEC-operatie niet voor elke patiënt in elk land gelijk is. Dit 

moedigt aan tot oplossingen die dit gelijk trekken tussen landen. Naast de verschillen 

tussen landen bleken er ook grote verschillen tussen ziekenhuizen en deelnemers te 
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bestaan in de behandelprotocollen voor colorectale buikvlies-uitzaaiingen. Onder de 

deelnemers werd bijvoorbeeld weinig overeenstemming bereikt over de operatie zelf, 

de technische aspecten van HIPEC, het geven van systemische chemotherapie vóór en/

of na de HIPEC-operatie, de beste behandeling om colorectale buikvlies-uitzaaiingen 

te voorkomen, en de beste behandeling voor inoperabele colorectale buikvlies-

uitzaaiingen. Medisch-wetenschappelijk onderzoek en congressen moeten zich richten 

op meer overeenstemming over deze onderwerpen onder behandelend artsen.

Twee belangrijke bevindingen van de enquête vormden de basis voor de rest van 

dit proefschrift. Allereerst bereikten de deelnemers geen overeenstemming over de 

waarde van systemische chemotherapie vóór en/of na de HIPEC-operatie. Ongeveer 

de helft van de deelnemers adviseerde systemische chemotherapie vóór de HIPEC-

operatie en de andere helft niet. Ongeveer twee derde van de deelnemers adviseerde 

chemotherapie ná de HIPEC-operatie en de rest niet. De waarde van systemische 

chemotherapie vóór en/of na de HIPEC-operatie voor colorectale buikvlies-

uitzaaiingen wordt verder uitgediept in deel 2 van dit proefschrift. Het begint met een 

evaluatie van (de kwaliteit van) bestaand onderzoek over dit onderwerp, gevolgd door 

enkele studies naar de waarde systemische chemotherapie vóór en/of na de HIPEC-

operatie. Deelnemers van de enquête bereikten ook geen overeenstemming over de 

beste behandeling voor inoperabele colorectale buikvlies-uitzaaiingen. Ongeveer 

de helft van de deelnemers adviseerde systemische chemotherapie. De andere helft 

van de deelnemers adviseerde een hele nieuwe behandeling: PIPAC. PIPAC staat voor 

pressurized intraperitoneal aerosol chemotherapy, oftewel gas-chemotherapie in de 

buik. Ondanks dat deze behandeling door zoveel deelnemers werd geadviseerd, was 

PIPAC niet beschikbaar in Nederland en veel andere landen ten tijde van de enquête. 

De potentiële waarde van PIPAC voor inoperabele colorectale buikvlies-uitzaaiingen 

wordt verder uitgediept in deel 3 van dit proefschrift. Het begint met een evaluatie van 

(de kwaliteit van) bestaand onderzoek over dit onderwerp, gevolgd door enkele studies 

naar de potentiële waarde PIPAC voor inoperabele colorectale buikvlies-uitzaaiingen. 

DEEL 2 VAN DIT PROEFSCHRIFT
DE OP GENEZING GERICHTE BEHANDELING 

Van alle patiënten met geïsoleerde colorectale buikvlies-uitzaaiingen ondergaat 

ongeveer 70% géén HIPEC-operatie,6 vaak door te uitgebreide buikvlies-uitzaaiingen. 

Deze groep patiënten met inoperabele colorectale buikvlies-uitzaaiingen komt in deel 3 

van dit proefschrift aan bod. De overige 30% van de patiënten ondergaat wél de HIPEC-

operatie. Deze groep patiënten met operabele colorectale buikvlies-uitzaaiingen wordt 
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in dit deel van het proefschrift besproken. Naast dat deze patiënten steeds vaker een 

HIPEC-operatie ondergaan, krijgen zij ook steeds vaker systemische chemotherapie.6,21 

Dit heeft geleid tot gecombineerde behandelingen. In veel ziekenhuizen krijgen 

patiënten systemische chemotherapie vóór en/of na de HIPEC-operatie.17,18 

Systemische chemotherapie vóór de HIPEC-operatie noemt men ‘neoadjuvante 

chemotherapie’. Systemische chemotherapie na de HIPEC-operatie noemt men 

‘adjuvante chemotherapie’. Systemische chemotherapie vóór én na de HIPEC-operatie 

noemt men ‘peri-operatieve chemotherapie’. Voor het gemak noemen we het nu even 

peri-operatieve chemotherapie. Toevoeging van peri-operatieve chemotherapie aan de 

HIPEC-operatie heeft mogelijke voordelen. Allereerst kan het de buikvlies-uitzaaiingen 

vóór de HIPEC-operatie verkleinen. Hierdoor wordt de kans op een succesvolle HIPEC-

operatie mogelijk groter. Ten tweede kan het onzichtbare kankercellen vernietigen die 

na de HIPEC-operatie in de buik zijn achtergebleven of zich al in de bloedbaan bevinden. 

Hierdoor wordt de kans dat de ziekte terugkeert mogelijk kleiner. Deze voordelen 

van peri-operatieve chemotherapie zouden de levensverwachting en genezingskans 

kunnen verbeteren. Ondanks de duidelijke theoretische voordelen, verschilt het 

geven van peri-operatieve chemotherapie sterk tussen landen, ziekenhuizen, artsen, 

en richtlijnen.17,18 Deze verdeeldheid wordt mogelijk veroorzaakt door de matige 

kwaliteit van bestaand onderzoek over dit onderwerp. De kwaliteit van dit bestaand 

onderzoek is echter nooit grondig geëvalueerd middels een zogeheten ‘systematische 

review’. Daarom beschrijft hoofdstuk 4 een systematische review die (de kwaliteit van) 

bestaand onderzoek evalueert naar de waarde van peri-operatieve chemotherapie voor 

operabele colorectale buikvlies-uitzaaiingen.

Deze systematische review identificeerde 11 studies over patiënten die de HIPEC-operatie 

ondergingen voor colorectale buikvlies-uitzaaiingen en de relatie beschreven tussen 

neoadjuvante, adjuvante, of peri-operatieve chemotherapie en levensverwachting 

of postoperatieve complicaties. Deze studies waren van matige kwaliteit, lastig te 

interpreteren, en lieten tegengestelde resultaten zien. Van de vier studies die de 

relatie beschreven tussen neoadjuvante chemotherapie en levensverwachting, 

toonden er drie een betere levensverwachting en één niet. Beide studies die de relatie 

beschreven tussen verschillende soorten neoadjuvante chemotherapie toonden een 

betere levensverwachting voor neoadjuvante chemotherapie met ‘bevacizumab’ (een 

immuuntherapie) tegenover alléén neoadjuvante chemotherapie. De drie studies die 

de relatie beschreven tussen adjuvante chemotherapie en levensverwachting toonden 

allemaal geen betere levensverwachting. De enige studie die de relatie beschreef 

tussen peri-operatieve chemotherapie en levensverwachting toonde een betere 

levensverwachting. Alle drie de studies die de relatie beschreven tussen neoadjuvante 

chemotherapie en postoperatieve complicaties toonden geen toename van ernstige 
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postoperatieve complicaties. De enige studie die de relatie beschreef tussen 

verschillende soorten neoadjuvante chemotherapie toonde een toename van ernstige 

postoperatieve complicaties na neoadjuvante chemotherapie met bevacizumab in 

vergelijking met alleen neoadjuvante chemotherapie. Uit deze systematische review 

werd geconcludeerd dat de kwaliteit van bestaand onderzoek over dit onderwerp 

matig is. Dit zet vraagtekens bij het huidige gebruik van neoadjuvante, adjuvante, of 

peri-operatieve chemotherapie voor operabele colorectale buikvlies-uitzaaiingen. 

