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Introduction
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Chapter 1

Colorectal cancer
Colorectal cancer is the third most common cancer worldwide, with nearly two
million new cases in 2020 (1, 2). Furthermore, it is also the second most common
cause of cancer death worldwide, leading to nearly one million deaths in 2020 (1,
2). Most cancer-related deaths are attributable to metastatic disease. In colorectal
cancer, approximately 20% of patients have metastatic disease at or shortly after
the primary diagnosis of colorectal cancer (i.e. synchronous), and approximately
another 20% of patients develop metastatic disease during follow-up after curative
treatment (i.e. metachronous) (3, 4). After the liver, the peritoneum is the second
most common metastatic site in colorectal cancer (3). The peritoneum consists of
mesothelium and connective tissue and forms two layers: the visceral peritoneum
that covers the abdominal organs, and the parietal peritoneum that covers the
abdominal wall. Between those two layers lies the peritoneal cavity, which contains
a small amount of fluid that reduces friction during movement of the abdominal
contents.

Colorectal peritoneal metastases
Synchronous colorectal peritoneal metastases are present in approximately 5% of
patients (3). Although it is often estimated that a similar proportion of patients are
eventually diagnosed with metachronous colorectal peritoneal metastases, this
has never been investigated in population-based studies. Also, it remains unclear
which risk factors are associated with the presence or development of colorectal
peritoneal metastases, and if these risk factors are similar in the synchronous and
metachronous setting. Chapter 2 aims to explore the incidence of and to identify
risk factors for synchronous and metachronous colorectal peritoneal metastases
in a nationwide population-based cohort.
One potential risk factor for the development of metachronous colorectal
peritoneal metastases may be the surgical approach during primary surgery for
colorectal cancer. A previous population-based study showed that synchronous
colorectal peritoneal metastases were more often diagnosed during open surgery
than during laparoscopic surgery (5). It was hypothesized that synchronous
colorectal peritoneal metastases were overlooked during laparoscopy due to a
poorer overview of the abdominal cavity and lack of tactile feedback. If this were
true, this should result in an increased number of patients in whom the peritoneal
metastases are diagnosed during follow-up (i.e. metachronous CPM). Chapter 3
aims to address this hypothesis in a nationwide population-based cohort.

10
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Treatment of colorectal peritoneal metastases
For long, colorectal peritoneal metastases were considered an uncurable disease,
resulting in a dismal prognosis of only several months. This changed after a
randomized controlled trial from 2003 showed the superiority of cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) over
systemic chemotherapy, providing a new treatment option with curative intent
for patients with colorectal peritoneal metastases (6, 7). During CRS-HIPEC, all
visible tumour is removed after which the abdominal cavity is perfused with
heated chemotherapy to eradicate residual tumour cells. Given the considerable
risk of post-operative complications and morbidity, the selection criteria for CRSHIPEC have been increasingly refined over the past decades (8). In particular, the
extent of peritoneal metastases is now known to have a profound impact on both
short-term and long-term outcomes. This is usually evaluated with Sugarbaker’s
Peritoneal Cancer Index (PCI), which divides the abdominal cavity into thirteen
regions and scores each region according to the amount of visible tumour: 0) no
visible tumour; 1) up to 0.5 cm visible tumour; 2) up to 5 cm visible tumour; or 3)
more than 5 cm visible tumour (9). The total sum of the thirteen regions results in
a score ranging from 0 to 39. CRS-HIPEC is not considered beneficial patients with
extensive peritoneal metastases, i.e. a PCI greater than twenty (8, 10).
Unfortunately, this involves a significant part of patients with colorectal
peritoneal metastases. Depending on clinical condition, these patients may receive
either palliative systemic chemotherapy or best supportive care. Prognosis is
generally poor, ranging from a few months with best supportive care to about
one year with palliative systemic chemotherapy (11, 12). Chapter 4 aims to assess
the treatment and prognosis of patients with colorectal peritoneal metastases in
a nationwide population-based cohort and investigates whether the synchronous
or metachronous onset of peritoneal metastases has an impact on outcome.
The generally poor prognosis in the palliative setting, the only slight survival
gain when treated with systemic therapy, and the lack of new cytostatic agents
that may change this perspective, has raised the question of how we may be able
to improve the outcome in this vulnerable group of patients (13). One hypothesis
speculates that the intraperitoneal concentration of intravenously administered
cytostatic agents may be too low to result in adequate cancer cell death. Hence,
intraperitoneal chemotherapy lavage may be an interesting alternative option to
increase the intraperitoneal concentration of cytostatic agents (14). However, this
approach is limited by a heterogeneous intraperitoneal distribution, dose-limiting
local toxicity, and poor direct tumour penetration (15, 16). The introduction of a new
method, pressurized intraperitoneal aerosol chemotherapy (PIPAC), may prove a

1
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Chapter 1

promising alternative as it is claimed to overcome the limitations of intraperitoneal
chemotherapy lavage.

Pressurized IntraPeritoneal Aerosol Chemotherapy
PIPAC was first described in 2012 by a group of German researchers (17). They
introduced a spraying device (Capnopen®) with an intraperitoneal nozzle, that
enables the delivery of intraperitoneal chemotherapy as an aerosol. Along with
the application of a therapeutic pneumoperitoneum, this approach is thought to
overcome the previously stated limitations of intraperitoneal lavage (17-20). The
use of aerosolized chemotherapy aims to facilitate a homogeneous distribution
through the peritoneal cavity. Furthermore, the application of a therapeutic
pneumoperitoneum would create a pressure gradient that enhances tumour
penetration. Thus, much higher chemotherapy concentrations may be reached
with a lower chemotherapy dose than during conventional lavage, which reduces
the risk of local and systemic toxicity.
The PIPAC procedure in itself is generally considered to be rather straightforward
(21). It is performed under general anaesthesia and requires laparoscopic access
to the peritoneal cavity. After laparoscopic access has been obtained, the camera
is inserted through the first trocar to ensure an overview of the peritoneal cavity
during the procedure. Next, the Capnopen is inserted through the second trocar
and connected to a high-pressure injector which contains the cytostatic agent. For
colorectal peritoneal metastases, oxaliplatin (92 mg/m 2) is the most often used
PIPAC-regimen (22, 23). Safety measures according to local HIPEC-protocols are
taken to prevent exposure of surgical staff to the cytostatic agent. The injection of
the cytostatic agent is started remotely after all staff has left the operating room.
The cytostatic agent is completely injected during the first five minutes, after which
the therapeutic capnoperitoneum is maintained for another 25 minutes. Thereafter,
a closed aerosol waste system is used to safely remove the toxic aerosol and finish
the procedure.
Several adjuncts are used during the procedure to further enhance antitumour activity. For instance, a simultaneous bolus of intravenous 5-fluorouracil
and leucovorin may potentiate the cytotoxic effect of aerosolized oxaliplatin (24,
25). Also, electrostatic precipitation of the aerosol aims to facilitate the influx of the
cytostatic agent into the peritoneal metastases (26-29).
The PIPAC procedure as a palliative monotherapy is often repeated every
four to eight weeks, aiming for long-term stabilisation of intraperitoneal disease
whilst only minimally affecting quality of life (22, 23). Some centres also offer PIPAC
alternated with palliative systemic chemotherapy (i.e. bidirectional therapy), which
12
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may further increase tumour response but this may be at the cost of a decrease
in quality of life during treatment.

General opinion of PIPAC

1

Given its sound rationale, the straightforwardness of the procedure, and the
expected negligible additional impact on quality of life, the interest in PIPAC has
grown exponentially since its introduction in 2012. As of 2021, 66 active PIPAC
centres from twenty countries have performed nearly 6000 PIPAC procedures,
although mainly outside the context of a clinical trial (23). These centres offer
PIPAC to patients with unresectable peritoneal metastases from various primary
tumours, including colorectal cancer, ovarian cancer, gastric cancer, hepatopancreato-biliary cancer, pseudomyxoma peritonei, and malignant peritoneal
mesothelioma. In some centres, PIPAC is also offered in the (neo-) adjuvant setting
or as maintenance therapy. Altogether, to date, more than 200 manuscripts have
been published on PIPAC.
Despite this impressive number, most manuscripts are based on retrospective
cohort studies with a small number of patients and a high degree of clinical
heterogeneity (30). So far, no results from large prospective studies or randomized
controlled trials have been published. In the majority of the available studies,
PIPAC was offered to patients with peritoneal metastases from various primary
tumours, receiving either PIPAC monotherapy or PIPAC with concomitant systemic
therapy, in various lines of palliative treatment. However, these studies did not
provide stratified results for these factors. Although several research groups
previously systematically reviewed the available evidence, none of them focused
on oxaliplatin-based PIPAC (PIPAC-OX) for patients with unresectable colorectal
peritoneal metastases (31, 32). As previously described, this is a relevant group
of patients and therefore chapter 5 describes a systematic review of available
evidence on the role of PIPAC-OX in these patients.
This systematic review confirmed the lack of prospective studies. Therefore,
it remains unknown whether PIPAC-OX is safe and feasible for patients with
unresectable colorectal peritoneal metastases, whether these patients have any
benefit from PIPAC-OX, how PIPAC-OX affects quality of life of patients, whatthe
systemic pharmacokinetic properties of oxaliplatin are when administered as
a pressurized intraperitoneal aerosol, and what the financial costs are of this
treatment. This emphasizes the need for prospective studies that investigate
PIPAC-OX in a clinically homogeneous population.
Hence the CRC-PIPAC trial was initiated to prospectively investigate these
outcomes in patients with unresectable colorectal peritoneal metastases treated
13
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with repetitive PIPAC-OX monotherapy. The study protocol is described in chapter
6. The safety, feasibility, and oncological outcomes of repetitive PIPAC-OX
monotherapy are described and discussed in chapter 7. The patient-reported
outcomes during repetitive PIPAC-OX monotherapy are explored in chapter
8 and compared with patient-reported outcomes from patients undergoing
regular colorectal cancer surgery in chapter 9. The systemic pharmacokinetics
of oxaliplatin after administration by PIPAC are described in chapter 10, while
chapter 11 explores the total costs of repetitive PIPAC-OX monotherapy.
As previously described, repetitive PIPAC-OX alternated with palliative systemic
chemotherapy aims to further maximize tumour response and improve survival.
Althoug appealing from an oncological point of view, the potential impact of this
intensified treatment on the quality of life is currently unknown. Therefore, using
the knowledge that was gathered during the CRC-PIPAC study, a follow-up study
was initiated: CRC-PIPAC-II. In this trial, the safety, feasibility, oncological outcomes,
patient-reported outcomes, systemic pharmacokinetics, and costs in patients with
unresectable colorectal peritoneal metastases treated with repetitive PIPAC-OX
alternated with palliative systemic chemotherapy are investigated. The study
protocol of the CRC-PIPAC-II study is described in chapter 12.

General aim of this thesis
The aim of this thesis is to gain more insight into the incidence, current treatment
and prognosis of patients with colorectal peritoneal metastases and to explore
new treatment options.

14
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Chapter 2

Abstract
Introduction: To investigate the incidence of, factors associated with, and
differences between synchronous and metachronous colorectal peritoneal
metastases (CPM) in a population-based cohort.
Materials and Methods: Data from the Netherlands Cancer Registry were used.
All patients diagnosed with colorectal cancer (CRC) between January 1 st and June
30 th 2015 were evaluated for synchronous or metachronous CPM (diagnosis ≤90
or >90 days after surgery for primary CRC, respectively) in 2019 (median followup 38.4 months).
Results: Of 7233 included patients, 409 (5.7%) were diagnosed with synchronous
CPM. Factors associated with synchronous CPM were mucinous (Odds Ratio [OR]
2.72, 95% Confidence Interval [CI] 1.90-3.90) or signet ring cell (SRC) histology
(OR 6.58, 95% CI: 3.66-11.81), T4 (OR 4.82, 95% CI 3.68-6.32), N1 (OR 1.66, 95% CI:
1.20-2.30), or N2 stage (OR 3.27, 95% CI: 2.36-4.52), and synchronous systemic
metastases (SM) (OR 3.13, 95% CI: 2.37-4.14). After surgery for primary CRC, 326
patients developed metachronous CPM after a median time of 14.7 months (3year cumulative incidence: 5.5%). Factors associated with metachronous CPM were
younger age (Hazard Ratio [HR] 1.63, 95% CI: 1.10-2.42), mucinous (HR 1.84, 95% CI:
1.20-2.82) or SRC histology (HR 2.43, 95% CI: 1.11-5.32), T4 (HR 2.77, 95% CI: 2.07-3.70),
N1 (HR 2.90, 95% CI: 2.18-3.85), N2 (HR 3.19, 95% CI: 2.26-4.50), and synchronous
SM (HR 1.95, 95% CI: 1.43-2.66).
Conclusion: This population-based study found the highest incidence of CPM
currently reported in literature and a strong association between the presence of
synchronous SM and both synchronous and metachronous CPM. These findings
may contribute to a tailored approach in the follow-up after primary CRC surgery
and guide future clinical trials investigating new strategies regarding risk-reduction
or early detection of metachronous CPM.
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Introduction
With over a million new cases yearly, colorectal cancer (CRC) is the third most
prevalent cancer worldwide (1). Although the treatment of CRC has evolved
into a multimodality approach including surgery, radiotherapy and/or systemic
chemotherapy, recurrent disease after curative treatment is common. After the
liver, the peritoneum is the second most common metastatic site for CRC spread
(2, 3).
For long, CRC with peritoneal metastases was considered a non-curative
disease and therefore, its treatment gained little interest from scientific research.
However, a randomized controlled trial from 2003 showed that cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) led to a
significantly better survival than palliative systemic therapy only (4). Therewith, a
curative treatment option for these patients was introduced. Consequently, this led
to an increasing interest in this disease aiming to improve its treatment, which has
resulted in the performance of several large clinical trials (5, 6).
Unfortunately, the majority of patients have extensive, unresectable
intraperitoneal disease at time of diagnosis and are only eligible for palliative
systemic chemotherapy. In these patients, experimental treatment options
like pressurized intraperitoneal aerosol chemotherapy (PIPAC) or prolonged
intraperitoneal chemotherapy in addition to palliative systemic therapy are
currently being explored in clinical trials (7, 8).
The high proportion of patients presenting with extensive intraperitoneal disease
may be explained by the lack of clinical symptoms and poor detection rates of
currently available imaging methods (9, 10). To overcome this phenomenon, several
clinical trials are investigating new options to reduce the risk of metachronous
peritoneal metastases by means of new adjuvant treatment strategies after
surgery for primary CRC and to detect metachronous peritoneal metastases in
an earlier stage during follow-up (11-13).
Hence, there is a growing scientific interest in peritoneal metastases of CRC.
Reliable, up-to-date epidemiological data are needed to form a basis for future
clinical trials and to translate the findings to the impact on current clinical practice,
since previously reported incidences are based on older cohorts from 1995 to
2011 (2, 3, 14-16). The present population-based study aimed to provide insight in
the differences between patients with synchronous and metachronous colorectal
peritoneal metastases, and the incidence of and factors associated with the
development of synchronous and metachronous colorectal peritoneal metastases.

2
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Materials and Methods
Data source
This nationwide population-based cohort study was performed with data from
the Netherlands Cancer Registry, in which all newly diagnosed malignancies in
the Netherlands are registered (17). These data on patient, tumour and treatment
characteristics were routinely collected by trained data-managers. The anatomical
sites of the primary tumour and metastases were registered according to the
International Classification of Disease – Oncology (ICD-O). The primary tumours
were staged according to the seventh edition of the Tumour Node Metastasis
(TNM) classification. In case of an unknown pathological TNM stadium, the clinical
TNM stadium was used. So far, the NCR only provided follow-up information on
vital status, which was obtained by annual linkage to the municipal administrative
database that registers all deceased and emigrated inhabitants of the Netherlands.
However, in 2019, data-managers from the NCR re-evaluated all CRC patients
diagnosed between January 1 st and June 30 th 2015 to obtain follow-up information
regarding local or systemic recurrences and their treatment. For the present study,
the latest linkage to the municipal administrative database for vital status was
performed in February 2020. Since all data were anonymized, no approval of the
medical ethics committee was required for this study.
Patients and characteristics
All patients diagnosed with CRC between January 1 st and June 30 th 2015 in the
Netherlands were evaluated. Patients were excluded if they had a tumour located
in the appendix, a neuroendocrine tumour or a tumour with histology other than
adenocarcinoma. In patients with multiple primary colorectal tumours, the firstly
diagnosed tumour was included, or, if simultaneously diagnosed, the tumour
with the highest TNM stage was included. The tumour location was subdivided
into three anatomical subsites according to the ICD-O codes: 1) right-sided colon
(C18.0, C18.2-18.4: caecum, ascending colon, hepatic flexure, transverse colon); 2)
left-sided colon (C18.5-18.7: splenic flexure, descending colon and sigmoid); and
3) rectum (C19.9-20.9: rectosigmoid and rectum). The histology of the primary
tumour was divided into adenocarcinoma (8000, 8010, 8020, 8140, 8144, 8210,
8211, 8220 8255, 8261, 8262, 8263, 8560), mucinous adenocarcinoma (8480, 8481)
or signet ring cell carcinoma (8490). Data on occurrence, location, and timing of
colorectal metastases was included, with locations being defined as peritoneal
metastases (C16.0-C16.9, C17.0-C17.9, C18.0- C18.9, C19.9, C20.9, C21.8, C23.9, C26.9,
C48.0-C48.8, C49.4-C49.5, C52.9, C53.9, C54.0-C54.9, C55.9, C56.9, C57.0-C57.8,
C66.9, C67.0- C67.9, C76.2) or systemic metastases (any other metastatic location).
22
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Metastases were defined as synchronous metastases if diagnosed ≤90 days after
surgery for primary CRC (or ≤90 days after diagnosis if no surgery for CRC was
performed) and were defined as metachronous metastases if diagnosed >90
days after surgery for primary CRC. In patients without synchronous peritoneal
metastases, only patients who underwent surgery for primary CRC were selected
for further analyses (i.e. determining the 1- and 3-year cumulative incidence
of metachronous metastases). Patients with a high-risk primary tumour (i.e. T4
tumour or lymph node involvement)) were considered to have received adjuvant
systemic chemotherapy if they started systemic chemotherapy (a fluoropyrimidine
with oxaliplatin, fluoropyrimidine monotherapy, or a not-otherwise specified
chemotherapy regimen) without targeted therapy within 90 days after surgery
for primary CRC.

2

Statistical analyses
The cumulative incidence of metachronous peritoneal metastases at 1 and 3 years
after primary surgery for CRC was calculated considering death as competing
event, as death may precede the development of metachronous peritoneal
metastases. Differences in the cumulative incidence of metachronous peritoneal
metastases were compared with the Gray’s test according to the presence of
synchronous systemic metastases, and, in high-risk patients, according to the
administration of adjuvant systemic therapy. Baseline characteristics were
compared between patients with synchronous and patients with metachronous
peritoneal metastases. Differences in continuous variables between patients
with synchronous or metachronous peritoneal metastases were compared using
unpaired t-tests and presented as a mean (±standard deviation [SD]). Differences
in categorical variables between groups were compared using Χ 2 -tests and
presented as n (%). Missing data were not included in comparative analyses.
Univariable logistic regression analyses were performed to identify factors
associated with the presence of synchronous peritoneal metastases. Variables
with a p<0.10 were subsequently combined in a multivariable logistic regression
model. Similarly, univariable cox competing risk regression analyses considering
death as competing event were performed to identify factors associated with the
development of metachronous peritoneal metastases, and variables with a p<0.10
were subsequently combined in a multivariable cox competing risk regression
model. Dummy variables of missing data were included in the multivariable
analyses. Both multivariable regression models were performed with respect to the
number of patients with peritoneal metastases (10 events per degree of freedom)
to prevent overfitting of the multivariable model.
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The Kaplan Meier method was used to estimate the interval from surgery for
primary CRC to diagnosis of metachronous peritoneal metastases for patients with
or without synchronous systemic metastases, given the possibly more aggressive
tumour biology which may be associated with a higher metastatic potential.
Finally, a subgroup analysis was performed in patients with an indication
for adjuvant systemic therapy according to the Dutch national guideline for the
treatment of CRC in 2015 (i.e. T4 tumours and/or lymph node involvement)(18). This
subgroup analysis included uni- and multivariable cox competing risk regression
analyses, and a calculation of the cumulative incidence of metachronous peritoneal
metastases stratified for the administration of adjuvant systemic chemotherapy.
All tests were two-sided and p<0.050 was considered statistically significant.
All analyses were performed using SAS statistical software (SAS system 9.4, SAS
Institute, Cary, NC, United States).

Results
Study population & incidence of synchronous and metachronous peritoneal metastases
The final study population comprised 7233 patients. Figure 1 contains the study
flowchart and provides an overview of the occurrence and onset (i.e. synchronous
versus metachronous) of systemic and peritoneal metastases. In total, 409 (5.7%)
patients were diagnosed with synchronous peritoneal metastases: 166 (2.3%) had
solitary synchronous peritoneal metastases and 243 (3.4%) had both synchronous
systemic and peritoneal metastases. Among all patients without synchronous
peritoneal metastases who underwent surgery for primary CRC (n=5860), 326
patients were diagnosed with metachronous peritoneal metastases after a median
time of 14.7 months (IQR 9.1-22.4). The median follow-up for the diagnosis of
peritoneal metastases or last follow-up was 38.4 months (IQR 15.3-45.4).
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2

Figure 1. Flowchart of the study population with the incidence and onset of colorectal
peritoneal metastases

The 1- and 3-year cumulative incidence of metachronous peritoneal metastases
were 2.2% and 5.5%, respectively. Patients with synchronous systemic metastases
more often developed metachronous peritoneal metastases: 81 out of 485 patients
with synchronous systemic metastases who underwent surgery for primary CRC
developed metachronous peritoneal metastases, whereas 245 out of 5375 patients
without synchronous systemic metastases who underwent surgery for primary CRC
developed metachronous peritoneal metastases, resulting in 1-year cumulative
incidences of 8.2% vs. 1.7%, respectively, and 3-year cumulative incidences of 17.0%
vs. 4.5%, respectively. Median time from surgery for primary CRC to diagnosis of
metachronous peritoneal metastases was 15.0 months (IQR 9.7-22.3) for patients
without synchronous systemic metastases and 12.5 months (IQR 7.3-23.0) for
patients with synchronous systemic metastases (p<0.001, Figure 2).
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Figure 2. Proportion of patients with metachronous peritoneal metastases after surgery
for primary CRC, stratified for synchronous systemic metastases.

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

Synchronous
peritoneal
metastases
(n=409)

Metachronous P value
peritoneal
metastases
(n=326)

69 ± 12

67 ± 11

0.062

Male

225 (55)

180 (55)

0.956

Female

184 (45)

146 (45)

ASA 1

29 (7)

63 (19)

ASA 2

138 (34)

162 (50)

ASA ≥3

75 (18)

56 (17)

Missing data

167 (41)

45 (14)

Right colon

186 (45)

122 (37)

Left colon

173 (42)

129 (40)

Rectum

50 (12)

75 (23)

Good/moderate

167 (41)

241 (74)

Poor/undifferentiated

67 (16)

51 (16)

Missing data

175 (43)

34 (10)

Adenocarcinoma

313 (77)

282 (86)

Mucinous adenocarcinoma

65 (16)

35 (11)

Signet ring cell carcinoma

31 (6)

9 (3)

T0-3

117 (29)

207 (63)

T4

192 (47)

119 (37)

Missing data

99 (24)

0 (0)

N0

83 (20)

92 (28)

N1

104 (25)

126 (39)

N2

165 (40)

106 (32)

Missing data

57 (14)

2 (1)

Age (years)

2

Sex

ASA score
<0.001

Primary tumour location
<0.001

Tumour differentiation
<0.001

Tumour histology
0.001

Tumour stage
<0.001

Nodal stage
<0.001

Synchronous systemic metastases
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Table 1. Baseline characteristics of patients with colorectal peritoneal metastases.
(continued)

Synchronous
peritoneal
metastases
(n=409)

Metachronous P value
peritoneal
metastases
(n=326)

No

166 (41)

245 (75)

Yes

243 (59)

81 (25)

No

203 (50)

288 (88)

Yes

24 (6)

20 (6)

Missing data

182 (44)

18 (6)

<0.001

Colon perforation
<0.001

All values are mean ± standard deviation or n (%); ASA American society of
anesthesiologists score; SD standard deviation. aMissing data were not included in
comparative analyses.

Factors associated with synchronous peritoneal metastases
Univariable logistic regression analyses are depicted in Supplementary Table
2.1. Multivariable logistic regression analyses identified the following factors to
be positively associated with the presence of synchronous peritoneal metastases
(Table 2): tumour histology of a mucinous adenocarcinoma (OR 2.72, 95% CI 1.903.90), a signet ring cell carcinoma (OR 6.58, 95% CI 3.66-11.81), T4 tumour stage (OR
4.82, 95% CI 3.68-6.32), N1 (OR 1.66, 95% CI 1.20-2.30) or N2 stage (OR 3.27, 95% CI
2.36-4.52), and the presence of synchronous systemic metastases (OR 3.13, 95% CI
2.37-4.14). The following factors were negatively associated with the presence of
synchronous peritoneal metastases: ≥75 years of age at diagnosis (OR 0.78, 95%
CI 0.60-0.99) and a primary rectal tumour (OR 0.34, 95% CI 0.24-0.49).
Factors associated with metachronous peritoneal metastases
Univariable cox regression analyses are depicted in Supplementary Table 2.2. In
multivariable cox competing risk regression analyses, patients having mucinous
tumours (HR 1.84, 95% CI 1.20-2.82) or signet ring cell tumours (HR 2.43, 95% CI 1.115.32) were more likely to develop metachronous peritoneal metastases. Also, T4
(HR 2.77, 95% CI 2.07-3.70), N1 (HR 2.90, 95% CI 2.18-3.58) or N2 stage (HR 3.19, 95%
CI 2.26-4.50), and the presence of synchronous systemic metastases (HR 1.95, 95%
CI 1.43-2.66) were positively associated with metachronous peritoneal metastases.
Metachronous peritoneal metastases did not occur more frequently in patients
who presented with tumour perforation (Table 3).
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Table 2. Multivariable logistic regression analyses for the presence of synchronous
peritoneal metastases after primary tumour resection.

Synchronous
peritoneal
metastases

Multivariable logistic regression
analyses

N(%)

OR

95% CI

2

P value

Age (years)
<50

27 (9)

1.13

0.69-1.87

0.628

50-74

249 (5)

Ref.

Ref.

Ref.

≥75

133 (6)

0.78

0.60-0.99

0.049

Male

225 (5)

-

-

-

Female

184 (6)

-

-

-

29 (3)

0.68

0.43-1.06

0.087

Sex

ASA stage
ASA 1
ASA 2

138 (4)

Ref.

Ref.

Ref.

ASA ≥3

75 (6)

1.28

0.92-1.78

0.143

Missing data

167 (10)

0.94

0.70-1.28

0.706

186 (8)

1.01

0.79-1.30

0.922

Primary tumour location
Right colon
Left colon

173 (6)

Ref.

Ref.

Ref.

Rectum

50 (2)

0.34

0.24-0.49

<0.001

Primary tumour
differentiation
Good/moderate

167 (3)

Ref.

Ref.

Ref.

Poor/none

67 (11)

1.25

0.88-1.77

0.212

Missing data

175 (15)

1.84

1.38-2.46

<0.001

Adenocarcinoma

313 (5)

Ref.

Ref.

Ref.

Mucinous
adenocarcinoma

65 (12)

2.72

1.90-3.90

<0.001

Signet ring cell
carcinoma

31 (38)

6.58

3.66-11.81

<0.001

T0-3

118 (2)

Ref.

Ref.

Ref.

T4

192 (19)

4.82

3.68-6.32

<0.001

Missing data

99 (27)

3.30

2.25-4.83

<0.001

Tumour histology

Tumour stage

Nodal stage
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Table 2. Multivariable logistic regression analyses for the presence of synchronous
peritoneal metastases after primary tumour resection. (continued)

N0

Synchronous
peritoneal
metastases

Multivariable logistic regression
analyses

N(%)

OR

95% CI

P value

83 (2)

Ref.

Ref.

Ref.

N1

104 (6)

1.66

1.20-2.30

0.002

N2

165 (15)

3.27

2.36-4.52

<0.001

Missing data

57 (15)

2.69

1.75-4.12

<0.001

Synchronous systemic
metastases
No

166 (3)

Ref.

Ref.

Ref.

Yes

243 (18)

3.13

2.37-4.14

<0.001

No

203 (3)

Ref.

Ref.

Ref.

Yes

24 (10)

1.45

0.88-2.40

0.149

Missing data

182 (16)

2.31

1.75-3.06

<0.001

Tumour perforation

ASA American society of anesthesiologists score; OR odds ratio; CI confidence
interval
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Table 3. Multivariable cox regression analyses for the development of metachronous
peritoneal metastases after primary tumour resection.

Metachronous
peritoneal
metastases

Multivariable cox regression
analysis

N(%)

HR

95% CI

P value

2

Age (years)
<50

24 (9)

1.63

1.10-2.42

0.015

50-74

221 (5)

Ref.

Ref.

Ref.

≥75

81 (4)

0.94

0.72-1.22

0.632

Male

180 (5)

-

-

-

Female

146 (5)

-

-

-

63 (6)

-

-

-

Sex

ASA stage
ASA 1
ASA 2

162 (5)

-

-

-

ASA ≥3

56 (5)

-

-

-

Missing data

45 (5)

-

-

-

Right colon

122 (7)

1.01

0.78-1.31

0.939

Left colon

129 (6)

Ref.

Ref.

Ref.

Rectum

75 (4)

0.92

0.69-1.23

0.576

Good/moderate

241 (5)

Ref.

Ref.

Ref.

Poor/none

51 (11)

1.15

0.82-1.61

0.426

Missing data

34 (6)

0.79

0.50-1.24

0.303

Adenocarcinoma

282 (5)

Ref.

Ref.

Ref.

Mucinous
adenocarcinoma

35 (8)

1.84

1.20-2.82

0.005

Signet ring cell
carcinoma

9 (21)

2.43

1.11-5.32

0.026

T0-3

207 (4)

Ref.

Ref.

Ref.

T4

119 (19)

2.77

2.07-3.70

<0.001

92 (3)

Ref.

Ref.

Ref.

Primary tumour location

Primary tumour
differentiation

Tumour histology

Tumour stage

Nodal stage
N0
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Table 3. Multivariable cox regression analyses for the development of metachronous
peritoneal metastases after primary tumour resection. (continued)

Metachronous
peritoneal
metastases

Multivariable cox regression
analysis

N(%)

HR

95% CI

P value

126 (10)

2.90

2.18-3.85

<0.001

N2

106 (15)

3.19

2.26-4.50

<0.001

Missing data

2 (1)

0.83

0.19-3.71

0.807

Clear resection margins

286 (6)

Ref.

Ref.

Ref.

No clear resection
margins

27 (18)

1.50

0.94-2.39

0.089

Missing data

13 (2)

0.70

0.38-1.29

0.250

No

245 (5)

Ref.

Ref.

Ref.

Yes

81 (17)

1.95

1.43-2.66

<0.001

No

288 (5)

Ref.

Ref.

Ref.

Yes

20 (10)

0.81

0.48-1.35

0.410

Missing data

18 (5)

0.92

0.57-1.49

0.728

N1

Primary tumour resection
margins

Synchronous systemic
metastases

Tumour perforation

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

Subgroup analysis in patients with high-risk tumours
In all patients with T4 tumour stage and/or lymph node involvement (n=2242), the
cumulative incidence of metachronous peritoneal metastases were 5.0% and 11.2%
at 1 and 3 years after surgery for primary CRC, respectively (Figure 3). In patients
who received adjuvant treatment (n=1024), the 1- and 3-year cumulative incidences
of metachronous peritoneal metastases were 3.5% and 9.8%, respectively. In
patients who did not receive adjuvant treatment (n=1218), the 1- and 3-year
cumulative incidences of metachronous peritoneal metastases were 6.3% and
12.8%, respectively. Uni- and multivariable cox competing risk regression analyses
showed that adjuvant treatment was significantly associated with a lower risk
of metachronous peritoneal metastases (HR 0.65, 95% CI 0.48-0.88). Also, the
absence of clear resection margins of the primary tumour was associated with a
32

Robin_Lurvink_BNW_V1.indd 32

23-02-2022 09:59

Increase in the incidence of synchronous and metachronous peritoneal metastases

significantly higher risk of metachronous peritoneal metastases (HR 1.75, 95% CI
1.12-2.75). The associations between the other factors and metachronous peritoneal
metastases were similar to those in the total study population (Supplementary
Table 2.3 [univariable cox regression] and Table 4 [multivariable cox regression]).

2

Figure 3. Proportion of patients with high-risk primary tumours with metachronous peritoneal metastases after surgery for primary CRC, stratified for adjuvant systemic therapy
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Table 4. Multivariable cox regression analyses in high-risk primary tumours for the
likelihood of metachronous peritoneal metastases after primary tumour resection.

Metachronous Multivariable cox regression
analysis
peritoneal
metastases
N(%)

HR

95%CI

P value

<50

24 (18)

1.91

1.24-2.94

0.003

50-74

168 (11)

Ref.

Ref.

Ref.

≥75

65 (11)

0.84

0.62-1.15

0.275

Male

139 (11)

-

-

-

Female

118 (12)

-

-

-

ASA 1

47 (12)

-

-

-

ASA 2

131 (11)

-

-

-

ASA ≥3

41 (10)

-

-

-

Missing data

38 (14)

-

-

-

Right colon

105 (14)

1.11

0.84-1.47

0.481

Left colon

105 (12)

Ref.

Ref.

Ref.

Rectum

47 (8)

0.56

0.38-0.82

0.003

Good/moderate

182 (11)

Ref.

Ref.

Ref.

Poor/none

46 (16)

1.29

0.93-1.80

0.133

Missing data

29 (13)

0.82

0.49-1.36

0.435

Adenocarcinoma

218 (11)

Ref.

Ref.

Ref.

Mucinous adenocarcinoma

30 (15)

1.83

1.15-2.92

0.010

Signet ring cell carcinoma

9 (31)

3.59

1.59-8.11

0.002

Clear resection margins

227 (11)

Ref.

Ref.

Ref.

No clear resection margins

24 (21)

1.75

1.12-2.75

0.015

Missing data

6 (8)

0.80

0.34-1.84

0.594

Age (years)

Sex

ASA score

Primary tumour location

Primary tumour differentiation

Tumour histology

Primary tumour resection
margins

Synchronous systemic
metastases
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Table 4. Multivariable cox regression analyses in high-risk primary tumours for the
likelihood of metachronous peritoneal metastases after primary tumour resection.
(continued)

Metachronous Multivariable cox regression
analysis
peritoneal
metastases

2

N(%)

HR

95%CI

P value

No

191 (10)

Ref.

Ref.

Ref.

Yes

66 (18)

1.52

1.11-2.07

0.009

No

225 (11)

-

-

-

Yes

17 (12)

-

-

-

Missing data

15 (12)

-

-

-

No

154 (13)

Ref.

Ref.

Ref.

Yes

103 (10)

0.65

0.48-0.88

0.005

Tumour perforation

Adjuvant treatment

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

Discussion
The present study showed that synchronous peritoneal metastases were diagnosed
in 5.7% of CRC patients. The 3-year cumulative incidence of metachronous
peritoneal metastases was 5.5%, which developed after a median time of 14.7
months after surgery for primary CRC. This is the highest incidence of colorectal
peritoneal metastases reported to date in population-based studies (2, 3, 14-16)
and therefore provides an up-to-date overview of the incidence of and factors
associated with colorectal peritoneal metastases in a population-based cohort
in which modern diagnostic and treatment strategies were applied. As such, this
study will be of additional value to previously published studies and provides a
basis for future clinical research regarding the prevention, detection, and treatment
of this severe disease.
Previously published population-based studies reported an incidence of 4.7%
and 4.8% for synchronous PM (patients diagnosed between 1995 and 2011) (3, 19)
and 3.5% and 4.9% for metachronous PM (patients diagnosed between 1995 and
2008) (14, 16). The higher incidence found in the present study, which comprised
patients who were diagnosed with CRC in 2015, may be due to the expansion of
both knowledge and awareness of this disease during follow-up after primary
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CRC surgery (especially in patients with high-risk tumours), accompanied by
improvements in diagnostic imaging techniques.
Besides T4 tumour stage, lymph node involvement and mucinous or signet
ring cell histology, which have previously been identified as high-risk features
for peritoneal metastases (14, 16, 20, 21), the presence of synchronous systemic
metastases was strongly associated with both synchronous and metachronous
peritoneal metastases compared to patients without synchronous systemic
metastases. This suggests that a more intensive follow-up of the peritoneal cavity
is designated in patients with curatively treated synchronous systemic metastases,
and it may also guide future patient selection for clinical trials investigating new
approaches to prevent or detect metachronous peritoneal disease after primary
surgery for CRC in an early stage.
In the subgroup of patients with high risk tumours (i.e. T4 tumour stage and/
or lymph node involvement), adjuvant systemic therapy after surgery for primary
CRC was associated with a lower risk to develop metachronous peritoneal
metastases. Nevertheless, still 10% of patients who received adjuvant systemic
chemotherapy developed metachronous peritoneal metastases. This stresses
the need to further improve adjuvant treatment regimens to further lower the
incidence of metachronous peritoneal metastases. However, two recently
published studies investigated new strategies to lower the risk on metachronous
peritoneal metastases, but both showed negative results: the PROPHYLOCHIP
trial did not show a benefit in disease-free survival of an additional systematic
second-look surgery plus oxaliplatin-HIPEC in 150 patients with perforated CRC
or non-perforated CRC with synchronous peritoneal or ovarian metastases who
all underwent extensive adjuvant oxaliplatin-based systemic chemotherapy (11).
The COLOPEC trial, in which 204 patients with perforated or T4 colon cancer were
included, also concluded that adjuvant oxaliplatin-HIPEC shortly after surgery
did not improve peritoneal metastases-free survival over adjuvant systemic
chemotherapy alone (12). Hence, the currently available treatment strategies
aiming to minimise the risk of metachronous peritoneal metastases in patients
with high risk colorectal cancer are insufficient, emphasising the need for future
research.
As the clinical diagnosis of peritoneal metastases is complicated due to
limited sensitivity of currently available imaging techniques, as well as the lack
of symptoms in most patients before advanced disease stages, the COLOPEC II
trial was initiated. This currently recruiting trial investigates second- and thirdlook surgeries (without HIPEC) after primary surgery with or without adjuvant
systemic therapy for T4 tumour stage CRC with or without lymph node involvement
(13). However, patients presenting with synchronous systemic metastases are
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excluded from this trial. Considering the results of the present study, future research
focusing on different strategies for the prevention and treatment of metachronous
peritoneal metastases should also consider to include patients with synchronous
systemic metastases given their high risk of metachronous peritoneal metastases.
Although the present study provides new insights in both synchronous and
metachronous peritoneal metastases, it has some potential drawbacks. Firstly,
given its retrospective design, it was unknown whether all primary tumour
resections were performed with curative intent, especially in the subgroup of
patients with synchronous systemic metastases. Palliative tumour resection could
have been a treatment strategy in case of obstructive disease without aiming for
curation in some patients. In these patients undergoing treatment with palliative
intent, a higher incidence rate of metachronous peritoneal metastases could
have been the case. Finally, data on the extent of peritoneal disease (peritoneal
cancer index) was lacking, which may also have been associated with the patient
characteristics included in this study.
In conclusion, the present study provides updated and new insights into the
incidence of and factors associated with synchronous and metachronous peritoneal
metastases, based on an up-to-date nationwide cohort. Besides well-known risk
factors for metastatic disease in CRC (i.e. T4 tumours, lymph node involvement),
the presence of synchronous systemic metastases was strongly correlated with
the development of metachronous peritoneal metastases. Although adjuvant
treatment lowered the risk of metachronous peritoneal metastases in patients
with high risk tumours, the incidence of metachronous peritoneal metastases was
still remarkably higher than in the general cohort. This suggests that, particularly in
these patients, currently available treatment strategies may be insufficient and new
treatment strategies are designated. These findings may contribute to a tailored
approach in the follow-up of patients after primary CRC surgery and guide future
clinical trials investigating new strategies for the risk-reduction and early detection
of metachronous peritoneal metastases after colorectal surgery.