Bestaande studies laten geen waarde zien van adjuvante chemotherapie, maar mogelijk 

wel van neoadjuvante chemotherapie met bevacizumab. Bevacizumab leidt mogelijk 

wel tot méér ernstige postoperatieve complicaties. Deze bevindingen vormden de basis 

voor de rest van dit deel van het proefschrift.

Eén van de belangrijkste bevindingen van de systematische review was het gebrek 

aan bewijs over de waarde van adjuvante chemotherapie na de HIPEC-operatie voor 

colorectale buikvlies-uitzaaiingen. Desondanks werd adjuvante chemotherapie wel 

gegeven in veel ziekenhuizen wereldwijd.22 Als adjuvante chemotherapie inderdaad 

geen meerwaarde heeft, zou het geven hiervan kunnen leiden tot onnodige bijwerkingen, 

onnodige kosten, en een verminderde kwaliteit van leven.23-25 Sinds publicatie van de 

systematische review wordt adjuvante chemotherapie dan ook niet meer gegeven in 

Nederland tot de waarde ervan beter onderzocht is.26 Als eerste stap daartoe beschrijft 

hoofdstuk 5 een studie die de relatie onderzoekt tussen adjuvante chemotherapie en 

levensverwachting in alle Nederlandse patiënten die tussen 2005 en 2017 werden 

gediagnosticeerd met geïsoleerde colorectale buikvlies-uitzaaiingen en daarvoor de 

HIPEC-operatie ondergingen. Van deze patiënten kreeg 44% adjuvante chemotherapie 

en 56% niet. Na zoveel mogelijk correctie voor verstorende factoren, hadden patiënten 

die adjuvante chemotherapie kregen een significant betere levensverwachting 

(gemiddeld 39 maanden) dan patiënten die geen adjuvante chemotherapie kregen 

(gemiddeld 25 maanden). 

Resultaten van deze studie werden mogelijk beïnvloed door resterende verstorende 

factoren. Desalniettemin wijst de studie mogelijk toch op een voordeel van adjuvante 

chemotherapie. Om dit definitief te onderzoeken is een zogeheten ‘gerandomiseerde 

studie’ nodig, waarbij patiënten met colorectale buikvlies-uitzaaiingen na de HIPEC-

operatie gerandomiseerd (geloot) worden tussen wel of geen adjuvante chemotherapie. 

Zo’n gerandomiseerde studie is in de medische wereld de beste manier om definitief 

aan te tonen of een behandeling wel of niet werkt. Gerandomiseerde studies naar de 

waarde van adjuvante chemotherapie voor colorectale lever-uitzaaiingen zijn de laatste 

jaren echter steeds mislukt,27,28 voornamelijk door te weinig deelnemende patiënten. 

Daarentegen zijn gerandomiseerde studies naar de waarde van neoadjuvante en 
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peri-operatieve chemotherapie wél gelukt bij maagkanker, slokdarmkanker, en 

endeldarmkanker.29-31 In deze studies leidde neoadjuvante en/of peri-operatieve 

chemotherapie ook nog eens tot significant betere uitkomsten voor de patiënt.29-31 

Daarom werd uiteindelijk besloten een studie op te zetten naar de waarde van peri-

operatieve chemotherapie rondom de HIPEC-operatie voor operabele colorectale 

buikvlies-uitzaaiingen: de CAIRO6 studie.32 Wereldwijd is dit de eerste studie die deze 

vraag in deze patiëntengroep onderzoekt. De opzet van de studie is beschreven in 

hoofdstuk 6.

De CAIRO6 studie wordt uitgevoerd in alle acht Nederlandse HIPEC-ziekenhuizen. Er 

worden 358 patiënten met operabele colorectale buikvlies-uitzaaiingen gerandomiseerd 

tussen peri-operatieve chemotherapie en de HIPEC-operatie (de experimentele groep) 

of de standaardbehandeling in Nederland: alléén de HIPEC-operatie (de controlegroep). 

De experimentele groep krijgt zes maanden peri-operatieve chemotherapie. Dit wordt 

verdeeld in drie maanden neoadjuvante chemotherapie met bevacizumab vóór de 

HIPEC-operatie en drie maanden adjuvante chemotherapie na de HIPEC-operatie. De 

belangrijkste uitkomst die wordt vergeleken tussen de groepen is levensverwachting. 

Ondanks dat de hypothese is dat de experimentele groep een betere levensverwachting 

heeft, kan peri-operatieve chemotherapie ook vijf mogelijk zeer ongewenste effecten 

hebben. Allereerst zou neoadjuvante chemotherapie met bevacizumab niet effectief 

genoeg kunnen zijn tegen colorectale buikvlies-uitzaaiingen,16 waardoor deze verder 

groeien vóór de HIPEC-operatie en de kans op een succesvolle operatie lager wordt. Ten 

tweede kan neoadjuvante chemotherapie leiden tot bijwerkingen,23 die zo ernstig kunnen 

zijn dat patiënten helemaal geen HIPEC-operatie meer kunnen ondergaan. Ten derde 

kunnen bijwerkingen er toe leiden dat patiënten in een slechtere conditie aan de operatie 

beginnen, waardoor de kans op complicaties na de HIPEC-operatie toeneemt. Ten vierde 

zou toevoeging van bevacizumab aan neoadjuvante chemotherapie kunnen leiden tot 

een toename van ernstige postoperatieve complicaties.33 Tot slot zou de HIPEC-operatie 

én zes maanden peri-operatieve chemotherapie misschien wel te zwaar kunnen zijn, 

waardoor patiënten een langdurige en sterk verminderde kwaliteit van leven hebben. Om 

deze vijf mogelijke ongewenste effecten te onderzoeken, werd eerst een zogeheten ‘pilot-

studie’ gedaan alvorens verder te gaan met de uiteindelijke CAIRO6 studie. De resultaten 

van deze pilot-studie zijn beschreven in hoofdstuk 7 en hoofdstuk 8.

In deze pilot-studie zaten de eerste 80 patiënten, waarvan er 79 konden worden 

geanalyseerd. Hiervan kregen 37 patiënten (47%) peri-operatieve chemotherapie 

én de HIPEC-operatie (de experimentele groep) en 42 patiënten (53%) alléén 

de HIPEC-operatie (de controlegroep). In de experimentele groep verkleinde de 

buikvlies-uitzaaiingen vóór de HIPEC-operatie bij 28% van de patiënten op de scan 
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en bij 38% van de patiënten onder de microscoop. In geen één patiënt groeiden de 

buikvlies-uitzaaiingen. Patiënten in de experimentele groep hadden significant minder 

buikvlies-uitzaaiingen tijdens de HIPEC-operatie (score 5 van 39) dan patiënten in de 

controlegroep (score 12 van 39). Het percentage patiënten dat een succesvolle HIPEC-

operatie onderging verschilde niet significant tussen de experimentele groep (89%) 

en de controlegroep (86%). Het percentage patiënten met ernstige complicaties na de 

HIPEC-operatie verschilde niet significant tussen de experimentele groep (22%) en de 

controlegroep (33%). De kwaliteit van leven werd gemeten met vragenlijsten tot zes 

maanden na de HIPEC-operatie. De kwaliteit van leven verschilde niet significant tussen 

beide groepen op drie en zes maanden na de HIPEC-operatie. De experimentele groep 

had na neoadjuvante chemotherapie wel een verslechtering van kwaliteit van leven 

op enkele domeinen: vermoeidheid, verlies van eetlust, haaruitval, en smaakverlies. 

Deze domeinen herstelden echter drie tot zes maanden na de HIPEC-operatie. Uit deze 

pilot-studie werd geconcludeerd dat peri-operatieve chemotherapie voor operabele 

colorectale buikvlies-uitzaaiingen haalbaar, veilig, niet te belastend, en potentieel 

effectief is. De mogelijke ongewenste effecten van peri-operatieve chemotherapie 

werden niet gezien. Hierdoor kon de CAIRO6 studie worden voortgezet. Inmiddels doen 

er bijna 250 patiënten mee aan de studie. De uiteindelijke resultaten van de CAIRO6 

studie zullen de wereldwijde behandeling van patiënten met operabele colorectale 

buikvlies-uitzaaiingen in de komende jaren veranderen, standaardiseren, en mogelijk 

ook verbeteren.

DEEL 3 VAN DIT PROEFSCHRIFT
DE PALLIATIEVE BEHANDELING

Zoals eerder besproken, komt ongeveer 70% van de patiënten met geïsoleerde 

colorectale buikvlies-uitzaaiingen niet in aanmerking voor de HIPEC-operatie,6 vaak 

door te uitgebreide buikvlies-uitzaaiingen. Deze groep patiënten met inoperabele 

colorectale buikvlies-uitzaaiingen komt in dit deel van het proefschrift aan bod. De 

behandeling van deze patiënten is in principe niet meer gericht op genezing, maar op 

het voorkomen van groei van de ziekte. Hierdoor worden symptomen zoveel mogelijk 

tegengegaan om de kwaliteit van leven te behouden. Dit noemt men een ‘palliatieve 

behandeling’. De standaardbehandeling voor inoperabele colorectale buikvlies-

uitzaaiingen is palliatieve systemische chemotherapie. Hiermee is de gemiddelde 

levensverwachting ongeveer één jaar.34 Palliatieve systemische chemotherapie lijkt 

echter minder effectief voor colorectale buikvlies-uitzaaiingen dan voor bijvoorbeeld 

colorectale lever- of long-uitzaaiingen.16 Het is nog niet helemaal duidelijk hoe dit 

precies komt, maar men denkt dat het komt doordat chemotherapie die systemisch (dus 
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via infuus en/of tabletten) in de bloedbaan wordt gegeven niet zo goed bij de buikvlies-

uitzaaiingen komt.35,36 Dit heeft geleid tot interesse in palliatieve chemotherapie direct 

in de buikholte, ook wel ‘palliatieve intraperitoneale chemotherapie’. In theorie leidt 

dit tot hoge concentraties chemotherapie bij het buikvlies en lage concentraties 

chemotherapie in de bloedbaan,37 dus tot een hoge effectiviteit tegen buikvlies-

uitzaaiingen en weinig bijwerkingen in andere organen zoals de nieren. Helaas 

heeft palliatieve intraperitoneale chemotherapie in de praktijk ook drie belangrijke 

beperkingen. Allereerst lijkt het niet diep genoeg door te dringen in de buikvlies-

uitzaaiingen.38 Ten tweede verdeelt het niet gelijkmatig door de buikholte, waardoor 

het mogelijk niet bij alle buikvlies-uitzaaiingen komt.38 Tot slot zorgt het bij een hogere 

dosis al snel voor lokale bijwerkingen zoals buikpijn en darmproblemen.39 

Om deze drie beperkingen tegen te gaan is recent een nieuwe behandeling ontwikkeld: 

PIPAC. PIPAC staat voor pressurized intraperitoneal aerosol chemotherapy, oftewel gas-

chemotherapie in de buik. Het is een kijkoperatie onder narcose, waarbij chemotherapie 

onder hoge druk in gasvorm in de buikholte wordt gespoten (Figuur 18.3). Naast de 

algemene voordelen van intraperitoneale chemotherapie (hoge concentratie in de buik 

en lage concentratie in de bloedbaan37) lieten dierstudies andere mogelijke voordelen 

zien van PIPAC ten opzichte van ‘normale’ palliatieve intraperitoneale chemotherapie. 

Door de hoge druk drong het dieper door in de buikvlies-uitzaaiingen en door de 

gasvorm verdeelde het zich gelijkmatiger door de buikholte.40-42 Daarnaast is de dosis 

chemotherapie bij PIPAC laag, waardoor PIPAC herhaaldelijk kan worden gegeven en 

er waarschijnlijk weinig bijwerkingen optreden. In de eerste drie mensen had PIPAC 

inderdaad een veelbelovende effectiviteit tegen de inoperabele buikvlies-uitzaaiingen 

en weinig bijwerkingen.43,44 Door deze veelbelovende eerste resultaten wordt PIPAC 

inmiddels gegeven aan patiënten met inoperabele buikvlies-uitzaaiingen in een groot 

en snel groeiend aantal ziekenhuizen wereldwijd.45 In deze ziekenhuizen krijgen 

patiënten met inoperabele colorectale buikvlies-uitzaaiingen PIPAC met ‘oxaliplatin’ 

als chemotherapie, oftewel ‘PIPACOX’.46 Dit wordt iedere zes tot acht weken gegeven 

mét of zónder systemische chemotherapie.46 Ondanks dat PIPACOX nog een nieuwe 

behandeling is, wordt het buiten onderzoeksverband gegeven in alle ziekenhuizen. 

Ondanks dit snel toenemende gebruik van PIPACOX buiten onderzoeksverband, was 

deze behandeling tot recent niet beschikbaar in Nederland. Dit kan komen door weinig 

en laag-kwalitatief bestaand onderzoek over dit onderwerp. Dit bestaand onderzoek is 

echter nooit geëvalueerd in een systematische review. Daarom beschrijft hoofdstuk 9 

een systematische review die (de kwaliteit van) bestaand onderzoek evalueert naar de 

waarde van PIPACOX voor inoperabele colorectale buikvlies-uitzaaiingen.
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Figuur 18.3 Schematische weergave van PIPAC: gas-chemotherapie in de buik. 