2
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Abstract
Introduction: This study aimed to assess the impact of open or laparoscopic
resection of primary colorectal cancer (CRC) on the development of metachronous
colorectal peritoneal metastases (CPM) in a population-based cohort.
Materials and Methods: This was a retrospective, population-based study
(Netherlands Cancer Registry) of CRC patients who underwent open or
laparoscopic resection of the primary tumour in the Netherlands between January
1st and June 30th 2015. Patients with synchronous metastases were excluded. CPM
were considered metachronous if diagnosed ≥90 days after open or laparoscopic
resection of primary CRC. Multivariable cox regression analysis was performed
to correct for tumour location, histology, and differentiation, tumour and nodal
stage, tumour perforation, primary surgery type, and unclear resection margins.
Results: In total, 1516 CRC patients underwent open resection and 3236 CRC
patients underwent laparoscopic resection, with a 3-year cumulative incidence of
metachronous CPM of 7.3% and 3.7%, respectively (p<0.001), after median followup of 42 months. In multivariable analysis, the surgical approach was significantly
associated with the development of metachronous CPM: HR 1.4 [95%CI 1.1-1.8].
Other prognostic factors were mucinous adenocarcinoma histology (HR 1.6, 95%CI
1.0-2.5), T4 stage (HR 3.2, 95%CI 2.3-4.5), N1 stage (HR 2.9, 95%CI 2.1-4.0), and N2
stage (HR 4.2, 95%CI 2.9-6.1).
Discussion: Patients treated with open resection had a significantly higher risk to
develop metachronous CPM than patients treated with laparoscopic resection. The
mechanisms underlying this phenomenon remain unknown but might be related to
a difference in per-operative specimen handling, tumour spill, surgical trauma and
pro-inflammatory response. This finding might imply the need for a personalized
follow-up after primary resection of CRC.
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Introduction
Colorectal cancer (CRC) is the second most prevalent cancer worldwide, with
an incidence of nearly two million patients in 2020 (1). Despite the improvement
of curative treatment options, recurrent disease occurs frequently. In CRC, the
peritoneum is the second most prevalent metastatic site, after the liver (2-4).
Considering that curative-intent cytoreductive surgery for limited colorectal
peritoneal metastases (CPM) is associated with a more favourable prognosis,
timely detection of CPM is of utmost importance (5-7). Unfortunately, CPM
are difficult to detect on conventional imaging during regular follow-up and
subsequently patients often present with advanced disease. Several factors,
such as an advanced TNM stage at diagnosis, and mucinous or signet ring cell
tumour histology have been found to be associated with an increased incidence
of metachronous CPM. Thus, these parameters can be used to optimize follow-up
for early detection of CPM (4).
In a previous population-based study we showed that synchronous CPM
were less frequently diagnosed during laparoscopic resection than during open
resection (8). It was hypothesized that CPM might have been overlooked during
laparoscopy due to an insufficient overview of the peritoneal cavity and the lack of
tactile feedback. Furthermore, differences in per-operative specimen handling may
result in iatrogenic tumour spill, also increasing the chance of peritoneal seeding.
If both of these hypotheses were true, this should result in an increased number of
patients in whom the peritoneal metastases are diagnosed during follow-up (i.e.
metachronous CPM). A single-centre retrospective cohort study in patients with T4
colon cancer seemed to confirm this hypothesis, as they found a greater incidence
of metachronous CPM after laparoscopic resection (9). Such a finding could have
serious consequences for the treatment of CRC, since laparoscopic resection has
been increasingly applied given the lower complication rate, lower mortality, less
major morbidity and a shorter hospital stay than open resection (10, 11).
Therefore, this study aimed to assess the impact of an open or laparoscopic
approach on the incidence of metachronous peritoneal metastases in patients who
underwent surgical treatment for CRC in a population-based cohort.

3
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Methods
Data source
Data from the Netherlands Cancer Registry (NCR), which registers all newly
diagnosed malignancies in the Netherlands, were used for this nationwide
population-based cohort study. Trained data-managers routinely collect these
data from hospital records. The International Classification of Disease – Oncology
(ICD-O) was used to register the anatomical sites of the primary tumour and
metastases, and the seventh edition of the Tumour Node Metastasis (TNM)
classification was used to classify the tumour and nodal status. The clinical TNM
stage was used when the pathological TNM stage was not available.
Normally, the NCR contains information on the primary tumour, metastases
diagnosed at the time of diagnosis of the primary tumour, and primary treatment,
after which a yearly update of the vital status is performed by linkage to the Dutch
municipal administrative database. In 2019, the NCR data-managers performed a
re-evaluation of all CRC patients diagnosed between January 1st 2015 and June 30 th
2015, aiming for follow-up information on local or systemic recurrences and their
treatment. All data were anonymized. No approval of a medical ethics committee
was required.
Patients and characteristics
All patients diagnosed with CRC between January 1 st and June 30 th 2015 in the
Netherlands were included in the current study. If more than one primary colorectal
tumour was diagnosed in the same patient, only the firstly diagnosed tumour
was included, or, if simultaneously diagnosed, the tumour with the highest TNM
stage was included. The location of the primary tumour was categorized into
three anatomical subsites: 1) right-sided colon (C18.0, C18.2-18.4: cecum, ascending
colon, hepatic flexure, transverse colon); 2) left-sided colon (C18.5-18.7: splenic
flexure, descending colon and sigmoid); and 3) rectum (C19.9-20.9: rectosigmoid
and rectum). Primary tumour histology was categorized into three subtypes: 1)
adenocarcinoma (8000, 8010, 8020, 8140, 8144, 8210, 8211, 8220 8255, 8261, 8262,
8263, 8560); 2) mucinous adenocarcinoma (8480, 8481); and 3) signet ring cell
carcinoma (8490).
Patients were excluded if they had a primary tumour located in the appendix,
a neuroendocrine primary tumour, a non-adenocarcinoma tumour histology, or
synchronous metastases. The following ICD-O codes were considered peritoneal
metastases: C16.0-C16.9, C17.0-C17.9, C18.0-C18.9, C19.9, C20.9, C21.8, C23.9, C26.9,
C48.0-C48.8, C49.4-C49.5, C52.9, C54.3-C54.9, C55.9, C56.9, C57.0-C57.8, C66.9,
C67.0-C67.9, C76.2.
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Among patients who underwent open or laparoscopic resection of primary
CRC, follow-up data was used to assess the occurrence of metachronous
peritoneal metastases (≥90 days after surgery for primary CRC). Patients in whom
a laparoscopic resection was converted to open resection were considered to have
undergone open resection.
Statistical analyses
The 1- and 3-year cumulative incidence of metachronous CPM after open and
laparoscopic resection of primary CRC was calculated considering death as
competing event. Time to event was calculated from the date of surgery to the
date of last follow-up (censor), diagnosis of metachronous CPM (event of interest),
or death (competing event). The Gray’s test was used to compare differences in
the cumulative incidence of metachronous CPM.
Baseline characteristics were compared between patients who underwent
open or laparoscopic resection of primary CRC. Differences in continuous variables
were compared with the unpaired t-test and presented as a mean (± standard
deviation [SD]), and differences in categorical variables were compared using
Chi-squared tests and presented as n (%). Missing data were excluded from
comparative analyses.
Univariable cox regression analyses with death as competing event were
performed to identify factors associated with the development of metachronous
CPM. Time to event was calculated from the date of surgery to the date of last
follow-up (censor), diagnosis of metachronous CPM (event of interest), or death
(competing event). Variables with a p<0.100 were combined in a multivariable cox
regression model with respect to the number of patients developing metachronous
CPM (10 events per degree of freedom) to prevent overfitting of the multivariable
model. Dummy variables of missing data were included in the regression analyses.
All tests were two-sided and p<0.050 was considered statistically significant. All
analyses were performed using SAS statistical software (SAS system 9.4, SAS
Institute, Cary, NC, United States).

3
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Results
Study population
The final study population comprised 4752 patients with CRC without synchronous
metastases of whom 1516 underwent open resection (31.9%) and 3236 underwent
laparoscopic resection (68.1%) of the primary CRC tumour (Figure 1).
Table 1 contains an overview of the study population, stratified for surgical
approach. Patients who underwent laparoscopic resection were younger, more
often had a lower ASA classification, a primary tumour located in the rectum,
an adenocarcinoma histology, good or moderate tumour differentiation, a T0-3
tumour stage, an N0 nodal stage, clear resection margins, and a non-perforated
colon than patients who underwent open resection.

Figure 1. Study flowchart.

CRC Colorectal cancer
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Table 1. Baseline characteristics

Open
surgery
N=1516

Laparoscopic
surgery
N=3236

Sex

0.551

Male

882 (58)

1853 (57)

Female

634 (42)

1383 (43)

70 ± 11

68 ± 9

1

174 (11)

631 (20)

2

746 (49)

1789 (55)

3-4

388 (26)

517 (16)

Missing data*

208 (14)

299 (9)

Right colon

618 (41)

950 (29)

Left colon

575 (38)

1220 (38)

Rectum

323 (21)

1066 (33)

Age

P value

ASA

3

<0.001
<0.001

Primary tumour location

<0.001

Primary tumour histology

0.006

Adenocarcinoma

1345 (89)

2964 (92)

Mucinous adenocarcinoma

155 (10)

248 (8)

Signet ring cell carcinoma

16 (1)

24 (1)

Good/moderate

1179 (78)

2704 (84)

Poor/none

160 (11)

218 (7)

Missing data*

177 (12)

314 (10)

Primary tumour differentiation

<0.001

Tumour stage

<0.001

T0-3

1239 (82)

3013 (93)

T4

276 (18)

222 (7)

Missing data*

1 (0)

1 (0)

N0

933 (62)

2183 (67)

N1

375 (25)

730 (23)

N2

208 (14)

322 (10)

Missing data*

0 (0)

1 (0)

No

1320 (87)

3068 (95)

Yes

112 (7)

49 (2)

Nodal stage

<0.001

Colon perforation

<0.001

47

Robin_Lurvink_BNW_V1.indd 47

23-02-2022 10:00

Chapter 3
Table 1. Baseline characteristics (continued)

Open
surgery
N=1516

Laparoscopic
surgery
N=3236

84 (6)

119 (4)

Not clear

54 (4)

52 (2)

Clear

1446 (95)

3169 (98)

Missing data

16 (1)

15 (0)

Missing data*
Resection margins

P value

<0.001

*the category ‘missing data’ was not included in chi square analyses; Percentages
might not add up to or exceed 100% due to rounding.

Figure 2. Cumulative incidence of metachronous peritoneal metastases after open or laparoscopic resection.

CPM Colorectal peritoneal metastases, CRC Colorectal cancer.
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Metachronous colorectal peritoneal metastases
A total of 244 patients were diagnosed with metachronous CPM after a median
follow-up of 42.4 months (interquartile range [IQR] 30.3-46.3). After open
resection, 117 out of 1516 patients developed metachronous CPM, with a 1- and
3-year cumulative incidence of metachronous CPM of 3.3% (95% CI 2.5-4.3) and
7.3% (95% CI 6.1-8.7), respectively. After laparoscopic resection, 127 out of 3235
patients developed metachronous CPM, with a 1- and 3-year cumulative incidence
of metachronous CPM of 1.2% (95% CI 0.8-1.6) and 3.7% (95% CI 3.1-4.5), respectively
(p<0.001) (Figure 2).
In multivariable cox competing risk regression analysis (Table 2; univarible
cox competing risk regression analysis in Supplementary Table 3.1), a statistically
significant association between open resection and the development of
metachronous CPM (HR 1.4, 95% CI 1.1-1.8) was observed. Furthermore, the
following factors were also associated with the development of metachronous
CPM: histology of a mucinous adenocarcinoma (HR 1.6, 95% CI 1.0-2.5), T4 tumour
stage (HR 3.2, 95% CI 2.3-4.5), N1 nodal stage (HR 2.9, 95% CI 2.1-4.0), and N2 nodal
stage (HR 4.2, 95% CI 2.9-6.1).

3
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Table 2. Multivariable cox competing risk regression analysis for the development of
metachronous peritoneal metastases.

Metachronous PM Multivariable analysis
N (%)

HR

95% CI

P value

Laparoscopic

127 (4)

Ref

Ref

Ref

Open

117 (8)

1.4

1.1-1.8

0.016

Male

132 (5)

-

-

-

Female

112 (6)

-

-

-

<50

16 (8)

-

-

-

50-74

158 (5)

-

-

-

≥75

70 (5)

-

-

-

ASA 1

40 (5)

-

-

-

ASA 2

128 (5)

-

-

-

ASA 3-6

46 (5)

-

-

-

Missing data

30 (6)

-

-

-

Right colon

108 (7)

1.2

0.9-1.6

0.188

Left colon

87 (5)

Ref

Ref

Ref

Rectum

49 (4)

1.0

0.7-1.4

0.848

Adenocarcinoma

204 (5)

Ref

Ref

Ref

Mucinous
adenocarcinoma

31 (8)

1.6

1.0-2.5

0.042

Signet ring cell
carcinoma

9 (23)

2.3

0.9-5.4

0.053

Good/moderate

176 (5)

Ref

Ref

Ref

Poor/none

39 (10)

1.2

0.9-1.8

0.247

Missing data

29 (6)

0.8

0.5-1.3

0.329

149 (4)

Ref

Ref

Ref

Primary surgery type

Sex

Age

ASA score

Primary tumour
location

Tumour histology

Primary tumour
differentiation

Tumour stage
T0-3
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Table 2. Multivariable cox competing risk regression analysis for the development of
metachronous peritoneal metastases. (continued)

Metachronous PM Multivariable analysis
N (%)

HR

95% CI

P value

95 (19)

3.2

2.3-4.5

<0.001

N0

72 (2)

Ref

Ref

Ref

N1

91 (8)

2.9

2.1-4.0

<0.001

N2

81 (15)

4.2

2.9-6.1

<0.001

No

215 (5)

Ref

Ref

Ref

Yes

17 (11)

1.0

0.5-1.8

0.960

Missing data

12 (6)

1.0

0.6-1.8

0.901

Clear

223 (5)

Ref

Ref

Ref

Not clear

18 (17)

1.3

0.7-2.3

0.370

Missing data

3 (10)

0.8

0.2-2.6

0.688

T4
Nodal stage

3

Tumour perforation

Resection margins

ASA American Society of Anaesthesiologists score, CI confidence interval, HR Hazard
Ratio, OS overall survival, PM peritoneal metastases.

Discussion
This population-based study aimed to assess the impact of open or laparoscopic
approach for CRC on the development of metachronous peritoneal metastases.
Patients who underwent open resection of the primary tumour had a significantly
higher risk of developing CPM than patients who underwent laparoscopic
resection. This finding contributes to the growing support of the laparoscopic
approach given its superior short-term outcomes (i.e. shorter hospital stay, lower
complication rate, lower mortality, less major morbidity (10, 11)).
Previously, we reported a lower rate of synchronous CPM detected during
laparoscopic resection than during open resection (8). It was hypothesized that
the limited overview of the entire peritoneal cavity and the lack of tactile feedback
during laparoscopic surgery increased the risk of overlooking peritoneal deposits,
resulting in a lower rate of CPM diagnosed during surgery. Eventually, after being
overlooked during primary laparoscopic resection, this would subsequently have
to lead to a greater number of patients diagnosed with ‘metachronous’ CPM. This
phenomenon would be similar to that of the surgical assessment of the peritoneal
cancer index, which is also often underestimated during laparoscopic surgery as
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compared to open surgery (12). However, this hypothesis was not confirmed by the
current study. Instead, the opposite appeared to be true with patients undergoing
laparoscopic resection of primary CRC being less frequently diagnosed with
metachronous CPM than those who underwent open resection of primary CRC.
The explanation for this phenomenon remains to be elucidated. A possibility
may be a difference in surgical trauma as open surgery is known to result in a larger
trauma and subsequently a more pronounced pro-inflammatory response (13, 14).
This may result in higher levels of cytokines and growth factors intraperitoneally
which may promote the survival and outgrowth of spilled malignant cells into
peritoneal metastases. Another reason might be that the embryological plane of
dissection are better preserved with subsequent less tumour spill in laparoscopic
resection. Unfortunately, these data are not present within national cohort registries
and this hypothesis remains to be confirmed by other studies.
However, the differences may also be caused by patient selection. Indeed,
patients who underwent open resection more frequently had a T4 tumour
stage, nodal involvement, and poorer tumour differentiation. These confounders
were corrected for in multivariable regression analysis. Open resection was
still associated with a significantly higher incidence of metachronous CPM.
Nevertheless, residual confounding may be present since not all variables that
express a poorer tumour biology (e.g. KRAS and/or BRAF mutations, presence of
vascular invasion) or factors that complicate laparoscopic surgery (e.g. abdominal
wall involvement, acute setting, colonic obstruction) were included in the current
analyses, as these were not available for the majority of patients. Adding these
factors to the analyses could increase the accurateness of the multivariable model.
The results of the current study further contribute to the growing rationale
in favour of the laparoscopic approach, which is considered superior over the
open approach in terms of most short-term outcomes (i.e. hospital stay, mortality,
morbidity) (10, 11). The superiority of the laparoscopic approach in terms of longterm outcomes, specifically disease-free and overall survival, remains to be
confirmed, given the contrasting results of previous studies (10, 15, 16). Nevertheless,
the current finding that open resection is associated with an increased incidence
of metachronous CPM should not be taken as an argument that all primary CRC
resections should be performed by a laparoscopic approach: it remains unclear
whether the surgical approach itself is causing the difference in the incidence of
metachronous CPM. In several clinical situations, an open approach may still be
preferred, such as an acute setting, colon perforation, T4 tumour, or a history of
extensive abdominal surgery (17).
Besides the identification of additional risk factors for metachronous CPM,
research should also focus on its prevention. In theory, adjuvant (intraperitoneal)
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chemotherapy could reduce the risk of metachronous CPM. Nevertheless, two
randomized controlled trials were not able to detect a clinical benefit of adjuvant,
mainly oxaliplatin-based, intraperitoneal chemotherapy (18, 19). However,
this could also be related to the choice of cytostatic agent, since peritoneal
metastases predominantly consist of the consensus molecular subtype 4 (CMS4), which is considered generally resistant to oxaliplatin (20-22). The introduction
of CPM-derived organoids could allow for a personalized selection of adjuvant
(intraperitoneal) chemotherapy (23), aiming to prevent the development of
metachronous CPM or to improve their treatment if they develop despite adjuvant
therapy.
A limitation of the current study is that residual confounding may still be present
because some variables (e.g. KRAS and/or BRAF mutations, presence of vascular
invasion) were not available from the NCR. Future studies should focus on the
impact of these potentially prognostic factors.
This study also has several merits; it is the first large population-based cohort
to investigate the impact of open versus laparoscopic approach on the incidence
of metachronous CPM. Also, the NCR is characterized by highly accurate and
complete data registration rates, contributing to the interpretability of the results
(24). Finally, all patients in the current cohort were diagnosed in 2015 and thus
treated according to the same national guideline for CRC, reducing the chance of
bias due to changes in recommended treatments over time.
Results of the current study add further insight into the factors being associated
with the development of metachronous CPM. Combined, these can further assist
health care providers to select patients that might benefit from intensified followup or adjuvant treatment, aiming for the early detection of, and to reduce the
development of, metachronous CPM.

3

Conclusion
Open resection was significantly associated with a higher incidence of peritoneal
metastases, although the explanation for this phenomenon remains to be
elucidated. However, this finding may further contribute to the development of
a personalized follow-up and treatment of patients after primary resection of
CRC, aiming for the early detection and reduce the development of metachronous
peritoneal metastases.
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Abstract
Introduction: This study aimed to compare treatment strategies and survival of
patients with synchronous colorectal peritoneal metastases (CPM) and patients
with metachronous CPM in a nationwide cohort.
Materials and Methods: All patients from the Netherlands Cancer Registry with
synchronous or metachronous CPM whose primary colorectal cancer (CRC) was
diagnosed between January 1st and June 30th 2015 were included in the study.
Treatments were categorized as (A) cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy (CRS-HIPEC); (B) palliative treatment; or (C) best
supportive care. Overall survival (OS) for all the patients and disease-free survival
(DFS) for those who underwent CRS-HIPEC were compared between the two
groups.
Results: Of 7233 patients, 743 had a diagnosis of CPM, including 409 patients
with synchronous CPM and 334 patients with metachronous CPM. The median
OS was 8.1 months for the patients with synchronous CPM versus 12 months for
the patients with metachronous CPM (p=0.003). After multivariable correction, OS
no longer differed between the patients with synchronous CPM and those with
metachronous CPM (HR 1.03, 95% CI 0.83-1.27). The patients with metachronous
CPM more often underwent CRS-HIPEC than the patients with synchronous CPM
(16% vs 8%, p=0.001). The two groups did not differ statistically in terms of DFS and
OS (median DFS 21.5 vs 14.1 months, respectively, p=0.094; median OS 37.8 vs 35.8
months, respectively, p=0.553).
Discussion: This population-based study showed that survival for the patients with
synchronous CPM and patients with metachronous CPM did not significantly differ.
This suggests that a similar prognosis may be expected for patients selected for
treatment regardless of the onset of CPM.

58

Robin_Lurvink_BNW_V1.indd 58

23-02-2022 10:00

Treatment and prognosis in synchronous or metachronous peritoneal metastases

Introduction
Colorectal cancer (CRC) is the third most common malignancy worldwide (1).
Approximately one third of patients are confronted with metastatic disease,
either at the time of diagnosis or later during follow-up evaluation after curative
treatment (2). After the liver, the peritoneum is the second most common metastatic
site of CRC (3, 4). Colorectal peritoneal metastases (CPM) occur in about 10% of
CRC patients and are either diagnosed during the initial treatment of the primary
tumour (synchronous peritoneal metastases) or during follow-up evaluation
(metachronous peritoneal metastases)(2).
Although the risk factors for synchronous and metachronous CPM are alike (2),
it is unknown whether the primary tumour behaviour differs between synchronous
peritoneal metastases and metachronous peritoneal metastases. A different
tumour behaviour may result in a different prognosis and therefore require
adjusted treatment strategies (5, 6).
Recently, an Italian society of experts in peritoneal surface malignancies defined
and approved different diagnostic and therapeutic algorithms for synchronous
peritoneal metastases and metachronous peritoneal metastases (7). However,
most international guidelines do not take the presentation of CPM into account in
recommendations regarding treatment (8-11). Also, in some randomized trials, the
synchronous or metachronous presentation of CPM is used as a stratification factor
(12). Still, it remains unclear whether any differences exist between synchronous
CPM and metachronous CPM and, if so, how this affects prognosis in an unselected
population.
This population-based study aimed to provide insight into the treatment
strategies and prognosis of patients with synchronous CPM and those with
metachronous CPM and to identify characteristics associated with prognosis,
providing an up-to-date basis for future clinical research investigating patients
with synchronous CPM and those with metachronous CPM.

4
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Materials and methods
Data source
Data from the Netherlands Cancer Registry (NCR) were used for the performance
of the current nationwide population-based cohort study. The NCR registers all
newly diagnosed malignancies in the Netherlands, and trained data managers
from the NCR routinely collect patient, tumour, and treatment characteristics.
Each year, the vital status of all patients is checked by linkage to the municipal
administrative database, in which all deaths of Dutch inhabitants are registered.
For the current study, the latest linkage to the municipal administrative database
was performed in February 2020.
In 2019, all patients who were diagnosed with CRC between January 1st and June
30 th 2015 were reassessed to obtain follow-up information on locoregional and/
or systemic recurrences and their treatment. All data were rendered anonymous,
obviating approval for the study by the medical ethics committee.
Patients and characteristics
The study excluded patients with an appendiceal tumour, a neuro-endocrine
tumour, or a tumour with histology other than adenocarcinoma. For the analyses,
the study included only patients who experienced synchronous or metachronous
peritoneal metastases, defined as present in any of the following metastatic
locations according to the International Classification of Disease-Oncology (ICDO): C16.0–C16.9, C17.0–C17.9, C18.0–C18.9, C19.9, C20.9, C21.8, C23.9, C26.9, C48.0–
C48.8, C49.4–C49.5, C52.9, C53.9, C54.0–C54.9, C55.9, C56.9, C57.0–C57.8, C66.9,
C67.0–C67.9, or C76.2. All metastases in other locations were registered as systemic
metastases. Metastases were considered synchronous if diagnosed 90 days or less
after surgery for primary CRC or 90 days or less after diagnosis if no surgery for
primary CRC was performed. Among the patients without synchronous peritoneal
metastases, only those who underwent surgery for primary CRC were evaluated
for the development of metachronous metastases. Metastases were considered
metachronous if diagnosed more than 90 days after surgery for primary CRC.
The primary tumour location was subcategorized according to the ICD-O as
(1) right-sided colon (C18.0, C18.2–18.4): caecum, ascending colon, hepatic flexure,
transverse colon; (2) left-sided colon (C18.5-C18.7): splenic flexure, descending
colon and sigmoid; or (3) rectum (C19.9-20.9): rectosigmoid and rectum. The
primary tumour histology was defined as adenocarcinoma (8000, 8010, 8020,
8140, 8144, 8210, 8211, 8220, 8255, 8261-8263, 8560), mucinous adenocarcinoma
(8480, 8481), or signet ring cell carcinoma (8490).
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The treatment of peritoneal metastases was defined as (1) cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) regardless
of additional systemic chemotherapy and/or radiotherapy; (2) palliative treatment:
systemic chemotherapy, metastasectomy, and/or radiotherapy without curative
intent; or (3) no tumour-directed treatment, only best supportive care (BSC).
Statistical analyses
The baseline characteristics of the patients with synchronous peritoneal metastases
were compared with those of patients with metachronous peritoneal metastases.
Continuous variables are presented as mean ± standard deviation and were
compared using the unpaired t test. Categorical variables are presented as
number (%) and were compared with the Chi-square test. Different treatment
strategies between the patients with synchronous and those with metachronous
peritoneal metastases were compared using the Chi-square test. All the tests were
two-sided, and a p value lower than 0.05 was considered statistically significant.
Median overall survival (OS) was determined with the Kaplan-Meier method
and compared between the patients with synchronous CPM and those with
metachronous CPM, as well as stratified for treatment, using the log-rank test.
The median OS was calculated from the first diagnosis of peritoneal metastases
until death or loss to follow-up. Disease free survival (DFS) was determined only
for the patients who underwent CRS-HIPEC until the diagnosis of new metastases
(locoregional and/or systemic metastases).
Univariable cox regression analyses were performed for the patients with
peritoneal metastases (as one group) and for the patients with synchronous
or metachronous peritoneal metastases (as two groups) to identify risk factors
affecting OS. Variables with a p value lower than 0.10 were subsequently combined
in multivariable cox regression models with respect to the number of deaths in each
group (10 deaths per degree of freedom to prevent overfitting of the multivariable
model). Dummy variables of missing data were included in the multivariable
analyses. All analyses were performed using SAS statistical software (SAS system
9.4, SAS Institute, Cary, NC, USA).

4
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Results
Study population
Between January 1 st and June 30 th 2015, CRC was diagnosed in 7233 patients.
Of these patients, 409 (5.7%) presented with synchronous peritoneal metastases.
During follow-up, metachronous peritoneal metastases were diagnosed in 334
(5.7%) of 5860 patients without synchronous peritoneal metastases who underwent
surgery for primary CRC. The median follow-up period after surgery was 38.4
months (interquartile range [IQR] 15.3-45.4). The baseline characteristics of the
patients with synchronous CPM and those with metachronous CPM are presented
in Table 1. Poorly differentiated or undifferentiated tumours, T4 tumour stage, and
synchronous systemic metastases were more frequently diagnosed in patients with
synchronous peritoneal metastases than in those with metachronous peritoneal
metastases.
Table 1. Baseline characteristics

Synchronous PM
(n=409)

Metachronous
PM (n=334)

P value *

69 ± 12

67 ± 11

0.062

Male

225 (55)

185 (55)

0.918

Female

184 (45)

149 (45)

ASA 1

29 (7)

63 (19)

ASA 2

138 (34)

165 (49)

ASA ≥3

75 (18)

57 (17)

Missing data

167 (41)

49 (15)

Right-sided colon

186 (45)

126 (38)

Left-sided colon

173 (42)

132 (39)

Rectum

50 (12)

76 (23)

Age (years)
Sex

ASA
<0.001

Primary tumour location
<0.001

Tumour differentiation
Good/moderate

167 (41)

248 (74)

Poor/undifferentiated

67 (16)

52 (16)

Missing data

175 (43)

34 (10)

313 (77)

282 (86)

0.002

Tumour histology
Adenocarcinoma

0.001
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Table 1. Baseline characteristics (continued)

Synchronous PM
(n=409)

Metachronous
PM (n=334)

Mucinous adenocarcinoma 65 (16)

35 (11)

Signet ring cell carcinoma

31 (6)

9 (3)

T0-3

118 (29)

210 (63)

T4

192 (47)

124 (37)

Missing data

99 (24)

0 (0)

N0

83 (20)

97 (29)

N1

104 (25)

126 (38)

N2

165 (40)

109 (32)

Missing data

57 (14)

2 (1)

No

166 (41)

252 (75)

Yes

243 (59)

82 (25)

No

203 (50)

293 (88)

Yes

24 (6)

21 (6)

Missing data

182 (44)

20 (6)

P value *

Tumour stage
<0.001

4

Nodal stage
<0.001

Synchronous systemic
metastases
<0.001

Colon perforation
0.106

All values are mean ± standard deviation or n (%); *Missing data were not included
in the Chi-squared analyses; ASA American association of anesthesiologists; PM
peritoneal metastases.

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

Disease Free Survival
The DFS of patients with synchronous or metachronous peritoneal metastases
who underwent CRS-HIPEC is shown in Figure 2. The median DFS was 14.1 months
(IQR 8.2-29.2) for the patients with synchronous peritoneal metastases and 21.5
months (IQR 8.0-not reached) for the patients with metachronous peritoneal
metastases, but the difference was not statistically significant (p=0.094). The site(s)
of first recurrence after CRS-HIPEC in patients with synchronous or metachronous
peritoneal metastases are shown in Figure 3. No differences in the pattern of
recurrence were observed between the patients with synchronous peritoneal
metastases and those with metachronous peritoneal metastases (p=0.950).
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Figure 2. Disease-free survival after CRS-HIPEC

Figure 3. Sites of first recurrent disease after CRS-HIPEC
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Overall survival
The median OS of all the patients with peritoneal metastases was 9.1 months (IQR
2.6-22.5 months), with a one year OS of 44% and a three year OS of 13%. The patients
with synchronous peritoneal metastases had a worse OS (median 8.1 months, IQR
2.0-22.5) than the patients with metachronous peritoneal metastases (median
12.0 months, IQR 3.5-25.5)(p=0.003, Figure 4a). However, after multivariable cox
regression analyses, the presentation of peritoneal metastases did not affect
OS significantly (HR 1.03, 95% CI 0.83-1.27; univariable cox regression analyses in
Supplementary Table 4.1; multivariable cox regression analyses in Table 2).
For the patients who underwent CRS-HIPEC, the median OS of the entire cohort
was 36.0 months (IQR 22.5-not reached). The median OS did not differ significantly
between the patients with synchronous peritoneal metastases (35.8 months, IQR
26.2-not reached) and those with metachronous peritoneal metastases (37.8
months, IQR 17.3-not reached)(p=0.553; Figure 4b).
For the patients who received palliative treatment, the median OS of the entire
cohort was 12.2 months (IQR 4.9-22.7). The median OS was worse for the patients
with synchronous peritoneal metastases (10.0 months, IQR 3.6-20.6) than for those
with metachronous peritoneal metastases (15.4 months, IQR 6.8-25.6)(p<0.001;
Figure 4c).
For the patients who received only BSC, the median OS of the entire cohort
was 1.8 months (IQR 0.9-3.9). The median OS was worse for the patients with
synchronous peritoneal metastases (1.3 months, IQR 0.6-3.2) than for the patients
with metachronous peritoneal metastases (2.1 months, IQR 1.0-4.6)(p=0.021, Figure
4d).

66

Robin_Lurvink_BNW_V1.indd 66

23-02-2022 10:00

Treatment and prognosis in synchronous or metachronous peritoneal metastases

4

Figure 4a-b. Overall survival of patients with synchronous or metachronous peritoneal
metastases.
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Figure 4c-d. Overall survival of patients with synchronous or metachronous peritoneal
metastases.

68

Robin_Lurvink_BNW_V1.indd 68

23-02-2022 10:00

Treatment and prognosis in synchronous or metachronous peritoneal metastases

Table 2. Multivariable cox regression analyses for overall survival of the entire study
cohort

Median OS Multivariable cox regression
(months)
analyses
HR

95% CI

P value

Age
<50

15.6

0.84

0.61-1.15

0.283

50-74

11.9

Ref

Ref

Ref

≥75

4.2

1.05

0.86-1.26

0.654

Male

9.4

-

-

-

Female

8.7

-

-

-

17.6

0.92

0.69-1.22

0.571

4

Sex

ASA score
ASA 1
ASA 2

12.1

Ref

Ref

Ref

ASA 3-6

5.7

1.16

0.93-1.45

0.202

Missing data

4.6

1.26

1.02-1.56

0.034

7.3

Ref

Ref

Ref

Primary tumour location
Right colon
Left colon

11.4

0.87

0.73-1.05

0.141

Rectum

9.7

1.12

0.88-1.44

0.356

Primary tumour differentiation
Good/moderate

14.2

Ref

Ref

Ref

Poor/undifferentiated

3.6

2.00

1.57-2.52

<0.001

Missing data

5.3

1.21

0.97-1.51

0.096

9.5

Ref

Ref

Ref

Tumour histology
Adenocarcinoma
Mucinous adenocarcinoma

9.1

0.83

0.64-1.07

0.148

Signet ring cell carcinoma

3.8

1.51

1.06-2.15

0.024

Tumour stage
T0-3

9.5

Ref

Ref

Ref

T4

11.7

1.12

0.92-1.35

0.257

Missing data

3.7

1.20

0.90-1.60

0.220

12.8

0.82

0.66-1.03

0.087

Nodal stage
N0
N1

10.8

1.01

0.83-1.23

0.937

N2

8.3

Ref

Ref

Ref
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Table 2. Multivariable cox regression analyses for overall survival of the entire study
cohort (continued)

Median OS Multivariable cox regression
(months)
analyses
HR

95% CI

P value

2.8

1.74

1.27-2.38

<0.001

No

12.1

Ref

Ref

Ref

Yes

6.7

1.22

1.02-1.47

0.034

12.2

Ref

Ref

Ref

Missing data
Synchronous systemic metastases

Tumour perforation
No
Yes

9.4

0.99

0.69-1.41

0.958

Missing data

8.2

1.06

0.86-1.31

0.593

Presentation of PM
Synchronous

8.1

Ref

Ref

Ref

Metachronous

12.0

1.03

0.83-1.27

0.813

Best supportive care

1.8

4.44

3.57-5.52

<0.001

Palliative treatment

12.2

Ref

Ref

Ref

CRS-HIPEC

36.0

0.40

0.29-0.55

<0.001

Treatment of PM

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

Factors associated with overall survival
The results of univariable cox regression analyses for the OS of the patients with
synchronous and those with metachronous peritoneal metastases are shown in
Supplementary Tables 4.2 and 4.3, respectively. The results of the multivariable cox
regression analyses of the patients with synchronous and those with metachronous
peritoneal metastases are shown in Tables 3 and 4, respectively.
For the patients with synchronous peritoneal metastases, the following
factors were significantly associated with a worse OS: an American Society of
Anaesthesiology (ASA) score of 3 or higher (HR 1.43, 95% CI 1.05-1.94), a primary
tumour located in the rectum (HR 1.63, 95% CI 1.15-2.31), and a poorly differentiated
or undifferentiated primary tumour (HR 2.06, 95% CI 1.48-2.85). Treatment with
CRS-HIPEC was significantly associated with better OS than palliative treatment
(HR 0.35, 95% CI 0.22-0.57). Best supportive care was significantly associated with
worse OS than palliative treatment (HR 4.11, 95% CI 3.00-5.63).
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For the patients with metachronous peritoneal metastases, the following
factors were significantly associated with a worse OS: a poorly differentiated or
undifferentiated primary tumour (HR 2.00, 95% CI 1.42-2.80) and signet ring cell
carcinoma (HR 2.70, 95% CI 1.24-5.88). An N0 status was significantly associated
with a better OS (HR 0.64, 95% CI 0.45-0.92). Treatment with CRS-HIPEC was
significantly associated with a better OS than palliative treatment (HR 0.43, 95%
CI 0.28-0.67). Best supportive care was significantly associated with a worse OS
than palliative treatment (HR 4.95, 95% CI 3.60-6.81).

4

Table 3. Multivariable Cox Regression analyses for overall survival in patients with
synchronous PM.

Median OS
(months)

HR

95% CI

P value

15.9

0.86

0.56-1.32

0.494

Age
<50
50-74

10.0

Ref

Ref

Ref

≥75

3.8

0.95

0.75-1.21

0.672

Sex
Male

8.4

-

-

-

Female

7.3

-

-

-

ASA stage
ASA 1

18.6

0.88

0.55-1.38

0.567

ASA 2

11.3

Ref

Ref

Ref

ASA ≥3

5.2

1.43

1.05-1.94

0.023

Missing data

3.8

1.31

1.01-1.72

0.049

Primary tumour location
Right-sided colon

7.0

Ref

Ref

Ref

Left-sided colon

9.9

0.93

0.74-1.17

0.545

Rectum

6.3

1.63

1.15-2.31

0.006

Good/moderate

14.9

Ref

Ref

Ref

Poor/none

3.7

2.06

1.48-2.85

<0.001

Missing data

5.3

1.23

0.94-1.59

0.130

8.2

Ref

Ref

Ref

Mucinous adenocarcinoma 9.9

0.81

0.59-1.11

0.191

Signet ring cell carcinoma

1.32

0.87-2.01

0.192

Primary tumour
differentiation

Tumour histology
Adenocarcinoma

4.2
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Table 3. Multivariable Cox Regression analyses for overall survival in patients with
synchronous PM. (continued)

Median OS
(months)

HR

95% CI

P value

7.8

Ref

Ref

Ref

Tumour stage
T0-3
T4

12.0

1.19

0.91-1.56

0.203

Missing data

3.7

1.25

0.91-1.71

0.163

N0

8.4

0.96

0.71-1.31

0.802

N1

9.0

0.97

0.73-1.28

0.812

N2

10.9

Ref

Ref

Ref

Missing data

2.8

1.70

1.21-2.39

0.002

No

10.6

Ref

Ref

Ref

Yes

5.5

1.18

0.93-1.49

0.174

Nodal stage

Synchronous systemic
metastases

Tumour perforation
No

12.6

Ref

Ref

Ref

Yes

13.3

0.80

0.49-1.30

0.366

Missing data

7.0

1.24

0.96-1.59

0.100

1.3

4.11

3.00-5.63

<0.001

Treatment of PM
Best supportive care
Palliative treatment

10.0

Ref

Ref

Ref

CRS- HIPEC

35.8

0.35

0.22-0.57

<0.001

ASA American association of anaesthesiologists; CI confidence interval; CRS
cytoreductive surgery; HIPEC hyperthermic intraperitoneal chemotherapy; HR hazard
ratio; OS overall survival; PM peritoneal metastases.
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Table 4. Multivariable Cox Regression analyses for overall survival in patients with
metachronous PM.