Deze systematische review identificeerde enkele kleine studies die iets beschreven 

over de veiligheid of effectiviteit van PIPACOX voor inoperabele colorectale buikvlies-

uitzaaiingen. De studies waren van zéér slechte kwaliteit. Geen één van deze studies 

vergeleek PIPACOX met andere behandelingen. Daarnaast werd er geen onderscheid 

gemaakt tussen patiënten die PIPACOX met of zonder systemische chemotherapie 

kregen. Er werd soms ook niet goed beschreven hoe de veiligheid of effectiviteit was 

geanalyseerd. Uit deze systematische review werd geconcludeerd dat er schrikbarend 

weinig bekend is over de waarde van PIPACOX voor inoperabele colorectale buikvlies-

uitzaaiingen. Sterker nog: de veiligheid en effectiviteit van PIPACOX, zowel met als 

zonder systemische chemotherapie, zijn eigenlijk nog nooit goed onderzocht in deze 

patiënten. Desondanks vertrokken veel Nederlanders met inoperabele colorectale 

buikvlies-uitzaaiingen naar het buitenland om daar tegen eigen betaling van soms 

duizenden euro’s PIPACOX te krijgen; en dat voor een behandeling die niet bewezen veilig 

of effectief is. De resultaten van deze systematische review zetten vraagtekens bij deze 

ontwikkeling en bij de wereldwijde toename van PIPACOX voor inoperabele colorectale 

buikvlies-uitzaaiingen buiten onderzoeksverband. Daarom werd in Nederland besloten 

twee studies op te zetten naar de haalbaarheid, veiligheid, potentiële effectiviteit, 

kosten, en belasting van PIPACOX zonder systemische chemotherapie (de CRC-PIPAC 
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studie) en PIPACOX met systemische chemotherapie (de CRC-PIPAC-2 studie) voor 

inoperabele colorectale buikvlies-uitzaaiingen. Wereldwijd zijn dit de eerste studies die 

PIPACOX onderzoeken in deze patiëntengroep. De opzet van deze studies is beschreven 

in hoofdstuk 10 (CRC-PIPAC studie) en hoofdstuk 15 (CRC-PIPAC-2 studie). De CRC-

PIPAC studie is afgerond en wordt beschreven in dit proefschrift. De CRC-PIPAC-2 

studie loopt nog en maakt geen deel uit van dit proefschrift. 

De CRC-PIPAC studie werd uitgevoerd in de twee Nederlandse ziekenhuizen die 

PIPAC uitvoeren. Twintig patiënten met inoperabele colorectale buikvlies-uitzaaiingen 

kregen iedere zes weken PIPACOX middels een kijkoperatie onder narcose. De ochtend 

erna werden zij naar huis ontslagen. Vier weken na iedere PIPACOX kregen patiënten 

een scan en bloed- en weefselonderzoek om te kijken hoe de buikvlies-uitzaaiingen 

op behandeling reageerden. Na deze onderzoeken werden zij op de poli gezien om 

bijwerkingen te evalueren. PIPACOX werd herhaald tot de buikvlies-uitzaaiingen 

groeiden, er uitzaaiingen buiten de buikholte kwamen, of de bijwerkingen van PIPACOX 

té erg werden. Na stoppen van PIPACOX kregen patiënten weer palliatieve systemische 

chemotherapie. Er werden veel uitkomsten bekeken. Voor haalbaarheid werd gekeken 

naar technische problemen tijdens de procedure, de duur van ziekenhuisopname, 

en heropnames. Voor veiligheid werd gekeken naar (ernstige) bijwerkingen en de 

hoeveelheid chemotherapie die na PIPACOX in de bloedbaan terecht komt. Voor 

belasting werd gekeken naar vragenlijsten over kwaliteit van leven één en vier weken 

na iedere PIPACOX. Voor potentiële effectiviteit werd gekeken naar de reactie van de 

buikvlies-uitzaaiingen op scans, in het bloed, onder de microscoop, in het buikvocht, 

en met het blote oog tijdens de kijkoperaties. Daarnaast werd gekeken naar de tijd tot 

ziekte-toename en de levensverwachting. Resultaten van de CRC-PIPAC studie zijn 

beschreven in hoofdstuk 11, hoofdstuk 12, en hoofdstuk 13.

De twintig patiënten ondergingen 59 PIPACOX. Gemiddeld ondergingen patiënten 

drie PIPACOX, variërend van één tot zes per patiënt. Allereerst werd gekeken naar 

haalbaarheid. Er waren geen technische problemen tijdens de procedures. De 

ziekenhuisopname was één nacht na 98% van de procedures en langer na 2% 

van de procedures. Heropnames werden gezien na slechts 3% van de procedures. 

Vervolgens werd gekeken naar veiligheid. Na PIPACOX bleek er veel chemotherapie 

in de bloedbaan te komen, ongeveer net zo veel als bij systemische chemotherapie. 

Ernstige bijwerkingen traden op na 8% van de procedures. Dit waren forse buikpijn, 

een voorbijgaande buikbloeding, een klaplong door een biopt tijdens de operatie, en 

voorbijgaande leverschade. Eén patiënt overleed een week na de procedure door 

een infectie met onduidelijke oorzaak. Milde bijwerkingen traden op na 97% van 

de procedures. De meest voorkomende waren milde buikpijn (88%), misselijkheid 
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(39%), bloedarmoede (37%), vermoeidheid (29%), en braken (19%). Er trad geen 

schade aan nieren op. Vervolgens werd gekeken naar belasting. De kwaliteit van leven 

verslechterde één week na PIPACOX op verschillende domeinen. De belangrijkste waren 

vermoeidheid, fysieke gesteldheid, en buikpijn. Vier weken na de derde PIPACOX was 

de kwaliteit van leven op alle domeinen weer hersteld. Tot slot werd gekeken naar 

potentiële effectiviteit. De buikvlies-uitzaaiingen reageerden op de behandeling in het 

bloed in 50% van de patiënten, onder de microscoop in 56% van de patiënten, en in 

het buikvocht in 67% van de patiënten. Bij 56% van de patiënten nam de hoeveelheid 

buikvocht af. Ondanks dat dit erop kan wijzen dat PIPACOX potentieel effectief is, werd 

er geen reactie van de buikvlies-uitzaaiingen gezien op scans of met het blote oog 

tijdens de kijkoperaties. De gemiddelde tijd tot ziekte-toename was ±4 maanden en de 

gemiddelde levensverwachting was ±8 maanden.

Uit deze studie werd geconcludeerd dat PIPACOX een haalbare behandeling is. Ondanks 

dat PIPACOX wereldwijd wordt beschouwd als zeer veilig,47 liet de studie zien dat het 

weldegelijk risico’s heeft. Daarnaast leidde PIPACOX tot een (weliswaar voorbijgaande) 

slechtere kwaliteit van leven. Deze resultaten onderstrepen opnieuw de noodzaak 

om de effectiviteit van PIPACOX eerst goed te onderzoeken alvorens het zomaar toe te 

passen. Ondanks dat de effectiviteit van PIPACOX internationaal wordt beschouwd als 

veelbelovend,47 zet deze studie daar op zijn minst vraagtekens bij. Het is vooralsnog 

niet duidelijk wat de betekenis van reactie van de buikvlies-uitzaaiingen in het bloed, 

onder de microscoop, en in het buikvocht is voor de patiënt. Dit is onderwerp van 

lopend en toekomstig onderzoek. Zoals eerder besproken, is deze studie de eerste 

die verschillende aspecten van PIPACOX zonder systemische chemotherapie heeft 

onderzocht voor inoperabele colorectale buikvlies-uitzaaiingen. De lopende CRC-

PIPAC-2 studie en enkele lopende buitenlandse studies zullen meer duidelijkheid geven 

over de haalbaarheid, veiligheid, potentiële effectiviteit, en belasting van PIPACOX met 

systemische chemotherapie. Na deze studies zal een gerandomiseerde studie moeten 

worden opgezet om PIPACOX (met of zonder systemische chemotherapie) te vergelijken 

met de standaardbehandeling voor inoperabele colorectale buikvlies-uitzaaiingen: 

palliatieve systemische chemotherapie. Pas na zo’n gerandomiseerde studie kan een 

definitieve uitspraak worden gedaan over de waarde van PIPAC OX voor deze patiënten.

Tijdens de CRC-PIPAC studie merkten de onderzoekers dat het lastig was om de reactie 

van colorectale buikvlies-uitzaaiingen op behandeling te bepalen op scans, in het bloed, 

onder de microscoop, in het buikvocht, of met het blote oog. De hoeveelheid tumor-DNA 

in bloed is een nieuwe veelbelovende techniek om de reactie van uitgezaaide kanker 

op behandeling te volgen, ook bij uitgezaaide colorectale kanker.48,49 Zoals eerder 

besproken, verspreiden colorectale buikvlies-uitzaaiingen zich echter waarschijnlijk 



502   |   Appendix

niet via de bloedbaan, maar lokaal in de buik. Het is daarom niet bekend of tumor-DNA 

in bloed ook bruikbaar is voor colorectale buikvlies-uitzaaiingen, omdat niet bekend 

is of er überhaupt tumor-DNA in bloed van deze patiënten te vinden is. Om dit te 

onderzoeken, beschrijft hoofdstuk 14 een studie die de vindbaarheid van tumor-DNA 

in bloed vergelijkt tussen patiënten met geïsoleerde colorectale buikvlies-uitzaaiingen 

en patiënten met geïsoleerde colorectale lever-uitzaaiingen. Het percentage patiënten 

met vindbaar tumor-DNA in bloed was veel lager in de groep met geïsoleerde buikvlies-

uitzaaiingen (20%) dan in de groep met geïsoleerde lever-uitzaaiingen (93%). Tumor-

DNA was wél te vinden in buikvocht van alle patiënten met geïsoleerde buikvlies-

uitzaaiingen. Resultaten van deze studie onderstrepen de gedachte dat colorectale 

buikvlies-uitzaaiingen eerder een lokale dan een ‘systemische’ vorm van uitzaaiingen 

zijn. Daarnaast lijkt tumor-DNA in buikvocht in deze patiënten mogelijk bruikbaarder 

om reactie op behandeling te bepalen dan tumor-DNA in bloed. De bruikbaarheid van 

tumor-DNA in buikvocht in patiënten met colorectale buikvlies-uitzaaiingen wordt 

momenteel onderzocht in lopend onderzoek.

CONCLUDEREND

Dit proefschrift beschrijft belangrijke stappen richting standaardisering en verbetering 

van de behandeling van de relevante groepen patiënten met zowel operabele als 

inoperabele colorectale buikvlies-uitzaaiingen.
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DANKWOORD

Dit proefschrift is niet compleet zonder een aantal inspirerende, belangrijke, 

behulpzame, hardwerkende, slimme, gezellige, leuke, lieve, en dierbare mensen te 

bedanken. 

Allereerst wil ik mijn oprechte dank en waardering uitspreken voor alle patiënten 

met buikvlies-uitzaaiingen uit dikkedarmkanker en hun families die, op wat voor 

manier dan ook, hebben bijgedragen aan de totstandkoming van dit proefschrift. Ik ga 

me tijdens de rest van mijn medische en wetenschappelijke carrière inzetten om deze 

ziekte vaker te voorkomen en beter te kunnen behandelen. Dit proefschrift is daartoe 

een eerste stap die er zonder jullie niet was geweest. Bedankt daarvoor.

De afgelopen vier jaar heb ik ervaren hoe fijn, leuk, en belangrijk het is om te werken 

onder supervisie van iemand die me motiveert, enthousiasmeert, en inspireert. 

Ignace, ik kan eigenlijk niet anders zeggen dan: bedankt voor álles. Door jou heb ik 

passie ontwikkeld voor wetenschap, wil ik chirurg worden, ben ik nu in opleiding tot 

chirurg, weet ik wat voor chirurg ik wil worden, en ben ik gegroeid als mens en collega. 

Naast een uitstekende clinicus en een pragmatische, eerlijke, en altijd goed doordachte 

wetenschapper, vind ik je met afstand de beste people manager die ik ken. Dat heb 

je bewezen als voorzitter van de DPOG en bewijs je keer op keer bij je promovendi. 

Ondanks je drukke agenda ben je (ongeacht dag en tijdstip) altijd laagdrempelig 

bereikbaar, sta je klaar voor je promovendi bij tegenslagen, en laat je je promovendi 

optimaal functioneren in hun kracht. Ik weet dat dat laatste je bij mij af en toe heel 

veel geduld en frustratie gekost heeft, met de laatste maanden als absoluut toppunt (of 

dieptepunt…). Echter kijk waar het toe heeft geleid: (inter)nationale samenwerkingen, 

twee succesvolle trials, een KWF-subsidie, praatjes op (inter)nationale congressen, 32 

gezamenlijke geaccepteerde publicaties (en nog enkele mooie onderweg), publicaties in 

The Lancet Oncology, JAMA Oncology, JAMA Surgery, en European Journal of Cancer, 

en vele ideeën voor nieuwe projecten, maar bovenal: een onderzoekslijn met relevant en 

klinisch toepasbaar onderzoek voor ‘jouw’ voorheen onderbelichte patiëntenpopulatie. 

Ik ben trots dat jij dat (met soms een beetje hulp van mij) vanuit een perifeer ziekenhuis 

hebt neergezet. Naast een goede professionele klik voelde ik vanaf het begin ook 

een goede persoonlijke klik: (te veel) grappa met professor Rossi, je onvergetelijke 

inauguratie-feest, de gezellige HIPEC-diners, en onze (hopelijk terugkerende) JAMA-

speciaalbier-avonden. Ik hoop dat we onze vriendschap (mag ik het zo noemen?) en 

gedeelde passie voor wetenschap nog lang kunnen voortzetten en kijk er naar uit om 

de komende jaren samen met je te mogen opereren. 
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De initieel sober geschreven artikelen in dit proefschrift zouden nooit zijn gepubliceerd 

zonder creatieve toevoegingen die altijd van dezelfde persoon afkomstig waren. Simon, 

bedankt voor je innovatieve ideeën, het copromotorschap, het eindeloze gebiopteer en 

de gezelligheid tijdens de PIPAC-procedures, en je vertrouwen in mij voor de opleiding. 

Ons gezamenlijk PIPAC-congres in Tübingen ga ik niet snel vergeten: de bijna-dood 

ervaring op de Duitse snelweg, Lüdwig de beenloze huisbaas, curryworsten met slappe 

friet, het overmatig zout aanvullen met liters bier (ik) en nog meer liters tonic (jij), en 

stoom afblazen in een Duits rock-café tot in het holst van de nacht. Ik kijk erg uit naar 

onze volgende congressen en minstens net zo erg naar de opleiding tot chirurg onder 

jouw supervisie de komende jaren.

Mijn promotie is uiteraard niet compleet zonder een mooie promotiecommissie, die ik 

in zijn geheel wil bedanken voor het beoordelen van dit proefschrift. Prof. Rutten, beste 

Harm, het is een eer dat ik van gedachten mag wisselen met iemand met zo’n schat aan 

kennis en ervaring op dit gebied. Prof. Verhoef en Prof. de Wilt, beste Kees en Hans, als 

broekie presenteerde ik vijf jaar geleden samen met jullie tijdens een plenaire sessie op 

de Chirurgendagen. Voor jullie doodnormaal, voor mij (mede door jullie motiverende 

reacties) een speciale dag. Het doet me daarom deugd dat juist jullie nu opnieuw deel 

uitmaken van zo’n speciale dag voor mij. Prof. van der Speeten, beste Kurt, ondanks dat 

het Ziekenhuis Oost-Limburg op een uur rijden van het Catharina Ziekenhuis ligt, ben 

ik erg blij dat u de promotie dat oh zo gewenste internationale doch Nederlandstalige 

expert-tintje geeft. Prof. Bouvy en dr. Valkenburg-van Iersel, beste Nicole en Liselot, 

ik kijk er naar uit om samen met jullie te zorgen voor chirurgische en oncologische 

patiënten tijdens de academische opleidingstijd in het MUMC.