Median OS
(months)

HR

95% CI

P value

<50

14.5

0.84

0.52-1.35

0.472

50-74

14.3

Ref

Ref

Ref

≥75

4.6

1.19

0.86-1.64

0.294

Male

12.2

Ref

Ref

Ref

Female

10.4

1.01

0.78-1.30

0.969

ASA 1

16.4

0.95

0.65-1.38

0.775

ASA 2

12.2

Ref

Ref

Ref

ASA ≥3

6.1

0.87

0.62-1.23

0.420

Missing data

10.4

1.15

0.80-1.67

0.457

Right-sided colon

8.5

-

-

-

Left-sided colon

13.5

-

-

-

Rectum

12.4

-

-

-

Good/moderate

14.1

Ref

Ref

Ref

Poor/none

3.2

2.00

1.42-2.80

<0.001

Missing data

12.1

0.75

0.43-1.30

0.301

Adenocarcinoma

13.0

Ref

Ref

Ref

Mucinous
adenocarcinoma

6.6

1.22

0.74-2.01

0.434

Signet ring cell
carcinoma

3.2

2.70

1.24-5.88

0.012

T0-3

12.4

-

-

-

T4

11.2

-

-

-

N0

17.9

0.64

0.45-0.92

0.015

N1

12.2

1.08

0.80-1.46

0.622

Age

4

Sex

ASA stage

Primary tumour location

Primary tumour
differentiation

Tumour histology

Tumour stage

Nodal stage

73

Robin_Lurvink_BNW_V1.indd 73

23-02-2022 10:00

Chapter 4
Table 4. Multivariable Cox Regression analyses for overall survival in patients with
metachronous PM. (continued)

Median OS
(months)

HR

95% CI

P value

N2

5.3

Ref

Ref

Ref

Missing data

10.5

2.06

0.49-8.64

0.323

No

12.7

-

-

-

Yes

8.7

-

-

-

No

12.0

-

-

-

Yes

7.6

-

-

-

Missing data

13.1

-

-

-

No

9.0

Ref

Ref

Ref

Yes

17.4

0.84

0.63-1.13

0.250

Best supportive care

2.1

4.95

3.60-6.81

<0.001

Palliative treatment

15.4

Ref

Ref

Ref

CRS- HIPEC

37.8

0.43

0.28-0.67

<0.001

Synchronous systemic
metastases

Tumour perforation

Adjuvant treatment after
primary surgery for
colorectal cancer

Treatment of PM

ASA American association of anaesthesiologists; CI confidence interval; CRS
cytoreductive surgery; HIPEC hyperthermic intraperitoneal chemotherapy; HR hazard
ratio; OS overall survival; PM peritoneal metastases.
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Discussion
To the best of our knowledge, the current study was the first to compare treatment
strategies and survival between patients with synchronous CPM and those
with metachronous CPM in a nationwide cohort. Overall survival did not differ
significantly between the patients with synchronous peritoneal metastases and
those with metachronous peritoneal metastases after correction for covariables,
although the patients with metachronous peritoneal metastases were more often
treated with CRS-HIPEC than the patients with synchronous peritoneal metastases.
Moreover, neither OS nor DFS differed significantly between the patients with
synchronous peritoneal metastases and those with metachronous peritoneal
metastases who underwent CRS-HIPEC.
Although the OS of the patients with synchronous peritoneal metastases
and those with metachronous peritoneal metastases did not differ significantly
after correction for covariables, the more favourable crude OS of the patients
with metachronous peritoneal metastases could be explained in different ways.
First, the late presentation of metachronous peritoneal metastases may itself
suggest a less aggressive tumour behaviour, thus resulting in better OS. However,
metachronous peritoneal metastases occur primarily in patients with high-risk
tumours, for whom adjuvant systemic therapy after primary surgery is indicated
according to most national and international guidelines to minimize the risk of
metastatic recurrence (10, 13). Therefore, if metachronous peritoneal metastases
occur regardless of adjuvant systemic therapy, it may instead suggest a more
aggressive tumour biology.
Second, the better crude OS for patients with metachronous peritoneal
metastases may have been related to lead-time bias. After primary treatment for
CRC, these patients underwent standardized follow-up evaluation for several years,
which may have resulted in the early diagnosis of less advanced metachronous
peritoneal metastases. In contrast, synchronous peritoneal metastases may have
remained unnoticed until an advanced stage of disease given the absence of
clinical symptoms in most of these patients (14). The higher number of patients
with metachronous peritoneal metastases treated with CRS-HIPEC compared
with the number of patients with synchronous peritoneal metastases treated with
CRS-HIPEC in the current study supports this hypothesis. Furthermore, synchronous
CPMs are frequently discovered in an emergency setting in non-academic
hospitals that are not specialized HIPEC centres, which is known to affect the
likelihood of a patient eventually undergoing CRS-HIPEC (15).
In the current study, DFS and OS of the patients with synchronous peritoneal
metastases and those with metachronous peritoneal metastases who underwent

4
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CRS-HIPEC did not statistically differ. Another comparative study, which included
patients from two Dutch HIPEC centres, showed a significantly longer DFS of 15
months for 231 patients with synchronous peritoneal metastases compared with
11 months for 202 patients with metachronous peritoneal metastases, without a
difference in OS (16). Recently, Min Wong et al. (5) demonstrated no differences in
DFS, but showed a better OS for patients with metachronous peritoneal metastases
(45 months) than for patients with synchronous peritoneal metastases (27 months).
A similar trend was observed in a third study, with no difference in DFS but a better
OS for patients with metachronous peritoneal metastases (28 months) than for
patients with synchronous peritoneal metastases (7 months) (6). However, in the
latter study, survival was calculated from the diagnosis of primary CRC instead of
from the diagnosis of peritoneal metastases, explaining the much longer survival
of patients with metachronous CPM.
Other population-based studies that reported the survival of all patients with
synchronous peritoneal metastases demonstrated a median OS of 8 to 9 months
(diagnosis in 2002-2011) (4, 17), similar to that of the current study. For metachronous
peritoneal metastases, a median OS of 6 months was reported (diagnosis of
primary CRC in 2003-2008) (18), which is lower than the OS for the patients in
the current study. This improvement over time for patients with metachronous
peritoneal metastases may be due to improved diagnostic methods and better
follow-up evaluation, with higher awareness for metachronous peritoneal
metastases after primary surgery for CRC, especially because no improvement
was found in patients with synchronous peritoneal metastases. However, currently
available data on the association between the intensity of follow-up evaluation
for primary CRC treatment and OS is rather contradictory to two meta-analyses
conducted in 2019 (19) and 2016 (20) which concluded that the intensified
surveillance of CRC patients does not result in a cancer-specific survival benefit.
Furthermore, a systematic review from 2017 concluded that although patients
with stages 1 to 3 CRC may experience a survival benefit, the existence of this
benefit is questionable for patients with stage 4 CRC (21). In addition, a randomized
controlled trial concluded that more frequent carcinoembryonic antigen (CEA)
measurements resulted in earlier recurrence detection and a higher proportion
of patients who could be treated with curative intent. However, this did not result
in a survival benefit (22, 23). As previously noted, patients with synchronous CPM
were less likely to be treated with CRS-HIPEC, which may be responsible for this
phenomenon.
The extent of peritoneal metastases (peritoneal cancer index [PCI]) was unknown
for the patients included in the current study because this is not registered by the
NCR. The PCI is known to affect prognosis (24) and, hypothetically, the patients
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with metachronous peritoneal metastases may have had a lower PCI than the
patients with synchronous peritoneal metastases, explaining the higher percentage
of patients who had metachronous CPM treated with CRS-HIPEC. However, such
a difference was not observed in previous studies (5, 16). Furthermore, the primary
tumour being in situ in patients with synchronous peritoneal metastases may have
had a negative impact on treatment and prognosis. Moreover, some patients
with metachronous peritoneal metastases were excluded from this analysis if they
had not undergone surgery for primary CRC. These patients may have had a
worse prognosis because they were not able to undergo surgery. The exclusion
of patients who did not undergo surgery may have led to an overestimation of
the OS in the group of patients with metachronous peritoneal metastases. Also,
selection bias likely will have influenced the received treatment, possibly resulting
in overestimation of the beneficial effect of CRS-HIPEC and, to a lesser extent,
palliative treatment because patients who are fit enough to receive treatment
are more likely to actually undergo treatment than patients with a poor clinical
condition. Unfortunately, the NCR does not register the reason for choosing or
not choosing a certain treatment. Still, all patients were treated according to the
national guideline for CRC, which defines the selection criteria for eligibility to
receive CRS-HIPEC (e.g. PCI <20, limited small bowel involvement, absence of
systemic metastases).
In conclusion, the OS did not differ significantly between the synchronous CPM
and metachronous CPM patients. Also, with the subgroup of patients treated with
CRS-HIPEC, DFS and OS as well as the pattern of recurrence were comparable.
This suggests that a similar prognosis may be expected for patients selected to
undergo treatment, regardless of the onset of CPM.

4
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Abstract
Oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy (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, tumour response, quality of life, secondary cytoreductive surgery,
progression-free survival, overall survival, and environmental safety of PIPACOX. Results were narratively described. Of 28 included studies, only fourteen noncomparative studies separately reported at least one outcome of PIPAC-OX for
CPM, of which only two studies specifically focused on this group. These fourteen
studies reported adverse events (five studies), tumour response (five studies),
secondary cytoreductive surgery (four studies), progression-free survival (one
study), overall survival (five studies), and environmental safety (two studies). Except
for five 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.
Hence, 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.

82

Robin_Lurvink_BNW_V1.indd 82

23-02-2022 10:00

PIPAC-OX for colorectal peritoneal metastases - a systematic review

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
tumour 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 centres worldwide (10, 11). In these
centres, patients with CPM are treated with PIPAC with oxaliplatin (PIPAC-OX)
in an empirically chosen dosage of 92 mg/m 2 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, tumour response, quality of life, progression-free (PFS) and overall
(OS) survival, secondary cytoreductive surgery, and occupational safety in this
subgroup.

5
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Materials and 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 (IHJH) 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.
Search
On July 1 st 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 total number of
patients with CPM treated with PIPAC-OX who received previous palliative 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
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of patients with CPM treated with PIPAC-OX who were evaluable for outcome
assessment, and the total number of PIPAC-OX that these patients had 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 1. This review included 28 studies (fourteen
studies proceeded to data synthesis [13-26], fourteen studies were excluded
from data synthesis [27-40]). 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 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 tumour 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 fourteen 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 fourteen studies. In these studies,
the number of patients with CPM treated with PIPAC-OX ranged from 1 to 66
patients (median 13).
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Figure 1. Literature search and study selection
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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 PIPACOX (13-17), of which one study (17) did not provide the exact numbers of adverse
events and was therefore not included in the data synthesis (Table 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%), diarrhoea (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 subgroup 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 in 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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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
3). All but one patient received two or more procedures, and a response evaluation
was performed in these fourteen patients by computed tomography (CT), although
the definitions for CT assessment (e.g. Response Evalution Criteria in Solid Tumours)
were not provided. The study reported five patients (36%) with progressive disease,
five patients (36%) with stable disease, and four patients (28%) showed regression of
disease. Twelve out of fourteen patients (86%) received PIPAC-OX with concomitant
systemic therapy. The two patients who received PIPAC-OX monotherapy both
had progressive disease on CT.

5

Histopathological response
Although histopathological response was reported in twelve studies (15-21, 27-31),
only five provided separate results for patients with CPM treated with PIPACOX (Table 4A). 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 nineteen patients (58%), stable disease in ten patients (30%)
and progressive disease in four patients (12%). In three studies, four of eighteen
patients received PIPAC-OX monotherapy. In these four patients, regressive, stable,
and progressive disease was found in one, two and one patient, respectively. In
the fourth study, it was unclear whether these fifteen patients received PIPAC-OX
monotherapy or PIPAC-OX with concomitant systemic therapy (17).
Finally, one study used the tumour response grading system (Table 4B) (15).
Fourteen out of seventeen patients with CPM were evaluable, and complete, major,
partial, and no response was found in seven (50%), four (29%), one (7%), and two
(14%) patients, respectively. However, results were not separately reported for
patients receiving PIPAC-OX monotherapy and patients receiving PIPAC-OX with
concomitant systemic therapy.
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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 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 six patients
(33%) converted from positive to negative cytology, cytology remained stable in ten
patients (56%), and two patients (11%) 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.
The other study reported that two out of three patients were treated with
PIPAC-OX with concomitant systemic therapy. 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.

5

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 6) (17, 18,
21, 27, 36). The first study reported a decrease of ascites volume in three out of
seven patients (43%), but did not report on the other four patients (17). However,
macroscopic response was not separately reported for patients receiving PIPACOX monotherapy and patients receiving PIPAC-OX with concomitant systemic
therapy. The second study evaluated ascites volume in seven patients who had
all received PIPAC-OX with concomitant systemic therapy, and found a decrease
in ascites volume in four patients (57%) but an increase in three patients (43%) (18).
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 7) (18). Fourteen of fifteen patients with CPM received at least two PIPACOX and underwent response evaluation. Tumour markers were not determined in
four patients. In the other ten patients, tumour markers increased in two patients
(20%), decreased in six patients (60%), and remained stable in two patients (20%).
Out of two evaluable patients who did not receive PIPAC-OX with concomitant
systemic therapy, tumour 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 tumour marker was used.
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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).
Progression-free survival
PFS was reported in two studies (20, 29), but only one reported separate outcomes for
patients with CPM treated with PIPAC-OX (Table 8A) (20). They reported a median PFS
of 3 months in sixteen patients with CPM who 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.

5

Overall survival
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 8B). 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. Also, median OS was not
reached in two studies due to short follow-up.
Four studies also showed Kaplan Meier figures, of which a one 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.
Eligibility for cytoreductive surgery
Six studies provided results of a subgroup of patients who were able to undergo cytoreductive
surgery after treatment with PIPAC (15, 17, 25, 26, 31, 36), but two did not provide separate
results for patients with CPM treated with PIPAC-OX (Table 9).
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, three of 24 patients were
treated with PIPAC-OX with concomitant systemic therapy. 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 two out of seventeen
patients (12%) 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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Evaluated
patients

16 (b)

Evaluated
patients

ns

ns

32 (b)

75

42

Total PIPACOX

32 (b)

Total PIPACOX

Not
reached

Not
reached

27

21

15

Median
(months)

3

Median
(months)
ns

67%
(c)

60%
(c)

ns

60%
(c)

65%
(c)

First PIPAC

First PIPAC

ns

First PIPAC

First PIPAC

1 year Calculated
from

ns

1 year Calculated
from

5 (5-11) (e)

10 ± 4 (d)

ns

29 (?-?) (e)

22 ± 4 (d)

Follow-up
(months)

ns

Follow-up
(months)

(b) Reported in patients that underwent at least 2 PIPAC; (c) As estimated from Kaplan Meier survival curve; (d) Mean ± standard deviation;
(e) Median (interquartile range); ns, not shown; CRC, colorectal cancer; PIPAC-OX, Oxaliplatin-based pressurized intraperitoneal aerosol
chemotherapy.

CRC
patients
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Table 8. Progression free and overall survival
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Table 9. Eligibility for CRS

CRC
patients

Evaluated
patients

Total
PIPAC-OX

CRS performed

Demtroder (2016)(15)

17

17

42

2

Ellebaek (2020)(17)

24

24

75

0

Alyami (2019)(39)

31

31

ns

0

Girshally (2016)(40)

ns

ns

ns

6

CRC, colorectal cancer; 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.

5
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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 tumours,
and only two studies solely focused on patients with CPM treated with PIPAC-OX.
Of all included studies, fourteen studies provided at least one separate outcome
for patients with CPM treated with PIPAC-OX. Limitations of these fourteen 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 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 tumour 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 oxaliplatin.
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 reviews specifically focused on PIPAC-OX in patients with CPM alone and
none reported 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 PIPACOX 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 tumour 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
increasingly practiced in centres worldwide.
Thus, results from prospective cohorts or randomized controlled trials that
provide outcomes stratified for primary tumour location, administration of PIAPC102
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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 I dose
escalation studies for PIPAC-OX (45, 46) and there are six ongoing phase II-III
clinical studies investigating PIPAC-OX in patients with CPM (47-49; Netherlands
Trial Register, NL8303; ClinicalTrials.gov, NCT04329494; NCT03868228). 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 PIPACOX 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 (49, NCT04329494). 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.

5

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 oxaliplatin-based pressurized intraperitoneal
aerosol chemotherapy (ePIPAC-OX) is offered as a palliative treatment option
for patients with isolated unresectable colorectal peritoneal metastases (PM) in
several centres 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.
Materials and Methods: This multicentre, open-label, single-arm, phase II 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 four
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 tumour response.
Ethics and dissemination: This study is approved by an ethics committee, the Dutch
competent authority and the institutional review boards of both study centres.
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 favourable 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 doselimiting 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.

6

PIPAC
PIPAC is a laparoscopy-controlled repetitive intraperitoneal administration of lowdose chemotherapy as a pressurized aerosol (11, 12). It combines the theoretical
pharmacokinetic advantages of low-dose intraperitoneal chemotherapy (i.e. low
toxicity, high intraperitoneal concentration, low systemic concentration) with the
principles of an aerosol (homogenous intraperitoneal distribution) and intraabdominal 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 centres worldwide (23). In
these centres, patients with isolated unresectable colorectal PM usually receive
PIPAC with oxalipatin (PIPAC-OX) in an empirically chosen dosage of 92 mg/m 2
body surface area (BSA) every 4-6 weeks (23). Some centres use electrostatic
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precipitation of the aerosol during PIPAC-OX (ePIPAC-OX) (24, 25), since this could
increase tissue penetration of oxaliplatin (26).
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
twenty patients with isolated colorectal PM who received 37 procedures (35). They
concluded that repetitive PIPAC-OX causes a modest and transitory inflammatory
response without haematological, renal or hepatic toxicity (35). Demtröder et
al retrospectively included seventeen patients with isolated colorectal PM who
received 48 procedures within an off-label programme (36). They concluded
that repetitive PIPAC-OX induces regression of pre-treated 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 ePIPACOX, 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
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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.
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 maximises tumour 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 stabilise 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
I studies in which repetitive PIPAC-OX is administered in various pre-planned
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).
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Materials and Methods
Design and setting
This prospective, open-label, single-arm, phase II 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 ≤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 (haemoglobin ≥5.0 mmol/L, neutrophils ≥1.5x109/L,
platelets ≥100x109/L, serum creatinine <1.5x upper limit of normal [ULN],
creatinine clearance ≥30 mL/min and liver transaminases <5x 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;
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 tumour (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 1 shows a flowchart of the study. Table 1 presents a schedule of enrolment,
interventions and assessments.
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6

Figure 1. Flowchart of the CRC-PIPAC study.

B: Bloods; C: cytology; H: histopathology; P: pharmacokinetics; Q: questionnaires;
R: radiology; T: translational research; ePIPAC-OX, electrostatic pressurised
intraperitoneal aerosol chemotherapy with oxaliplatin; PM, peritoneal metastases.
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ePIPAC-OX
The procedure-related principles of (e)PIPAC have been extensively described
by Willaert 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 centres, the operating
personnel attended procedures in experienced PIPAC centres before performing
their first procedure. All procedures are performed under general anaesthesia.
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 mmHg 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 two to four weeks. If the procedure is considered feasible,
leucovorin (20 mg/m 2 BSA in 10 minutes) and bolus 5-fluorouracil (400 mg/m 2
BSA in 15 minutes) 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.
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 nebuliser (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 visualises the electrode and the
nebuliser. 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,
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a water seal drainage system, an infant-paediatric 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 nebuliser with
a saline-flushed high-pressure line protected by a plastic camera cover. A leakfree 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/
minute 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 video-laparoscopy 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 anaesthesia is ensured for at least another 40
minutes. 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 nebuliser by remote controlled activation
of the angiographic injector from outside the operating rom. After complete
formation of the oxaliplatin-containing aerosol in five minutes, 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 minutes. 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 minutes, 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 and the nebuliser 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.
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After ePIPAC-OX, the patients are admitted to the general surgical ward. To
relieve postoperative pain, the patients receive paracetamol (1 gram, four times
per day), on-demand morphine and 1 gram of metamizole directly after the
procedure. To minimise 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 five 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 Tumours or at physician’s
discretion in case of non-measurable disease), macroscopic progression (i.e.
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 (i.e. thoracoabdominal CT, diffusion-weighted MRI [DW-MRI]),
biochemical evaluation (i.e. bone marrow, liver and kidney functions, albumin,
C-reactive protein, tumour markers) and clinical evaluation.
Questionnaires
The patients are asked to complete EQ-5D-5L, QLQ-C30 and QLQ-CR29 at
baseline and one and four 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 four weeks after each ePIPAC-OX (PCQ)
and each second ePIPAC-OX (MCQ) (54-55).
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 minutes after injection of oxaliplatin. After
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immediate centrifuging, an aliquot of one mL of plasma is centrifuged through an
ultrafiltration membrane and stored at -80 oC 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 oC until analysis. After discharge, the patients are
asked to collect four 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 oC
until analysis. After electrostatic precipitation of the aerosol, the surgeon aspirates
a few millilitres 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 oC until analysis. Concentrations of oxaliplatin
are measured by using atomic absorption spectrophotometry.
Translational research
Before each ePIPAC-OX, twenty mL of blood is drawn and collected in ten 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 oC) of plasma and cell pellet. Collected ascites or saline
is centrifuged twice (five minutes, 420 g, zero break) under sterile conditions. The
supernatant is snap frozen and stored at -80 oC for further analysis on soluble
components. The cell pellet is suspended in organoid culture medium at 4 oC for
transport and further work-up. Of each collected PM, three parts are snap frozen
and stored at -80 oC for sequencing analysis.

6

Outcomes
An assessment schedule is presented in Table 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 four 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 (e.g. 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 four
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 four weeks after the last
ePIPAC-OX.
Hospital stay, defined as any hospital admission after initial discharge, up to
four weeks after the last ePIPAC-OX.
Radiological tumour response, based on central review of thoracoabdominal
CT and DW-MRI at baseline and four weeks after each ePIPAC-OX, performed
by two independent radiologists ( JN, MJL) blinded to clinical outcomes
(classification is not defined a priori).
Histopathological tumour response, based on central review of collected
peritoneal biopsies during each ePIPAC-OX, performed by two independent
pathologists (e.g. CH) blinded to clinical outcomes by using the Peritoneal
Regression Grading Score (58).
Macroscopic tumour response, based on PCI and ascites volume during each
ePIPAC-OX.
Biochemical tumour response, based on tumour markers measured at different
time points (Table 1).
Cytological tumour 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 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 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 twenty patients. This pragmatically determined
sample size is approved by the central ethics committee. Enrolled patients who do
not undergo a first ePIPAC-OX (e.g. systemic metastases on baseline radiology,
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non-access, resectable disease) are replaced to enrol twenty patients who receive
at least one ePIPAC-OX.
Recruitment
The study started in October 2017 and is currently enrolling patients. The
investigators anticipate that twenty patients will be enrolled within a maximum
of three 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 centre (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 analysed
after study completion. Plans to promote data quality, participant retention and
complete follow-up are not specified a priori.

6

Statistical methods
Repetitive continuous outcomes (e.g. quality of life, operating time) are analysed
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 (e.g. intraoperative complications, postoperative
complications) are analysed by using the McNemar test, the Wilcoxon signed-rank
test, the Cochran’s Q test or generalised estimating equations where appropriate.
Time-to-event variables (i.e. progression-free and overall survival) are analysed
and displayed by using the Kaplan-Meier method. Other outcomes are analysed
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 eight and twenty 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
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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.
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
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 enrolment up to four 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 Centres. This means that study centres 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 recruitment and the
conduct of the study, they will be involved in plans to disseminate the study results
to relevant patient groups.
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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 centres,
all investigators and trial registries.
Consent or assent
Written informed consent is obtained by local investigators at the outpatient clinic of
the study centres. The patients are given the possibility to give separate permission
for undergoing DW-MRI and for storage of specimens for translational research.
Confidentiality
Personal information about potential and enrolled patients is collected, shared
and maintained according to the Dutch law (Wet Bescherming Persoonsgegevens).

6

Ancillary and post-study 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.
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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 tumours (i.e. colon, appendix)
and histology (e.g. 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 tumour 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 tumour. 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.
This study protocol has several strengths. All endpoints are predefined and
prospectively assessed. Independent 100% auditing ensures an appropriately
conducted study and high-quality data. Unlike other studies, repetitive ePIPACOX 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 of 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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Abstract
Introduction: Despite its increasing use, oxaliplatin-based pressurized
intraperitoneal aerosol chemotherapy (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 antitumour activity (key secondary aim) of PIPAC-OX monotherapy in patients with
unresectable colorectal peritoneal metastases.
Materials and Methods: In this two-centre, single-arm, phase II 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 treatmentrelated adverse events, hospital stay, tumour response (radiological, biochemical,
pathological, ascites), progression-free survival, and overall survival.
Results: Twenty enrolled patients underwent 59 (median 3, range 1-6) PIPACOX procedures. Major treatment-related adverse events occurred in 3 of 20
(15%) patients after 5 of 59(8%) procedures (abdominal pain, intraperitoneal
haemorrhage, iatrogenic pneumothorax, transient liver toxicity), including one
possibly treatment-related death (sepsis of unknown origin). Minor treatmentrelated 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.
Conclusion: 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 loco-regional efficacy with low
systemic toxicity through a favourable peritoneum-plasma concentration ratio
(4). However, the use of intraperitoneal antineoplastic drugs appears limited
by an inhomogeneous intraperitoneal drug distribution, poor direct tumour
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
tumour 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 centres worldwide (11). In these centres, 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 I dose-escalation trials (13, 14), repetitive
PIPAC-OX has been uniformly administered in an arbitrary dose of 92 mg/m 2 of
body surface area in all centres 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 anti-tumour activity of repetitive PIPAC-OX monotherapy in patients
with unresectable colorectal peritoneal metastases under strict surveillance.
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Materials and Methods
Design and setting
This investigator-initiated, single-arm, phase II trial was conducted in two Dutch
tertiary centres 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 centres
followed a certified 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 centres. 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. haemoglobin ≥5 mmol/L, neutrophils
≥1.5x10 9/L, platelets ≥100x10 9/L, serum creatinine <1.5x upper limit of normal [ULN],
creatinine clearance ≥30 mL/min, liver transaminases <5x ULN), no extra-peritoneal
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 tumour 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. haemoglobin, platelet count,
leukocyte count, leukocyte differentiation, bilirubin, aspartate aminotransferase,
alanine aminotransferase, alkaline phosphatase, y-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
136
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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/m 2 in 10 minutes) and 5-fluorouracil (400 mg/m 2 in 15
minutes) 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 during subsequent procedures. After installing the
PIPAC set-up and ensuring a leak-free pneumoperitoneum, oxaliplatin (92 mg/m 2
[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/minute and a maximum pressure of 200 psi, all according
to internationally used protocols (12). After aerosol formation in five minutes,
the aerosol was electrostatically precipitated for 25 minutes using Ultravision
technology (Alesi Surgical, Cardiff, UK) as described by others (20), as this may
improve tumour penetration of oxaliplatin (21). The peritoneal cavity was then
drained 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 Response Evaluation
Criteria In Solid Tumours (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

7

137

Robin_Lurvink_BNW_V1.indd 137

23-02-2022 10:00

Chapter 7

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.
Outcomes
The electronic 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 ClavienDindo (secondary classification) (electronic supplementary Methods – Safety).
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 (electronic
supplementary Methods – Feasibility). Secondary anti-tumour activity outcomes
were centrally assessed radiological, biochemical, pathological, cytological,
ascites, and macroscopic tumour response and progression rates (electronic
supplementary Methods – Anti-tumour activity). Table 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 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 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).
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PRGS

Peritoneal cytology

Ascites volume

Macroscopic relative
PCI (c)

Pathological response

Cytological response

Ascites response

Macroscopic response

All

≥50 mL at baseline

Positive cytology at
baseline

Mean or highest PRGS
of >1 at baseline

≥5 µg/L at baseline

Progressive disease
Increase of ≥20%
Baseline ≤10 µg/L:
increase of ≥2 µg/L;
Baseline 10-20 µg/L:
increase of ≥3 µg/L;
Baseline 20-50 µg/L:
increase of ≥5 µg/L;
Baseline 50-100 µg/L:
increase of ≥10 µg/L;
Baseline ≥100 µg/L:
increase of ≥20 µg/L
Increase of mean or
highest PRGS (b)
Negative to positive
cytology
Increase of ≥50 mL
Increase of ≥20%

Partial/complete
response
Decrease of ≥30%
Baseline 5-10 µg/L:
decrease of ≥2 µg/L;
Baseline 10-20 µg/L:
decrease of ≥3 µg/L;
Baseline 20-50 µg/L:
decrease of ≥5 µg/L;
Baseline 50-100 µg/L:
decrease of ≥10 µg/L;
Baseline ≥100 µg/L:
decrease of ≥20 µg/L
Decrease of mean or
highest PRGS (b)
Positive to negative
cytology
Decrease of ≥50 mL
Decrease of ≥30%

Definition of
progression

CEA Carcinoembryonic antigen; RECIST Response evaluation criteria in solid tumours; PCI Peritoneal cancer index; PRGS Peritoneal
regression grading score; (a) primarily classified according to RECIST, and classified according to the radiological PCI in case of RECIST
non-evaluable disease; (b) patients with an increasing mean PRGS and a decreasing highest PRGS or vice versa were classified as stable;
(c) actual PCI divided by the hypothetical maximum PCI based on the number of evaluable regions times 100%.

CEA level

All

Radiological PCI

Biochemical response

All

RECIST

Radiological response
(a)

Patients evaluable for
Definition of response
assessing response rate

Method of assessment

Type of response

Table 1. Assessment of tumour response
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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 twenty 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, USA). The paired t test
and Wilcoxon signed-rank test were used to compare normally and abnormally
distributed paired continuous data, respectively, and the Kruskal-Wallis test was
used to compare abnormally distributed unpaired continuous data between three
or more groups. Follow-up was conducted until July 1 st 2020. Feasibility, safety,
and survival outcomes were analysed in all patients undergoing at least one
procedure. Radiological and biochemical response were analysed in all patients
undergoing evaluation after the first procedure. Pathological, cytological, ascites,
and macroscopic response were 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 twenty procedures (16).

Results
Between October 10 th 2017 and September 24 th 2018, 43 patients were screened
for eligibility, of whom twenty undergoing a first PIPAC-OX were included in the
analyses (Figure 1). Baseline characteristics of the trial population are presented in
Table 2. The twenty 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 Figure 1.
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Feasibility
Detailed procedural characteristics are presented in Table 3. Intraoperative
complications occurred in two of twenty patients (10%) during two of 59 procedures
(3%). During trial treatment, trocar positions changed in thirteen of sixteen patients
(81%) and the Zühlke adhesion score increased, and the number of evaluable PCI
regions decreased, in eight of sixteen 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 three of 59
procedures (5%). Operating time did not change with increasing experience. No
platinum was detected on surfaces and in the air of the operating room.
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Figure 1. Study Flowchart.
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7

Figure 1. Study Flowchart.(continued)

LAMN Low-grade appendiceal mucinous neoplasm; PIPAC-OX oxaliplatin-based
pressurized Intraperitoneal Aerosol Chemotherapy; WHO world health organization.
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Table 2. Baseline characteristics

Baseline characteristics
Sex

Age at enrolment
WHO performance status

Male
Female
Years [median (range)]

12 (60)
8 (40)
64 (41-78)

0
1
≥2

8 (40)
10 (50)
2 (10)(a)

Right colon
Left colon
Appendix

7 (35)
6 (30)
7 (35)

Adenocarcinoma
Mucinous adenocarcinoma
Signet ring cell carcinoma
Low-grade appendiceal
mucinous neoplasm

4 (20)
6 (30)
8 (40)
2 (10)(b)

Resected
In situ, diverted
In situ, not diverted

6 (30)
5 (25)
9 (45)

Synchronous
Metachronous
Months [median (range)]

15 (75)
5 (25)
4 (1-32)

Yes, palliative systemic therapy
Yes, adjuvant systemic therapy
Yes, adjuvant and palliative
systemic therapy
No

9 (45)
2 (10)(c)
1 (5)

Stable disease
Progressive disease

8 (73)
3 (27)

Primary tumour location

Histology

Primary tumour resection status

Onset of peritoneal metastases

Interval between diagnosis
of peritoneal metastases and
enrolment
Previous systemic therapy

8 (40)(c)

Latest response to palliative
treatment
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Table 2. Baseline characteristics (continued)

Baseline characteristics
Previous laparotomies

Radiological PCI
Carcinoembryonic antigen level

Carcinoembryonic antigen level

None
One
Multiple
[median (range)]

13 (65)
6 (30)
1 (5)
31 (11-39)

Elevated
Normal
µg/L [median (range)]

10 (50)
10 (50)
23 (6-1200)
(d)

0-1
2-3

13 (65)
7 (35)

Yes, ≥ 50 mL
Yes, <50 mL
No

13 (65)
3 (15)
4 (20)

% [median (range)]

78 (44-100)

Positive

7 (35)

Negative

13 (65)

Zuhlke adhesion score

Ascites

Macroscopic relative PCI (f)

7

Peritoneal cytology

Data are expressed as n(%) unless otherwise specified; PCI Peritoneal cancer index,
WHO World health organization; (a) both deteriorated between enrolment and the first
procedure due to increasing ascites; (b) pre-trial biopsies were classified as peritoneal
metastases of a high-grade appendiceal cancer, but peritoneal biopsies during the trial
were classified as low-grade pseudomyxoma peritonei arising from an appendiceal
mucinous neoplasm; (c) either refused or preferred enrolment over palliative systemic
therapy; (d) in those with elevated levels; (e) in those with ≥50 mL; (f) defined as the
actual PCI divided by the hypothetical maximum PCI based on the number of evaluable
regions times 100%.
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Evaluable PCI regions (c)

Zuhlke adhesion score (c)

Comparative characteristics in individual patients

Number of evaluable PCI regions (c)

Zuhlke adhesion score(c)

Different trocar positions during trial treatment (c)

Intraoperative complications

Descriptive characteristics in individual patients
Days between enrolment and first procedure
Secondary non-access

Table 3. Procedural characteristics

P value

First
procedure
[median 0.5 (0-3)
(range)]
[median 13 (9-13)
(range)]

11.5 (8-13)

1 (0-3)

0.01

0.01

8 (50)
8 (50)

Decreased during trial treatment
Did not change during trial treatment
Last procedure

8 (50)
8 (50)

Increased during trial treatment
Did not change during trial treatment

18 (90)
1 (5)(a)
1 (5)(b)

No
Iatrogenic epigastric artery bleeding
Iatrogenic pneumothorax due to diaphragm
perforation after peritoneal biopsy
3 (19)
10 (63)
3 (19)

19 (95)
1 (5)

No
Yes

Two
Three
Four

14 (6-34)

[median (range)]

Chapter 7
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Procedure
1-20
[median 95 (67-152)
(range)]

No
Yes
[median (range)]

None
Blunt
Sharp

Procedure
21-39
94 (60-109)

Procedure
40-59
96 (72-129)

56 (95)
3 (5)(e)
94 (60-152)

47 (80)
10 (17)
2 (3)

58 (98)
1 (2)(d)

57 (96)
1 (2)(a)
1 (2)(b)

None
Iatrogenic epigastric artery bleeding
Iatrogenic pneumothorax due to diaphragm
perforation after peritoneal biopsy
Two
Three

42 (31-66)

[median (range)]

0.54

P value

Data are expressed as n(%) unless otherwise specified; PCI Peritoneal cancer index; (a) sutured without further consequences; (b)
diaphragm sutured, chest tube that could be removed the next morning, after which the patient was discharged; (c) analyzed in all
patients undergoing multiple procedures; (d) to suture iatrogenic diaphragm perforation; (e) due to a problem with remote-controlled
oxaliplatin injection, all immediately solved without delaying the procedure.

Operating time, minutes

Operating time, minutes
Comparative characteristics in 59 procedures

Intraoperative technical or safety issues

Adhesiolysis

Number of trocars

Descriptive characteristics in 59 procedures
Days between subsequent procedures
Intraoperative complications

Table 3. Procedural characteristics (continued)
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Safety
Data on treatment-related adverse events according to the CTCAE are shown
in Table 4. Seven CTCAE grade 3 or higher treatment-related adverse events
occurred in three of twenty patients (15%) after five of 59 procedures (8%). One
patient had severe abdominal pain and received transfusions for anaemia due to
postoperative intraperitoneal haemorrhage 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 five days after the third procedure.
As clinical examination, laboratory testing, imaging, immediate re-laparoscopy,
and blood and ascites cultures revealed no clear focus of sepsis and autopsy
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 two of twenty patients (10%) after two 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, anaemia, fatigue, and vomiting.
No CTCAE grade 2 or higher renal toxicity was observed, and transient CTCAE
grade 2 or higher hepatic toxicity occurred in one of twenty patients (5%) after three
of 57 procedures (5%) after which standardized laboratory tests were performed.
Median hospital stay was one 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 haemorrhage. Treatment related readmissions occurred in two of
twenty patients (10%) after two of 59 procedures (3%): one due to sepsis of unknown
origin and one because of abdominal pain and vomiting.
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Table 4A. Treatment-related adverse events classified according to CTCAE v5.0, counted
in twenty patients

Clinical adverse events

Total

Grade 1

Grade 2

Grade 3

Grade 4

Grade 5

Abdominal pain

20 (100)

8 (40)

11 (55)

1 (5)

-

-

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 origin

1 (5)

-

-

-

-

1 (5)

Iatrogenic pneumothorax 1 (5)

-

-

1 (100)

-

-

1 (5)

-

-

1 (100)

-

-

Postoperative
intraperitoneal
hemorrhage
Bloating

1 (5)

-

1 (100)

-

-

-

Urinary retention

1 (5)

1 (100)

-

-

-

-

Dysgeusia

1 (5)

1 (100)

-

-

-

-

10 (77)

2 (15)

1 (8)

-

-

7

Biochemical adverse events
Anaemia

13 (65)

Leukopenia

1 (5)

-

1 (100)

-

-

-

Increased alkaline
phosphatase

6 (30)

5 (83)

1 (17)

-

-

-

Increased
y-glutamyltransferase

5 (25)

4 (80)

1 (20)

-

-

-

149

Robin_Lurvink_BNW_V1.indd 149

23-02-2022 10:00

Chapter 7
Table 4A. Treatment-related adverse events classified according to CTCAE v5.0,
counted in twenty patients (continued)

Biochemical adverse
events

Total

Grade 1

Grade 2

Grade 3

Grade 4

Grade 5

Increased aspartate
aminotransferase

5 (25)

4 (80)

-

1 (20)

-

-

Increased alanine
aminotransferase

3 (16)

2 (67)

1 (33)

-

-

-

Increased lactate
dehydrogenase

4 (20)

4 (100)

-

-

-

-

Increased bilirubin

1 (5)

1 (100)

-

-

-

-

Increased creatinine

1 (5)

1 (100)

-

-

-

-

Hyperkalemia

1 (5)

1 (100)

-

-

-

-

Leukocytosis (a)

17 (85)

-

-

17 (85)

-

-

Lymphocytopenia (a)

16 (80)

2 (13)

9 (56)

4 (25)

1 (6)

-

Increased creatinine
kinase (a)

7 (35)

6 (86)

-

1 (14)

-

-

Data are expressed as n (%); CTCAE Common terminology criteria for adverse events;
(a) not counted as a major adverse event when classified grade 3 or higher.
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Table 4B. Treatment-related adverse events classified according to CTCAE v5.0, counted
in 59 procedures

Clinical adverse events

Total

Grade 1

Grade 2

Grade 3

Grade 4

Grade 5

Abdominal pain

52 (88)

36 (69)

15 (29)

1 (2)

-

-

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 origin

1 (2)

-

-

-

-

1 (100)

Iatrogenic pneumothorax 1 (2)

-

-

1 (100)

-

-

1 (2)

-

-

1 (100)

-

-

Postoperative
intraperitoneal
hemorrhage
Bloating

1 (2)

-

1 (100)

-

-

-

Urinary retention

1 (2)

1 (100)

-

-

-

-

Dysgeusia

1 (2)

1 (100)

-

-

-

-

17 (81)

3 (14)

1 (5)

-

-

7

Biochemical adverse events
Anaemia

21 (37)

Leukopenia

1 (2)

-

1 (100)

-

-

-

Increased alkaline
phosphatase

8 (14)

6 (75)

2 (25)

-

-

-

Increased
y-glutamyltransferase

9 (16)

6 (67)

3 (33)

-

-

-
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Table 4B. Treatment-related adverse events classified according to CTCAE v5.0,
counted in 59 procedures (continued)

Biochemical adverse
events

Total

Grade 1

Grade 2

Grade 3

Grade 4

Grade 5

Increased aspartate
aminotransferase

8 (14)

5 (63)

1 (13)

2 (25)

-

-

Increased alanine
aminotransferase

5 (9)

3 (60)

2 (40)

-

-

-

Increased lactate
dehydrogenase

5 (9)

5 (100)

-

-

-

-

Increased bilirubin

1 (2)

1 (100)

-

-

-

-

Increased creatinine

2 (4)

2 (100)

-

-

-

-

Hyperkalemia

1 (2)

1 (100)

-

-

-

-

Leukocytosis (a)

41 (72)

-

-

41 (100)

-

-

Lymphocytopenia (a)

34 (65)

7 (21)

17 (50)

9 (26)

1 (3)

-

Increased creatinine
kinase (a)

12 (22)

10 (83)

1 (8)

1 (8)

-

-

Data are expressed as n (%); CTCAE Common terminology criteria for adverse events;
(a) not counted as a major adverse event when classified grade 3 or higher.