De leerzame ervaring van het opzetten en coördineren van multicenter gerandomiseerd 

onderzoek had ik nooit gehad zonder het ervaren CAIRO6-bestuur. Prof. Punt, beste Kees, 

hartelijk dank dat we mochten voortborduren op uw kennis, ervaring, en successen met 

de eerdere CAIRO trials. Uw adviezen waren erg waardevol bij het opzetten van CAIRO6. 

Dr. Hemmer, beste Patrick, bedankt voor het opzetten en afronden van de NACHO trial. 

Jouw ervaring met deze trial was cruciaal in het uiteindelijke design van CAIRO6. Prof. 

Dijkgraaf, beste Marcel, veel dank voor de broodnodige statistische ondersteuning en 

de vaak begrijpelijke maar soms totaal onbegrijpelijke (my bad) toelichting daarop. Prof. 

Tanis, beste Pieter, op de (co)promotor na ben jij degene die verreweg de belangrijkste 

bijdrage heeft geleverd aan dit proefschrift en daar ben ik je heel erg dankbaar voor. Ik 

heb ontzettend veel geleerd van je ervaring met gerandomiseerd onderzoek, je altijd 

kritische benadering, en je tekstuele scherpzinnigheid, waardoor onze manuscripten 

véél beter werden. Om die redenen hoop ik in de toekomst nog vaak met je te mogen 

samenwerken.
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CAIRO6 is een succes geworden door alle betrokken chirurgen, medisch oncologen, 

pathologen, verpleegkundig specialisten, arts-onderzoekers, en datamanagers uit 

de negen deelnemende centra. Ondanks dat eenieders inzet cruciaal is geweest, wil 

ik een paar mensen in het bijzonder bedanken. Jennifer, als verpleegkundig specialist 

HIPEC in het Catharina Ziekenhuis ben jij onmisbaar en goud waard voor de patiënt, 

de chirurgen, wetenschappelijk onderzoek, en CAIRO6 in het bijzonder. Bedankt voor 

je aanstekelijke vrolijkheid en de bijna ziekelijke manier waarop we onze inclusie-

strategie geperfectioneerd hadden. Dr. Creemers, beste Geert-Jan, je hielp me altijd 

meteen uit de brand als ik als chirurgisch-georiënteerde dokter weer eens tekortschoot 

in de uitleg over de systemische CAIRO6-behandeling. Bedankt voor die bereidheid 

en de belangrijke medisch-oncologische twist die je gaf aan onze wellicht iets te 

chirurgisch geschreven manuscripten. Dr. Burger, beste Pim, mooi dat je de medisch-

wetenschappelijke bakermat van Nederland hebt verlaten voor het prachtige Brabant 

om je daar onder andere volledig toe te leggen op de cytoreductieve chirurgie. Op 

beide plekken heb je veel energie in CAIRO6 gestopt: bedankt daarvoor. Ik hoop dat 

ik je in de toekomst kan helpen bij projecten voor een andere zeer relevante groep die 

jouw speciale aandacht heeft: de patiënten met irresectabele colorectale peritoneale 

metastasen.

Het implementeren van de PIPAC-behandeling in twee centra was nooit gelukt zonder 

de inzet van anderen. Dr. Alyami and prof. Willaert, dear Mohammad and Wouter, 

thank you for giving us the opportunity to visit your hospitals in Lyon and Gent and 

for teaching us the basic principles of PIPAC. Kim, Marieke, Albert, en Jasper, ik heb 

mooie herinneringen aan onze trip naar Lyon om PIPAC te leren. Of althans, om iedere 

ochtend een uurtje een PIPAC te bekijken en de rest van de dag te doen waar het leven 

voor bedoeld is: slap ouwehoeren, bier drinken, en kaas eten op een terras in de Franse 

zon. Als betrokken OK-assistenten en anesthesiemedewerkers waren jullie daarna 

ook nog heel belangrijk in het goed laten verlopen van de PIPAC-procedures en het 

verzamelen van samples voor dit proefschrift: bedankt daarvoor. Emma, gelukkig was 

jij er om de CRC-PIPAC studie in het st. Antonius Ziekenhuis te coördineren. Mooi 

dat onze samenwerking heeft geleid tot zinvolle publicaties en leuk dat we samen in 

opleiding zijn gekomen: dat wordt gezellig op de CASH-cursussen! Dr. Boerma en dr. 

Wiezer, beste Djamila en René, toen Emma in Boston zat, mocht ik de provincie af en 

toe inruilen voor jullie ziekenhuis boven de rivieren. Bij jullie op OK heerste er zonder 

enige uitzondering echter altijd een soort Brabantse gezelligheid. Bedankt daarvoor 

en bedankt voor jullie bijdrage aan de PIPAC-manuscripten: dat er nog vele relevante 

mogen volgen! 
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Tijdens het uitwerken van resultaten van CAIRO6 en CRC-PIPAC kreeg ik veel 

noodzakelijke en fijne hulp uit verschillende invalshoeken en (deel)specialismen. 

Dr. Snaebjornsson, dr. Huysentruyt, en dr. van Lijnschoten, beste Petur, Clément, 

en Ineke, bedankt voor de tijd en moeite die jullie staken in het analyseren van alle 

pathologie-data. Hopelijk is het een opmaat naar (inter)nationale standaardisering van 

pathologische classificaties voor dit lastige ziektebeeld. Dr. Nederend en dr. Lahaye, 

beste Joost en Max, veel dank voor het ‘voor de vorm’ wegkijken van CT-scans waar 

volgens jullie toch al niks zinnigs op te zien was: jullie hadden gelijk. Het zou mooi zijn 

als de DISCO trial aantoont dat DW-MRI hét radiologisch onderzoek is waarmee we 

peritoneale metastasen beter kunnen identificeren, stadiëren, en karakteriseren. Max, 

heel veel succes met de afronding van deze mooie trial. Dr. Deenen, beste Maarten, 

goed en belangrijk dat we vraagtekens hebben kunnen zetten bij de farmacokinetische 

voordelen van PIPAC-oxaliplatin en de kwaliteit van bestaande fase 1 studies. Veel 

dank voor jouw onmisbare farmacologische kennis daarbij. Rudaba, ondanks dat we 

je geen hele gevarieerde WESP-stage gaven (sorry!), ben ik je heel dankbaar dat je alle 

farmacokinetiek-samples hebt geanalyseerd. Jouw auteursplek op het mooie artikel dat 

daaruit is voortgevloeid is volledig verdiend en kun je in je zak steken! Dr. Mols, beste 

Floortje, de laatste maanden heeft jouw laagdrempelige bereikbaarheid en pragmatische 

aanpak ons heel erg geholpen bij de afronding van de kwaliteit-van-leven-artikelen: 

bedankt daarvoor. Ik hoop dat het de start is van een succesvolle samenwerking 

waarbij we meer inzicht krijgen in de kwaliteit van leven van patiënten met colorectale 

peritoneale metastasen. Prof. Kranenburg en dr. Fijneman, beste Onno en Remond, 

ondanks dat ik als domme clinicus van jullie gedachten vaak weinig begreep, gaf onze 

samenwerking zeker een extra dimensie aan mijn promotieonderzoek. Mooi om te 

zien dat jullie relevant basaal onderzoek doen met de door ons verzamelde weefsels. 