Anti-tumour activity
Tumour response outcomes are presented in Table 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. Overall, the radiological PCI increased during trial
treatment, whereas carcinoembryonic antigen levels and ascites volume did not
change, and the mean peritoneal regression grading score (PRGS), macroscopic
PCI, and the macroscopic relative PCI decreased.
Survival
Of twenty enrolled patients, ten (50%) (re)started palliative systemic therapy after
stopping trial treatment, five (25%) qualified for, but did not start, palliative systemic
therapy (four preferred a wait-and-see strategy, one refused further treatment
and follow-up), one (5%) had no treatment options left, one (5%) underwent
curative intent surgery, and three (15%) could not receive further treatment (two
due to clinical deterioration, one 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 nineteen of twenty patients (95%) deceased. Median progression152
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free and overall survival were 3.5 months (IQR 2.5-5.7) and 8.0 months (IQR 6.312.6) in all patients, 3.9 months (IQR 2.7-6.7) and 8.0 months (IQR 7.1-14.3) in ten
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 ten patients undergoing
PIPAC-OX as a later line of palliative treatment, respectively.
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Stable

2

2

19

20

Evaluable (total)

Progression

2

18

Progression

19

Progression

Stable

1

3

16

Stable

Progression

17

5

15(a)

Stable

3

3

13

Progression

1

4

11

12

14

Stable

4

10(a)

Stable
Stable

3

5

8

Stable

Progression

9

6

7

Stable

3

3

5

Stable
Stable

3

4

3

4

6

Progression

1

2

Stable

1

1

19

Progression

Progression

Stable

Progression

Stable

Stable

Stable

Stable

Response

-

Response

Progression

Stable

Response

Response

Response

Stable

Stable

Progression

Stable

Radiological Biochemical
response
response

Number of
PIPAC-OX

ID

Table 5. Tumour response

16

Response

Stable

Response

Response

-

Progression

Response

Response

Response

-

Progression

Stable

Response

Stable

Response

Stable

Progression

Response

-

-

16

Progression

Stable

Response

Response

-

Stable

Stable

Stable

Response

-

Stable

Stable

Progression

Stable

Stable

Stable

Stable

Response

-

-

Pathological Cytological response
response

16

Response

Progression

Stable

Response

-

Progression

Stable

Response

Stable

-

Stable

Stable

Stable

Stable

Stable

Response

Progression

Response

-

-

Ascites
response

16

Stable

Stable

Stable

Stable

-

Stable

Stable

Stable

Stable

-

Stable

Stable

Stable

Stable

Stable

Stable

Stable

Stable

-

-

Macroscopic
response
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56%

78 (44-100)

30 (17-39)

0%

56%

0.68
0.005
0.01

30 (0-4500)
68 (33-100)

0.03

2.33 (1.00-3.00)
25 (13-39)

0.03
0.67

33 (13-39)
6 (1-2500)

P value

16

9
Post-treatment

16 (100)
0 (0)

8 (50)

0 (0)

3 (19)
5 (31)

Macroscopic
response

Ascites
response

CEA carcinoembryonic antigen, PCI peritoneal cancer index, PIPAC-OX oxaliplatin-based pressurized intraperitoneal aerosol
chemotherapy, PRGS peritoneal regression grading score; (a) patient with a low-grade pseudomyxoma peritonei arising from an
appendiceal mucinous neoplasm;

% [median (range)]

Macroscopic relative PCI

60 (0-6000)

mL [median (range)]
[median (range)]

Ascites volume

Macroscopic PCI

2.50 (1.33-3.33)

[median (range)]

Mean PRGS

6 (1-1200)

[median (range)]
µg/L [median (range)]

Radiological PCI

67%

6

4 (25)

10 (63)

2 (13)

CEA level

31 (11-39)

50%

16
Baseline

0%

Response rate

10

9 (56)

4 (25)

3 (19)

Pathological Cytological response
response

Variable

19

Evaluable for response rate

5 (26)

9 (47)

12 (63)
0 (0)

Stable

5 (26)

7 (37)

Response

Progression

Radiological Biochemical
response
response

Table 5. Tumour response (continued)
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Discussion
In the present two-centre, single-arm, phase II trial in patients with isolated
unresectable colorectal peritoneal metastases undergoing repetitive PIPACOX (92 mg/m 2) 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 I (3+3) dose-escalation trials
of PIPAC-OX have been published (30, 31). The French PIPOX trial used five dose
levels (90-300 mg/m 2) to determine the maximum tolerated dose of two PIPACOX procedures with a preoperative intravenous bolus of 5-fluorouracil/leucovorin,
administered at an interval of 4-6 weeks in ten patients with advanced peritoneal
metastases of various gastrointestinal cancers (30). Although the recommended
phase II dose of the PIPOX trial (90 mg/m 2) was comparable with the dose used
in the present trial (92 mg/m 2), 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), sixteen patients with advanced peritoneal
metastases of various gastrointestinal and pancreaticobiliary cancers received
6-weekly PIPAC-OX monotherapy in five dose levels (45-150 mg/m 2). 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 II dose of the PIPOX trial (90 mg/m 2) is currently evaluated
in expansion cohorts of both phase I trials (ClinicalTrials.gov: NCT03294252,
NCT03172416) (14, 30). Nevertheless, additional trials to determine the maximum
tolerated dose of repetitive PIPAC-OX may be warranted.
Of all studies presenting safety or efficacy outcomes of PIPAC (11, 32-35),
fourteen specifically reported safety data of PIPAC-OX (ten studies (25, 29-31,
36-41)) or efficacy data of PIPAC-OX for colorectal peritoneal metastases (nine
studies (20, 29, 36, 38, 40-44)). However, eleven of these fourteen 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 study (36)) or tumour response outcomes
(three studies (20, 36, 44)) of PIPAC-OX monotherapy for unresectable colorectal
156
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peritoneal metastases, but only in one or two patients. Altogether, the available
literature could not be meaningfully compared with the present trial. Hence, the
present trial provides a unique insight into the safety and anti-tumour 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 multicentre 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 centres’ extensive experience with laparoscopic staging and surgical
treatment of colorectal peritoneal metastases, completion of the certified 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 be 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 twelve other
(possibly) PIPAC-related deaths: one due to respiratory failure after PIPAC-OX
(38), one because of acute respiratory distress syndrome after PIPAC-cisplatinadriamycin (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
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responses were heterogeneous between and within patients, but may indicate
biological activity of 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 singlearm 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 best 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 anti-tumour activity. The feasibility, safety,
and anti-tumour activity of first-line palliative systemic therapy combined with
repetitive PIPAC-OX (92 mg/m 2), which is already offered in several PIPAC centres
(11, 12), is currently evaluated in patients with unresectable colorectal peritoneal
metastases in the multicentre, single-arm, phase II CRC-PIPAC-II trial (Netherlands
Trial Register: NL8303). Several other ongoing single-centre, single-arm, phase
II trials are assessing various outcomes of repetitive PIPAC-OX (92 mg/m 2) 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-II, other ongoing phase II trials, and international registry data
158
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may help in designing future randomized trials to determine whether PIPAC-OX
could 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.

Conclusion
In patients with unresectable colorectal peritoneal metastases undergoing
repetitive PIPAC-OX (92 mg/m 2) 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.

7
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Abstract
Introduction: CRC-PIPAC prospectively assessed repetitive oxaliplatin-based
pressurized intraperitoneal aerosol chemotherapy (PIPAC-OX) as a palliative
monotherapy (i.e. without concomitant systemic therapy in between subsequent
procedures) for unresectable colorectal peritoneal metastases (CPM). The present
study explored patient-reported outcomes (PROs) during trial treatment.
Materials and Methods: In this single-arm phase 2 trial in two tertiary centers,
patients with isolated unresectable CPM received six-weekly PIPAC-OX (92 mg/
m2). PROs (calculated from EQ-5D-5L, and EORTC QLQ-C30 and QLQ-CR29)
were compared between baseline and one and four weeks after the first three
procedures using linear mixed modeling with determination of clinical relevance
(Cohen’s D≥0.50) of statistically significant differences.
Results: Twenty patients underwent 59 procedures (median: 3 [range: 1-6]).
Several PROs solely worsened one week after the first procedure (index value
-0.10, p<0.001; physical functioning -20, 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). These PROs returned to baseline at subsequent time points. Other
PROs worsened one week after the first procedure (fatigue +23, p<0.001; pain +29,
p<0.001; abdominal pain +32, p<0.001), second procedure (fatigue +20, p<0.001;
pain +21, p<0.001; abdominal pain +20, p=0.002), and third procedure (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.
Discussion: Patients receiving repetitive PIPAC-OX monotherapy for unresectable
CPM 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 the repetitive delivery 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). The intriguing concept and promising preliminary
results have led to the 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 (PIPACOX) with or without concomitant palliative systemic therapy in a dose of 90-92
mg/m 2 every four to eight weeks (13). Despite its increasing use, repetitive PIPACOX has never been prospectively investigated as a palliative monotherapy (i.e.
without palliative systemic therapy in between subsequent procedures) 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, survival outcomes, 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.

8
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Materials and Methods
Trial design
CRC-PIPAC was a single-arm phase two 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 colorectal or appendiceal carcinoma (or 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.
PIPAC-OX procedure
The protocol comprises a detailed description of the procedure (14), which is
based on internationally used protocols (13). Patients underwent six-weekly
PIPAC-OX (92 mg/m 2 , maximum 184 mg) with a simultaneous intravenous bolus
5-fluorouracil (400 mg/m 2) and leucovorin (20 mg/m 2) (16, 17) and electrostatic
aerosol precipitation (i.e. ePIPAC-OX) (18, 19). Electrostatic precipitation was started
directly after complete injection of the aerosol, after which the total procedure
was maintained for 25 minutes. If possible, patients were discharged on the
first postoperative day. No concomitant palliative systemic therapy was given in
between subsequent procedures (i.e. ePIPAC-OX monotherapy).
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)
(20). 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.
168
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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 (21),
EORTC QLQ-C30 (22), and EORTC QLQ-CR29 (23)) 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 1 presents the
PRO categories of each questionnaire. Scores for each category were calculated
according to the manuals of EuroQol and EORTC (24-26). 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 (27). 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 1).

8

Statistical analysis
Since no data were available to guide a sample size calculation, the investigators
and the ethics committee agreed upon a sample size of twenty patients undergoing
an estimated number of 60 procedures as sufficient numbers to explore the safety
and feasibility of the intervention in the CRC-PIPAC trial. As PRO assessment of
the present study was explorative, no a priori hypothesis for PRO analyses was
formulated. Consequently, the 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). To
account for multiple testing, Bonferroni corrections were applied for each PRO
category. Hence, p<0.0083 was considered statistically significant (i.e. α=0.05
divided by 6 comparisons per PRO category). For each PRO category, changes in
scores between baseline and subsequent time points were presented as a mean
difference (MD) and analyzed using linear mixed modeling. Pairwise deletion was
used in case of missing values. All PRO categories with a statistically significant
difference in scores between baseline and at least one subsequent time point were
presented. For all PRO categories, 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). Furthermore, patient-based
169
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clinical thresholds were used to determine whether deteriorations or improvements
of PROs were major, moderate or minor (EORTC QLQ-C30 (29), EORTC QLQCR29 (30)) and to determine whether a change in a PRO exceeded a minimally
important difference (EuroQol EQ-5D-5L (31)). 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.

170

Robin_Lurvink_BNW_V1.indd 170

23-02-2022 10:00

Robin_Lurvink_BNW_V1.indd 171

a

o
o
o
o
o
o
o
o
o
o
o
o
o
o

EQ-5D-5L

EORTC QLQ-C30

EORTC QLQ-CR29

o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o

Diarrhea
Financial difficulties

Taste
Flatulence
Fecal incontinence
Sore skin
Stool frequency
Embarrassment
Stoma care problems
Impotence (males)
Dyspareunia (females)

o
o

o
o
o
o
o
o
o
o
o

Fatigue
Nausea/vomiting
Pain
Dyspnea
Insomnia
Appetite loss
Constipation
Urinary frequency
Urinary incontinence
Dysuria
Abdominal pain
Buttock pain
Bloating
Blood/mucus in stool
Dry mouth
Hair loss

Symptom scales b

lower scores indicate worse functioning; b higher scores indicate worse symptoms.

Anxiety
Weight
Body image
Sexual interest (males)
Sexual interest (females)

Global health status
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
C30 summary score

Visual analogue scale
Index value

Function scales a

Questionnaire

Table 1. PROs of each questionnaire.
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Results
Between October 10, 2017, and September 24, 2018, 43 patients were screened for
eligibility, of whom twenty were included in the PRO analyses (Figure 1). Baseline
characteristics are presented in Table 2. Between October 30, 2017, and April 24,
2019, these twenty patients underwent 59 (median: 3 [range: 1-6]) procedures.
Figure 1 presents the patient pathway and questionnaire response rates at
each time point, including reasons for non-response and discontinuation of trial
treatment.
Table 3 presents the mean scores of all PRO categories at each time point.
Supplementary Table 8.1 presents the linear mixed modeling analyses of the twelve
PRO categories with a statistically significant difference. The scores of all other 29
PRO categories did not significantly change during trial treatment (linear mixed
modeling analyses presented in Supplementary Table 8.2).
Changing function scales
Index value: Compared to baseline, index value worsened one week after the first
procedure (MD -0.10 [95% confidence interval: -0.16 – -0.05], p<0.001, CD 0.76,
exceeds minimally important difference) and returned to baseline at subsequent
time points (Figure 2A).
Physical functioning: Compared to baseline, physical functioning worsened one
week after the first procedure (MD -20 [95% CI: -27 – -12], p<0.001, CD 1.03, major
deterioration) and returned to baseline at subsequent time points (Figure 2B).
Role functioning: Compared to baseline, role functioning worsened one week
after the first procedure (MD -27 [95% CI: -39 – -15], p<0.001, CD 0.87, major
deterioration) and returned to baseline at subsequent time points (Figure 2C).
Social functioning: Compared to baseline, social functioning worsened one week
after the first procedure (MD -18 [95% CI: -28 – -8], p<0.001, CD 0.71, moderate
deterioration) and returned to baseline at subsequent time points (Figure 2D).
C30 summary score: Compared to baseline, C30 summary score worsened one
week after the first procedure (MD -16 [95% CI -20 – -9], p<0.001, CD 1.07, moderate
deterioration) and returned to baseline at subsequent time points (Figure 2E).
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Figure 1. Patient pathway and questionnaire response rates at each time point.
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Table 2. Baseline characteristics

Baseline characteristics
Sex

Age at enrolment

Male

12 (60)

Female

8 (40)

Years [median (range)]

64 (41-78)

0

8 (40)

1

10 (50)

≥2

2 (10)(a)

Right colon

7 (35)

Left colon

6 (30)

Appendix

7 (35)

Adenocarcinoma

4 (20)

Mucinous adenocarcinoma

6 (30)

Signet ring cell carcinoma

8 (40)

Low-grade appendiceal mucinous
neoplasm

2 (10)(b)

Resected

6 (30)

In situ, diverted

5 (25)

In situ, not diverted

9 (45)

Synchronous

15 (75)

Metachronous

5 (25)

Months [median (range)]

4 (1-32)

Yes, with oxaliplatin

11 (55)

Yes, without oxaliplatin

1 (5)

No

8 (40)(c)

None

13 (65)

WHO performance status

Primary tumour location

Histology

Primary tumour resection
status

Onset of peritoneal metastases

Interval between diagnosis
of peritoneal metastases and
enrolment
Previous systemic therapy

Previous laparotomies
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Table 2. Baseline characteristics (continued)

Baseline characteristics
One

6 (30)

Multiple

1 (5)

Yes, ≥ 50 mL

13 (65)

Yes, <50 mL

3 (15)

Ascites

No

4 (20)

Ascites volume

mL [median (range)]

260 (606000)(e)

Radiologic PCI

[median (range)]

31 (11-39)

Macroscopic PCI

[median (range)]

29 (17-39)

Data are expressed as n(%) unless otherwise specified; PCI Peritoneal cancer index,
WHO World health organization; (a) both deteriorated between enrolment and the first
procedure due to increasing ascites; (b) pre-trial biopsies were classified as peritoneal
metastases of a high-grade appendiceal cancer, but peritoneal biopsies during the trial
were classified as low-grade pseudomyxoma peritonei arising from an appendiceal
mucinous neoplasm; (c) either refused or preferred enrolment over palliative systemic
therapy; (d) in those with elevated levels; (e) in those with ≥50 mL; (f) defined as the
actual PCI divided by the hypothetical maximum PCI based on the number of evaluable
regions times 100%.
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Baseline

62 ± 28
0.84 ± 0.11
Baseline

65 ± 29
87 ± 15
69 ± 30
79 ± 23
88 ± 17
80 ± 27
30 ± 23
13 ± 25
21 ± 20
12 ± 20
17 ± 23
25 ± 37
8 ± 15
12 ± 20
3 ± 15

EQ-5D-5L

Visual analog scale

Index value
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EORTC QLQ-C30

Global health status

Physical functioning

Role functioning

Emotional functioning

Cognitive functioning

Social functioning

Fatigue

Nausea/vomiting

Pain

Dyspnea

Insomnia

Appetite loss

Constipation

Diarrhea

Financial difficulties

10 ± 27

27 ± 26

22 ± 27

40 ± 32

23 ± 31

13 ± 20

50 ± 19

19 ± 27

53 ± 24

62 ± 24

82 ± 17

78 ± 23

42 ± 32

67 ± 23

57 ± 21

1 week after
1st PIPAC

0.74 ± 0.15

54 ± 29

1 week
after 1st
PIPAC

2±8

19 ± 21

13 ± 26

24 ± 36

24 ± 22

9 ± 19

29 ± 18

8 ± 13

37 ± 25

79 ± 23

91 ± 12

81 ± 18

69 ± 28

81 ± 20

67 ± 25

4 weeks after
1st PIPAC

0.82 ± 0.14

64 ± 24

4 weeks
after 1st
PIPAC

Table 3. Mean scores with standard deviations of all PROs at each time point.

2±8

6 ± 13

12 ± 21

37 ± 34

31 ± 28

15 ± 24

42 ± 24

11 ± 19

50 ± 25

79 ± 25

87 ± 16

74 ± 20

53 ± 31

76 ± 18

60 ± 25

1 week after
2nd PIPAC

0.81 ± 0.12

64 ± 21

1 week
after 2nd
PIPAC

0±0

10 ± 16

6 ± 13

27 ± 33

19 ± 24

6 ± 13

29 ± 27

7 ± 12

35 ± 30

81 ± 25

96 ± 10

78 ± 23

64 ± 39

81 ± 20

65 ± 24

4 weeks
after 2nd
PIPAC

0.83 ± 0.14

59 ± 32

4 weeks
after 2nd
PIPAC

3 ± 10

17 ± 27

11 ± 22

39 ± 31

17 ± 17

8 ± 21

43 ± 26

14 ± 17

43 ± 28

76 ± 32

90 ± 13

78 ± 22

56 ± 30

78 ± 19

3 ± 10

14 ± 17

3 ± 10

25 ± 32

14 ± 22

6 ± 19

25 ± 23

6 ± 15

33 ± 28

85 ± 30

90 ± 17

76 ± 23

76 ± 29

86 ± 20

67 ± 24

4 weeks
after 3rd
PIPAC
1 week
after 3rd
PIPAC
63 ± 22

0.85 ± 0.14

63 ± 30

4 weeks
after 3rd
PIPAC

0.80 ± 0.18

66 ± 23

1 week
after 3rd
PIPAC
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Baseline

82 ± 15
Baseline

12 ± 17
2±7
3 ± 10
20 ± 17
7 ± 14
28 ± 27
0±0
18 ± 23
3 ± 10
18 ± 30
17 ± 20
5 ± 16
7 ± 14
8 ± 11
10 ± 19

EORTC-QLQ-C30

C30 summary score
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EORTC QLQ-CR29

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

10 ± 19

15 ± 23

10 ± 19

5 ± 12

30 ± 26

22 ± 31

5 ± 12

27 ± 32

3±9

35 ± 23

5 ± 16

52 ± 23

7 ± 14

0±0

25 ± 18

1 week after
1st PIPAC

66 ± 15

1 week after
1st PIPAC

7 ± 14

5±8

11 ± 19

4 ± 11

21 ± 23

16 ± 23

5 ± 12

24 ± 25

3±6

23 ± 25

11 ± 19

39 ± 25

7 ± 18

4 ± 11

4 ± 12
10 ± 26
35 ± 33
6 ± 13
29 ± 32
3±7
19 ± 21
8 ± 19
23 ± 26
8 ± 15
2±8
4 ± 11
6 ± 10
4 ± 11

40 ± 28
6 ± 13
33 ± 30
2±6
25 ± 23
4 ± 11
27 ± 30
15 ± 17
2±8
2±8
7 ± 10
10 ± 16

21 ± 22

26 ± 18
6 ± 13

4 weeks
after 2nd
PIPAC

1 week after
2nd PIPAC

4 weeks after
1st PIPAC

4 ± 11

81 ± 16

75 ± 16

80 ± 14

24 ± 20

4 weeks
after 2nd
PIPAC

1 week after
2nd PIPAC

4 weeks after
1st PIPAC

Table 3. Mean scores with standard deviations of all PROs at each time point. (continued)

3 ± 10

7 ± 15

6 ± 13

3 ± 10

14 ± 17

19 ± 26

8 ± 21

22 ± 22

1±5

28 ± 31

8 ± 15

42 ± 25

6 ± 13

3 ± 10

3 ± 10

7 ± 11

6 ± 19

0±0

14 ± 17

14 ± 22

11 ± 30

17 ± 22

0±0

22 ± 30

3 ± 10

22 ± 26

6 ± 13

0±0

19 ± 16

4 weeks
after 3rd
PIPAC
1 week
after 3rd
PIPAC
26 ± 19

84 ± 18

4 weeks
after 3rd
PIPAC

76 ± 16

1 week
after 3rd
PIPAC
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8 ± 17
3 ± 10
4 ± 12
53 ± 29
80 ± 33
87 ± 17
31 ± 30
8 ± 15

Stoma care problems

Impotence (males)

Dyspareunia (females)

Anxiety

Weight

Body image

Sexual interest (males)

Sexual interest (females)

4 ± 12

22 ± 26

83 ± 23

77 ± 33

62 ± 33

0±0

15 ± 23

8 ± 17

1 week after
1st PIPAC

10 ± 16

25 ± 29

90 ± 14

84 ± 23

60 ± 33

0±0

12 ± 17

0±0

4 weeks after
1st PIPAC

5 ± 13

22 ± 24

84 ± 22

83 ± 24

56 ± 32

0±0

8 ± 15

17 ± 24

1 week after
2nd PIPAC

PIPAC Pressurized intraperitoneal aerosol chemotherapy, PRO patient-reported outcome

Baseline

EORTC-QLQ-C30

Table 3. Mean scores with standard deviations of all PROs at each time point. (continued)

10 ± 16

19 ± 24

85 ± 21

75 ± 31

60 ± 35

10 ± 16

8 ± 15

33 ± 47

4 weeks
after 2nd
PIPAC

0±0

21 ± 25

82 ± 25

75 ± 35

56 ± 30

11 ± 19

13 ± 17

17 ± 24

1 week
after 3rd
PIPAC

8 ± 17

25 ± 30

81 ± 23

78 ± 36

61 ± 28

17 ± 19

4 ± 12

17 ± 24

4 weeks
after 3rd
PIPAC

Chapter 8

178

23-02-2022 10:00

Results from CRC-PIPAC - patient reported outcomes

8

Figure 2a-d. 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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Figure 2e. 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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Changing symptom scales
Fatigue: Compared to baseline, fatigue worsened one week after the first procedure
(MD +23 [95% CI 14-33], p<0.001, CD 0.98, major deterioration), returned to baseline
four weeks after the first procedure (p=0.13), worsened one week after the second
procedure (MD +20 [95% CI: 9-30], p<0.001, CD 0.83, major deterioration), and
returned to baseline at subsequent time points (Figure 3A).
Pain: Compared to baseline, pain was worse one week after the first procedure (MD
+29 [95% CI 19-40], p<0.001, CD 1.49, major deterioration), second procedure (MD
+21 [95% CI 10-33], p<0.001, CD 0.95, major deterioration), and third procedure (MD
+22, [95% CI 11-36], p<0.001, CD 0.95, major deterioration), and was comparable
to baseline four weeks after each procedure (Figure 3B)
Appetite loss: Compared to baseline, appetite loss worsened one week after the
first procedure (MD +15 [95% CI 4-26], p=0.007, CD 0.43, moderate deterioration)
and returned to baseline at subsequent time points (Figure 3C).
Diarrhea: Compared to baseline, diarrhea worsened one week after the first
procedure (MD +15 [95% CI 5-25], p=0.002, CD 0.65, minor deterioration) and
returned to baseline at subsequent time points (Figure 3D).

8

Urinary frequency: Compared to baseline, urinary frequency worsened one
week after the first procedure (MD +13 [95% CI 4-22], p=0.004, CD 0.74, moderate
deterioration) and returned to baseline at subsequent time points (Figure 3E).
Abdominal pain: Compared to baseline, abdominal pain was worse one week after
the first procedure (MD +32 [95% CI 20-43], p<0.001, CD 1.58, major deterioration),
four weeks after the first procedure (MD +19 [95% CI 7-31], p=0.003, CD 0.89,
moderate deterioration), one week after the second procedure (MD +20 [95% CI
7-33], p=0.002, CD 0.86, moderate deterioration), and one week after the third
procedure (MD +22 [95% CI 9-36], p=0.002, CD 1.03, major deterioration), and
was comparable to baseline four weeks after the second and third procedure
(Figure 3F).
Flatulence: Compared to baseline, flatulence worsened one week after the first
procedure (MD +13 [95% CI 6-21], p=0.001, CD 0.56, moderate deterioration) and
returned to baseline at subsequent time points (Figure 3G).
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Figure 3a-d. All symptom 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; filled dots represent statistically significant, but clinically
irrelevant differences compared to baseline.
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Figure 3e-g. All symptom 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; filled dots represent statistically significant, but clinically
irrelevant differences compared to baseline.
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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. However, 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. Despite
these changes in several PROs, it should also be noted that all other analyzed
PROs did not change during trial treatment. This is a promising finding in this
vulnerable study population (high disease burden, eight patients with signet ring
cell differentiation) who generally have a poor prognosis with potentially rapidly
deteriorating quality of life.
Thirteen other studies assessed PROs in patients undergoing PIPAC for peritoneal
metastases (32-44). However, six of these specifically focused on PIPAC-cisplatindoxorubicin for non-colorectal primaries (ovarian cancer (32, 33), gastric cancer
(34, 35), peritoneal mesothelioma (36), and endometrial and breast cancer (37)). Six
other studies (38-43), 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 (44). However, this study did not report separate PROs of PIPACOX monotherapy and PIPAC-OX with concomitant systemic therapy. Altogether, the
results of the present study could not be meaningfully compared with the existing
literature. Hence, the present study provides detailed insights into PROs during
repetitive (e)PIPAC-OX monotherapy 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, in all worsening PROs, this worsening
was seen at 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.
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Nevertheless, other treatments for CPM may affect PROs as well. Two studies
reported a gradual deterioration of several PROs during treatment with systemic
chemotherapy, being the global health status, physical functioning, social
functioning, emotional functioning, fatigue, and pain (45, 46). After cytoreductive
surgery and HIPEC, one study reported a gradual deterioration of several PROs
(global health status, physical functioning, social functioning, emotional functioning,
fatigue, and pain) whereas a second study reported that several PROs deteriorated
shortly after surgery (physical well-being, functional well-being, fatigue, pain)
but recovered quickly and remained stable during follow-up (45-47). No direct
comparisons of PROs during treatment with PIPAC and during treatment with e.g.
systemic chemotherapy were found. Future studies should focus on this comparison
to put the here reported changes in PROs during treatment with PIPAC-OX into
perspective.
Together with a French multicenter retrospective cohort study and the safety
and feasibility report of the CRC-PIPAC trial (15, 48), the present study suggests
that abdominal pain is the most relevant worsening PRO after ePIPAC-OX.
Abdominal pain after (e)PIPAC-OX is probably caused by a combination of local
pain at trocar sites and diffuse abdominal pain due to chemotherapy-induced
chemical peritonitis. This may be drug-dependent, as previous reports showed
that PIPAC-OX results in a greater inflammatory response and post-operative
morphine-demand than cisplatin/doxorubicin-based PIPAC (49, 50). 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 effects of general anesthesia, and
the (toxicity of) the relevant systemic oxaliplatin uptake after (e)PIPAC-OX (51, 52)
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
intravenous administration of 5-fluorouracil/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 in combination with palliative systemic
therapy with the aim to maximize intraperitoneal disease control (13). Three sixweekly cycles of first-line systemic chemotherapy and bevacizumab followed
by ePIPAC-OX (i.e. bidirectional treatment) are currently investigated in twenty
patients with isolated unresectable CPM in an ongoing, multicenter, single-arm
phase two trial (CRC-PIPAC-II; Netherlands Trial Register: NL8303) (53). 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 procedure.
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Although the population of CRC-PIPAC-II slightly differs from the population of the
present study (which also included patients in later lines of palliative treatment),
CRC-PIPAC-II may increase insight in the difference in PROs between bidirectional
treatment and ePIPAC-OX monotherapy.
Three other single-arm trials are currently assessing PROs during or after (e)
PIPAC-OX for unresectable CPM. A Singaporean single-center phase one trial
assesses EORTC QLQ-C30 at six and twelve weeks during six-weekly PIPACOX monotherapy in five dose levels (45 mg/m 2 to 150 mg/m 2) in patients with
unresectable peritoneal metastases of various origins (including colorectal)
who completed, refused, or were unable to tolerate first-line systemic therapy
(Clinicaltrials.gov: NCT03172416) (54). A British single-center phase two trial
analyzes EORTC QLQ-C30 just before every procedure during six-to-eight-weekly
PIPAC-OX, with or without concomitant systemic chemotherapy therapy, in 30
patients with unresectable CPM in various lines of palliative treatment (Clinicaltrials.
gov: NCT03868228). A Danish single-center phase two trial assesses EORTC
QLQ-C30 at four months during (or after) (e)PIPAC with various drugs (including
oxaliplatin), with or without concomitant palliative systemic therapy, in patients with
unresectable peritoneal metastases of various origins (including cpm) in various
lines of palliative treatment (PIPAC-OPC2; Clinicaltrials.gov: NCT03287375) (55). The
international PIPAC registry (Clinicaltrials.gov: NCT03210298), which also analyzes
EORTC QLQ-C30, may provide further insight in real-world PROs outside of clinical
trials.
The 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.
Importantly, international consensus must be reached on the most appropriate
interventions (e.g. PIPAC-OX monotherapy, bidirectional treatment), settings
(e.g. neoadjuvant, first-line palliative, refractory), frameworks (e.g. superiority,
equivalence, non-inferiority), and endpoints (e.g. survival, PROs, combination of
both) of such trials. If PROs will be used as a primary endpoint, the 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 this 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
186
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scores after the second and third procedure. Nevertheless, despite the small
sample size, linear mixed modeling analyses allowed for the detection of both
statistically significant and clinically relevant findings.

Conclusions
Patients with isolated unresectable CPM receiving repetitive ePIPAC-OX
monotherapy (i.e. without palliative systemic therapy in between subsequent
procedures) had clinically relevant but reversible worsening of several PROs during
trial treatment, mainly after the first procedure. All worsening PROs eventually
returned to baseline four weeks after the third procedure. Despite these changes
in several PROs, it should also be noted that all other analyzed PROs did not
change during trial treatment. The 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 CPM.
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Abstract
Introduction: Oxaliplatin-based pressurized intraperitoneal aerosol chemotherapy
(PIPAC-OX) is an emerging palliative treatment for patients with unresectable
colorectal peritoneal metastases (CPM). Very little is known about the tolerability
of this treatment or patient reported outcomes (PROs) during treatment. To provide
some perspective to changes in PROs during treatment with PIPAC-OX, this study
aimed to compare PROs in patients with CPM who underwent PIPAC-OX to PROs
in patients with colorectal cancer who underwent primary tumour surgery (PTS).
Materials and Methods: PROs (EORTC QLQ-30, CR-29) from two prospective,
Dutch cohorts were used in this study. PROs at baseline (before PIPAC-OX / PTS)
and PROs four weeks after PIPAC-OX / PTS were compared between the two
groups.
Results: Nineteen patients who underwent PIPAC-OX and 275 patients who
underwent PTS were available for PRO analyses. At baseline, urinary frequency
(mean: 28 vs. 12, respectively; p=0.008; Cohen’s D [CD] 0.566), blood and/or mucus
in stool (mean: 18 vs. 0, respectively; p<0.001; CD 1.106), and impotence (mean:
27 vs. 3, respectively; p=0.007; CD 0.984) were significantly worse in patients
who were to undergo PTS than in patients who were to undergo PIPAC-OX. Four
weeks postoperative, pain (mean: 29 vs. 17, respectively; p=0.004; CD 0.567) and
abdominal pain (mean: 39 vs. 15, respectively; p<0.001; CD 0.999) were significantly
worse in patients who underwent PIPAC-OX than in patients who underwent PTS.
Discussion: PIPAC-OX resulted in significantly worse postoperative (abdominal)
pain than PTS. These results can be used for patient counseling and stresses the
need for adequate analgesia during and after PIPAC-OX. Further research is
required to prevent or reduce (abdominal) pain after PIPAC-OX.
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Introduction
Among colorectal cancer patients, approximately 10% develop peritoneal
metastases (1). As most of these patients do not qualify for curative intent surgical
treatment, the majority is treated with palliative systemic therapy or best supportive
care (2). Unfortunately, the prognosis of patients treated with palliative systemic
therapy is still dismal. This has resulted in the development of intraperitoneal
therapies, aiming for high locoregional penetration but low systemic toxicity (3).
However, conventional intraperitoneal lavage with cytostatic agents is limited
by poor direct tumour penetration, dose-limiting toxicity, and a heterogeneous
intraperitoneal drug distribution (4, 5). Pressurized intraperitoneal aerosol
chemotherapy (PIPAC) claims to overcome these limitations by administering lowdose chemotherapy as a pressurized aerosol, resulting in an increased tumour
penetration, limited systemic toxicity, and a homogeneous intraperitoneal drug
distribution (6-9). Although these encouraging preliminary results have resulted
in the increasing implementation of repetitive PIPAC with or without concomitant
systemic therapy for unresectable peritoneal metastases of various primary
tumours (e.g. gastric, ovarian, or colorectal cancer) worldwide (10, 11), oxaliplatinbased PIPAC (PIPAC-OX) monotherapy had never been prospectively investigated
as a palliative treatment for unresectable colorectal peritoneal metastases (CPM)
(12).
The CRC-PIPAC study was conducted to investigate the safety, feasibility, and
preliminary efficacy of PIPAC-OX, and patient-reported outcomes (PROs) of
repetitive PIPAC-OXduring treatment, in twenty patients with unresectable CPM
(13-15). Furthermore, this trial also assessed patient-reported outcomes (PROs)
during treatment with repetitive PIPAC-OX, of which the longitudinal results
have been previously reported (15). It was concluded that repetitive PIPAC-OX
resulted in reversible deteriorations of several general (role-, physical-, and social
functioning, C30 summary score, fatigue) and several more specific ([abdominal]
pain, diarrhea, urinary frequency, flatulence, appetite loss) PROs.
Given the novelty of PIPAC-OX, it is unknown how these changes in PROs during
treatment with PIPAC-OX compare to PROs after other treatments, such as primary
tumour surger y (PTS). Therefore, the aim of this study was to compare PROs in
patients treated with PIPAC-OX for unresectable CPM to patients with colorectal
cancer undergoing PTS. The results of this study will provide more insight into the
burden of repetitive PIPAC-OX, which can be used for patient counselling and for
optimizing postoperative management of patients who have undergone PIPACOX.

9
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Materials and Methods
Study setting and population
This study compared prospectively collected PROs from patients who were enrolled
in the CRC-PIPAC study to patients who were enrolled in the PROCORE study (13,
16). The CRC-PIPAC study and the PROCORE study were conducted in two and four
hospitals in the Netherlands, respectively, and were both approved by a central
medical ethics committee and institutional review boards of all participating study
centers. Informed consent was obtained from all participating patients.
The CRC-PIPAC study was a single-arm phase 2 clinical trial that prospectively
enrolled twenty patients with isolated unresectable CPM between October 2017
and September 2018. Patients were treated with repetitive PIPAC-OX (92 mg/m 2)
and a simultaneous bolus of intravenous 5-fluorouracil (400 mg/m2) and leucovorin
(20 mg/m 2) every six weeks, without concomitant systemic chemotherapy. All
patients who underwent one PIPAC-OX were included and only results from the
first PIPAC-OX were used in the comparative analyses.
The PROCORE study was a prospective population-based study that enrolled
patients with all stages of colorectal cancer between 1 January 2016 and 31
December 2018. The main goal of the PROCORE study was to collect PROs in a
large population-based cohort of colorectal cancer patients who were treated
according to the Dutch guideline (i.e. no trial treatment was given as part of the
PROCORE study). All patients diagnosed with stage 2-4 colorectal cancer between
1 January 2016 and 31 December 2018 who underwent PTS were included in the
comparative analyses.
PRO assessment
Patients in the CRC-PIPAC study were asked to complete PRO questionnaires at
baseline and at one and four weeks after PIPAC-OX. Patients in the PROCORE
study were asked to complete PRO questionnaires at baseline and four weeks after
PTS. In both studies, the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire (EORTC QLQ) C30 and CR29 questionnaires
were used (17, 18). The EORTC QLQ-C30 is intended for PRO assessment in all
oncological patients and comprises six function scores (i.e. the global health status,
physical-, role-, emotional-, cognitive-, and social functioning) and nine symptom
scores (i.e. fatigue, nausea and vomiting, pain, dyspnea, insomnia, appetite loss,
constipation, diarrhea, and financial difficulties), which are summarized in the
C30 summary score. The EORTC QLQ-CR29 is intended for PRO assessment in
colorectal cancer patients and comprises four function scores (i.e. anxiety, weight,
body image, and sexual interest) and eighteen symptom scores (i.e. urinary
198
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frequency, urinary incontinence, dysuria, abdominal pain, buttock pain, bloating,
blood and/or mucus in stool, dry mouth, hair loss, taste loss, flatulence, fecal
incontinence, sore skin, stool frequency, embarrassment, impotence [men], and
dyspareunia [women]). PRO scores were calculated according to the EORTC QLQC30 and CR29 manuals (19, 20). All scores range from 0 to 100. A higher score on a
function scale represents a higher degree of functioning, whereas a higher score
on a symptom scale represents a higher burden of a symptom.
PRO comparison
Aiming for comparable time-points of PRO-measurement, the following
measurements were compared between the two groups:
- Baseline versus baseline;
- Four weeks after the first PIPAC-OX versus four weeks after PTS for colorectal
cancer;
Only patients who completed questionnaires at both time points were included.
Statistical analyses
Categorical baseline characteristics were presented as n (%) and compared
with the Chi-square test. PRO scores of both groups were presented as mean
with standard deviation and compared with the Mann-Whitney-U test. Given
the explorative nature of the PRO analyses, all PRO categories were included in
the comparative analyses. Statistical significance was set at p<0.01 to adjust for
multiple testing. For each statistically significant difference, the Cohen’s D (CD)
was calculated to determine the clinical relevance (i.e. >0.500). IBM SPSS Statistics
(version 25.0 Armonk, NY, United States) was used for all analyses.

9
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Results
Figure 1 contains the study flowchart. The final study population comprised 294
patients: 275 underwent PTS and 19 underwent PIPAC-OX.
The baseline characteristics are provided in table 1. Patients in the PIPAC-OX
group more often had a primary tumour located in the right colon and had more
often received systemic treatment prior to enrollment than patients in the PTS
group. All patients in the PIPAC-OX group were stage IV at enrollment, whereas
most patients in the PTS group were stage 2 or 3 at enrollment. Among those in the
PTS group, 92 (34%) patients underwent a right hemicolectomy or resection of the
transverse colon; 95 (35%) patients underwent a left hemicolectomy or resection of
the sigmoid colon; 81 (30%) patients underwent a low anterior or abdominoperineal
resection; and 6 (2%) patients underwent a subtotal colectomy.
Table 1. Baseline characteristics

PTS (n=275)

PIPAC-OX (n=19)

Male

173 (63)

12 (63)

Female

102 (37)

7 (37)

Sex

P value
0.983

Age

0.273

<50 years

13 (5)

2 (11)

50-70 years

146 (53)

12 (63)

>70 years

116 (42)

5 (26)

Primary tumour location

0.009

Right colon

94 (34)

13 (68)

Left colon

98 (26)

6 (32)

Rectum

80 (29)

0 (0)

Previous systemic treatment

<0.001

No

246 (89)

7 (37)

Yes

29 (11)

12 (63)

Stage at enrollment

<0.001

2

116 (42)

0 (0)

3

146 (53)

0 (0)

4

13 (5)

19 (100)

PIPAC-OX, Pressurized Intraperitoneal Aerosol Chemotherapy with oxaliplatin; PTS,
primary tumour surgery.
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Figure 1. Study flowchart.

Patient reported outcomes
The mean scores and standard deviations of all the EORTC QLQ-C30 and
CR29 scores at both time-points are shown in Table 2. Both at baseline and at
four weeks postoperative, the function scores of patients who underwent PIPACOX were not significantly different compared with patients who underwent PTS.
In contrast, several symptom scores were significantly different between PIPACOX patients and PTS patients, either at baseline, four weeks postoperative, or
both: pain (Figure 2A), urinary frequency (Figure 2B), abdominal pain (Figure 2C),
blood and/or mucus in stool (Figure 2D), loss of taste (Figure 2E), flatulence (Figure
2F), impotence (Figure 2G). All other symptom and function scores did not differ
significantly between the two groups on any of the time points.
Pain: At baseline, pain was worse in patients who underwent PIPAC-OX than in
patients who underwent PTS (mean: 19 vs. 11, respectively; p=0.009, CD 0.410). From
baseline to four weeks postoperative, pain worsened in both groups but pain was
worse in the PIPAC-OX group than in the PTS group (mean: 29 vs. 17, respectively;
p=0.004, CD 0.567) (Table 2, Figure 2A).

9

Urinary frequency: At baseline, urinary frequency was higher in patients in the
PTS group than in patients in the PIPAC-OX group (mean: 28 vs. 12, respectively;
p=0.008, CD 0.566). From baseline to four weeks postoperative, urinary frequency
had increased in both groups but there was no longer a significant difference
between the groups (mean: 35 vs. 24, respectively; p=0.014) (Table 2, Figure 2B).
Abdominal pain: At baseline, abdominal pain was similar between patients in
the PIPAC-OX group and patients in the PTS group (mean: 19 vs. 18, respectively;
p=0.874). From baseline to four weeks postoperative, abdominal pain had
worsened in the PIPAC-OX group but had slightly improved in the PTS group
(mean: 39 vs. 15, respectively; p<0.001, CD 0.999) (Table 2, Figure 2C).
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Blood and/or mucus in stool: At baseline, blood and/or mucus in stool was
worse in patients in the PTS group than in patients in the PIPAC-OX group (mean:
18 vs. 0, respectively; p<0.001, CD 1.106). From baseline to four weeks postoperative,
blood and/or mucus in stool had improved in the PTS group and remained stable
in the PIPAC-OX group, and there was no longer a significant difference between
the groups (mean: 5 vs. 3, respectively; p=0.747) (Table 2, Figure 2D).
Loss of taste: At baseline, loss of taste was worse in patients in the PIPAC-OX
group than in patients in the PTS group (mean: 16 vs. 5, respectively; p=0.003, CD
0.482). From baseline to four weeks postoperative, loss of taste had remained
stable in the PIPAC-OX group but had increased in the PTS group (mean: 16 vs.
14, respectively; p=0.612) (Table 2, Figure 2E).
Flatulence: At baseline, flatulence was worse in patients in the PTS group than
in patients in the PIPAC-OX group (mean: 28 vs. 18, respectively; p=0.006, CD 0.411).
From baseline to four weeks postoperative, flatulence had slightly worsened in both
groups but was still worse in the PTS group (mean: 30 vs. 21, respectively; p=0.005,
CD 0.367) (Table 2, Figure 2F).
Impotence (males): At baseline, impotence was worse in patients in the PTS
group than in patients in the PIPAC-OX group (mean: 27 vs. 3, respectively; p=0.007,
CD 0.984). From baseline to four weeks postoperative, impotence had worsened in
both groups and was no longer significantly different between the groups (mean
33 vs. 12, respectively; p=0.017) (Table 2, Figure 2G).
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Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea/vomiting
Pain
Dyspnea
Insomnia
Loss of appetite
Constipation
Diarrhea
Financial difficulties
C30 summary score
EORTC QLQ-CR29
Urinary frequency
Urinary incontinence
Dysuria
Abdominal pain

EORTC QLQ-C30
Global Health Status
Physical functioning
Role functioning
78 ± 20
89 ± 17
89 ± 19
20 ± 23
3±9
11 ± 20
11 ± 21
20 ± 26
10 ± 22
13 ± 23
16 ± 25
1±7
87 ± 12
28 ± 24
5 ± 15
1±6
18 ± 26

12 ± 17
2±8
4 ± 11
19 ± 17

73 ± 19
89 ± 15
84 ± 27

PTS

80 ± 27
90 ± 15
82 ± 26
27 ± 20
8 ± 15
19 ± 19
11 ± 19
16 ± 23
21 ± 34
9 ± 15
11 ± 19
4 ± 15
84 ± 13

66 ± 29
87 ± 15
71 ± 30

Baseline
PIPAC-OX

0.008
0.246
0.039
0.874

0.497
0.940
0.238
0.194
0.100
0.009
0.792
0.244
0.124
0.387
0.218
0.825
0.436

0.467
0.461
0.023

P value
67 ± 25
81 ± 20
69 ± 28
81 ± 18
91 ± 12
79 ± 23
37 ± 25
8 ± 13
29 ± 18
9 ± 19
24 ± 22
24 ± 36
13 ± 26
19 ± 21
2±8
80 ± 14
24 ± 20
4 ± 11
7 ± 18
39 ± 25

0.410
0.566
-

35 ± 22
6 ± 16
6 ± 16
15 ± 23

84 ± 18
85 ± 19
81 ± 24
33 ± 26
7 ± 15
17 ± 24
12 ± 21
24 ± 29
17 ± 26
9 ± 20
16 ± 23
5 ± 15
82 ± 14

70 ± 20
80 ± 18
64 ± 31

4 weeks postoperative
PIPAC-OX
PTS

Cohen’s D

0.014
0.468
0.886
<0.001

0.426
0.641
0.796
0.995
0.290
0.004
0.389
0.539
0.701
0.624
0.953
0.356
0.521

0.673
0.527
0.432

P value

Table 2. EORTC QLQ-C30 and QLQ-CR29 subscale scores among colorectal cancer patients undergoing PIPAC-OX or PTS.

0.999

0.567
-

-

Cohen’s D
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5 ± 12
28 ± 28
0±0
16 ± 20
4 ± 11
16 ± 28
18 ± 20
5 ± 17
7 ± 14
7 ± 12
11 ± 19
3 ± 10
5 ± 13
54 ± 30
84 ± 28
90 ± 14
31 ± 30
10 ± 16

PTS
6 ± 17
18 ± 25
18 ± 23
14 ± 22
1±8
5 ± 16
28 ± 28
4 ± 13
8 ± 20
18 ± 21
13 ± 23
27 ± 33
7 ± 14
55 ± 28
87 ± 24
88 ± 19
35 ± 26
13 ± 19

0.960
0.475
<0.001
0.870
0.134
0.003
0.006
0.903
0.911
0.042
0.579
0.007
0.530
0.555
0.895
0.125
0.371
0.404

P value

Cohen’s D
1.106
0.482
0.411
0.984
-

11 ± 19
23 ± 25
3±6
24 ± 25
5 ± 12
16 ± 23
21 ± 23
4 ± 11
11 ± 19
5±8
7 ± 14
12 ± 17
0±0
60 ± 33
84 ± 23
90 ± 14
25 ± 29
10 ± 16

14 ± 26
18 ± 25
5 ± 11
21 ± 25
3 ± 12
14 ± 27
30 ± 26
11 ± 20
14 ± 23
19 ± 22
21 ± 28
33 ± 35
8 ± 21
71 ± 23
86 ± 22
88 ± 19
34 ± 27
10 ± 20

4 weeks postoperative
PIPAC-OX
PTS
0.485
0.897
0.747
0.770
0.289
0.612
0.005
0.096
0.397
0.027
0.012
0.017
0.523
0.838
0.857
0.679
0.125
0.959

P value
0.367
-

Cohen’s D

All values are mean ± standard deviation; PIPAC-OX Pressurized Intraperitoneal Aerosol Chemotherapy with oxaliplatin; PTS primary
tumour surgery. All scores range from 0 to 100. A higher score on a function scale represents a higher degree of functioning, whereas a
higher score on a symptom scale represents a higher burden of a symptom.

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

Baseline
PIPAC-OX

Table 2. EORTC QLQ-C30 and QLQ-CR29 subscale scores among colorectal cancer patients undergoing PIPAC-OX or PTS. (continued)
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Figure 2. PRO scales with a statistically significant difference in scores between PIPAC-OX
and PTS.

Blue and pink lines represent mean scores; dotted blue and pink lines represent
standard deviations; Marking with an asterisk [*] represents a statistically significant
but not clinically relevant difference; Marking with a hollow circle [o] represents a
statistically significant and clinically relevant difference; PIPAC-OX, oxaliplatin-based
pressurized intraperitoneal aerosol chemotherapy; PTS, primary tumor surgery.
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Discussion
This study aimed to compare PROs of patients with colorectal peritoneal metastases
treated with PIPAC-OX to patients with colorectal cancer treated with primary
tumour surgery. The most evident finding was that, at four weeks postoperative,
patients treated with PIPAC-OX experienced significantly more (abdominal) pain
than patients treated with PTS. This is a counterintuitive finding, since no visceral
resections are performed during PIPAC-OX but are performed during PTS.
One of the major proclaimed benefits of PIPAC-OX is the limited effect of this
treatment on quality of life, which would be favorable in the palliative setting.
However, the current study suggests that PIPAC-OX may result in more (abdominal)
pain. Given the repetitive intent of treatment with PIPAC-OX, these palliative
patients may be repetitively exposed to (abdominal) pain, which was also observed
in our previous study on PROs during PIPAC-OX (15). This should be considered by
both treating physicians and patients before starting treatment.
Some other studies investigating PIPAC in the palliative setting have also
suggested that treatment with PIPAC-OX is less well-tolerated than initially thought,
as it may result in chemical peritonitis or even peritoneal sclerosis, leading to
(abdominal) pain (15, 21). The effect of PIPAC on (abdominal) pain may be drug
dependent, as two studies reported a greater inflammatory response (22) and a
greater morphine demand (23) after PIPAC-OX than after PIPAC with cisplatin/
doxorubicin. Furthermore, although a dose-dependent effect of PIPAC-OX on
(abdominal) pain was not reported in two dose-escalating studies in the palliative
setting (24, 25), a third study investigating PIPAC-OX in the adjuvant setting (i.e.
high-risk colorectal cancer patients) observed severe (abdominal) pain in the
majority of patients treated with PIPAC-OX, who required either dose-reduction of
intraperitoneal oxaliplatin or discontinuation of adjuvant PIPAC-OX (26). However,
the different setting of this third study (adjuvant instead of palliative) may explain
the observed dose-dependent effect on (abdominal) pain, since patients in the
palliative setting might be more willing to accept (severe) adverse events from a
last-resort treatment.
Although seven other studies also reported on PROs during PIPAC with various
drugs for various primary tumours among which PIPAC-OX for CPM (27-33), three
did not provide PRO results on (abdominal) pain (27-29). Of the other four, one
reported a transitory increase in pain (30) whereas the other three reported that
pain remained stable during treatment with PIPAC (31-33). However, these studies
did not provide separate PRO results for PIPAC-OX in patients with CPM (30-32) or
for PIPAC-OX monotherapy (33), which impedes the interpretation of these findings.
Nevertheless, these findings might imply that PIPAC-OX is not the sole explanation
206
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for the presence and degree of (abdominal) pain that was reported in the current
study. For instance, peritoneal metastases in itself might cause (abdominal) pain
by local irritation and pressure on other tissues. This would suggest the need for
adequate analgesic protocols for patients with peritoneal metastases in general,
regardless of treatment with PIPAC-OX.
Besides (abdominal) pain, statistically significant and clinically relevant
differences between the two groups were observed in three symptom scales; at
baseline, patients in the PROCORE group more frequently reported an increased
urinary frequency, blood and mucus in stool, and, among men, impotence. Blood
and mucus in stool at baseline were likely related to the presence of the primary
tumour, as this symptom had improved at four weeks postoperative. The other two
symptoms, urinary frequency and impotence, had worsened in both groups at four
weeks postoperative, resulting in a non-significant difference at this time-point.
These symptoms could be related to irritation of or damage to parasympathetic
pelvine nerve fibers due to tumour ingrowth and/or surgical trauma.
Despite the several differences that were observed in the current study, one
should also note that the majority of PROs did not differ significantly between
the two groups at baseline, even though the majority of patients in the PIPAC-OX
had received several treatments, including systemic therapy, before enrollment.
This might imply that previous systemic therapy and the presence of extensive
peritoneal disease do not necessarily result in major deteriorations of most PROs.
However, another explanation could be the occurrence of a phenomenon called
response shift, which suggests that PROs may change over the course of treatment
not only because quality of life actually changes, but also because a patient’s
perception of quality of life may change (34). Although this phenomenon may
have blurred the detection of smaller statistically significant differences in PROs,
it also emphasizes the importance of the presented statistically significant results
in the current study.
Although this is the first study to compare PROs in patients with CPM who were
treated with PIPAC-OX to patients with colorectal cancer who underwent PTS,
there are some limitations to this study. First, the PIPAC-OX group is of limited
size. However, despite the small sample size, statistically significant and clinically
relevant differences were identified between the groups. Nevertheless, a larger
PIPAC-OX group could have allowed for the detection of additional statistically
significant and clinically relevant changes in PROs. Also, this would have allowed
for more extensive statistical analyses to correct for clinical differences between
the two groups. Second, the PROCORE study population resembles a populationbased study, since all patients with colorectal cancer are allowed to participate.
In contrast, the PIPAC-OX study population consists of a highly selected group
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of palliative patients who required to be in an adequate clinical condition to
participate in a clinical trial, which might have affected baseline quality of life.
Third, the timing of only two PRO measurements matched between the two
studies (i.e. baseline and four weeks after surgery). If the timing of more PRO
measurements had matched, this could have provided more insight in short-term
(e.g. one week after surgery) and longer-term (e.g. several months after surgery)
differences in PROs between the two groups. Given the poor prognosis of patients
in the PIPAC-OX group, long-term PRO measurements were not available in this
group.

Conclusion
Patients with colorectal peritoneal metastases who were treated with PIPAC-OX
reported significantly more (abdominal) pain at four weeks postoperative than
patients with colorectal cancer who underwent PTS. This indicates that physicians
should not underestimate the longevity and degree of (abdominal) pain after
PIPAC-OX and should consider analgesic measures to reduce these symptoms,
especially since PIPAC-OX is mainly applied in the palliative setting and is often
repeated several times. Future studies should focus on the development of
analgesic protocols aiming to reduce (abdominal) pain during treatment with
PIPAC-OX.
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Abstract
Introduction: 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.
Materials and 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
minutes for plasma and plasma ultrafiltrate concentrations; urine at t=0, t=1, t=3,
t=5 and t=7 days. Samples were analysed using atomic absorption spectrometry.
Pharmacokinetcis were analysed using nonlinear mixed-effects modelling.
Results: Four patients received one ePIPAC, three patients received two
ePIPAC, and thirteen patients received three or more ePIPAC. The population
pharmacokinetic models adequately described the pharmacokinetics of oxaliplatin
after ePIPAC. The plasma ultrafiltrate Cmax of oxaliplatin reached 1.36-1.90 µg/
mL after 30 minutes with an AUC0-24h of 9.6-11.7 µg/mL*h. The plasma Cmax of
oxaliplatin reached 2.67-3.28 µg/mL after 90 minutes with an AUC0-24h of 49.059.5 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 by
the seventh day.
Discussion: Systemic exposure to oxaliplatin after ePIPAC seemed comparable to
that after systemic therapy, 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 therapy.
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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). Some of these patients may be treated with cytoreductive surgery with or
without hyperthermic intraperitoneal chemotherapy (CRS-HIPEC), but most are
treated with palliative systemic chemotherapy. Intraperitoneal therapies have
been developed since most patients do not qualify for CRS-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 thus low systemic toxicity; (2) a homogeneous
distribution; (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 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) and 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 tumour 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 oxaliplatinbased ePIPAC (ePIPAC-OX) in patients with PM from colorectal cancer (27). The
current manuscript aimed to analyse the systemic pharmacokinetics of oxaliplatin
in plasma, plasma ultrafiltrate, peritoneal fluid, and urine after intraperitoneal
administration by ePIPAC-OX.
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Materials and Methods
A prospective, single-arm, open-label, phase II study was performed in two Dutch
HIPEC-centres. The Central Medical Ethics Committee (MEC-U, Nieuwegein,
the Netherlands; R17.038) and institutional review boards of the participating
institutions approved of the study, and the principles of the declaration of Helsinki
were followed. The study protocol has recently been published (27).
Patient population
Patients were eligible to participate if they were older than eighteen years with a
WHO performance status of 0-1, and were diagnosed with unresectable colorectal
or 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 PIPAC. All patients provided
written informed consent.
ePIPAC-OX procedure
Patients were treated with repetitive ePIPAC-OX (92 mg/m 2) and a simultaneous
intravenous bolus of leucovorin (20 mg/m 2 in ten minutes) and 5-fluorouracil (400
mg/m 2 in fifteen minutes) under general anaesthesia every six weeks. Patients did
not receive systemic therapy in between subsequent ePIPAC-OX procedures. The
intravenous bolus of leucovorin and 5-fluorouracil was injected at the start of the
laparoscopic surgery, after which the intraperitoneal injection of oxaliplatin was
immediately started. Oxaliplatin was diluted in a total volume of 150 mL 5% dextrose
solution and injected through the nebulizer (CapnoPen, Capnomed GmbH,
Villingendorf, Germany) in five minutes, 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 37oC for another 25 minutes. A detailed description of the general
PIPAC procedure is also provided elsewhere (7, 28).
Trial treatment was terminated in case of disease progression, unacceptable
toxicity, at the patient’s request, or at the physician’s discretion. An extensive
description of the ePIPAC-OX procedure and evaluation schedule can be found
in the study protocol (27).
Sample collection and analysis
Samples of whole blood, urine, and peritoneal fluid were collected at multiple
moments after each ePIPAC-OX. Sampling was performed up to and including the
third procedure to study any potential accumulation and intra-individual variation.
216
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All samples were stored at -80 oC until analysis. Whole blood was collected at
t=0, 5, 10, 20, 30, 60, 120, 240, 360, and 1080 minutes after the start of injection of
oxaliplatin. Whole blood samples were immediately cooled on ice and centrifuged
for five minutes at 2000 g at 4 oC to obtain plasma ultrafiltrate (free fraction of
oxaliplatin). Single urine samples were collected at t=0, 1, 3, 5, and 7 days after
the injection of oxaliplatin. Peritoneal fluid was collected at t=30 minutes after the
injection of oxaliplatin. 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
modelling 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 modelling 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 Χ 2
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.
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Results
Patient characteristics
Between October 2017 and April 2019, twenty patients were treated with repetitive
ePIPAC-OX: four patients (20%) only received one ePIPAC-OX, three patients (15%)
received two ePIPAC-OX, and thirteen patients (65%) received three or more
ePIPAC-OX. All patients received the intended dose of chemotherapeutic agents.
No dose reductions were required due to systemic toxicity, including peripheral
neuropathy. Twelve patients (60%) were male and eight patients (40%) were female.
The median age was 63.5 years. Most patients had synchronous peritoneal
metastases (n=15, 75%) from a right-sided colorectal adenocarcinoma (n=14, 70%)
that had not been resected (n=14, 70%). Nine patients (45%) had been treated
with palliative systemic chemotherapy before enrolment, of whom eight patients
received an oxaliplatin-containing regimen. Nine patients (45%) had undergone
an explorative laparotomy with the intention of CRS-HIPEC, which all resulted in
an open-close procedure. The baseline characteristics are provided in Table 1.
Pharmacokinetics of plasma and plasma ultrafiltrate
Oxaliplatin pharmacokinetics in plasma were best described by a two-compartment
model with first order absorption from the peritoneal compartment with first order
elimination (Supplementary Figure 10.1). Oxaliplatin pharmacokinetics in plasma
ultrafiltrate were best described by a three-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 inter-compartmental clearance were identified. The
concentration-time profiles of oxaliplatin in plasma and plasma ultrafiltrate are
provided in Figures 1 and 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
10.2 and 10.3, respectively).
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Table 1. Baseline characteristics

Baseline characteristics
Sex
Male
Age

12 (60)

Female

8 (40)

Years

63.5 (57.0-69.8)

Appendix

6 (30)

Right colon

8 (40)

Left colon

6 (30)

(Mucinous) adenocarcinoma

10 (50)

SRC differentiation

8 (40)

LAMN

2 (10)

Yes

6 (30)

No

14 (70)

Synchronous

15 (75)

Metachronous

5 (25)

Location of primary tumour

Histology of primary tumour

Primary tumour resection

Onset of peritoneal metastases

Previous treatment of peritoneal
metastases
None

7 (35)

Palliative systemic therapy

9 (45)

Attempt at CRS-HIPEC

9 (45)

10

All values are median (interquartile range) or n(%); SRC Signet ring cell differentiation,
LAMN low grade appendiceal mucinous neoplasm, CRS cytoreductive surgery, HIPEC
hyperthermic intraperitoneal chemotherapy
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Figure 1. Prediction corrected visual predictive check for the concentration of oxaliplatin
in plasma.

The red line represents the median and the blue lines represent the 10 th and 90 th
observation percentiles. The observed oxaliplatin concentrations are shown as open
circles. The shaded areas represent the 95% confidence interval around each of the
prediction percentiles.
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Figure 2. Prediction corrected visual predictive check for the concentration of oxaliplatin
in plasma ultrafiltrate.

The red line represents the median and the blue lines represent the 10 th and 90 th
observation percentiles. The observed oxaliplatin concentrations are shown as open
circles. The shaded areas represent the 95% confidence interval around each of the
prediction percentiles.

10

Table 2 provides the calculated estimates of the pharmacokinetic parameters
of oxaliplatin in plasma and plasma ultrafiltrate after the first, second and third
ePIPAC-OX. The maximum concentration of oxaliplatin (Cmax) in plasma ultrafiltrate
and in plasma varied between 1.36-1.90 µg/mL and between 2.67-3.28 µg/mL,
respectively. The maximum concentrations of oxaliplatin in plasma ultrafiltrate and
plasma were reached after approximately 30 and 90 minutes (Tmax), respectively.
The median plasma ultrafiltrate area under the curve for the first 24 hours (AUC0) varied between 9.6-11.7 µg/mL*h. The median plasma AUC0-24h varied between
24h
49.0-59.5 µg/mL*h and the median plasma AUC0-48h varied between 95.4-114.9
µg/mL*h. The Cmax, the AUC0-24h, and the AUC0-48h of oxaliplatin in both plasma and
plasma ultrafiltrate increased significantly from the first to the second and third
ePIPAC-OX. Finally, the absorption rate constant (Ka) was 1.13 (1.04-1.30) L/h.
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µg/mL
Minutes
Minutes
µg/mL*h
µg/mL*h
µg/mL*h
L/h

Cmax plasma UF

Tmax plasma

Tmax plasma UF

AUC0-24h plasma

AUC0-24h plasma UF

AUC0-48h plasma

Absorption rate constant

1.13 (1.04-1.30)

95.4 (81.8-124.5)

9.6 (8.5-12.4)

49.0 (42.8-64.4)

30 (20-48)

93 (60-233)

1.36 (1.06-1.74)

2.67 (2.15-3.27)

-

111.0 (87.1-154.9)

11.7 (9.1-14.8)

59.2 (46.0-81.2)

30 (30-64)

94 (62-169)

1.38 (0.96-2.02)

2.92 (2.36-4.14)

Second PIPAC

-

114.9 (90.8-167.4)

11.7 (8.4-14.5)

59.5 (47.5-85.2)

30 (30-55)

90 (37-122)

1.90 (0.87-2.85)

3.28 (2.76-4.19)

Third PIPAC

-

0.001

0.001

0.001

0.57

0.56

0.016

0.039

P value

All values are median (interquartile range); AUC Area under the curve, Cmax maximum concentration, Tmax time to maximum
concentration, UF ultrafiltrate.

µg/mL

Cmax plasma

First PIPAC

Table 2. Pharmacokinetics of oxaliplatin in plasma and plasma ultrafiltrate.
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Pharmacokinetics of urine and peritoneal fluid
Figure 3 shows the concentration of oxaliplatin in urine during the first week after
each ePIPAC-OX. Concentrations were highest on the first day after the procedure
after which a rapid decrease was observed. At day three, 90% of the urine samples
were below 8.70 µg/mL; at day five, 90% of the samples were below 4.90 µg/mL; at
day seven, 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
subsequent procedures.
The concentrations of oxaliplatin in peritoneal fluid 30 minutes after the start of
the injection are shown in Figure 4. The highest concentration was found after the
first procedure, although this difference was not statistically significant (p=0.38).

10

Figure 3. Concentration of oxaliplatin (µg/mL) in urine.
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Figure 4. Concentration of oxaliplatin (µg/mL) in peritoneal fluid, 30 minutes after injection
of oxaliplatin.
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Discussion
This study aimed to describe the systemic pharmacokinetics of oxaliplatin
administered by ePIPAC-OX, and was the first to do so in humans. ePIPAC-OX
(92 mg/m 2) resulted in significant systemic concentrations. After seven 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 subsequent
procedures.
Remarkably, the Cmax and AUC of oxaliplatin of plasma and plasma ultrafiltrate
increased significantly during the second and third ePIPAC-OX. This increase was
an unexpected finding, and might possibly be due to a decrease in the extent
of peritoneal disease, thus creating a larger ‘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 procedures will have to be confirmed in another
pharmacokinetic study.
Oxaliplatin has been part of HIPEC and systemic chemotherapy regimens
for several decades. The pharmacokinetics of oxaliplatin after intraperitoneal
administration by HIPEC and after systemic administration have been described
by several research groups. In systemic chemotherapy regimens, oxaliplatin is
administered in a dose of 130 mg/m 2 or 85 mg/m 2 , depending on the combination
with either capecitabine (CAPOX/XELOX) every three weeks or combined with
5-fluorouracil/leucovorin (FOLFOX) every two weeks, respectively. The currently
used ePIPAC-OX regimen (92 mg/m 2) and an intravenous bolus of 5-fluorouracil/
leucovorin (400 / 20 mg/m 2) most resembles the oxaliplatin component of a
systemic cycle of FOLFOX, hence the above reported pharmacokinetic results
were compared with the pharmacokinetics of oxaliplatin as part of FOLFOX, as
described by other studies (29, 30). After intravenous administration of 85 mg/m 2
oxaliplatin, these studies described a Cmax of 1.61-1.92 µg/mL in plasma and of 0.380.68 µg/mL in plasma ultrafiltrate, which is slightly lower than the Cmax of oxaliplatin
after ePIPAC-OX. The most likely explanation is that a systemic administration of
oxaliplatin is infused over a much longer time, up to 2-6 hours, while the complete
dose of oxaliplatin during ePIPAC-OX is administered in less than five minutes.
Another explanation that may have contributed to this phenomenon is the slightly
higher dose of oxaliplatin used during ePIPAC-OX, and the application of pressure
and electrostatic precipitation during the procedure, possibly increasing absorption
(9).
The plasma AUC0-24h of oxaliplatin was comparable after intravenous
administration and after ePIPAC-OX (51.4-118.0 µg/mL*h versus 49.0-59.5 µg/

10

225

Robin_Lurvink_BNW_V1.indd 225

23-02-2022 10:00

Chapter 10

mL*h, respectively), whereas the plasma ultrafiltrate AUC0-24h was much lower after
intravenous administration (4.3-4.8 µg/mL*h versus 9.6-11.7 µg/mL*h, respectively),
as compared with other literature (29, 30).
A much higher dose of oxaliplatin is used during HIPEC, varying from 360460 mg/m 2 (24, 26, 31). The oxaliplatin Cmax in plasma and plasma ultrafiltrate
following administration by HIPEC varied from 10.7-14.0 µg/mL and 7.0-8.5 µg/
mL, respectively, which are roughly fivefold higher than the oxaliplatin Cmax after
ePIPAC-OX in the current study (24, 26, 31). This could be explained by the fivefold
lower dose of oxaliplatin (92 mg/m2) that was used during ePIPAC-OX. Furthermore,
in these studies, the Cmax of both plasma and plasma ultrafiltrate are reached after
approximately 30 minutes. In the current study, the plasma ultrafiltrate Tmax was
reached after 30 minutes as well, although the plasma Tmax was 90 minutes. This
could possibly be explained by the removal of oxaliplatin after 30 minutes of HIPEC,
whereas oxaliplatin remains in the abdomen after ePIPAC-OX, allowing further
absorption. In contrast to the Cmax, the AUC0-24h of plasma ultrafiltrate after ePIPACOX is almost equal to the AUC0-24H of plasma ultrafiltrate after HIPEC (9.6-11.7 µg/
mL*h versus 13.7-14.8 µg/mL*h, respectively) (24, 26, 31). Although not the goal of
ePIPAC-OX, this suggests that equal levels of systemic exposure can be achieved
with ePIPAC-OX, and further justifies the fivefold lower dose during ePIPAC-OX
as compared to HIPEC. Possible explanations are the explanation of pressure and
electrostatic precipitation during ePIPAC-OX, and the removal of oxaliplatin from
the abdominal cavity after 30 minutes of HIPEC, whereas oxaliplatin remains in the
abdominal cavity after ePIPAC-OX. The absorption rate constant during ePIPACOX was lower than during HIPEC (1.13/h versus 1.40-1.42/h, respectively), which may
be explained by the lower absolute dose of oxaliplatin used during ePIPAC-OX, as
rate of absorption is dose-dependent with first order pharmacokinetics (24, 26).
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,
respectively, seven days after administration of oxaliplatin (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 doses
of oxaliplatin. Also, they only measured the oxaliplatin concentration on the seventh
day, which does not allow for a complete pharmacokinetic analysis.
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, it was not possible to accurately calculate the clearance of oxaliplatin
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from plasma due to too short sampling. The last sampling occasion was eighteen
hours after the injection of oxaliplatin, after which the absorption and distribution
phase proved to be not yet totally finished. This does not allow for a proper
estimation of the elimination phase, for which a final sample, e.g. after 48 hours,
would have been required. Nonetheless, clearance and elimination rates are
not expected to be different following administration by ePIPAC-OX, HIPEC, or
intravenous infusion. As shown in the goodness of fits plots, the model for plasma
is more accurate than the model for plasma ultrafiltrate, which is probably due
to fewer plasma ultrafiltrate samples – sufficient ultrafiltrated plasma could not
be obtained from some samples. Furthermore, the sampling of peritoneal fluid
was only performed once, 30 minutes 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-tumour
effects, this measurement alone did not allow to determine the peritoneal/plasma
AUC ratio of oxaliplatin, as has been previously described for several other drugs
administered by HIPEC (32).
Future research could elaborate on the direct comparison of the systemic
absorption of oxaliplatin administered by ePIPAC-OX and by systemic
chemotherapy, in order to determine the absolute bio-availability.

Conclusion
To our knowledge, this is the first study to investigate the systemic pharmacokinetics
of oxaliplatin administered by ePIPAC-OX in humans. In conclusion, the systemic
absorption of and exposure to oxaliplatin was higher than expected, reaching
levels similar to those reached with systemic chemotherapy, as reported in other
studies. This finding does not support one of the proclaimed benefits of PIPAC,
being a decreased systemic exposure and potentially less toxic profile compared
with systemic administration. Additional sampling at 24 and 48 hours after
ePIPAC-OX could have increased the accuracy of the oxaliplatin plasma AUC and
clearance. Oxaliplatin was mainly excreted during the first seven days and no
accumulation was observed between subsequent procedures. This may suggest
that treatment with repetitive ePIPAC-OX may be performed more frequently
without further increasing toxicity.
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Abstract
Oxaliplatin-based electrostatic Pressurized Intraperitoneal Aerosol Chemotherapy
(ePIPAC-OX) is an emerging palliative treatment option for patients with
unresectable colorectal peritoneal metastases (CPM). This study aimed to assess
the costs of repetitive ePIPAC-OX monotherapy, which was performed according
to the Dutch Manual for Cost Analysis in Healthcare Research.
Sixteen patients with unresectable CPM underwent at least two ePIPAC-OX
procedures as part of the prospective CRC-PIPAC study. Mean costs were divided
into four categories: initial screening costs before the first procedure (€3.007,-);
costs of one procedure and 4-week evaluation (€6.566,-); additional (off-protocol)
healthcare costs of one procedure (€289,-); costs due to productivity loss for each
procedure (€809,-). In total, the costs per patient treated with three ePIPAC-OX
are €25.999,-. They are similar to the costs of first-line palliative chemotherapy
with targeted agents (e.g. bevacizumab), as reported elsewhere.
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Introduction
Peritoneal metastases are a frequent occurrence in colorectal cancer, affecting
approximately 10% of patients (1). The majority of patients do not qualify for curativeintent treatment and may receive palliative chemotherapy (2, 3). Despite treatment
with palliative systemic chemotherapy, the survival of patients with unresectable
colorectal peritoneal metastases (CPM) is dismal (2, 4). New treatment modalities
are emerging to improve survival, such as the intraperitoneal administration of
chemotherapy. However, conventional intraperitoneal chemotherapy lavage
is limited by a heterogeneous intraperitoneal distribution, poor direct tissue
penetration, and dose-limiting local toxicity (5, 6).
Pressurized intraperitoneal aerosol chemotherapy is a minimal invasive method
for the administration of intraperitoneal chemotherapy (oxaliplatin for CPM) as a
pressurized aerosol during laparoscopy, and claims to overcome the limitations of
intraperitoneal lavage (7-10). Although electrostatic oxaliplatin-based pressurized
intraperitoneal aerosol chemotherapy (ePIPAC-OX) is increasingly implemented
as a palliative treatment option for CPM (11, 12), there is little evidence available on
its feasibility, tolerability and efficacy in this setting (13). Also, the total costs of this
new treatment are yet unknown. Insight into the costs will be useful for researchers
who intend to perform ePIPAC-OX in the setting of a clinical trial and need to
estimate the required funds. Moreover, in order to become an accepted treatment
modality complying to value-based healthcare, the costs of the procedure need
to be weighed against the beneficial effect of this treatment.
The CRC-PIPAC study was conducted to investigate these outcomes in patients
with unresectable CPM treated with ePIPAC-OX monotherapy (14, 15). In the
present manuscript the total costs of repetitive ePIPAC-OX monotherapy were
calculated, as these have never been explored.

11
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Materials and Methods
The single-arm, phase II, CRC-PIPAC trial was performed in two Dutch tertiary
centres for the surgical treatment of CPM. A central ethics committee and the
institutional review boards of both study centres approved of the study. The study
protocol has been previously published (14). The most important eligibility criteria
and study procedures are summarized here.
Patients and study procedures
Eligible patients had pathologically proven unresectable CPM without evidence
of systemic metastases and provided written informed consent. After enrolment,
patients underwent thoracoabdominal computed tomography, diffusion-weighted
magnetic resonance imaging of the peritoneum, laboratory testing of organ
functions, and standard pre-operative screening. In the absence of contraindications for ePIPAC-OX, the first procedure was planned.
Laparoscopic ePIPAC-OX (92 mg/m 2) and a simultaneous intravenous
bolus of leucovorin (20 mg/m 2) and 5-fluorouracil (400 mg/m 2) was performed
under general anaesthesia. A high-pressure injector (Nemoto Rempress®,
Medicor Europe AG, Rotselaar, Belgium) was used for the administration of
intraperitoneal oxaliplatin. Since both hospitals owned this or a similar CE-certified
high-pressure injector, the purchase costs of a high-pressure injector were not
included in this analysis. Biopsies from PM and peritoneal fluid were collected
for histopathological examination. A nebuliser (CapnoPen, Capnomed GmbH,
Villingendorf, Germany) was used to inject oxaliplatin into the abdomen in 5
minutes. Next, the Ultravision generator (Ultravision, Alesi Surgical, Cardiff, UK)
provided electrostatic precipitation to the aerosol, potentially enhancing tumor
penetration (16, 17). The procedure was terminated thirty minutes after start of the
oxaliplatin injection. Laboratory testing was performed on the first post-operative
day. If no complications occurred, patients were discharged on the first postoperative day.
Four weeks after each procedure, patients underwent thoracoabdominal
computed tomography, diffusion-weighted magnetic resonance imaging, and
laboratory testing. A multi-disciplinary tumour board decided to (dis)continue trial
treatment. In the absence of disease progression and if considered feasible, the
next ePIPAC-OX was planned four to six weeks after the last procedure.
Cost analysis
The Dutch Manual for Cost Analysis in Healthcare Research was used to identify,
measure, and value all costs related to ePIPAC-OX and up to four weeks after each
236
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procedure (18, 19). Costs were categorized as follows: (1) the per-protocol screening
costs before the first procedure, (2) the per-protocol costs of one procedure and
4-week evaluation, (3) additional (off-protocol) healthcare costs of one procedure,
and (4) costs due to productivity loss of each procedure.
The hospital registration was used to assess all in-hospital costs. The iMTA
Medical Consumption Questionnaire (MCQ) and the iMTA Productivity Cost
Questionnaire (PCQ) were used to assess the costs of health-care utilization outside
the hospital and costs due to productivity loss during (un)paid work, respectively
(20, 21). The PCQ was filled out four weeks after each procedure, whereas the MCQ
was filled out four weeks after every second procedure. Only patients undergoing
at least two ePIPAC-OX procedures were included in the current study. Costs were
calculated for the first two procedures.
All costs were indexed for the year 2018 and expressed in Euros (€). Reference
prices of in-hospital costs were available from the maximum costs set from the
Dutch Healthcare Authority (NZa) in 2018 (https://zorgproducten.nza.nl/, 01-072021). Chemotherapy costs (arbitrary length, 175 cm; weight, 70 kg) and other
medications were available from the Dutch online medication database (https://
www.medicijnkosten.nl/, 01-07-2021). Both websites contain the official listing of
unit-prices as provided by the Dutch government. Delivery costs of €6,- were
added once for each unique medicine. Chemotherapy preparation costs of €75,were added for each procedure. Productivity losses were valued with the friction
cost method (85 days).
Statistical analysis
Descriptive statistics were obtained with IBM SPSS Statistics (v.25). A mean with
standard deviation and a median with interquartile range were provided for all
variable costs.
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Results
Between October 2017 and February 2019, sixteen patients underwent at least
two ePIPAC-OX procedures (Figure 1), of whom the baseline characteristics are
listed in Table 1.

Figure 1. Study flowchart.

ePIPAC-OX oxaliplatin-based electrostatic pressurized intraperitoneal aerosol
chemotherapy, MCQ Medical consumption questionnaire, PCQ Productivity cost
questionnaire.