Hopelijk vertalen we dit snel naar klinische toepassingen voor de patiënt. Alexander 

en Iris, bedankt voor al het (beuls)werk voor Onno, Remond, en ons. Veel succes met 

jullie proefschriften!

Onderzoek doen met unieke data van de Nederlandse Kanker Registratie was niet 

mogelijk geweest zonder enkele belangrijke mensen bij het Integraal Kankercentrum 

Nederland. Prof. Lemmens, beste Valery, bedankt dat ik gebruik mocht maken van de 

solide basis die je de afgelopen jaren samen met Ignace hebt gelegd en bedankt voor 

je vertrouwen in mij als onderzoeker. Heel veel succes met je nieuwe uitdaging als lid 

van de Raad van Toezicht van Alzheimer Nederland. Paulien en Felice, als postdocs 

hebben jullie mij wegwijs gemaakt in SAS en veel geleerd over de kracht en limitaties 

van NKR-data. De relevante en high-impact publicaties die daaruit zijn voortgekomen 

zijn voor een héél groot deel jullie verdienste: bedankt!
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De sfeer op de PhD-zolder was voor mij één van de leukste dingen aan de onderzoekstijd. 

Mol, Haagje, Gijs, Bou, Emiel, Poodtje, Des, Daan, Pius, Sannie, Coco, Laura, Nelly, 

Mbaba, Annerave, Eefje Wentelteefje, Yentlteefje, Stefi, Marruk, Esther, Thijs, en 

Tessa (en dan vergeet ik vast nog iemand, sorry!): bedankt voor het lachen om met teer 

besmeurde enveloppen, Molletjes soundboard, TFJM Hilverda, IKNL-medewerkers met 

bureaufietsen, en de honderden andere standaard kantoorgrappen die iedere week weer 

de revue passeerden. Ik heb genoten van de gezelligheid, feestlunch, en de zolderuitjes, 

maar zeker ook van de werkmentaliteit. Soms avonden achter elkaar en niet zelden met 

een lege (speciaal)bierkoelkast tot gevolg: de beste combi! Heel veel succes allemaal 

met jullie verdere carrières en/of de afronding van jullie proefschriften. Poodtje en 

Bou, super dat we als ex-Catharina-zolder-drietal op hetzelfde moment in dezelfde 

regio in opleiding zijn gekomen tot chirurg. Ik heb zin om deze mooie tijd met jullie te 

doorlopen. Anouk en Vincent, de twee nieuwste talenten in Ignace’s onderzoeks-TGV. 

Jullie hebben mij nu al overtuigd dat jullie het promotieonderzoek tot een groot succes 

gaan maken: veel succes en vooral ook veel plezier!

Na tweeënhalfjaar fulltime onderzoek hebben de twee fantastische jaren bij de 

Chirurgie ervoor gezorgd dat ik gemotiveerd bleef om dit proefschrift af te ronden. 

Daarvoor wil ik alle chirurgen en fellows van het Catharina Ziekenhuis heel erg 

bedanken. Jullie hebben mij geënthousiasmeerd voor jullie mooie vak en creëren een 

super motiverende sfeer waarin presteren wordt afgewisseld met eerlijkheid en humor 

op de werkvloer. Minstens net zo belangrijk in het werkplezier zijn mijn leuke mede-

A(N)IOS en verpleegkundige specialisten Chirurgie: een groep toppers met de juiste 

balans tussen hard werken, behulpzaamheid, en ontspanning. Bij jullie voel ik me als een 

vis in het water! Ik hoop dat we onze gezellige pre-COVID diners en borrels binnenkort 

eindelijk een leuk vervolg kunnen gaan geven met een legendarische vakantie in 2022: 

zin in!

Tijdens mijn promotieonderzoek heb ik heel fijn samengewerkt met andere arts-

onderzoekers. Geert, Professor GAAM Smikkens, ToetanGAAMon, Smikmeister, 

RegurgiGeert, een goed begin is het halve werk baas! Bedankt voor de manier waarop je het 

onderzoek destijds hebt achtergelaten en voor de manier waarop je me in het begin op weg 

hebt geholpen. Op professioneel vlak hechten we allebei veel waarde aan zorgvuldigheid 

en kwaliteit. Des te mooier vind ik het dat we dit ook af en toe links kunnen laten liggen en 

samen gigantisch uit de bocht kunnen vliegen: Parijs, Washington, de inauguratie-partij 

van El Professor, om maar wat voorbeelden te noemen. Mooi dat je weer terugbent in 

het Catharina Ziekenhuis. Ik hoop dat we onze goede persoonlijke en wetenschappelijke 

klik een vervolg kunnen geven en weet zeker dat ik op beide vlakken nog heel veel van je 

kan en ga leren. Matilda, thank you for your brave choice to visit our research group in 
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the Netherlands for a while. Our international survey is my most cited article: great job! 

Good luck with your career as a surgeon in Italy and I truly hope to see you again in the 

Netherlands or at meetings after COVID. Checca en Robin, mijn twee absolute oogappels. 

Vanaf moment één wist ik het: deze leuke mega-talenten MOETEN mijn collega’s worden. 

Wat ben ik blij dat Ignace en ik jullie hebben kunnen overtuigen, want zonder jullie was dit 

proefschrift er nooit geweest! Chec, jouw pragmatische manier van werken was precies wat 

ik niet – en nodig – had en die combinatie was perfect! Ik ben trots op onze mooie artikelen 

en dan moet CAIRO6 fase 3 nog komen! Je bent doortastend en besluitvaardig, hebt 

ontzettend veel humor, charisma, bravoure, en lef, maar bent nooit arrogant en altijd eerlijk 

en zelfkritisch. Ik weet zeker dat die houding je binnen de chirurgie en daarbuiten nog heel 

ver gaat brengen. Ik heb altijd gezegd dat ik nooit vrouwelijke vrienden zou krijgen, maar 

volgens mij heb jij het tegendeel bewezen. We kunnen ontzettend goed filosoferen over 

Limburg, heerlijk zeiken over anderen, halen op feesten het allerslechtste (of allerbeste?) 

in elkaar naar boven, en kunnen goed praten over serieuzere dingen. Ik hoop dat we dat 

allemaal nog lang blijven doen. Gefeliciteerd met je super-verdiende opleidingsplek! Robin, 

de Lurf, de absolute Benjamin van de club, maar met afstand de attentste, liefste, slimste, 

nuchterste, en het minst snel van je stuk te brengen: respect! Bi-zar hoe je in twee jaar tijd het 

PIPAC-onderzoek volledig naar je toe hebt getrokken, inmiddels 24 (!) zorgvuldige en goed 

doordachte publicaties op je naam hebt, en dit talent allemaal net zo makkelijk doortrekt 

naar de kliniek. Ik ben heel benieuwd waar al dat talent jou brengt, maar ik hoop dat ik er 

nog lang van mag genieten. Enne, take your time!