Table 1. Baseline characteristics

Characteristic
Sex
Age
Location of primary tumor

Histology of primary tumor

Diagnosis of PM

Male
Female
Years
Right Colon
Appendix
Left colon
(Mucinous) Adenocarcinoma
(Mucinous) Adenocarcinoma with SRC
LAMN
Synchronous
Metachronous

9 (56)
7 (44)
67 (58-71)
5 (31)
5 (31)
6 (38)
9 (56)
5 (31)
2 (13)
12 (75)
4 (25)

All values are n (%) or median (interquartile range); LAMN, Low grade appendiceal
mucinous neoplasm; PM, Peritoneal metastases; SRC, signet ring cell.
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Costs
Table 2 contains an overview of the costs. The screening costs before the first
procedure totalled to €3007,-. The costs of one procedure and 4-week evaluation
totalled to €6566,-. The additional healthcare costs totalled to €289,- per
procedure. The costs due to productivity losses totalled to €809,- per procedure.
The mean total costs for each patient treated with ePIPAC-OX monotherapy
could be assessed with the following formula:
€3.007 + ((€6.566 + €289 + €809) * number of ePIPAC-OX)
In case of one ePIPAC-OX, the total costs would be €10.671,In case of two ePIPAC-OX, the total costs would be €18.335,-.
In case of three ePIPAC-OX, the total costs would be €25.999,-

11
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Surgery
Test
Test
Test
Contact

Diagnostic laparoscopy

Pathology

Laboratory

Radiology (b)

Pre-operative screening

Item
Item
Contact
Test
Test
Test

ePIPAC Surgery Materials (c)

ePIPAC Chemotherapy (d)

Outpatient clinic (e)

Radiology (b)

Pathology (f)

Laboratory

General Practitioner

Additional healthcare costs
Contact

Surgery

ePIPAC Surgery

Total ePIPAC-OX costs

Days

Hospital stay

ePIPAC-OX procedure + care

Total screening costs

Contact

8 (50)

16 (100)

16 (100)

16 (100)

16 (100)

16 (100)

16 (100)

16 (100)

16 (100)

16 (100)

16 (100)

16 (100)

16 (100)

16 (100)

16 (100)

1.2

48

2

3

1.5

3

1

1

2

1

3

24

1

1

1

1.7

-

-

-

-

-

-

-

-

-

-

-

-

-

-

SD

Mean

Unit

N (%)

Resource use per patient

Users

Outpatient clinic

Screening

ePIPAC-OX

Table 2. Healthcare Costs and Productivity Costs during treatment with ePIPAC-OX

€ 40

€ 6566

€ 134

€ 460

€ 692

€ 125

€ 539

€ 2061

€ 1713

€ 842

€ 3007

€ 64

€ 692

€ 67

€ 304

€ 1797

€ 83

Mean

59

-

-

-

-

-

-

-

-

-

-

-

-

-

-

SD

€9

Median

Costs per patient (a)

0-89

IQR
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Contact
Contact
Hour
Days
Contact
Trip
Test
Procedure

Outpatient clinic

Homecare

Hospital stay

Emergency Room visit

Ambulance transport

Diagnostics

Other treatment

Hour
Hour

Productivity loss during paid work

Inability to do unpaid labour

Mean
3.4
0.7
0.1
0.3
0.2
0.1
0.0
2.6
0.1

15.1
0.8
12.3

N (%)
14 (88)
8 (50)
2 (13)
1 (6)
4 (25)
2 (13)
0 (0)
6 (38)
1 (6)

3 (19)
2 (13)
8 (50)

20.0

2.2

37.1

0.3

5.0

0.0

0.2

0.4

1.3

0.2

1.1

2.4

SD

Resource use per patient

291

88

1463

55

35

0

46

172

95

13

43

47

SD

€0

€0

€0

€0

€0

€0

€0

€0

€0

€0

€9

€ 36

Median

0-313

0-0

0-0

0-0

0-22

0-0

0-0

0-158

0-00

0-0

0-63

11-87

IQR

€ 3007 + (€ 7664 * total ePIPAC-OX)

€ 809

€ 179

€ 33

€ 597

€ 289

€ 14

€ 18

€0

€ 17

€ 92

€ 24

€5

€ 31

€ 48

Mean

Costs per patient (a)

leucovorin; (e) One physical visit and one phone call; (f) Histology and cytology assessment;

ePIPAC-OX, oxaliplatin-based electrostatic Pressurized Intraperitoneal Aerosol Chemotherapy; SD, standard deviation.
(a) all costs are rounded to whole euros; (b) Computed tomography of the thorax and abdomen, and diffusion-weighted magnetic
resonance imaging of the peritoneum; (c) Capnopen, Ultravision Ionwand, and Ultravision generator; (d) Oxaliplatin, 5-fluorouracil, and

Societal Costs per ePIPAC-OX

Total productivity costs

Hour

Absence from paid work

Productivity Costs

Total additional healthcare costs

Item

Allied health professional

Unit

Users

Medication

ePIPAC-OX

Table 2. Healthcare Costs and Productivity Costs during treatment with ePIPAC-OX (continued)
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Discussion
The aim of this study was to provide an overview of costs related to treatment with
repetitive ePIPAC-OX monotherapy. To the best of our knowledge, this is the first
study to calculate the costs of this emerging treatment. The mean total costs of
treatment with three cycles of ePIPAC-OX amounted to €25.999,-. Most costs were
attributable to per-protocol healthcare costs of trial treatment. It may be possible
to reduce these costs by performing laboratory, radiology, or histopathology
testing less frequently. In the near future, less costly or reusable alternatives for
surgery materials may become available to reduce total costs. Given the low rate
of procedure-related complications during and after the first two procedures, the
costs due to additional off-protocol healthcare were limited.
In this study, all patients were treated with repetitive ePIPAC-OX monotherapy
within a clinical trial. Outside the context of such a study, most patients with
unresectable CPM receive palliative chemotherapy. First-line palliative
chemotherapy generally consists of doublet (CAPOX or FOLFOX) or triplet
(FOLFOXIRI) therapy combined with targeted therapy, e.g. bevacizumab (22).
Two costs analyses of first-line systemic therapy and the addition of bevacizumab
showed that these costs seem comparable to the costs of repetitive ePIPAC-OX
monotherapy (23, 24). Given the apparent similar costs of these treatments, this
may facilitate the implementation of repetitive ePIPAC-OX monotherapy in clinical
practice once its proven as an effective treatment. Since ePIPAC-OX may also be
alternated with palliative chemotherapy, future studies should also focus on the
costs and cost-effectiveness of this combination.
This study has several limitations, such as the small sample size and the noncomparative design of the study. Also, the current study did not include the costs
of primary and secondary non-access procedures. Given the great variability
of primary and secondary non-access rates (26), physicians and researchers
estimating the required funds for ePIPAC-OX should include these additional
costs based on previous experiences and expectations. Furthermore, one could
hypothesize that the risk of a complicated postoperative course may increase
with an increasing number of procedures, since the patient’s condition may
further deteriorate. This could also increase healthcare costs and should thus be
considered when estimating total costs. Also, additional private costs for patient
or family (e.g. travel costs, hotel stay) were not available for this analysis. Finally,
healthcare systems and their funding are highly variable worldwide, hence this
may affect the total costs of repetitive ePIPAC-OX monotherapy in other countries
than the Netherlands. To facilitate the broad interpretability of the results reported
here, this study provides a detailed overview of costs which allows physicians and
242
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researchers from other countries to more accurately estimate the total expected
costs by multiplying the mean unit use with the reference price in their hospital or
country.

Conclusion
The total costs of repetitive ePIPAC-OX without concomitant systemic therapy are in
line with the costs of first-line palliative chemotherapy including targeted therapies,
as reported in other studies.
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Abstract
Introduction: Despite its increasing use, first-line palliative systemic therapy
alternated with electrostatic oxaliplatin-based pressurized intraperitoneal aerosol
chemotherapy (ePIPAC-OX), hereinafter referred to as first-line bidirectional
therapy, has never been prospectively investigated in patients with colorectal
peritoneal metastases. As a first step to address this evidence gap, the present
study aims to assess the safety, feasibility, anti-tumour activity, patient-reported
outcomes, costs, and systemic pharmacokinetics of first-line bidirectional therapy
in patients with isolated unresectable colorectal peritoneal metastases.
Materials and Methods: In this single-arm phase II study in two Dutch tertiary
referral centres, twenty patients are enrolled. Key eligibility criteria are a good
performance status, pathologically proven isolated unresectable colorectal
peritoneal metastases, 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 up to three cycles of bidirectional therapy. Each cycle consists of six
weeks first-line palliative systemic therapy at the medical oncologist’s decision
(CAPOX-bevacizumab, FOLFOX-bevacizumab, FOLFIRI-bevacizumab, FOLFOXIRIbevacizumab) 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 or prematurely in case of physiciandetermined disease progression or unacceptable toxicity. The primary outcome is
the number of patients with – and procedures leading to – grade ≥3 adverse events
(Common Terminology Criteria for Adverse Events V5.0) up to four weeks after the
last procedure. Key secondary outcomes include the number of bidirectional cycles
in each patient, treatment-related characteristics, grade ≤2 adverse events, tumour
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 centres. 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 is characterised by a poor prognosis (1, 2). Most
patients with colorectal peritoneal metastases are treated with palliative intent (3).
When treated with systemic therapy, patients with colorectal peritoneal metastases
have a shorter survival than patients with systemic (e.g. liver, lung) metastases of
colorectal cancer (4).
Theoretically, intraperitoneal chemotherapy could be an interesting palliative
treatment option due to a favourable peritoneum-plasma concentration ratio (5).
However, the use of intraperitoneal chemotherapy is limited by poor direct tumour
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 tumour 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 centres
worldwide (12, 14). In these centres, patients with CPM are generally treated with
PIPAC with oxaliplatin (92 mg/m 2) every six to eight weeks, either as monotherapy
or alternated with systemic therapy (14). Electrostatic precipitation of the aerosol
is thought to enhance tissue penetration and is practiced in several centres (15-18).
Previously, a multicentre, single-arm, phase II study (CRC-PIPAC) investigated
the safety, feasibility, anti-tumour activity, patient-reported outcomes (PROs), costs,
and pharmacokinetics of repetitive electrostatic PIPAC with oxaliplatin (ePIPACOX) as a palliative monotherapy in twenty patients with isolated unresectable
colorectal peritoneal metastases in any line of palliative treatment (19, 20).
Repetitive ePIPAC-OX could also be added to first-line systemic therapy with the
aim to maximise intraperitoneal tumour response and eliminate systemic micrometastases. The combination of first-line systemic therapy (including targeted
therapy) and repetitive ePIPAC-OX, hereinafter referred to as first-line bidirectional
therapy, is already offered to patients with isolated unresectable colorectal
peritoneal metastases in several PIPAC centres worldwide (14). Despite its increasing
use, the feasibility, safety, and anti-tumour activity of first-line bidirectional therapy
has never been prospectively investigated in patients with isolated unresectable
colorectal peritoneal metastases in clinical trials with predefined eligibility criteria,
interventions, and outcomes. Moreover, nothing is known about PROs and costs

12

249

Robin_Lurvink_BNW_V1.indd 249

23-02-2022 10:00

Chapter 12

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
multicentre, single-arm, phase II study (CRC-PIPAC-II) aims to assess the safety,
feasibility, anti-tumour activity, PROs, costs, and systemic pharmacokinetics of
first-line bidirectional therapy in patients with isolated unresectable colorectal
peritoneal metastases.
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Materials and Methods
Setting
This study is performed in two Dutch tertiary referral centres for the surgical
treatment of colorectal peritoneal metastases.
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 if
complete resection of peritoneal metastases is surgically not feasible based
on abdominal computed tomography, laparoscopy, or laparotomy;
- Adequate organ functions (haemoglobin ≥5.0 mmol/L, neutrophils ≥1.5x10 9/L,
platelets ≥100x10 9 /L, serum creatinine <1.5x upper limit of normal [ULN],
creatinine clearance ≥30 mL/minute and liver transaminases <5xULN);
- 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 flowchart is shown in Figure 1. The schedule of enrolment, interventions
and assessments is shown in Table 1. All patients receive up to three cycles of firstline bidirectional therapy. Each cycle consists of six weeks of first-line systemic
therapy followed by one ePIPAC-OX. Study treatment ends after the third ePIPACOX in all patients.

12

First-line palliative systemic therapy
The treating medical oncologist determines which of the following first-line
regimens will be used:
- CAPOX-bevacizumab once every three weeks, repeated twice (intravenous
oxaliplatin [130 mg/m2 body surface area (BSA)] on day one, oral capecitabine
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-

-

-

[1000 mg/m2 BSA] twice daily on days one to fourteen, intravenous
bevacizumab [7.5 mg/kg body weight] on day one);
FOLFOX-bevacizumab once every two weeks, repeated thrice (intravenous
oxaliplatin [85 mg/m2 BSA] on day one, intravenous leucovorin [400 mg/m2
BSA] on day one, intravenous bolus/continuous 5-fluorouracil [400/2400 mg/
m2 BSA] on days one and two, intravenous bevacizumab [5 mg/kg body weight]
on day one);
FOLFIRI-bevacizumab once every two weeks, repeated thrice (intravenous
irinotecan [180 mg/m2 BSA] on day one, intravenous leucovorin [400 mg/m2
BSA] on day one, intravenous bolus/continuous 5-fluorouracil [400/2400 mg/
m2 BSA] on days one and two, intravenous bevacizumab [5 mg/kg body weight]
on day one);
FOLFOXIRI-bevacizumab once every two weeks, repeated thrice (intravenous
oxaliplatin [85 mg/m2 BSA] on day one, intravenous irinotecan [165 mg/m2 BSA]
on day one, intravenous leucovorin [400 mg/m2 BSA] on day one, intravenous
continuous 5-fluorouracil [2400 mg/m2 BSA] on days one and two, intravenous
bevacizumab [5 mg/kg body weight] on day one);

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
trial (19, 20). In summary, after creating a 12 mmHg pneumoperitoneum with
two balloon trocars using an open introduction, an explorative laparoscopy is
performed with adhesiolysis if needed to create enough working space. If ePIPACOX seems feasible, leucovorin (20 mg/m 2 BSA in ten minutes) and 5-fluorouracil
(400 mg/m 2 BSA in fifteen minutes) are administered intravenously, since these
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drugs are thought to increase the efficacy of oxaliplatin (24, 25). Meanwhile, ascites
(or peritoneal lavage using saline if ascites is absent) is evacuated and sent for
cytology, the PCI and ascites volume are registered (26) 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 biopsies
from similar locations during subsequent procedures.
Then, after building the PIPAC setup and ensuring a leak-free capnoperitoneum,
oxaliplatin (92 mg/m 2 BSA [maximum 184 mg] diluted to a total volume of 150
mL in a 5% dextrose solution) is aerosolised into the peritoneal cavity through
a nebuliser (CapnoPen, Capnomed GmbH, Villingendorf, Germany) using an
angiographic injector at a maximum pressure of 200 psi and a flow of 30 mL/
minute, all according to internationally used protocols (14). After formation of the
aerosol in five minutes, it is electrostatically precipitated for another 25 minutes
using Ultravision technology (Alesi Surgical, Cardiff, UK) as described by others
(16), as this could enhance tumour penetration of oxaliplatin (15).
Next, the peritoneal cavity is drained through a closed aerosol waste system,
instruments are removed and incisions are closed. Postoperatively, patients receive
analgesics and anti-emetics 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 ePIPACOX or on the first postoperative day.
Evaluations
Before each cycle of systemic therapy, patients undergo clinical and biochemical
(i.e. tumour 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 (i.e. PCI (26) and ascites volume), histopathological (i.e. peritoneal
regression grading score [PRGS] of peritoneal biopsies (27, 28)) and cytological
evaluation. Radiological evaluation is performed one week before the second
ePIPAC-OX and four weeks after the third ePIPAC-OX (29). Patients are discussed
by a multidisciplinary tumour board after the second and third ePIPAC-OX.
After completing six weeks of systemic therapy, the subsequent ePIPAC-OX is
performed within one to four weeks. After ePIPAC-OX, systemic therapy is restarted
one to four 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
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standard supportive, palliative or curative care according to the Dutch national
guideline, without further ePIPAC-OX (22).
Pharmacokinetic sampling
Four mL of whole blood samples are collected in heparin tubes at multiple time
points during and after one ePIPAC-OX and during and after one cycle of systemic
therapy;
- ePIPAC-OX: at t=0, t=0.5, t=1, t=2 and t=16 hours, and t=7 days after
intraperitoneal oxaliplatin injection;
- CAPOX-bevacizumab: at t=0, t=0.5, t=1 and t=2 hours, and t=21 days after
intravenous administration of oxaliplatin;
- FOLFOX-bevacizumab or FOLFOXIRI-bevacizumab: t=0, t=0.5, t=1, t=2 and t=48
hours, and t=14 days after intravenous administration of oxaliplatin.
After direct centrifuging, a plasma aliquot is stored at -80oC until analysis. To obtain
the free fraction of oxaliplatin, a second one mL plasma aliquot is centrifuged
through an ultrafiltration membrane and stored at -80 oC 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 ten mL cell-free DNA BCT tubes (Streck, La Vista, Nebraska, USA) are used
to collect twenty mL of whole blood at baseline and before each ePIPAC-OX.
Tubes are sent to a central laboratory for isolation and storage (-80 oC) of plasma
and cell pellet according to the manufacturer’s instructions. Collected ascites or
peritoneal lavage is centrifuged twice (five minutes, 420 g, zero break) under
sterile conditions. The supernatant is snap frozen and stored (-80 oC) until further
analysis. The cell pellet is suspended into an organoid culture medium at 4 oC for
transport and further preparation.
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Figure 1. Study flowchart.

B bloods, C cytology, CRS cytoreductive surgery, ePIPAC-OX electrostatic oxaliplatinbased pressurized intraperitoneal aerosol chemotherapy, H histopathology, MDT
multidisciplinary tumour board, HIPEC hyperthermic intraperitoneal chemotherapy,
P pharmacokinetic sampling, Q questionnaires (costs and patient-reported outcomes),
Q* questionnaires (patient-reported outcomes), R radiology (thoracoabdominal CT
and diffusion-weighted MRI peritoneum), R* radiology (thoracoabdominal CT), T
translational research (blood, ascites/peritoneal lavage), T* translational research
(blood).
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Table 1. Schedule of enrolment, interventions, and assessment.
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ePIPAC-OX
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X
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X

Final
evaluation

X
X

Follow-up

CT Computed tomography, ePIPAC-OX electrostatic oxaliplatin-based Pressurized Intraperitoneal Aerosol Chemotherapy, MRI Magnetic
Resonance Imaging, PROs patient reported outcomes; (a) only during first ePIPAC-OX; (b) one week before the first ePIPAC-OX; (c) just
before ePIPAC-OX; (d) one week before the second ePIPAC-OX; (e) one and four weeks after ePIPAC-OX; (f) four weeks after ePIPACOX.

Characteristics of ePIPAC-OX
Adverse events
Hospital stay
Readmissions
Clinical evaluation
Biochemical response
Radiological response
Histopathological response
Cytological response
Macroscopic response
Ascites response
PROs
Costs
Progression-free survival
Overall survival

Enrolment

Table 1. Schedule of enrolment, interventions, and assessment. (continued)
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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 four 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.
- The characteristics of systemic therapy (e.g. administered regimens, number
of completed cycles and dose reductions).
- Characteristics of ePIPAC-OX (e.g. intraoperative complications and operating
time).
- The number of patients with – and procedures leading to – grade ≤2 adverse
events according to the CTCAE v5.0 (primary classification) and Clavien-Dindo
(secondary classification) up to four 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 four weeks after the last ePIPAC-OX.
- Radiological tumour response, centrally evaluated by two assessors blinded to
clinical outcomes, using the Response Evaluation Criteria In Solid Tumours v1.1
and the radiological PCI (29).
- Histopathological tumour 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 tumour response, based on the PCI during each ePIPAC-OX.
- Ascites response, based on ascites volume during each ePIPAC-OX.
- Biochemical tumour response, based on carcinoembryonic antigen levels at
baseline and before each ePIPAC-OX.
- Cytological tumour 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-C30 (33), and EORTC QLQCR29 (34) questionnaires at baseline, one week before the first ePIPAC-OX, and
one and four weeks after each ePIPAC-OX.
- The bioavailability of oxaliplatin, based on the systemic pharmacokinetics of
oxaliplatin during and after one intravenous administration and 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
258
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iMTA Productivity Cost Questionnaire (35) and the iMTA Medical Consumption
Questionnaire (36) at baseline and four 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 of a pragmatically determined sample size of twenty patients
as a sufficient number to explore the safety, feasibility, and anti-tumour activity of
the study treatment, similar to the CRC-PIPAC trial (19, 20). Enrolled patients who
are unable to receive the first ePIPAC-OX are replaced to enrol a total number of
twenty patients who receive at least one cycle of bidirectional therapy.
Recruitment
The study commenced on January 30 th 2020 and the first patient was enrolled on
February 5 th 2020. The investigators expect to complete accrual within a maximum
of three 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 centre using standardised electronic
case report forms linked to an ISO 27001 certified central study database (De
Research Manager, Deventer, the Netherlands). This ISO 27001 certified system
optimises data quality by standardised data entry, coding, security and storage.

12

Statistical methods
Continuous data are presented as 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 analysed 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 analysed and presented using the Kaplan-Meier method.
Data monitoring
Interim analyses are performed four weeks after the fifth, fifteenth, 30 th and
45 th procedure. The study is terminated or temporarily halted for evaluation and
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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 four 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 seven days of first knowledge for lethal or lifethreatening SAEs/SUSARs and within fifteen days for other SAEs/SUSARs.
Auditing
Auditing is performed by independent qualified monitors of the study centres.
The study is considered a medium-risk study according to the brochure
‘Kwaliteitsborging mensgebonden onderzoek 2.0’ by the Dutch Federation of
University Medical Centres, meaning that study centres 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 the study results.
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Ethics and Dissemination
Research ethics approval
The present study is approved by a central ethics committee (MEC-U, Nieuwegein,
Netherlands, R19.087) and the institutional review boards of both study centres.
Protocol amendments
Important modifications to the study protocol need to be authorised by the central
ethics committee. After authorisation, these modifications are communicated to the
Dutch competent authority, the institutional review boards of both study centres, 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.
Ancillary and post-study care
One of the study centres (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 the Dutch guideline (22).
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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 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.
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Discussion
To the knowledge of the authors, CRC-PIPAC-II is the first study that prospectively
investigates the safety, feasibility, anti-tumour activity, PROs, costs and systemic
pharmacokinetics of first-line systemic chemotherapy with bevacizumab alternated
with repetitive ePIPAC-OX (i.e. first-line bidirectional therapy) in patients with
isolated unresectable colorectal peritoneal metastases.
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 colorectal
peritoneal metastases. 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 colorectal peritoneal metastases.
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 firstline palliative systemic regimens are allowed, including FOLFOXIRI-bevacizumab,
which might 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 have undergone a mandatory six-month washout period in case of previous treatment with 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 centres
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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 firstline palliative systemic therapy and PIPAC-OX, hence the major focus of this study.
With regards to the oxaliplatin dose during PIPAC, two phase I 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 PIPACOX at 140 mg/m 2 and the investigators defined a maximum tolerated dose of
repetitive PIPAC-OX of 90 mg/m 2 . The PIPAC-OX trial from Singapore reported
no dose-limiting toxicities with repetitive PIPAC-OX 120 mg/m 2 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 II expansion
cohorts to investigate various systemic regimens combined with repetitive PIPACOX at 90 mg/m 2: a dose similar to the oxaliplatin dose in the current trial.
Results of several other ongoing single-arm, phase II 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 PIPACOX for CPM), with or without concomitant systemic therapy, in sixteen patients
in a later line of palliative treatment (ClinicalTrials.gov, NCT04329494). The third
study assesses progression-free survival of 30 patients with colorectal peritoneal
metastases receiving PIPAC-OX, with or without concomitant systemic therapy,
in any line of palliative treatment (ClinicalTrials.gov, NCT03868228). Results of the
previous CRC-PIPAC trial, the present CRC-PIPAC-II study, and these ongoing
studies may help designing future randomised trials to determine the role of
(e)PIPAC-OX in the palliative treatment of patients with isolated unresectable
colorectal peritoneal metastases.
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Summary and discussion
The aim of this thesis was to gain more insight into colorectal peritoneal metastases
and explore new treatment options in the palliative setting.
Population-based studies
Summary of results
Among all colorectal cancer patients, 5.7% of patients were diagnosed with
synchronous colorectal peritoneal metastases (chapter 2). Another 5.5% of
patients developed metachronous colorectal peritoneal metastases during the
first three years of follow-up after curative-intent treatment. Factors associated
with colorectal peritoneal metastases were a younger age, tumour histology of
a mucinous adenocarcinoma or signet ring cell carcinoma, advanced tumour or
nodal stages, and the presence of synchronous systemic metastases. Specifically
in high-risk patients (T4 and/or N+ status), adjuvant systemic treatment reduced
the incidence of metachronous peritoneal metastases from 13% to 10%. In contrast
to a previous hypothesis, a laparoscopic approach during primary surgery for
colorectal cancer was not associated with the development of metachronous
colorectal peritoneal metastases (chapter 3). Patients with metachronous
colorectal peritoneal metastases were more often able to receive CRS-HIPEC
than patients with synchronous colorectal peritoneal metastases (16% vs. 8%,
respectively) (chapter 4). Nevertheless, the majority of both groups received
palliative systemic therapy (55% vs. 69%, respectively) or best supportive care
(29% vs. 23%, respectively). The overall survival of the total cohort of patients with
colorectal peritoneal metastases was nine months, which was not different in
patients with synchronous or metachronous peritoneal metastases. Patients who
were treated with CRS-HIPEC had a median overall survival of 36 months. Patients
who received palliative systemic chemotherapy or best supportive care had a
median overall survival of twelve months and two months, respectively.
Discussion and future perspectives
The incidence of colorectal peritoneal metastases reported in chapter 2 exceeded
previously reported incidence rates by other studies (1-3). This is most likely not
related to an actual increase of peritoneal spread in colorectal cancer patients,
but rather to an increased awareness of healthcare professionals given the
availability of a curative-intent treatment option. Another explanation may be the
constant improvement of imaging modalities, increasing the chance of detecting
peritoneal metastases. Several factors were also identified to be associated with
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an increased risk of peritoneal metastases. For the first time, the presence of
synchronous systemic metastases (e.g. liver, lungs) was found to be an independent
risk factor for metachronous peritoneal metastases. This risk factor probably
reflects a more aggressive tumour biology in these patients which is more prone
to metastasize. The peritoneum being one of the most prevalent metastatic sites in
colorectal cancer, adjuvant treatment having only a limited preventive effect on its
development, and the poor outcomes of a large proportion of the patients affected
by colorectal peritoneal metastases, demonstrate the importance of developing
new strategies in its prevention, its diagnosis, and its treatment.
Previously, two studies investigated the value of adjuvant HIPEC or second-look
surgery with HIPEC on the development of metachronous peritoneal metastases
in high-risk colorectal cancer patients, but neither found any benefit in this setting
(4, 5). Interestingly, both studies used oxaliplatin-based HIPEC, which may in
retrospect not be the ideal regimen for colorectal peritoneal metastases as such
metastases may arise from a specific subtype of colorectal cancer according
to the Consensus Molecular Subtype classification (CMS) (6). This classification
describes four subtypes of colorectal cancer, based on biological features and
gene-expression, of which the fourth subtype (CMS-4) is considered the most
aggressive and most resistant to 5-fluorouracil and oxaliplatin-based regimens
(7, 8), which are often applied in colorectal cancer (9). Since this fourth subtype is
found to be predominantly present in colorectal cancer with peritoneal metastases
(10), other regimens may be more effective in the prevention and treatment of
colorectal peritoneal metastases (11). The introduction of organoid technology,
allowing for the development of patient-derived organoids, may facilitate the
selection of new cytostatic regimens (12). Ideally, this technique would eventually
allow healthcare practitioners to examine (combinations of) cytostatic regimens
on patient-derived organoids, after which the most effective regimen may be used
as (neo)adjuvant chemotherapy or during CRS-HIPEC.
Besides aiming for more effective prevention, new diagnostic modalities may
aid in the early detection of limited metachronous peritoneal metastases, as this
may be treated with CRS-HIPEC. Intensifying follow-up with currently available
imaging techniques and carcino-embryonic antigen (CEA) after curative-intent
surgery seem insufficient to detect peritoneal metastases early enough to have an
impact on survival (13-15). This may also reflect that the impact of tumour biology
on prognosis is much greater than the the impact of the timing of diagnosis.
Nevertheless, the development of innovative, more sensitive techniques could help
to diagnose peritoneal metastases at an earlier stage which could potentially
improve the prognosis of these patients.
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One such technique may be tumour-derived cell-free DNA (cfDNA), which is
a new, non-invasive tool for the detection of metastatic disease (16). Intriguingly,
cfDNA levels in plasma are much lower in patients with isolated colorectal
peritoneal metastases than in patients with isolated colorectal liver metastases
(17). In contrast, ascites of patients with colorectal peritoneal metastases contained
very high levels of cfDNA, suggesting that peritoneal fluid analysis may be a
more suitable method for the follow-up of patients who are at risk of developing
peritoneal metastases.
Furthermore, the diagnostic laparoscopy may be of use for the early detection
of metachronous peritoneal metastases in patients with a high-risk tumour. As
reported in the COLOPEC study, metachronous peritoneal metastases were present
during early second look diagnostic laparoscopy (i.e. within two months after
primary resection) in 10% of patients with pT4 colon cancer, suggesting that early
second look diagnostic laparoscopy may be essential in the follow-up of patients
with high-risk tumours (5). Nevertheless, as described in chapter 2, the median
interval to diagnosis of metachronous peritoneal metastases was 15 months, thus
several patients may still develop metachronous peritoneal metastases despite
a negative second look diagnostic laparoscopy. Hence the COLOPEC-II study is
currently conducted in the same setting, randomizing patients after a negative
second look diagnostic laparoscopy (six to nine months after primary surgery)
to either undergo standard follow-up with computed tomography or third look
diagnostic laparoscopy after a negative computed tomography at eighteen
months after primary surgery (18).
Altogether, the research being performed into these new techniques contributes
to the refinement of current therapeutic and diagnostic approaches which may
eventually lead to the increased prevention or earlier detection of colorectal
peritoneal metastases.
As shown in chapter 4, the survival of patients with unresectable colorectal
peritoneal metastases is dismal, ranging from two to twelve months. Although the
onset of peritoneal metastases did not affect prognosis, receiving palliative systemic
therapy did. Despite the beneficial effect of systemic therapy, outcome is poor, and
therefore physicians and researchers have been trying to develop new treatments
and techniques to improve the efficacy of cytostatic agents, which may improve
survival whilst not severely affecting quality of life. Pressurized intraperitoneal
aerosol chemotherapy (PIPAC) is such an innovative technique which aims to
overcome the limitations of conventional intraperitoneal chemotherapy lavage
(i.e. heterogeneous intraperitoneal distribution, poor direct tumour penetration,
dose-limiting toxicity) (19-25). In patients with unresectable colorectal peritoneal
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metastases, oxaliplatin-based (92 mg/m 2) PIPAC (PIPAC-OX) is most commonly
offered (26, 27).
PIPAC-OX for unresectable colorectal peritoneal metastases
Current evidence
Chapter 5 aimed to systematically review the currently available evidence of
PIPAC-OX for unresectable colorectal peritoneal metastases. Out of 117 original
papers on PIPAC, only fourteen specifically reported at least one of the following
outcomes separately for patients with colorectal peritoneal metastases: adverse
events, radiological response, histopathological response, cytological response,
macroscopic response, biochemical response, quality of life, progression-free or
overall survival, possibility for secondary cytoreductive surgery, or environmental
safety.
These studies were non-randomized, non-comparative and small in size, with
the largest study including 66 patients. None provided stratified outcomes for
PIPAC-OX monotherapy and PIPAC-OX alternated with concomitant systemic
chemotherapy, or for the line of palliative treatment. Altogether, this impedes the
interpretation of the reported outcomes, but several careful conclusions may be
drawn from the available evidence: The PIPAC-OX procedure appears to be safe
for patients, with a generally low rate of complications and adverse events. A
potential intraoperative complication includes an iatrogenic bowel lesion, although
this was a rare occurrence, reported during 0-3% of procedures (28). The most
common postoperative adverse events include abdominal pain, nausea and
vomiting. Also, environmental safety seems warranted, thus PIPAC-OX is unlikely
to pose a threat to the health of surgical staff. Nevertheless, the limited available
evidence does not justify the increasing, often off-trial, practice of PIPAC-OX in
patients with unresectable colorectal peritoneal metastases.
Since the publication of this review, two other single-arm, retrospective cohort
studies have been published that meet the eligibility criteria of the systematic
review (29, 30). The first study performed 147 PIPAC in 69 patients, of whom 25
patients with colorectal cancer receiving PIPAC-OX (29). Although they reported
safety, patient-reported outcomes, and anti-tumour activity, they failed to report
separate outcomes for patients with unresectable colorectal peritoneal metastases
treated with PIPAC-OX. The second study performed 185 PIPAC-OX in 102 patients
with unresectable colorectal peritoneal metastases and reported safety and antitumour activity (30). However, this study included both patients treated with PIPACOX monotherapy (n=44, 43%) and patients treated with PIPAC-OX alternated with
systemic therapy (n=58, 57%), and failed to provide results regarding safety and
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anti-tumour activity stratified for these treatment regimens, as well as to provide
survival outcomes stratified for line of palliative treatment. Thus, although these
studies contributed to the growing amount of general evidence on PIPAC, neither of
these studies provided evidence that supports the practice of PIPAC-OX in patients
with unresectable colorectal peritoneal metastases outside the context of a clinical
trial.
Given the lack of prospective studies with homogeneous study populations
and the acceptable preliminary safety data, the CRC-PIPAC trial was
conducted to explore the safety, feasibility, oncological outcomes, quality of life,
pharmacokinetics, and costs of repetitive PIPAC-OX monotherapy for patients with
unresectable colorectal peritoneal metastases.
Results from CRC-PIPAC and discussion
CRC-PIPAC was a single-arm phase II study that was performed in two Dutch
tertiary referral centres for the surgical treatment of colorectal peritoneal
metastases. Chapter 6 describes the study protocol. Twenty patients with isolated
unresectable colorectal peritoneal metastases and sufficient clinical condition
were treated with repetitive (every four to six weeks) electrostatic PIPAC-OX
monotherapy until physician-determined disease progression or unacceptable
toxicity.
The main outcome of this study was the number of major treatment-related
adverse events up to four weeks after each procedure (chapter 7). Three
patients experienced in total seven major treatment-related adverse events,
consisting of abdominal pain, intraperitoneal haemorrhage, anaemia requiring
transfusion, iatrogenic pneumothorax requiring chest drain, transient aspartate
aminotransferase elevation (n=2), and one death due to sepsis of unknown origin.
Minor treatment-related adverse events occurred in all patients, mostly consisting
of abdominal pain, nausea and vomiting, fatigue, and diarrhoea.
Secondary outcomes consisted of oncological response (chapter 7), patientreported outcomes (chapter 8), pharmacokinetics of oxaliplatin (chapter 10),
and costs (chapter 11) of PIPAC-OX monotherapy. Multiple methods were used
to assess oncological response and progression rates: macroscopic response
and progression rates were 0% and 0%, radiological response and progression
rates were 0% and 37%, ascites response and progression rates were 56% and
19%, pathological response and progression rates were 56% and 19%, biochemical
response and progression rates were 50% and 26%, and cytological response
rates were 67% and 13%. Median progression-free and overall survival were 3.5
months and 8.0 months, respectively. Although these results suggest that PIPAC-OX
monotherapy may be able to induce an objective tumour response, the degree
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of response seems to be at least partially dependent on the outcome parameter
chosen to assess response. In particular, radiological response was not observed in
any of the patients, even though this method is frequently used to assess response
in this setting. This may imply that the improvement of already existing and the
development of new diagnostic modalities should be the topic of future research.
For instance, diffusion-weighted MRI and fibroblast activation protein alfa inhibitor
(FAPI) PET-CT are upcoming techniques that appear promising and may eventually
become standard-of-care in the imaging of patients with peritoneal metastases
(31, 32).
In the CRC-PIPAC trial, the oxaliplatin dose (92 mg/m 2) was based on
international PIPAC-protocols but not yet confirmed in a phase I dose-finding
study. After the publication of the systematic review on PIPAC-OX for colorectal
peritoneal metastases (chapter 5) and the completion of the CRC-PIPAC trial
(chapter 7), the results of two phase I dose-escalation (3+3) studies investigating
the maximum tolerated dose (MTD) of PIPAC-OX were published (33, 34). The
first study investigated five dose-levels of PIPAC-OX, starting at 90 mg/m 2 and
each time increasing with 50 mg/m 2 up to a maximum dose of 300 mg/m 2 (33).
Patients received PIPAC-OX every four to six weeks and were allowed to receive
systemic therapy in between subsequent PIPAC-OX procedures. Interestingly, the
authors concluded that the two dose-limiting toxicities (DLT’s) that were observed
at the second dose level (140 mg/m 2) were considered unrelated to PIPAC-OX but
instead related to systemic therapy. Furthermore, adverse events and DLT’s were
not stratified for PIPAC-OX monotherapy and PIPAC-OX alternated with systemic
therapy. For this reason, and since the two DLT’s that determined the MTD were
considered related to systemic therapy, the reported MTD of 90 mg/m2 should only
be interpreted as the MTD of PIPAC-OX alternated with systemic therapy. In theory,
a higher MTD may be tolerated in patients receiving PIPAC-OX monotherapy. The
second study aimed to determine the MTD of PIPAC-OX monotherapy with five
dose levels (45, 60, 90, 120 and 150 mg/m 2) (34). Surprisingly, despite observing
no DLT’s at the second highest dose level (120 mg/m 2), the study was prematurely
terminated due to the results of the first phase I study reporting a MTD of 90 mg/
m 2 (33). Although the authors recommend PIPAC-OX monotherapy at a dose of
120 mg/m 2 , PIPAC-OX monotherapy may also be tolerated at a higher dose since
an MTD was not officially established in this study.
In retrospect, the recent identification of the CMS subtypes may suggest that
oxaliplatin-based PIPAC may not be the most ideal regimen in patients with
unresectable colorectal peritoneal metastases (6-8, 10). However, these data
were not yet available at the time of initiation of the CRC-PIPAC study, hence
the PIPAC-regimen used was based on already existing international PIPAC-
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protocols. Interestingly, an objective tumour response was observed in a number
of patients treated with PIPAC-OX, suggesting that some patients may benefit from
oxaliplatin-based regimens. Moreover, in the absence of new cytostatic agents that
could be more effective against the CMS-4 subtype, oxaliplatin-based regimens
remain the first-choice in the systemic treatment of patients with colorectal
peritoneal metastases. Hopefully, the organoid technique will allow healthcare
professionals to select cytostatic agents that are more effective against each of
the CMS subtypes in the near future (12).
Patient-reported outcomes
Patient-reported outcomes (PROs) were assessed one and four weeks after each
PIPAC-OX procedure (chapter 8). In general, several PRO categories showed
clinically relevant but reversible worsening, mainly during the first week after
each procedure. In particular, (abdominal) pain was most often and most severely
affected. These findings are in contrast to popular belief, as it is generally thought
that PIPAC-OX has almost no impact on quality of life, hence its growing popularity
in the palliative setting. It is unknown how these changes compare to changes in
PROs during other cancer-directed treatments, such as colorectal cancer surgery
and systemic therapy.
To provide some perspective, chapter 9 contains a comparison of PROs after
PIPAC-OX to PROs after regular colorectal cancer surgery. Interestingly, this
comparison showed that patients who underwent PIPAC-OX still reported more
severe (abdominal) pain than patients who underwent regular colorectal cancer
surgery. This is a counterintuitive finding, since no visceral resections are performed
during PIPAC-OX. A possible explanation may be oxaliplatin-induced peritonitis
(35).
Future studies may further address this issue by comparing PROs of patients
with unresectable colorectal peritoneal metastases undergoing palliative systemic
therapy to PROs of patients with unresectable colorectal peritoneal metastases
undergoing PIPAC-OX monotherapy or PIPAC-OX alternated with palliative
systemic therapy. At the moment, one randomized controlled trial is currently
enrolling patients with unresectable peritoneal metastases to be randomized
between palliative systemic therapy and PIPAC monotherapy (PIPAC-OX in patients
with unresectable colorectal peritoneal metastases) (36). PROs, assessed with the
EORTC-QLQ-C30, are the primary outcome of this trial. Besides this trial, four other
single-arm studies are currently assessing PROs in patients with unresectable
colorectal peritoneal metastases undergoing PIPAC-OX monotherapy (37), PIPACOX alternated with palliative systemic therapy (CRC-PIPAC-II, chapter 12), or either
(38)(Clinicaltrials.gov: NCT03868228). Finally, the international PIPAC registry also
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analyses PROs from the EORTC-QLQ-C30, which may provide additional insights
into real-world data on PROs (Clinicaltrials.gov: NCT03210298).
Systemic pharmacokinetics
After PIPAC, the maximum systemic concentration of oxaliplatin in plasma
ultrafiltrate and plasma were 1.36-1.90 µg/mL and 2.67-3.28 µg/mL, respectively,
and were reached 30 and 90 minutes after the start of intraperitoneal oxaliplatin
injection, respectively. Urine concentrations of oxaliplatin rapidly decreased during
the first week, and no oxaliplatin accumulation was observed during subsequent
procedures.
Remarkably, the reported concentrations of oxaliplatin during and after PIPACOX were very similar to the concentrations of oxaliplatin reached with a systemic
administration, as reported in other studies. This result seems to contradict one of
the proclaimed benefits of PIPAC-OX, being a low systemic exposure. However, a
direct comparison is required to gain more insight into this phenomenon, which
will be performed in the CRC-PIPAC-II study (chapter 12). Also, two dose-finding
studies reported on the systemic concentrations of oxaliplatin after PIPAC-OX
(33, 34). Both reported a dose-dependent maximum systemic concentration
and systemic exposure. One study performed PIPAC-OX monotherapy but did
not observe any DLT’s at the higher dose levels (90 and 120 mg/m 2) (34). The
other study alternated PIPAC-OX with systemic therapy and established an MTD
of 90 mg/m 2 due to two DLT’s at 120 mg/m 2 , of which at least one was most likely
related to systemic therapy (neutropenia shortly after administration of systemic
therapy) (33). Unfortunately, no comparison was made in this second study
between the systemic oxaliplatin concentrations after PIPAC-OX and after systemic
administration. Nevertheless, these studies confirm that relevant systemic exposure
to oxaliplatin may occur after PIPAC-OX, but does not necessarily result in clinically
relevant systemic toxicity, particularly when applied as PIPAC-OX monotherapy.
Costs
The financial costs of three PIPAC-OX amounted to €25.993,-. These costs are in
line with those of currently used palliative systemic therapy. Therefore, financial
costs should not be a barrier to further investigate PIPAC-OX monotherapy. On the
other hand, PIPAC-OX is frequently alternated with palliative systemic therapy in
several hospitals worldwide, and it is likely that this combination results in a greater
amount of total costs. Hence, future studies should analyse the total costs as well
as the quality-adjusted life years of PIPAC-OX alternated with palliative systemic
therapy and determine if the additional benefits of this combination treatment
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outweigh the additional costs. As a start, the CRC-PIPAC-II study will assess the
costs of PIPAC-OX alternated with palliative systemic therapy (chapter 12).
Future perspectives
PIPAC-OX may be delivered either as a monotherapy or alternated with palliative
systemic therapy. In the CRC-PIPAC trial, PIPAC-OX monotherapy was investigated,
aiming for disease stabilisation whilst maintaining quality of life. Combining PIPACOX with systemic therapy aims for maximum disease response but potentially at
the cost of quality of life. Nevertheless, PIPAC-OX alternated with palliative systemic
therapy is frequently offered by several PIPAC-centres worldwide, and was also
frequently requested by patients in our clinic. The generally positive preliminary
outcomes of the CRC-PIPAC trial and the unmet clinical need encouraged the
initiation of a second trial investigating PIPAC-OX alternated with systemic therapy
in the same setting: CRC-PIPAC-II.
The CRC-PIPAC-II study was initiated to investigate major and minor treatmentrelated adverse events, anti-tumour activity, patient-reported outcomes, systemic
pharmacokinetics of oxaliplatin after PIPAC-OX and after systemic therapy, and
costs of PIPAC-OX alternated with palliative systemic therapy (chapter 12). In this
study, twenty patients with unresectable colorectal peritoneal metastases are
treated with six weeks of first-line palliative systemic therapy followed by one
PIPAC-OX (92 mg/m 2), after which this cycle may be repeated another two times
or until disease progression as assessed by the treating physician or unacceptable
toxicity. This study has completed patient accrual in July 2021 and the first results are
expected in early 2022. The results of this study will provide further insight into the
role of PIPAC-OX for patients with unresectable colorectal peritoneal metastases,
specifically if this more intensive regimen is safe and tolerable in the palliative
setting. If so, these results will facilitate the initiation of subsequent prospective
studies on PIPAC-OX in this setting.
Furthermore, there are four other ongoing phase II-III clinical studies
investigating PIPAC-OX for unresectable colorectal peritoneal metastases. One
study focuses on colorectal peritoneal metastases as well, and offers either PIPACOX monotherapy or PIPAC-OX with concomitant systemic therapy in any line of
palliative treatment (NCT03868228). The other three studies allow enrolment of
patients with unresectable peritoneal metastases from various primary tumours
who are treated with PIPAC with various drugs, including PIPAC-OX for colorectal
peritoneal metastases. One is a randomized controlled trial which randomizes
between PIPAC monotherapy and palliative systemic therapy (36). The other two
studies treat patients with either PIPAC monotherapy or PIPAC alternated with
palliative systemic therapy (37)(NCT04329494).
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Also, a fifth study was recently announced which intends to enroll patients
with unresectable colorectal peritoneal metastases with or without systemic
metastases who have progressive disease on first-line palliative systemic therapy.
These patients will be randomized to receive either second-line oxaliplatin-based
palliative systemic therapy alone or second-line oxaliplatin-based palliative
systemic chemotherapy alternated with PIPAC-OX (NCT04734691).
Altogether, these studies will contribute to the growing insight into PIPAC-OX for
unresectable colorectal peritoneal metastases. The investigators of these studies
are encouraged to stratify their results for patients with unresectable colorectal
peritoneal metastases, treatment with PIPAC-OX monotherapy or PIPAC-OX
alternated with palliative systemic therapy, and line of palliative treatment, to
facilitate interpretation of the results of these studies. This will support the design
of future trials on PIPAC-OX and ultimately help to define the role of PIPAC-OX in
this setting.
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Chapter 14

This thesis describes results of several population-based studies and results of a
prospective cohort study. These two different types of studies also provide different
kinds of scientific evidence. Population-based studies allow for the assessment of realworld data, which provide a broader and less-biased overview of certain trends or the
effect of a certain treatment, instead of the generally highly-selected study population
in prospective clinical trials. Hence the results of these population-based studies may aid
the designs of future trials and the development of (inter)national guidelines. However,
an inevitable consequence of these, generally retrospective, population-based studies
is the limit of available data on each individual patient. In contrast, a prospective study
aims to overcome this by determining which data are required before commencement
of the study, allowing for a more in-depth analysis of several outcomes.
Scientific and social impact of this thesis
The results of population-based studies in this thesis showed that peritoneal metastases
are a common metastatic site in patients with colorectal cancer. Despite its frequent
occurence, a large proportion of these patients is not able to undergo curative-intent
treatment. Even with palliative systemic treatment (current gold-standard), the prognosis
of these patients is dismal. Hence the growing interest in new treatment options, of which
oxaliplatin-based PIPAC (PIPAC-OX) has gained a lot of attention since its introduction
in 2012. Nevertheless, there is currently no compelling evidence that shows its noninferiority or superiority over palliative systemic therapy and thus to support the off-trial
use of PIPAC-OX in patients with unresectable colorectal peritoneal metastases. As a
consequence, treatment with PIPAC-OX was not available nor covered by healthcare
insurance in the Netherlands. Since most neighbouring countries offer PIPAC-OX,
several Dutch patients with unresectable colorectal peritoneal metastases went to
these neighbouring countries to receive treatment with PIPAC-OX, but at their own costs
(approximately €4000,- for each PIPAC). The palliative nature of this treatment, the
unknown anti-tumour activity, the unknown impact on quality of life, and the high costs
for patients made this practice, in our opinion, debatable.
For this reason, CRC-PIPAC was initiated as a first prospective phase II trial
investigating PIPAC-OX monotherapy in twenty patients with unresectable colorectal
peritoneal metastases. This study aimed to assess the anti-tumour activity and impact
on quality of life of this treatment, which will help determine the role of PIPAC-OX in the
palliative setting. Another aim was to introduce this new treatment in the Netherlands
and, for these patients, to cover the costs of receiving this treatment. Although only a
small group of patients was allowed to participate, this first step will eventually aid the
national implementation of PIPAC-OX if this treatment is found to be beneficial in this
setting.
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Furthermore, PIPAC-OX may also be alternated with palliative systemic therapy, yet the
same evidence gap exists for this combination treatment. Hence the CRC-PIPAC-II trial
was initiated to explore palliative systemic therapy alternated with PIPAC-OX in twenty
patients with unresectable colorectal peritoneal metastases. The results of this second
trial will further aid to determine the role of PIPAC-OX in patients with unresectable
colorectal peritoneal metastases. Hence, the expected scientific and social impact of
this second trial is similar to that of the first CRC-PIPAC trial.
Target population
In the Netherlands, approximately 12000 patients were diagnosed with colorectal cancer
in 2020, of whom approximately 1320 patients (11%) were or will be diagnosed with
colorectal peritoneal metastases. The results of population-based studies in this thesis
apply to both patients with colorectal cancer in general and to patients with colorectal
peritoneal metastases. These may guide a personalized approach in shared-decision
making for treatment and follow-up.
Unfortunately, the majority of the latter group of patients have unresectable colorectal
peritoneal metastases. The results of the prospective cohort study in this thesis specifically
apply to these patients and to clinicians involved in their treatment. Although the exact
role of PIPAC-OX in this setting remains to be further explored, the current results and
conclusions may be used to inform patients who are considering to participate to a trial
on PIPAC-OX or to undergo off-trial PIPAC-OX in a neighbouring country (e.g. Belgium
or Germany) about the potential advantages and potential disadvantages of PIPACOX, such as preliminary efficacy, complication rate, adverse events and the impact on
quality of life. However, one should consider that the prospective cohort study in this
thesis describes a patient population who was generally fit (WHO 0-1) and who did not
have too many severe symptoms (e.g. obstruction) of their disease. Thus, the results of the
CRC-PIPAC study mainly apply to those patients who would match the selection criteria
of the study. It remains to be further explored how different patient characteristics affect
the results of treatment with PIPAC-OX.
To a lesser extent, the results of this thesis focusing on PIPAC-OX may also be
informative for patients with unresectable peritoneal metastases from other tumours,
such as gastric cancer and ovarian cancer. Even though these patients receive a different
chemotherapy regimen during PIPAC (i.e. cisplatin and doxorubicin), several general
results and conclusions may apply to them as well (e.g. the complication rate and impact
on quality of life).
The majority of the results of this thesis have been published (or will be in the near
future) in peer-reviewed scientific journals. This increases the worldwide availability
of these results, and thus may aid clinicians in clinical decision-making and may aid
researchers designing future trials.
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Chapter 15

Samenvatting en discussie
Het doel van dit proefschrift was om meer inzicht te krijgen in buikvliesuitzaaiingen
van darmkanker en om een nieuwe behandeloptie in de palliatieve setting te
onderzoeken.
Onderzoek op basis van landelijke gegevens
Samenvatting van de resultaten
Van alle darmkanker patiënten kreeg ongeveer 11% te maken met
buikvliesuitzaaiingen (hoofdstuk 2). Bij 5.7% van de patiënten waren deze
buikvliesuitzaaiingen al aanwezig op het moment dat de darmkanker voor
het eerst werd vastgesteld (=vroege [synchrone] buikvliesuitzaaiingen). Bij
5.5% van de patiënten werden deze buikvliesuitzaaiingen pas later vastgesteld
(=late [metachrone] buikvliesuitzaaiingen), tijdens controles enige tijd nadat de
darmkanker behandeld was met een operatie en soms chemotherapie. Patiënten
met een jongere leeftijd, een slijmvormende tumor, een tumor met zegelringcellen,
een grote tumor, uitzaaiingen in de lymfeklieren, en andere uitzaaiingen door de
rest van het lichaam hadden een hoger risico op buikvliesuitzaaiingen. Specifiek
bij patiënten met een hoog-risico tumor (een grote tumor, uitzaaiingen in de
lymfeklieren) zorgde chemotherapie na de operatie ervoor dat minder mensen
late buikvliesuitzaaiingen kregen (13% versus 10%). Eerder werd ook gedacht dat
patiënten bij wie de darmkanker met een kijkoperatie was verwijderd een hoger
risico hadden om later buikvliesuitzaaiingen te ontwikkelen. Echter, in hoofdstuk
3 bleek dat dit niet zo was, en dat het risico hierop juist kleiner was dan na een
open operatie.
Buikvliesuitzaaiingen kunnen, indien deze niet door de hele buik zitten,
verwijderd worden met een operatie, waarna de buik gespoeld wordt met
verwarmde chemotherapie (=de HIPEC-operatie). Hiermee hoopt men
achtergebleven kankercellen, die niet met het blote oog te zien zijn, alsnog te
doden. Het doel van deze behandeling is om de patiënt te genezen. In hoofdstuk
4 bleek dat patiënten met late buikvliesuitzaaiingen vaker een HIPEC-operatie
konden krijgen dan mensen met synchrone buikvliesuitzaaiingen. Na een HIPECoperatie was de helft van deze patiënten na 36 maanden nog in leven. Echter, het
grootste deel van de patiënten kwam niet in aanmerking voor de HIPEC-operatie,
en zij werden behandeld met chemotherapie (indien de conditie dit toe liet) of
ondersteunende zorg (=gericht op het verlichten van pijn en andere symptomen,
maar niet gericht op het onder controle krijgen van de kanker). Van de patiënten
die behandeld werden met chemotherapie was de helft van deze patiënten na
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twaalf maanden nog in leven. Van de patiënten die alleen ondersteunende zorg
konden krijgen was de helft van deze patiënten na twee maanden nog in leven.
Discussie en toekomst perspectieven
Het aantal patiënten met darmkanker die buikvliesuitzaaiingen krijgen,
zoals beschreven in hoofdstuk 2, bleek een stuk hoger dan dat eerdere
onderzoeken al hadden beschreven. Waarschijnlijk komt dit niet doordat er
meer buikvliesuitzaaiingen ontstaan, maar doordat men tegenwoordig meer
bedacht is op de eventuele aanwezigheid van buikvliesuitzaaiingen, mede
omdat er tegenwoordig een behandeling beschikbaar is om te genezen van
buikvliesuitzaaiingen. Een andere verklaring kan ook zijn dat de scans die we
gebruiken om buikvliesuitzaaiingen vast te stellen steeds beter worden. Ook
werden enkele factoren vastgesteld die de kans op buikvliesuitzaaiingen vergroten.
Voor het eerst werd ook duidelijk dat de aanwezigheid van andere uitzaaiingen
(bijvoorbeeld in de lever of longen) de kans op buikvliesuitzaaiingen sterk vergroot.
Dit hangt waarschijnlijk samen met de biologie van een tumor, die vaak per tumor
verschillend is en er toe leidt dat de ene tumor sneller uitzaait dan de andere
tumor.
Doordat het buikvlies een van de meest voorkomende plaatsen is waar
uitzaaiingen van darmkanker in ontstaan, chemotherapie na de operatie maar
beperkt effect heeft om deze op termijn te voorkomen, en de prognose van
patiënten met buikvliesuitzaaiingen vaak slecht is, is het van groot belang om
nieuwe strategiën te ontwikkelen voor het voorkomen, vroeg diagnosticeren, en
beter behandelen van buikvliesuitzaaiingen.
In twee eerdere onderzoeken bleek dat het preventief spoelen van de buik
met verwarmde chemotherapie niet hielp om late buikvliesuitzaaiingen te
voorkomen. Mogelijk heeft dit te maken gehad met het type chemotherapie
dat gebruikt werd om de buik te spoelen: oxaliplatin. Uit recent onderzoek is
namelijk gebleken dat darmkankers op molecuul-niveau en genetisch niveau
onderling verschillen. Op basis van deze verschillen zijn er eigenlijk vier soorten
darmkanker. Buikvliesuitzaaiingen ontstaan vaak uit het vierde type darmkanker,
tevens de meest agressieve vorm van darmkanker die vaak niet of bijna niet
reageert op verschillende soorten chemotherapie, waaronder oxaliplatin. Het zou
dus kunnen dat andere chemotherapie beter werkt tegen buikvliesuitzaaiingen
van darmkanker. Echter, op dit moment zijn er nog geen goede alternatieven.
De ontwikkeling van organoïden zouden hierbij een uitkomst kunnen bieden.
Organoïden worden gemaakt door kankercellen van een patiënt in een
laboratorium te laten groeien. Vervolgens kunnen deze organoïden gebruikt
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worden om te testen welke chemotherapie het meest effectief is tegen de kanker,
zodat deze chemotherapie daarna in de patiënt kan worden toegepast.
Ook is de vroege opsporing van late buikvliesuitzaaiingen van belang. In een
vroeg stadium kunnen buikvliesuitzaaiingen nog behandeld worden met een
HIPEC-operatie. Uit eerdere onderzoeken bleek echter dat het vaker uitvoeren
van controle-onderzoek (bijv. bloedonderzoek of een scan) uiteindelijk niet per
se leidt tot een langere overleving. Het lijkt er dus op dat het met de huidige
onderzoeken nog niet mogelijk is om de buikvliesuitzaaiingen dusdanig vroeger op
te sporen dat het beter behandeld kan worden en uiteindelijk leidt tot een langere
overleving. Dit suggesteert dat de biologie van de tumor een grotere impact heeft
op de uiteindelijke prognose dan het moment waarop de diagnose wordt gesteld.
Echter, het ontwikkelen van nieuwe, meer gevoelige methodes zouden de impact
van het moment waarop de diagnose wordt gesteld mogelijk kunnen vergroten.
Een nieuwe methode die mogelijk gebruikt kan gaan worden voor het
vroegtijdig opsporen van uitzaaiingen is circulerend tumor DNA. Omdat
de meeste tumoren uitzaaien via het bloed, zouden cellen en DNA van een
uitzaaiende tumor aantoonbaar kunnen zijn in het bloed. Dit blijkt inderdaad het
geval te zijn bij patiënten met darmkanker en leveruitzaaiingen: bij de meeste
patiënten kon circulerend tumor DNA in het bloed worden aangetoond. Echter, bij
patiënten met darmkanker en buikvliesuitzaaiingen was dit weer niet het geval:
bij de meeste patiënten kon circulerend tumor DNA niet in het bloed worden
aangetoond, maar juist wel in het buikvocht. Eigenlijk is dit ook logisch: men denkt
dat buikvliesuitzaaiingen niet ontstaan door verspreiding via het bloed, maar
door verspreiding via het buikvocht. Om deze reden zou het onderzoeken van
buikvocht op de aanwezigheid van tumor DNA een geschikte methode kunnen
zijn om patiënten op te volgen die een hoog risico hebben op het ontwikkelen van
late buikvliesuitzaaiingen.
Daarnaast zou ook een kijkoperatie van de buik gebruikt kunnen worden om
late buikvliesuitzaaiingen vroegtijdig op te sporen bij patiënten met een hoog
risico op late buikvliesuitzaaiingen. In de eerdere COLOPEC studie, waarbij
binnen twee maanden na de operatie voor darmkanker een kijkoperatie werd
uitgevoerd, werden er bij 10% van de patiënten die een grote tumor hadden al
buikvliesuitzaaiingen gevonden. Dit zou kunnen suggereren dat een kijkoperatie
van de buik in de periode vlak na de darmkanker operatie van groot belang is bij
het nabehandelen van patiënten met hoog-risico darmkanker. Daarnaast werd
in hoofdstuk 2 gerapporteerd dat late buikvliesuitzaaiingen gemiddeld pas na 15
maanden worden vastgesteld. Bij een aanzienlijk deel van de patiënten zouden dus
bij een dergelijke vroege kijkoperatie van de buik nog geen buikvliesuitzaaiingen
te zien zijn. Om deze reden wordt nu in de COLOPEC-II studie onderzocht of het
292
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uitvoeren van een extra kijkoperatie bijdraagt aan het diagnosticeren van late
buikvliesuitzaaiingen.
Al deze onderzoeken naar nieuwe technieken zouden in de toekomst kunnen
bijdragen aan het voorkomen of vroeger diagnosticeren en behandelen van
buikvliesuitzaaiingen uit darmkanker.
Uit hoofdstuk 4 bleek dat de overleving van patiënten met te uitgebreide
buikvliesuitzaaiingen van darmkanker erg kort is, gemiddeld slechts twee tot twaalf
maanden. Hoewel het moment van ontstaan van buikvliesuitzaaiingen (vroeg of
laat) geen invloed had op de prognose, deed het behandelen met chemotherapie
dat wel. Desondanks is ook met chemotherapie de overleving beperkt. Om deze
reden is er veel interesse naar de ontwikkeling van nieuwe behandelingen die de
overleving verder kunnen verlengen, zonder dat dit de kwaliteit van leven aantast.
De PIPAC operatie zou hierbij een interessante optie kunnen zijn. PIPAC staat voor
Pressurized Intraperitoneal Aerosol Chemotherapy: hierbij wordt chemotherapie
als een nevel (=aerosol) onder druk in de buik gespoten. Door het vernevelen van
de chemotherapie zou deze zich beter door de gehele buik kunnen verspreiden.
Door het onder druk inspuiten van de chemotherapie nevel zou de chemotherapie
beter en dieper kunnen doordringen in de uitzaaiingen. Hierdoor zouden dan ook
minder hoge concentraties chemotherapie nodig zijn om toch tot een hoge en
effectieve concentratie chemotherapie in de uitzaaiingen te komen. Bij patiënten
met te uitgebreide buikvliesuitzaaiingen van darmkanker wordt vaak oxaliplatine
als chemotherapie tijdens de PIPAC operatie gebruikt (=PIPAC-OX). Gezien deze
verwachte beperkte bijwerkingen en beperkte invloed op kwaliteit van leven zou
deze PIPAC behandeling ook meerdere keren herhaald kunnen worden, net als
een gewone chemokuur.
PIPAC-OX voor uitgebreide buikvliesuitzaaiingen van darmkanker
Huidig bewijs
In hoofdstuk 5 werd een systematisch uitgevoerde samenvatting beschreven met
als doel om een overzicht te krijgen van alle tot dusver beschikbare gegevens
over het gebruik van PIPAC-OX bij patiënten met uitgebreide buikvliesuitzaaiingen
van darmkanker. In deze samenvatting werden alle onderzoeken opgenomen die
ten minste één patiënt met te uitgebreide buikvliesuitzaaiingen van darmkanker
hadden behandeld met PIPAC-OX en, specifiek voor deze groep, ten minste één
van de volgende uitkomsten besproken: bijwerkingen, radiologische respons
(=op scans), histopathologische respons (=in biopten), cytologische respons (=in
buikvocht), macroscopische respons (=op het blote oog), biochemische respons
(=tumor marker in het bloed), kwaliteit van leven, progressie-vrije overleving
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(=de tijd waarin de ziekte onder controle kon worden gehouden met de PIPAC
operatie), totale overleving (=de tijd tot overlijden), mogelijkheid om alsnog een
HIPEC-operatie uit te voeren, en veiligheid voor ziekenhuispersoneel. In totaal
werden er 117 originele onderzoeken gevonden over PIPAC, waarvan slechts 28
onderzoeken met ten minste één patiënt met te uitgebreide buikvliesuitzaaiingen
van darmkanker die behandeld was met PIPAC-OX. Van deze 28 onderzoeken
hadden er slechts veertien één of meer van de eerder genoemde uitkomsten apart
beschreven bij mensen met te uitgebreide buikvliesuitzaaiingen van darmkanker.
Echter, deze veertien onderzoeken maakten vaak geen onderscheid tussen
patiënten die werden behandeld met PIPAC-OX in combinatie met gewone
chemotherapie (=PIPAC-OX combinatietherapie) en patiënten die alleen werden
behandeld met PIPAC-OX (=PIPAC-OX monotherapie). Dit onderscheid is
belangrijk omdat PIPAC-OX combinatietherapie mogelijk een fysiek zwaardere
behandeling is dan PIPAC-OX monotherapie, met meer kans op bijwerkingen en
invloed op kwaliteit van leven, maar mogelijk ook meer kans heeft om de kanker
onder controle te krijgen. Ook maakten deze studies vaak geen onderscheid in de
‘lijn van behandeling’ (=palliatieve behandelingen worden onderverdeeld in lijnen:
de eerste lijn is eerste keus, de tweede lijn is tweede keus, etc. Na onvoldoende
effect van de eerste lijn gaat men zo mogelijk door met de tweede lijn, etc.). Dit
onderscheid is met name belangrijk bij uitkomsten zoals progressie-vrije en totale
overleving, omdat deze vaak langer zijn bij een eerste lijn behandeling dan bij een
latere lijn behandeling. Daarnaast waren alle veertien studies niet gerandomiseerd,
en was het totale aantal patiënten met te uitgebreide buikvliesuitzaaiingen van
darmkanker laag, variërend van één tot 66 patiënten per studie.
Dit alles maakt dat de huidige gegevens lastig te interpreteren zijn, met name
met betrekking tot de werkzaamheid van PIPAC-OX, waardoor het eigenlijk niet
verantwoord is om PIPAC-OX buiten studieverband aan te bieden aan patiënten
met te uitgebreide buikvliesuitzaaiingen van darmkanker. Desondanks kunnen
wel héél voorzichtige conclusies worden getrokken die betrekking hebben op de
veiligheid van de PIPAC-OX behandeling. Het lijkt er op dat deze behandeling
veilig is voor patiënten, waarbij de kans op ernstige complicaties laag is. De meest
ernstige complicatie is het per ongeluk creëren van een gaatje in de darm, welke
bij 0-3% van de behandelingen ontstond. Veel voorkomende, milde bijwerkingen
waren buikpijn, misselijkheid en overgeven. Ten slotte lijkt de veiligheid voor
ziekenhuispersoneel dat betrokken is bij de zorg van patiënten die PIPAC-OX
ondergaan ook gewaarborgd.
Sinds het verschijnen van deze samenvatting zijn er twee nieuwe onderzoeken
verschenen die zouden hebben voldaan aan de criteria van deze samenvatting. Het
eerste onderzoek beschreef een groep van 69 patiënten die gezamenlijk 147 PIPAC
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behandelingen hadden ondergaan, waarvan 25 patiënten met te uitgebreide
buikvliesuitzaaiingen van darmkanker die behandeld waren met PIPAC-OX. Hoewel
dit onderzoek de uitkomsten bijwerkingen, kwaliteit van leven, en effectiviteit
rapporteerde, werden deze resultaten niet apart weergegeven voor patiënten
met te uitgebreide buikvliesuitzaaiingen van darmkanker. Het tweede onderzoek
beschreef een groep van 102 patiënten met te uitgebreide buikvliesuitzaaiingen
van darmkanker die gezamenlijk 185 PIPAC-OX behandelingen hadden
ondergaan. In dit onderzoek werden de uitkomsten bijwerkingen en effectiviteit
beschreven, maar niet apart voor PIPAC-OX monotherapie (44 patiënten) en
PIPAC-OX combinatietherapie (58 patiënten), en ook niet voor de hoeveelste lijn
van behandeling. Hoewel deze twee onderzoeken dus wel een bijdrage leverden
aan de groeiende hoeveelheid gegevens over de PIPAC-behandeling, heeft
geen van deze twee onderzoeken nieuwe resultaten getoond die het zouden
verantwoorden om de behandeling met PIPAC-OX buiten studieverband aan te
bieden aan patiënten met te uitgebreide buikvliesuitzaaiingen van darmkanker.
Eerder bestonden er geen onderzoeken die de veiligheid, bijwerkingen,
effectiviteit, kwaliteit van leven, farmacokinetiek (=hoe de chemotherapie wordt
opgenomen, verwerkt, en uitgescheiden door het lichaam), en kosten van PIPACOX monotherapie of PIPAC-OX combinatietherapie in kaart gingen brengen bij
patiënten met te uitgebreide buikvliesuitzaaiingen van darmkanker. Als eerste
stap werd de CRC-PIPAC studie opgezet, met als doel om deze uitkomsten te
onderzoeken bij patiënten met te uitgebreide buikvliesuitzaaiingen van darmkanker
die behandeld werden met PIPAC-OX monotherapie.
Resultaten uit CRC-PIPAC en discussie
CRC-PIPAC was een enkel-armig (=alle patiënten kregen dezelfde behandeling)
veiligheidsonderzoek welke plaatsvond in twee Nederlandse ziekenhuizen die
gespecialiseerd zijn in de chirurgische behandeling (=de HIPEC operatie) van
buikvliesuitzaaiingen van darmkanker. Hoofdstuk 6 beschrijft een samenvatting
van het onderzoeksprotocol. In totaal werden twintig patiënten met te uitgebreide
buikvliesuitzaaiingen van darmkanker, zonder uitzaaiingen elders in het lichaam,
die in goede conditie waren, behandeld met herhaalde (=elke vier tot zes weken)
PIPAC-OX monotherapie totdat werd vastgesteld dat de kanker niet onder controle
te krijgen was met deze behandelingen of totdat de patiënt te veel bijwerkingen
ervaarde van de behandelingen.
De voornaamste uitkomst van het onderzoek was het aantal ernstige
complicaties, gerelateerd aan PIPAC-OX, tot vier weken na elke procedure
(hoofdstuk 7). In totaal waren er drie patiënten die gezamenlijk zeven ernstige
complicaties doormaakten: buikpijn, bloeding in de buik, bloedarmoede waarvoor
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een bloedtransfusie nodig was, een klaplong ten gevolge van de operatie,
voorbij gaande levertest afwijkingen (2x), en overlijden door septische shock met
onbekende oorzaak. Minder ernstige bijwerkingen vonden plaats in alle patiënten,
en bestonden uit buikpijn, misselijkheid, overgeven, vermoeidheid, en diarree.
Andere uitkomsten waren de effectiviteit (hoofdstuk 7), kwaliteit van leven
(hoofdstuk 8), farmacokinetiek van oxaliplatine (hoofdstuk 10), en kosten (hoofdstuk
11) van PIPAC-OX monotherapie. De effectiviteit werd op meerdere manieren
onderzocht: macroscopisch, radiologisch, ascites, histopathologisch, biochemisch,
en cytologisch. De resultaten met betrekking tot effectiviteit verschilden ook sterk
tussen deze manieren: de gemeten respons (=afname van de tumor/uitzaaiingen)
en progressie (=toename van de tumor/uitzaaiingen) varieerden respectievelijk
van 0%-67% en van 0%-37%. Gemeten vanaf de eerste PIPAC-OX werd bij de helft
van de patiënten na 3.5 maanden voor het eerst progressie vastgesteld. Gemeten
vanaf de eerste PIPAC-OX was de helft van de patiënten na 8 maanden nog
in leven. Hoewel deze resultaten suggesteren dat PIPAC-OX monotherapie bij
sommige patiënten effect kan hebben, lijkt dit wel af te hangen van de manier
waarop je dat effect meet.
In het CRC-PIPAC onderzoek werd oxaliplatine in een dosering van 92 mg/
2
m toegediend, gebaseerd op internationale PIPAC-protocollen. Echter was deze
dosering nog niet als maximaal getolereerde dosering (=de hoogst mogelijke
dosering waarbij het aantal ernstige bijwerkingen beperkt blijft) vastgesteld
in fase 1 onderzoek (=onderzoek waarbij stapsgewijs de dosering verhoogd
wordt in kleine groepen patiënten, totdat er bij een dosering te veel ernstige
bijwerkingen ontstaan). Na publicatie van de samenvatting over PIPAC-OX bij
buikvliesuitzaaiingen van darmkanker (hoofdstuk 5) en de afronding van het CRCPIPAC onderzoek (hoofdstuk 7) zijn de resultaten van twee fase 1 onderzoeken
verschenen. In het eerste onderzoek werden vijf doseringen van PIPAC-OX
onderzocht, beginnende bij 90 mg/m 2 welke steeds met stappen van 50 mg/m 2
verhoogd werd. Patiënten werden elke vier tot zes weken behandeld met PIPACOX en mochten tussendoor ook gewone chemokuren krijgen. Uiteindelijk werden
er teveel ernstige bijwerkingen gerapporteerd bij de tweede dosering (140 mg/m2),
hoewel deze volgens de auteurs gerelateerd waren aan de gewone chemokuren
en niet per se aan PIPAC-OX. Ook werden de (ernstige) bijwerkingen niet apart
weergegeven voor PIPAC-OX monotherapie en PIPAC-OX combinatietherapie.
De uiteindelijke maximaal getolereerde dosering van 90 mg/m 2 moet dan dus
eigenlijk ook geïnterpreteerd worden als de maximaal getolereerde dosering
voor PIPAC-OX combinatietherapie. In theorie zouden patiënten die PIPAC-OX
monotherapie ondergaan een hogere dosering oxaliplatin kunnen verdragen.
Het tweede onderzoek richtte zich specifiek op de maximaal getolereerde
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dosering van PIPAC-OX monotherapie. Echter, ondanks dat zij geen ernstige
bijwerkingen bij een van de hoogste doseringen (120 mg/m 2) rapporteerden,
werd het onderzoek vroegtijdig stopgezet vanwege de resultaten van de andere
(hierboven genoemde) fase 1 onderzoek die een maximaal getolereerde dosering
van 90 mg/m 2 rapporteerden. Uiteindelijk werd door de auteurs voor PIPAC-OX
monotherapie een maximaal getolereerde dosering van 120 mg/m 2 vastgesteld.
Echter, het zou kunnen dat een nog hogere dosering PIPAC-OX monotherapie ook
getolereerd wordt, gezien in deze studie geen maximaal getolereerde dosering
werd vastgesteld.
In retrospect zou het kunnen dat de chemotherapie die tijdens PIPAC gebruikt
werd, oxaliplatin, misschien niet de meest ideale keus was, gezien we nu weten dat
buikvliesuitzaaiingen vaak ontstaan uit het vierde subtype darmkanker, die vaak
niet goed reageert op oxaliplatin. Echter, deze informatie was niet bekend toen
de CRC-PIPAC studie gestart werd, en derhalve werd de PIPAC chemotherapie
gebaseerd op reeds bestaande internationale protocollen. Opvallend genoeg
werd bij een aantal patiënten toch respons gemeten tijdens behandeling met
PIPAC-OX, wat suggesteert dat er mogelijk toch minder patiënten zijn met
buikvliesuitzaaiingen uit het vierde subtype darmkanker die dus toch baat kunnen
hebben bij behandeling met oxaliplatin. Daarnaast zijn er ook geen nieuwe
chemotherapie-middelen beschikbaar gekomen die beter zouden kunnen werken
tegen het vierde subtype darmkanker. Hierdoor blijft chemotherapie met oxaliplatin
de eerste keus in de behandeling van patiënten met uitgrzaaide darmkanker.
Hopelijk gaat de organoïd technologie hier in de toekomst verandering in brengen.
Kwaliteit van leven
Kwaliteit van leven werd twee keer na elke PIPAC-OX behandeling bepaald,
steeds na een week en na vier weken (hoofdstuk 8). De kwaliteit van leven wordt
onder verdeeld in verschillende functieschalen (die een bepaald functioneren
beschrijven, bijv. fysiek functioneren, cognitief functioneren) en verschillende
symptoomschalen (die de last van een bepaald symptoom beschrijven, bijv. pijn,
misselijkheid). Op meerdere schalen werd gedurende de eerste week na de PIPACOX een achteruitgang gezien, welke vervolgens ook weer herstelde gedurende de
daarop volgende weken. De meest prominente achteruitgang was te zien in de
symptoomschalen pijn en buikpijn. Deze resultaten van tijdelijke achteruitgang zijn
enigszins tegengesteld van wat initieel verwacht werd: de algemene gedachte is
dat PIPAC-OX weinig tot geen invloed heeft op de kwaliteit van leven, wat het een
ideale behandeling zou maken in de palliatieve setting. Echter, in het CRC-PIPAC
onderzoek kregen alle patiënten dezelfde behandeling (PIPAC-OX), waardoor
deze veranderingen in kwaliteit van leven niet direct vergeleken konden worden
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met de veranderingen in kwaliteit van leven na andere behandelingen, zoals een
darmkanker operatie of gewone chemotherapie.
In hoofdstuk 9 zijn de veranderingen in kwaliteit van leven na PIPAC-OX
vergeleken met de veranderingen in kwaliteit van leven na een darmkanker
operatie. Voor deze laatste groep werden gegevens van een ander onderzoek
gebruikt. In deze vergelijking kwam naar voren dat patiënten na de PIPACOX operatie veel meer last hadden van pijn en buikpijn dan patiënten na een
darmkanker operatie. Dit is een bijzondere bevinding, omdat een darmkanker
operatie een veel grotere operatie is waarbij een stuk darm wordt verwijderd.
Een mogelijke verklaring is dat de chemotherapie die tijdens de PIPAC-OX
gebruikt wordt (oxaliplatin) tot een chemische ontstekingsreactie in de buik leidt,
waardoor pijn ontstaat. Daarnaast zou het kunnen dat de buikvliesuitzaaiingen
en buikwanduitzaaiingen an sich ook buikpijn kunnen geven door lokale irritatie
en druk op omgevende weefsels. Als dit het geval zou zijn, dan zou dit reden zijn
om bij alle patiënten met buikvliesuitzaaiingen extra aandacht te besteden aan
pijnbestrijding, ongeacht behandeling met PIPAC-OX.
In toekomstige onderzoeken zou de focus ook gelegd kunnen worden
op de vergelijking van kwaliteit van leven na PIPAC-OX (monotherapie of
combinatietherapie) met de kwaliteit van leven na gewone chemotherapie. Op
dit moment bestaat er een gerandomiseerd onderzoek die patiënten met te
uitgebreide buikvliesuitzaaiingen randomiseert (=loten voor een behandeling)
tussen gewone chemotherapie en PIPAC monotherapie (waaronder PIPAC-OX
voor patiënten met te uitgebreide buikvliesuitzaaiingen van darmkanker). De
kwaliteit van leven is de primaire uitkomst van dit onderzoek. Daarnaast zijn er nog
vier andere enkel-armige onderzoeken die de kwaliteit van leven onderzoeken bij
patiënten met te uitgebreide buikvliesuitzaaiingen van darmkanker die behandeld
worden met PIPAC-OX monotherapie (1x), PIPAC-OX combinatietherapie (1x,
hoofdstuk 12), of beiden (2x). Ten slotte bestaat er ook nog een internationaal
registratie onderzoek over PIPAC, waarin ook de kwaliteit van leven geregistreerd
wordt.
Systemische farmacokinetiek
In hoofdstuk 10 zijn de oxaliplatin concentraties in plasma (=het waterdeel van
bloed) en gefilterd plasma (=ter bepaling van het vrije deel, dus niet gebonden
aan eiwitten, dit is vaak biologisch actief) bepaald op tien momenten na de PIPACOX, en zijn de oxaliplatin concentraties in urine bepaald op vijf momenten na
de PIPAC-OX. Hierin werd gemeten dat er meer oxaliplatin in het bloed terecht
kwam dan initieel verwacht: de algemene gedachte is dat de oxaliplatine in de
buik blijft. Opvallend genoeg waren de concentraties oxaliplatin in het bloed na
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de PIPAC-OX zelfs ongeveer even hoog als na gewone chemotherapie (zoals
reeds in andere onderzoeken was bepaald). Echter betreft dit een indirecte
vergelijking. In het CRC-PIPAC-II onderzoek (hoofdstuk 12) wordt dit verschijnsel
nader onderzocht en direct vergeleken. Daarnaast zijn er onlangs twee studies
verschenen die onderzochten welke dosering van PIPAC met oxaliplatin het
best verdragen werd. Deze studies vonden ook dat een hogere chemotherapie
concentratie in de buik leidde tot een hogere chemotherapie concentratie door de
rest van het lichaam. Een studie onderzocht verschillende doseringen oxaliplatin
bij PIPAC-OX monotherapie maar nam ook bij hogere doseringen oxaliplatin
geen ernstige bijwerkingen waar. Een andere studie onderzocht verschillende
doseringen oxaliplatin bij PIPAC-OX afgewisseld met gewone chemotherapie,
waarbij bij het ophogen van de oxaliplatin dosering twee ernstige bijwerkingen
ontstonden, hoewel minstens een van deze toe te schrijven was aan de reguliere
chemotherapie. Deze studies bevestigden dat de chemotherapie die tijdens PIPACOX gegeven wordt zich makkelijk door de rest van het lichaam kan verspreiden.
Soms kan dit dan tot ernstige bijwerkingen leiden, maar met name indien
gecombineerd met reguliere chemotherapie.
Kosten
Wanneer één patiënt met drie PIPAC-OX monotherapie behandeld wordt,
kost dit in totaal €25.993,- (hoofdstuk 11). Deze kosten lijken overeen te komen
met de kosten van gewone chemotherapie, wat in de toekomst eventueel zou
kunnen bijdragen aan de implementatie van PIPAC-OX monotherapie in de
gezondheidszorg, indien deze behandeling effectief blijkt. Aan de andere kant
is PIPAC-OX combinatietherapie een veelal toegepaste behandeling in het
buitenland – het is aannemelijk dat de kosten van deze combinatie hoger zijn
dan de kosten van PIPAC-OX monotherapie of alleen gewone chemotherapie. Uit
toekomstig onderzoek zal dan moeten blijken of de extra kosten van PIPAC-OX
combinatietherapie opwegen tegen de eventuele gezondheidswinst. De kosten
van PIPAC-OX combinatietherapie zullen worden onderzocht in het CRC-PIPAC-II
onderzoek (hoofdstuk 12).
Toekomst perspectieven
PIPAC-OX kan als monotherapie en als combinatietherapie met gewone
chemotherapie gegeven worden. In het CRC-PIPAC onderzoek werd PIPACOX monotherapie onderzocht, met als doel om de ziekte zolang mogelijk onder
controle te houden met een zo min mogelijke negatieve impact op de kwaliteit van
leven. PIPAC-OX combinatietherapie heeft juist als doel om de ziekte zo agressief
mogelijk terug te dringen, maar mogelijk heeft dit wel een grotere negatieve
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impact op de kwaliteit van leven. Desondanks wordt deze combinatietherapie
veel toegepast in het buitenland en is hier ook vraag naar vanuit patiënten met te
uitgebreide buikvliesuitzaaiingen van darmkanker. Gezien de positieve uitkomsten
van het CRC-PIPAC onderzoek (veilig, relatief weinig bijwerkingen) en de klinische
behoefte naar deze combinatietherapie werd een tweede onderzoek gestart naar
PIPAC-OX, ditmaal als combinatietherapie met gewone chemotherapie: CRCPIPAC-II.
Het CRC-PIPAC-II onderzoek heeft als doel om het aantal ernstige complicaties
en bijwerkingen, de effectiviteit, kwaliteit van leven, farmacokinetiek van
oxaliplatine na PIPAC-OX en na een gewone chemokuur, en de kosten van
PIPAC-OX combinatietherapie in kaart te brengen (hoofdstuk 12). In deze studie
worden twintig patiënten met te uitgebreide buikvliesuitzaaiingen van darmkanker
behandeld met zes weken eerste lijn gewone chemotherapie gevolgd door één
PIPAC-OX (92 mg/m 2). Na de eerste PIPAC-OX kan deze cyclus nog maximaal
twee keer herhaald worden of totdat werd vastgesteld dat de kanker niet onder
controle te krijgen was met deze behandelingen of totdat de patiënt te veel
bijwerkingen ervaarde van de behandelingen. In juli 2021 werd de twintigste
patiënt geïncludeerd en de eerste resultaten worden begin 2022 verwacht. De
resultaten van dit onderzoek zullen meer inzicht geven in de rol van PIPAC-OX
combinatietherapie bij patiënten met te uitgebreide buikvliesuitzaaiingen van
darmkanker, en in het bijzonder of deze combinatietherapie te verdragen is in
de palliatieve fase. Als dat zo blijkt, dan biedt dit ook weer mogelijkheden voor
vervolgonderzoeken naar PIPAC-OX in deze setting.
Naast de CRC-PIPAC-II studie bestaan er op dit moment vier andere fase
2-3 onderzoeken naar PIPAC-OX bij te uitgebreide buikvliesuitzaaiingen van
darmkanker. Een onderzoek includeert alleen patiënten met te uitgebreide
buikvliesuitzaaiingen van darmkanker, die zowel met PIPAC-OX monotherapie
als PIPAC-OX combinatietherapie behandeld kunnen worden in elke lijn van
palliatieve behandeling. Aan de andere drie onderzoeken mogen patiënten
met te uitgebreide buikvliesuitzaaiingen van allerlei kankers (bijv. maagkanker,
eierstokkanker) deelnemen, waaronder patiënten met buikvliesuitzaaiingen van
darmkanker die behandeld worden met PIPAC-OX. Een van deze drie onderzoeken
is een gerandomiseerd onderzoek welke randomiseert tussen PIPAC monotherapie
en gewone chemotherapie. De andere twee onderzoeken behandelen patiënten
met ofwel PIPAC monotherapie ofwel PIPAC combinatietherapie.
Daarnaast is er recent ook een vijfde onderzoek aangekondigd welke
patiënten met te uitgebreide buikvliesuitzaaiingen van darmkanker, met of zonder
uitzaaiingen in andere delen van het lichaam, bij wie de ziekte niet meer onder
controle te krijgen was met eerste lijn gewone chemotherapie. Deze patiënten
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zullen worden gerandomiseerd tussen tweede lijn gewone chemotherapie of
PIPAC-OX combinatietherapie.
De resultaten van al deze onderzoeken zullen bijdragen aan de
groeiende hoeveelheid kennis over PIPAC-OX bij patiënten met te uitgebreide
buikvliesuitzaaiingen van darmkanker. Hierbij is het wel van belang dat de
resultaten apart worden weergegeven voor patiënten met te uitgebreide
buikvliesuitzaaiingen van darmkanker, voor patiënten die PIPAC-OX monotherapie
en PIPAC-OX combinatietherapie hebben ondergaan, en de hoeveelste lijn van
palliatieve behandeling. Deze resultaten zullen bijdragen aan het ontwerpen van
toekomstige onderzoeken naar PIPAC-OX om uiteindelijk de rol van PIPAC-OX in
deze setting te bepalen.
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Supplementary data of chapter 2
Supplementary Table 2.1 Univariable logistic regression analyses for the presence of
synchronous peritoneal metastases.