De onderzoekstijd heeft me ook een dierbare vriendschap opgeleverd. Marijn, Rinus, 

van de Houte ken men da Boute, ik vind het mooi om te zien hoe onze paden elkaar de 

laatste jaren hebben gekruist en gevolgd. Samen semiarts, samen arts-onderzoeker, 

samen ANIOS, vlak na elkaar in opleiding, hetzelfde opleidingsschema, proefschrift 

ongeveer tegelijk verdedigen, en inmiddels beiden burgerbaas en grootgrondbezitter 

in ’s werelds mooiste stad: ik ben trots op ons! De afgelopen jaren hebben we onwijs 

gefeest, gelaafd, en gelachen, maar ook goede gesprekken gevoerd als dat nodig was. 

Ik leer veel van je, mede doordat we zowel op persoonlijk als professioneel vlak soms 

ook totaal verschillend zijn. Ondanks dat ik nog steeds coronairspasmen krijg als ik 

terugdenk aan de beste grap die ooit met me is uitgehaald (voor de geïnteresseerde 

lezer: niet voor dit dankwoord, komt wel bij de borrel), koester ik onze vriendschap, 

hoop ik dat die nog lang mag duren, en kijk ik er naar uit om samen chirurg te worden.

Hechte vriendschappen en ontspanning buiten het werk zijn heel belangrijk geweest 

om op werk goed te functioneren. Mannen van Heerendispuut Chic Sat, door jullie 

heb ik eerder studiepunten gemist dan gehaald en eerder hersencellen verloren dan 

aangemaakt. Desondanks pluk ik op werk dagelijks de vruchten van dingen die we elkaar 
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tijdens onze studententijd leerden: sociale skills, organisatorische vaardigheden, en 

functioneren binnen een hiërarchische structuur. Dank daarvoor! Robin, Wernert, 002, 

enorme Limbo, van 17-jarige Maastrichtse aspirant-feuten tot 30-jarige Eindhovense 

burgerlullen: al 13 jaar hechte vriendschap en een boek vol mooie, bizarre, en 

beschamende verhalen dat Harry Mulisch’ Ontdekking van de Hemel in bladzijden zou 

overstijgen! Ondanks dat je (terecht) vond dat ik te weinig thuis was, bood samenwonen 

met jou in ons fraaie huis (met allerlei huis-bijnamen die we nooit hebben waargemaakt) 

voor mij de perfecte basis voor ontspanning en gezelligheid tijdens mijn onderzoekstijd. 

Thanks daarvoor vriend, en veel geluk met Sophie en de puppy in jullie nieuwe casa. 

Natuurlijk is er maar één speciale groep gasten die hier de last best plek verdient. De 

Trouwe Honden, Loyal Dogs, Perros Leales, Nico, T, V, J, D, Matthews, al sinds de basis- 

en middelbare school een unieke vriendschap die voor altijd is, die me héél veel waard 

is, en waar velen (terecht) jaloers op zijn. Tijdens de studententijd even (inter)nationaal 

uitgewaaid, maar inmiddels weer hechter dan ooit en zo onvoorwaardelijk dat het niet 

boeit hoevaak we elkaar zien. Geef ons een random plek, zeven stoelen, een tafel, een 

koelkast, en tijd (hoeveel maakt niet uit) en er volgt een soort natuurlijke combinatie 

van Brabantse tongvallen, lekker eten, nog lekkerder drinken, gieren om een eigen 

vorm van humor, janken om verdrietige dingen, discussies over de serieuze dingen 

des lebens, grensoverschrijdend gedrag, wederzijdse interesse en respect, en nul besef 

wat er om die tafel heen gebeurt. Ik denk dat jullie precies weten wat ik bedoel en dat 

dat onze vriendschap perfect beschrijft. Vanzelfsprekend en mooi dat (twee van) jullie 

mij straks flankeren als paranimfen. Thanks helden, ik hou van jullie! 

Tot slot wil ik alle lieve mensen bedanken die het allerdichtst bij me staan. Elsje, wat had 

ik je graag bij mijn promotie gehad om je dit proefschrift te laten zien. Ik mis je en denk 

nog vaak aan je! Funs, ik had me geen betere vriend voor mijn zusje – en vader voor mijn 

neefje – kunnen wensen; het geeft me rust dat je zo goed voor ze bent. Ron, Josje, en 

Max, jullie hebben het begrip ‘schoonfamilie’ een hele nieuwe dimensie gegeven. Dat 

ik mee mocht op reis naar ‘jullie’ Indonesische roots was super bijzonder. Ik hoef jullie 

maar te bellen en jullie staan er altijd. Dat tezamen met een voor jullie vanzelfsprekende 

interesse in – en waardering voor – mij en mijn werk geeft een heel fijn gevoel: bedankt 

daarvoor. Ies, bonuszusje, mooi en stoer om te zien hoe jij je dromen najaagt en op 

je sneeuwscooter boodschappen doet terwijl je op moet letten voor ijsberen: ik ben 

trots op je! Nord, bonusbroertje, van eigenwijze kleuter tot gamende puber, student, 

en pilskoning: ik heb het allemaal gezien en geniet ervan. Je bent een heerlijk joch en 

blijf vooral genieten van je studententijd: de rest komt vanzelf! Véronique, naast dat 

het voor mij heel veel waard is dat je pap zo gelukkig maakt, ben je hoogstpersoonlijk 

verantwoordelijk voor mijn passie voor eten en koken: bedankt voor allebei. Alwin, ik 

ben inmiddels bijna net zo oud als jij toen je mam én haar twee pre-puberale kinderen 
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leerde kennen. Nu ik dichter bij die leeftijd kom realiseer ik me steeds vaker hoe 

bijzonder het is dat je zo geruisloos in ons gezin bent gekomen en hoe belangrijk dat 

voor mij is geweest. Je bent een held! Opa en oma, allebei bijna 90, maar qua geest en 

lichaam topfit! Jullie Brabantse boerderij-way-of-life en bijbehorende werkmentaliteit 

en nuchterheid zitten bij mij diep geworteld en dat helpt me elke dag. Pap, wat is het toch 

fijn om te weten dat er iemand op de wereld rondloopt die onvoorwaardelijk voor me 

door het vuur gaat, ongeacht wie, waar, of wat ik ook ben of doe. Mam, mijn allerbeste 

vriendin en (nog altijd, jaja) mede-festivalganger, het is echt niet normaal hoeveel we 

op elkaar lijken, de definitie van twee handen op één buik. Jouw normen en waarden 

maken mij tot wie ik ben en daar ben ik je super dankbaar voor. Mau, lieve kleine zus, 

onze band is sterk en bijzonder. Er is één ding dit jaar waar ik nog véél blijer mee ben 

dan mijn promotie: voor het eerst oom worden van jullie zoontje Ibbe. Ik ben super trots 

op wie je bent, als zusje en als moeder.

Immie, mijn lieve meisje, mijn toekomstige bruid, de toekomstige moeder van mijn 

kinderen, en mijn maatje waarmee ik nog heel veel van de wereld ga zien. Ik kan boeken 

volschrijven over alles wat fantastisch is aan jou, maar het belangrijkste voor mij is dat 

onze levens compleet voelen sinds we elkaar zijn tegengekomen. Bedankt voor al je 

liefde, begrip, en je oneindige geduld met mij. Je bent speciaal, ik hou super veel van je, 

en ik laat je nooit meer gaan!
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