OR

95% CI

<50

1.88

1.25-2.86

50-74

Ref

Ref

≥75

1.20

0.97-1.49

Age

0.009

Sex

0.218

Male

Ref

Ref

Female

1.14

0.93-1.39

ASA stage

<0.001

ASA 1

0.65

0.44-0.98

ASA 2

Ref

Ref

ASA ≥3

1.55

1.16-2.06

Missing data

2.62

2.07-3.31

Primary tumour location

<0.001

Right colon

1.34

1.08-1.67

Left colon

Ref

Ref

Rectum

0.33

0.24-0.45

Good/moderate

Ref

Ref

Poor/none

3.77

2.81-5.08

Missing data

5.40

4.33-6.75

Primary tumour differentiation

<0.001

Tumour histology
Adenocarcinoma

<0.001
Ref

Ref

Mucinous adenocarcinoma

2.72

2.05-3.60

Signet ring cell carcinoma

12.22

7.71-19.37

T0-3

Ref

Ref

T4

11.13

8.75-14.15

Missing data

17.70

13.20-23.74

Tumour stage

<0.001

Nodal stage
N0

P value

<0.001
Ref

Ref

N1

3.08

2.29-4.13

N2

8.17

6.22-10.73
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Supplementary Table 2.1 Univariable logistic regression analyses for the presence of
synchronous peritoneal metastases. (continued)

Missing data

OR

95% CI

8.68

6.08-12.40

Synchronous systemic metastases

P value
<0.001

No

Ref

Ref

Yes

7.42

6.03-9.14

Tumour perforation

<0.001

No

Ref

Ref

Yes

3.15

2.02-4.92

Missing data

5.48

4.44-6.78

ASA American society of anaesthesiologists score; OR odds ratio; CI confidence
interval.

A
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Supplementary Table 2.2 Univariable cox regression analyses for the development of
metachronous peritoneal metastases.

Age

OR

95% CI

P value
0.002

2.10

1.38-3.20

<50

2.10

1.38-3.20

50-74

Ref.

Ref.

≥75

0.99

0.77-1.28

Sex

0.182

Male

Ref

Ref

Female

1.16

0.93-1.44

ASA stage

0.602

ASA 1

1.22

0.91-1.63

ASA 2

Ref.

Ref.

ASA ≥3

1.04

0.77-1.41

Missing data

1.02

0.74-1.42

Primary tumour location

0.001

Right colon

1.23

0.96-1.57

Left colon

Ref.

Ref.

Rectum

0.72

0.54-0.95

Good/moderate

Ref.

Ref.

Poor/none

2.29

1.69-3.11

Missing data

1.12

0.78-1.61

Primary tumour differentiation

<0.001

Tumour histology

<0.001

Adenocarcinoma

Ref.

Ref.

Mucinous adenocarcinoma

1.60

1.12-2.28

Signet ring cell carcinoma

4.42

2.25-8.71

T0-3

Ref.

Ref.

T4

5.09

4.06-6.39

N0

Ref.

Ref.

N1

3.84

2.93-5.02

N2

5.95

4.49-7.86

Missing data

0.48

0.12-1.96

Ref.

Ref.

Tumour stage

<0.001

Nodal stage

<0.001

Primary tumor resection margins
Clear resection margins

<0.001
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Supplementary Table 2.2 Univariable cox regression analyses for the development of
metachronous peritoneal metastases. (continued)

OR

95% CI

No clear resection margins

3.33

2.24-4.97

Missing data

0.37

0.21-0.64

Synchronous systemic metastases

P value

<0.001

No

Ref.

Ref.

Yes

3.83

2.97-4.93

Tumour perforation

0.040

No

Ref.

Ref.

Yes

1.81

1.14-2.87

Missing data

1.04

0.64-1.67

ASA American society of anaesthesiologists score; OR odds ratio; CI confidence
interval.

A
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Supplementary Table 2.3 Univariable cox regression analysis in high-risk primary
tumours for the development of metachronous peritoneal metastases after primary
tumour resection.

HR

95%CI

Age (years)

0.044

<50

1.72

1.12-2.64

50-74

Ref.

Ref.

≥75

1.05

0.79-1.40

Male

Ref.

Ref.

Female

1.17

0.92-1.50

Sex

0.205

ASA score

0.569

ASA 1

1.07

0.77-1.50

ASA 2

Ref.

Ref.

ASA ≥3

0.93

0.65-1.32

Missing data

1.25

0.87-1.79

Right colon

1.21

0.92-1.58

Left colon

Ref.

Ref.

Rectum

0.72

0.51-1.02

Primary tumour location

0.014

Primary tumour differentiation

0.016

Good/moderate

Ref.

Ref.

Poor/none

1.59

1.15-2.21

Missing data

1.25

0.85-1.85

Adenocarcinoma

Ref.

Ref.

Mucinous adenocarcinoma

1.51

1.03-2.21

Signet ring cell carcinoma

3.25

1.64-6.41

Tumour histology

<0.001

Primary tumour resection margins

0.006

Clear resection margins

Ref.

Ref.

No clear resection margins

1.96

1.28-3.00

Missing data

0.78

0.34-1.78

No

Ref.

Ref.

Yes

1.78

1.35-2.37

Synchronous systemic metastases

<0.001

Tumour perforation
No

P value

0.933
Ref.

Ref.
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Supplementary Table 2.3 Univariable cox regression analysis in high-risk primary
tumours for the development of metachronous peritoneal metastases after primary
tumour resection. (continued)

HR

95%CI

Yes

1.09

0.66-1.80

Missing data

1.05

0.62-1.77

Adjuvant treatment

P value

0.028

No

Ref.

Ref.

Yes

0.76

0.59-0.97

ASA American society of anaesthesiologists score; OR odds ratio; CI confidence
interval.

A
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Supplementary data of chapter 3
Supplementary Table 3.1 Univariable cox competing risk regression analyses for the
development of metachronous peritoneal metastases.

Univariable analysis
HR

95% CI

Primary surgery type
Laparoscopic

Ref

Ref

Open

2.0

1.6-2.6

Sex

0.197

Male

Ref

Ref

Female

1.2

0.9-1.5

Age

0.159

<50

1.6

0.9-2.7

50-74

Ref

Ref

≥75

1.1

0.9-1.50

ASA 1

1.0

0.7-1.4

ASA 2

Ref

Ref

ASA 3-6

1.1

0.8-1.5

Missing data

1.2

0.8-1.8

ASA score

0.820

Primary tumour location

<0.001

Right colon

1.4

1.1-1.9

Left colon

Ref

Ref

Rectum

0.7

0.5-1.0

Tumour histology

<0.001

Adenocarcinoma

Ref

Ref

Mucinous adenocarcinoma

1.7

1.2-2.5

Signet ring cell carcinoma

5.3

2.7-10.5

Good/moderate

Ref

Ref

Poor/none

2.3

1.7-3.3

Missing data

1.3

0.9-2.0

Primary tumour differentiation

<0.001

Tumour stage

<0.001

T0-3

Ref

Ref

T4

5.9

4.5-7.6

Nodal stage

P value
<0.001

<0.001
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Supplementary Table 3.1 Univariable cox competing risk regression analyses for the
development of metachronous peritoneal metastases. (continued)

Univariable analysis
HR

95% CI

N0

Ref

Ref

N1

3.5

2.6-4.8

N2

6.8

4.9-9.3

Tumour perforation

P value

0.008

No

Ref

Ref

Yes

2.2

1.3-3.6

Missing data

1.3

0.7-2.2

Clear

Ref

Ref

Not clear

3.6

2.2-5.9

Missing data

2.2

0.7-7.0

Resection margins

<0.001

ASA American Society of Anaesthesiologists score, CI confidence interval, HR Hazard
Ratio, OS overall survival, PM peritoneal metastases.

A
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Supplementary data of chapter 4
Supplementary Table 4.1 Univariable cox regression analyses for overall survival of the
entire study cohort.

HR

95% CI

Age <0.001

<0.001

<50

0.80

0.59-1.09

50-74

Ref

Ref

≥75

1.74

1.47-2.07

Sex

0.156

Male

Ref

Ref

Female

1.12

0.96-1.31

ASA score

<0.001

ASA 1

0.72

0.55-0.94

ASA 2

Ref

Ref

ASA 3-6

1.44

1.16-1.79

Missing data

1.80

1.50-2.17

Primary tumour location
Right colon

0.019
Ref

Ref

Left colon

0.79

0.66-0.93

Rectum

0.87

0.69-1.08

Good/moderate

Ref

Ref

Poor/undifferentiated

2.52

2.03-3.13

Missing data

1.66

1.39-1.98

Primary tumour differentiation

<0.001

Tumour histology
Adenocarcinoma

P value

0.003
Ref

Ref

Mucinous adenocarcinoma

0.97

0.77-1.22

Signet ring cell carcinoma

1.83

1.32-2.53

T0-3

Ref

Ref

T4

1.02

0.86-1.21

Missing data

2.21

1.75-2.79

Tumour stage

<0.001

Nodal stage

<0.001

N0

0.74

0.60-0.91

N1

0.91

0.75-1.10

N2

Ref

Ref
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Supplementary Table 4.1 Univariable cox regression analyses for overall survival of the
entire study cohort. (continued)

Missing data

HR

95% CI

2.28

1.71-3.04

Synchronous systemic metastases

P value
<0.001

No

Ref

Ref

Yes

1.36

1.17-1.59

Tumour perforation

<0.001

No

Ref

Ref

Yes

0.98

0.70-1.38

Missing data

1.85

1.55-2.19

Synchronous

Ref

Ref

Metachronous

0.79

0.67-0.92

Best supportive care

4.56

3.77-5.51

Palliative treatment

Ref

Ref

CRS-HIPEC

0.31

0.23-0.43

Presentation of PM

0.003

Treatment of PM

<0.001

ASA American association of anesthesiologists; CI confidence interval; CRS
cytoreductive surgery; HIPEC hyperthermic intraperitoneal chemotherapy; HR
hazard ratio; OS overall survival; PM peritoneal metastases.
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Supplementary Table 4.2 Univariable Cox Regression analyses for overall survival in
synchronous PM.

HR

95% CI

<50

0.74

0.48-1.14

50-74

Ref

Ref

≥75

1.57

1.27-1.95

Age <0.001

<0.001

Sex

0.728

Male

Ref

Ref

Female

1.04

0.85-1.27

ASA score

<0.001

ASA 1

0.76

0.49-1.17

ASA 2

Ref

Ref

ASA ≥3

1.42

1.06-1.91

Missing data

2.04

1.60-2.59

Primary tumour location

0.040

Right-sided colon

Ref

Ref

Left-sided colon

0.79

0.64-0.98

Rectum

1.11

0.81-1.53

Good/moderate

Ref

Ref

Poor/none

2.67

1.98-3.61

Missing data

1.82

1.45-2.28

Primary tumour differentiation

<0.001

Tumour histology

0.064

Adenocarcinoma

Ref

Ref

Mucinous adenocarcinoma

0.83

0.63-1.10

Signet ring cell carcinoma

1.43

0.98-2.07

T0-3

Ref

Ref

T4

0.92

0.72-1.17

Missing data

1.98

1.49-2.63

Tumour stage

<0.001

Nodal stage

<0.001

N0

0.91

0.69-1.20

N1

1.03

0.80-1.33

N2

Ref

Ref

Missing data

2.38

1.75-3.26

Synchronous systemic metastases

P value

0.005
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Supplementary Table 4.2 Univariable Cox Regression analyses for overall survival in
synchronous PM. (continued)

HR

95% CI

No

Ref

Ref

Yes

1.34

1.09-1.65

Tumour perforation

P value

<0.001

No

Ref

Ref

Yes

0.93

0.59-1.48

Missing data

2.19

1.77-2.72

Treatment of PM

<0.001

Best supportive care

4.76

3.66-6.20

Palliative treatment

Ref

Ref

CRS-HIPEC

0.27

0.17-0.42

ASA American association of anaesthesiologists; CI confidence interval; CRS
cytoreductive surgery; HIPEC hyperthermic intraperitoneal chemotherapy; HR hazard
ratio; OS overall survival; PM peritoneal metastases.
Supplementary Table 4.3 Univariable Cox Regression analyses for overall survival in
metachronous PM.

HR

95% CI

<50

0.86

0.54-1.36

50-74

Ref

Ref

≥75

1.95

1.48-2.56

Age <0.001

<0.001

Sex

0.081

Male

Ref

Ref

Female

1.24

0.97-1.58

ASA score

0.002

ASA 1

0.70

0.49-0.99

ASA 2

Ref

Ref

ASA ≥3

1.48

1.07-2.04

Missing data

1.26

0.89-1.80

Primary tumour location

0.162

Right-sided colon

Ref

Ref

Left-sided colon

0.78

0.59-1.03

Rectum

0.79

0.57-1.09

Primary tumour differentiation

P value

A
<0.001
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Supplementary Table 4.3 Univariable Cox Regression analyses for overall survival in
metachronous PM. (continued)

HR

95% CI

Good/moderate

Ref

Ref

Poor/none

2.34

1.70-3.24

Missing data

1.09

0.73-1.65

Adenocarcinoma

Ref

Ref

Mucinous adenocarcinoma

1.18

0.80-1.75

Signet ring cell carcinoma

3.62

1.84-7.11

Tumour histology

P value

0.006

Tumour stage

0.552

T0-3

Ref

Ref

T4

1.08

0.84-1.38

Nodal stage

0.014

N0

0.60

0.44-0.82

N1

0.79

0.60-1.05

N2

Ref

Ref

Missing data

1.24

0.31-5.05

Synchronous systemic metastases

0.187

No

Ref

Ref

Yes

1.21

0.92-1.59

Tumour perforation

0.409

No

Ref

Ref

Yes

1.06

0.64-1.76

Missing data

0.69

0.39-1.24

Adjuvant treatment after surgery for primary
colorectal cancer

0.042

No

Ref

Ref

Yes

0.77

0.59-0.99

Best supportive care

4.93

3.73-6.53

Palliative treatment

Ref

Ref

CRS-HIPEC

0.40

0.26-0.61

Treatment of PM

<0.001

ASA American association of anaesthesiologists; CI confidence interval; CRS
cytoreductive surgery; HIPEC hyperthermic intraperitoneal chemotherapy; HR adjusted
hazard ratio; OS overall survival; PM peritoneal metastases.
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-0.02
-0.03
-0.01
-0.04
+0.01

Baseline vs. four weeks after first procedure

Baseline vs. one week after second
procedure

Baseline vs. four weeks after second
procedure

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure

-20
-6
-11
-6

Baseline vs. one week after first procedure

Baseline vs. four weeks after first procedure

Baseline vs. one week after second
procedure

Baseline vs. four weeks after second
procedure

Physical functioning (EORTC QLQ-C30)

-0.10

Mean difference
(a)

Baseline vs. one week after first procedure

Index value (EQ-5D-5L)

Function scales

baseline and at least one subsequent time point.

<0.001

p-value

0.18

-13 – 3

-19 – -3

-14 – 2

-27 – -12

-0.06 –
0.06

-0.12 – 0.01

0.19

0.0085

0.12

<0.001

0.99

0.12

-0.09 – 0.03 0.35

-0.10 – 0.02

-0.09 – 0.02 0.24

-0.16 –
-0.05

95% CI

-

-

-

1.03

-

-

-

-

-

0.76

Cohen’s d
(b)

Major

MID

Degree of
deterioration

Supplementary Table 8.1A Linear mixed modeling analyses of 5 function scales with a statistically significant difference in scores between

Supplementary data of chapter 8
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-9
-1

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure

+0
-16
-5
-13
+7

Baseline vs. four weeks after first procedure

Baseline vs. one week after second
procedure

Baseline vs. four weeks after second
procedure

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure
-18
-1
-1
+1
-4
+5

Baseline vs. one week after first procedure

Baseline vs. four weeks after first procedure

Baseline vs. one week after second
procedure

Baseline vs. four weeks after second
procedure

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure

Social functioning (EORTC QLQ-C30)

-27

Baseline vs. one week after first procedure

Role functioning (EORTC QLQ-C30)

Mean difference
(a)

Function scales

baseline and at least one subsequent time point. (continued)

-8 – 16

-16 – 7

-10 – 11

-12 – 9

-12 – 9

-28 – -8

-8 – 21

-29 – 0

-19 – 7

-30 – -4

-13 – 12

-39 – -15

-11 – 6

-18 – -1

95% CI

0.51

0.46

0.94

0.76

0.75

<0.001

0.37

0.05

0.35

0.01

0.97

<0.001

0.58

0.03

p-value

-

-

-

-

-

0.71

-

-

-

-

-

0.87

-

-

Cohen’s d
(b)

Moderate

Major

Degree of
deterioration

Supplementary Table 8.1A Linear mixed modeling analyses of 5 function scales with a statistically significant difference in scores between
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-2
-7
-1
-6
+2

Baseline vs. four weeks after first procedure

Baseline vs. one week after second
procedure

Baseline vs. four weeks after second
procedure

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure

-6 – 7

-14 – -1

-7 – 5

-13 – -1

-9 – 2

-20 – -9

95% CI

0.89

0.03

0.78

0.02

0.24

<0.001

p-value

-

-

-

-

-

1.07

Cohen’s d
(b)
Moderate

Degree of
deterioration

CI confidence interval; MID minimally important difference; PRO patient-reported outcome; (a) calculated as the mean score of a time
point minus mean baseline score; (b) calculated as mean difference divided by pooled standard deviation.

-16

Mean difference
(a)

Baseline vs. one week after first procedure

C30 summary score (EORTC QLQ-C30)

Function scales

baseline and at least one subsequent time point. (continued)

Supplementary Table 8.1A Linear mixed modeling analyses of 5 function scales with a statistically significant difference in scores between
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+7
+20
+5
+13
+3

Baseline vs. four weeks after first procedure

Baseline vs. one week after second procedure

Baseline vs. four weeks after second procedure

Baseline vs. one week vafter third procedure

Baseline vs. four weeks after third procedure

+8
+21
+8
+22
+4

Baseline vs. four weeks after first procedure

Baseline vs. one week after second procedure

Baseline vs. four weeks after second procedure

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure
+15
-1
+12
+2

Baseline vs. one week after first procedure

Baseline vs. four weeks after first procedure

Baseline vs. one week after second procedure

Baseline vs. four weeks after second procedure

Appetite loss (EORTC QLQ-C30)

+29

Baseline vs. one week after first procedure

Pain (EORTC QLQ-C30)

+23

Mean
difference
(a)

Baseline vs. one week after first procedure

Fatigue (EORTC QLQ-C30)

Symptom scales

baseline and at least one subsequent time point.

-10 – 14

1 – 24

-11 – 12

4 – 26

-7 – 18

11 – 36

-2 – 21

10 – 33

-4 – 18

19 – 40

-7 – 16

3 – 26

-5 – 16

9 – 30

-2 – 18

14 – 33

95% CI

0.76

0.04

0.92

0.007

0.36

<0.001

0.11

<0.001

0.20

<0.001

0.41

0.02

0.32

<0.001

0.13

<0.001

p-value

-

-

-

0.43

-

0.95

-

0.95

-

1.49

-

-

-

0.83

-

0.98

Moderate

Major

Major

Major

Major

Major

Cohen’s d (b) Degree of
deterioration
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+14
+0

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure

+7
-6
-2
+5
+2

Baseline vs. four weeks after first procedure

Baseline vs. one week after second procedure

Baseline vs. four weeks after second procedure

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure

+14
+9
+14
+7

Baseline vs. one week after second procedure

Baseline vs. four weeks after second procedure

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure

Baseline vs. one week after first procedure

+32

+12

Baseline vs. four weeks after first procedure

Abdominal pain (EORTC QLQ-CR29)

+13

Baseline vs. one week after first procedure

Urinary frequency (EORTC QLQ-CR29)

+15

Baseline vs. one week after first procedure

Diarrhea (EORTC QLQ-C30)

Mean
difference
(a)

Symptom scales

baseline and at least one subsequent time point. (continued)

20 – 43

-4 – 17

3 – 24

-3 – 17

3 – 22

2 – 21

4 – 22

-10 – 13

-7 – 15

-11 – 9

-15 – 5

-2 – 18

5 – 25

-14 – 12

0 – 25

95% CI

<0.001

0.22

0.01

0.16

0.01

0.02

0.004

0.81

0.47

0.85

0.32

0.12

0.002

0.86

0.05

p-value

1.58

-

-

-

-

-

0.74

-

-

-

-

-

0.65

-

-

Major

Moderate

Minor

Cohen’s d (b) Degree of
deterioration

Supplementary Table 8.1B Linear mixed modeling analyses of 7 symptom scales with a statistically significant difference in scores between
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+19
+20
+15
+22
+2

Baseline vs. four weeks after first procedure

Baseline vs. one week after second procedure

Baseline vs. four weeks after second procedure

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure

+4
-2
-9
-3
-3

Baseline vs. four weeks after first procedure

Baseline vs. one week after second procedure

Baseline vs. four weeks after second procedure

Baseline vs. one week after third procedure

Baseline vs. four weeks after third procedure

-13 – 5

-13 – 5

-16 – 1

-9 – 7

-4 – 12

6 – 21

-11 – 17

9 – 36

3 – 29

7 – 33

7 – 31

95% CI

0.35

0.35

0.07

0.75

0.29

0.001

0.67

0.002

0.02

0.002

0.003

p-value

-

-

-

-

-

0.56

-

1.03

-

0.86

0.89

Moderate

Major

Moderate

Moderate

Cohen’s d (b) Degree of
deterioration

point minus mean baseline score; (b) calculated as mean difference divided by pooled standard deviation.

CI confidence interval; MID minimally important difference; PRO patient-reported outcome; (a) calculated as the mean score of a time

+13

Baseline vs. one week after first procedure

Flatulence (EORTC QLQ-CR29)

Mean
difference
(a)

Symptom scales

baseline and at least one subsequent time point. (continued)
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Supplementary Table 8.2A Linear mixed modeling analyses of 9 function scales without
a statistically significant difference in scores between baseline and subsequent time
points.

Mean
difference
(a)

95% CI

p-value

Baseline vs. one week after first procedure

-8

-22 – 5

0.22

Baseline vs. four weeks after first procedure

+2

-12 – 16

0.79

Baseline vs. one week after second procedure

+2

-13 – 17

0.80

Baseline vs. four weeks after second procedure

-3

-17 – 12

0.72

Baseline vs. one week after third procedure

+4

-14 – 19

0.76

Baseline vs. four weeks after third procedure

+1

-17 – 15

0.94

Baseline vs. one week after first procedure

-8

-17 – -1

0.03

Baseline vs. four weeks after first procedure

+2

-5 – 10

0.54

Baseline vs. one week after second procedure

-5

-12 – 4

0.36

Baseline vs. four weeks after second procedure

0

-7 – 10

0.73

Baseline vs. one week after third procedure

-2

-10 – 8

0.84

Baseline vs. four weeks after third procedure

+2

-6 – 12

0.48

Baseline vs. one week after first procedure

-1

-7 – 5

0.79

Baseline vs. four weeks after first procedure

+2

-6 – 7

0.82

Baseline vs. one week after second procedure

-5

-11 – 2

0.19

Baseline vs. four weeks after second procedure

-1

-6 – 7

0.90

Baseline vs. one week after third procedure

-1

-6 – 8

0.76

Baseline vs. four weeks after third procedure

-3

-9 – 6

0.65

Baseline vs. one week after first procedure

-6

-13 – 1

0.11

Baseline vs. four weeks after first procedure

+3

-6 – 9

0.64

Baseline vs. one week after second procedure

-1

-9 – 7

0.81

Baseline vs. four weeks after second procedure

+8

0 – 15

0.06

Baseline vs. one week after third procedure

+2

-6 – 11

0.49

Baseline vs. four weeks after third procedure

+2

-6 – 11

0.49

Baseline vs. one week after first procedure

-4

-10 – 3

0.31

Baseline vs. four weeks after first procedure

+3

-5 – 8

0.70

Function scales

Visual analogue scale (EQ-5D-5L)

Global health status (EORTC QLQ-C30)

Emotional functioning (EORTC QLQ-C30)

Cognitive functioning (EORTC QLQ-C30)

A

Body image (EORTC QLQ-CR29)
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Supplementary Table 8.2A Linear mixed modeling analyses of 9 function scales without
a statistically significant difference in scores between baseline and subsequent time
points. (continued)

Function scales

Mean
difference
(a)

95% CI

p-value

Baseline vs. one week after second procedure

-3

-10 – 4

0.35

Baseline vs. four weeks after second procedure

-3

-10 – 4

0.45

Baseline vs. one week after third procedure

-5

-11 – 5

0.42

Baseline vs. four weeks after third procedure

-6

-13 – 3

0.20

Baseline vs. one week after first procedure

-3

-14 – 7

0.51

Baseline vs. four weeks after first procedure

+4

-10 – 11

0.89

Baseline vs. one week after second procedure

+3

-9 – 13

0.71

Baseline vs. four weeks after second procedure

-5

-17 – 5

0.25

Baseline vs. one week after third procedure

-5

-18 – 6

0.30

Baseline vs. four weeks after third procedure

-2

-15 – 8

0.56

Baseline vs. one week after first procedure

+9

-1 – 18

0.09

Baseline vs. four weeks after first procedure

+7

-4 – 16

0.22

Baseline vs. one week after second procedure

+3

-5 – 16

0.32

Baseline vs. four weeks after second procedure

+7

-1 – 20

0.07

Baseline vs. one week after first procedure

-9

-16 – 0

0.05

Baseline vs. four weeks after first procedure

-6

-14 – 3

0.18

Baseline vs. one week after second procedure

-9

-11 – 7

0.59

Baseline vs. four weeks after second procedure

-12

-15 – 3

0.18

Baseline vs. one week after third procedure

-10

-16 – 3

0.19

Baseline vs. four weeks after third procedure

-6

-11 – 7

0.66

Baseline vs. one week after first procedure

-4

-11 – 3

0.25

Baseline vs. four weeks after first procedure

+2

-7 – 8

0.90

Baseline vs. one week after second procedure

-3

-12 – 3

0.26

Baseline vs. four weeks after second procedure

+2

-7 – 8

0.90

Baseline vs. one week after third procedure

-8

-19 – -1

0.04

Weight (EORTC QLQ-CR29)

Anxiety (EORTC QLQ-CR29)

Sexual interest, males (EORTC QLQ-CR29)

Sexual interest, females (EORTC QLQ-CR29)

Baseline vs. four weeks after third procedure
0
-10 – 8
0.76
CI confidence interval; PRO patient-reported outcome; a calculated as mean score of
a time point minus mean baseline score.
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Supplementary Table 8.2B Linear mixed modeling analyses of 20 symptom scales
without a statistically significant difference in scores between baseline and subsequent
time points.

Symptom scales

Mean
95% CI
difference (a)

p-value

Baseline vs. one week after first procedure

+6

-2 – 15

0.11

Baseline vs. four weeks after first procedure

-5

-10 – 7

0.80

Baseline vs. one week after second procedure

-2

-8 – 10

0.80

Baseline vs. four weeks after second procedure -6

-11 – 7

0.64

Baseline vs. one week after third procedure

+1

-5 – 14

0.33

Baseline vs. four weeks after third procedure

-7

-13 – 6

0.47

Baseline vs. one week after first procedure

+1

-7 – 10

0.71

Baseline vs. four weeks after first procedure

-3

-11 – 7

0.66

Baseline vs. one week after second procedure

Nausea/vomiting (EORTC QLQ-C30)

Dyspnea (EORTC QLQ-C30)

+3

-6 – 12

0.52

Baseline vs. four weeks after second procedure -6

-15 – 4

0.26

Baseline vs. one week after third procedure

-4

-9 – 12

0.73

Baseline vs. four weeks after third procedure

-6

-11 – 9

0.85

Baseline vs. one week after first procedure

+6

-7 – 20

0.32

Baseline vs. four weeks after first procedure

+7

-4 – 23

0.18

Baseline vs. one week after second procedure

+14

1 – 29

0.04

Baseline vs. four weeks after second procedure +2

-12 – 17

0.72

Baseline vs. one week after third procedure

0

-12 – 19 0.63

Baseline vs. four weeks after third procedure

-3

-15 – 17

0.89

Baseline vs. one week after first procedure

+14

2 – 25

0.03

Baseline vs. four weeks after first procedure

+5

-8 – 16

0.49

Baseline vs. one week after second procedure

+4

-9 – 16

0.57

Insomnia (EORTC QLQ-C30)

Constipation (EORTC QLQ-C30)

Baseline vs. four weeks after second procedure -2

-15 – 10 0.68

Baseline vs. one week after third procedure

+3

-12 – 15

0.87

Baseline vs. four weeks after third procedure

-5

-21 – 6

0.30

Baseline vs. one week after first procedure

+7

1 – 12

0.02

Baseline vs. four weeks after first procedure

-1

-5 – 6

0.93

Baseline vs. one week after second procedure

-1

-3 – 9

0.28

Financial difficulties (EORTC QLQ-C30)

A
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Supplementary Table 8.2B Linear mixed modeling analyses of 20 symptom scales
without a statistically significant difference in scores between baseline and subsequent
time points. (continued)

Symptom scales

Mean
95% CI
difference (a)

p-value

Baseline vs. four weeks after second procedure -3

-5 – 7

0.70

Baseline vs. one week after third procedure

+3

-3 -10

0.27

Baseline vs. four weeks after third procedure

+3

-3 – 10

0.27

Baseline vs. one week after first procedure

-2

-6 – 3

0.46

Baseline vs. four weeks after first procedure

+2

-3 – 6

0.43

Baseline vs. one week after second procedure

+2

-2 – 7

0.34

Baseline vs. four weeks after second procedure +2

-2 – 7

0.32

Baseline vs. one week after third procedure

+1

-4 – 6

0.70

Baseline vs. four weeks after third procedure

-2

-7 – 4

0.51

Baseline vs. one week after first procedure

+4

-4 – 11

0.38

Baseline vs. four weeks after first procedure

+4

-4 – 11

0.36

Baseline vs. one week after second procedure

+3

Urinary incontinence (EORTC QLQ-CR29)

Dysuria (EORTC QLQ-CR29)

-6 – 10

0.62

Baseline vs. four weeks after second procedure +7

-1 – 14

0.13

Baseline vs. one week after third procedure

+3

-9 – 9

0.95

Baseline vs. four weeks after third procedure

+3

-9 – 9

0.95

Baseline vs. one week after first procedure

-2

-9 – 6

0.65

Baseline vs. four weeks after first procedure

+4

-2 – 13

0.16

Baseline vs. one week after second procedure

-1

-8 – 8

0.96

Baseline vs. four weeks after second procedure -1

-8 – 8

0.96

Baseline vs. one week after third procedure

+1

-7 – 10

0.67

Baseline vs. four weeks after third procedure

-4

-12 – 5

0.40

Baseline vs. one week after first procedure

+7

-6 – 20

0.31

Baseline vs. four weeks after first procedure

-5

-18 – 8

0.46

Baseline vs. one week after second procedure

+5

-9 – 19

0.50

Buttock pain (EORTC QLQ-CR29)

Bloating (EORTC QLQ-CR29)

Baseline vs. four weeks after second procedure +1

-13 – 15 0.93

Baseline vs. one week after third procedure

0

-14 – 17

Baseline vs. four weeks after third procedure

-6

-19 – 12 0.63

0.82

Blood/mucus in stool (EORTC QLQ-CR29)
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Supplementary Table 8.2B Linear mixed modeling analyses of 20 symptom scales
without a statistically significant difference in scores between baseline and subsequent
time points. (continued)

Symptom scales

Mean
95% CI
difference (a)

p-value

Baseline vs. one week after first procedure

+3

0–7

0.05

Baseline vs. four weeks after first procedure

+3

-1 – 6

0.12

Baseline vs. one week after second procedure

+2

-2 – 5

0.27

Baseline vs. four weeks after second procedure +3

0–6

0.09

Baseline vs. one week after third procedure

+1

-3 – 5

0.52

Baseline vs. four weeks after third procedure

0

-4 – 4

0.95

Baseline vs. one week after first procedure

+9

-2 – 18

0.10

Baseline vs. four weeks after first procedure

+6

-2 – 19

0.10

Baseline vs. one week after second procedure

+7

-3 – 18

0.16

Baseline vs. four weeks after second procedure +1

-9 – 12

0.81

Baseline vs. one week after third procedure

+4

-4 – 20

0.18

Baseline vs. four weeks after third procedure

-1

-9 – 14

0.68

Baseline vs. one week after first procedure

+2

-5 – 9

0.64

Baseline vs. four weeks after first procedure

+2

-5 – 9

0.62

Baseline vs. one week after second procedure

Dry mouth (EORTC QLQ-CR29)

Hair loss (EORTC QLQ-CR29)

+1

-8 – 8

0.99

Baseline vs. four weeks after second procedure +5

-3 – 12

0.28

Baseline vs. one week after third procedure

+5

-3 – 13

0.25

Baseline vs. four weeks after third procedure

+8

-1 – 16

0.07

Baseline vs. one week after first procedure

+4

-6 – 12

0.46

Baseline vs. four weeks after first procedure

-2

-9 – 9

0.95

Baseline vs. one week after second procedure

Taste (EORTC QLQ-CR29)

+9

-1 – 19

0.07

Baseline vs. four weeks after second procedure +5

-5 – 14

0.34

Baseline vs. one week after third procedure

+1

-8 – 13

0.61

Baseline vs. four weeks after third procedure

-4

-13 – 8

0.60

Baseline vs. one week after first procedure

0

-5 – 5

>0.99

Baseline vs. four weeks after first procedure

-1

-7 – 4

0.67

Baseline vs. one week after second procedure

-3

-9 – 3

0.30

Baseline vs. four weeks after second procedure -3

-9 – 3

0.30

Fecal incontinence (EORTC QLQ-CR29)

A
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Supplementary Table 8.2B Linear mixed modeling analyses of 20 symptom scales
without a statistically significant difference in scores between baseline and subsequent
time points. (continued)

Symptom scales

Mean
95% CI
difference (a)

p-value

Baseline vs. one week after first procedure

+3

-3 – 10

0.32

Baseline vs. four weeks after first procedure

+4

-3 – 11

0.22

Baseline vs. one week after second procedure

-5

-10 – 4

0.44

Baseline vs. four weeks after second procedure -3

-8 – 6

0.84

Baseline vs. one week after third procedure

-1

-8 – 8

0.99

Baseline vs. four weeks after third procedure

-1

-8 – 8

0.99

Baseline vs. one week after first procedure

+7

1 – 14

0.03

Baseline vs. four weeks after first procedure

-3

-7 – 6

0.85

Baseline vs. one week after second procedure

Sore skin (EORTC QLQ-CR29)

Stool frequency (EORTC QLQ-CR29)

-1

-6 – 8

0.82

Baseline vs. four weeks after second procedure -2

-7 – 7

0.96

Baseline vs. one week after third procedure

-1

-7 – 8

0.87

Baseline vs. four weeks after third procedure

-1

-7 – 8

0.87

Baseline vs. one week after first procedure

0

-8 – 8

>0.99

Baseline vs. four weeks after first procedure

-3

-11 – 6

0.51

Baseline vs. one week after second procedure

0

-9 – 9

0.93

Baseline vs. four weeks after second procedure -6

-15 – 3

0.20

Baseline vs. one week after third procedure

-7

-16 – 4

0.23

Baseline vs. four weeks after third procedure

-7

-16 – 4

0.23

Baseline vs. one week after first procedure

0

-13 – 13

>0.99

Baseline vs. four weeks after first procedure

-8

-22 – 5

0.21

Baseline vs. one week after second procedure

-9

-14 – 21 0.67

Embarrassment (EORTC QLQ-CR29)

Stoma care problems (EORTC QLQ-CR29)

Baseline vs. four weeks after second procedure +25

3 – 37

0.02

Baseline vs. one week after third procedure

+9

-14 – 21 0.67

Baseline vs. four weeks after third procedure

+9

-14 – 21 0.67

Baseline vs. one week after first procedure

+12

1 – 24

0.04

Baseline vs. four weeks after first procedure

+9

-2 – 21

0.12

Baseline vs. one week after second procedure

+5

-9 – 16

0.59

Impotence, males (EORTC QLQ-CR29)
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Supplementary Table 8.2B Linear mixed modeling analyses of 20 symptom scales
without a statistically significant difference in scores between baseline and subsequent
time points. (continued)

Symptom scales

Mean
95% CI
difference (a)

p-value

Baseline vs. four weeks after second procedure +5

-9 – 16

0.59

Baseline vs. one week after third procedure

+10

-5 – 20

0.23

Baseline vs. four weeks after third procedure

+1

-13 – 12

0.92

Baseline vs. one week after first procedure

-4

-8 – 6

0.74

Baseline vs. four weeks after first procedure

-4

-9 – 6

0.76

Baseline vs. one week after second procedure

-4

-9 – 6

0.76

Baseline vs. four weeks after second procedure +6

-2 – 12

0.17

Baseline vs. one week after third procedure

+7

-1 – 19

0.07

Baseline vs. four weeks after third procedure

+13

0 – 17

0.05

Dyspareunia, females (EORTC QLQ-CR29)

CI confidence interval; PRO patient-reported outcome; (a) calculated as mean score
of a time point minus mean baseline score.

A
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Supplementary data of chapter 10

Supplementary Figure 10.1 Two-compartment model for oxaliplatin 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.
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Supplementary Figure 10.2 Goodness of fit plot for oxaliplatin concentrations in plasma.

Each blue dot represents an individual measurement. The red dotted line represents
the mean prediction.

A
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Supplementary Figure 10.3 Goodness of fit plot for oxaliplatin concentrations in plasma
ultrafiltrate.

Each blue dot represents an individual measurement. The red dotted line represents
the mean prediction.
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Dankwoord
Dit proefschrift is tot stand gekomen dankzij de inzet van velen, waarvoor ik
iedereen hartelijk wil bedanken. Een aantal wil ik graag in het bijzonder bedanken.
Allereerst wil ik alle patiënten bedanken die aan de CRC-PIPAC en CRC-PIPACII studies hebben deelgenomen. De diagnose darmkanker met uitgebreide
buikvliesuitzaaiingen neemt vanzelfsprekend veel zorgen en onzekerheden met
zich mee. Dank voor het vertrouwen dat jullie in ons hebben gehad om aan deze
studies mee te doen. Daarnaast hebben jullie in deze moeilijke tijd, naast alle
reguliere afspraken en (studie-)behandelingen, ook ruimte willen maken voor
het extra invullen van vragenlijsten, bloedafnames, en onderzoeken. Daardoor
hebben we nog veel meer kunnen leren van deze nieuwe PIPAC-behandeling, en
kunnen we deze kennis meenemen bij de behandeling van andere patiënten met
buikvliesuitzaaiingen van darmkanker. Veel dank daarvoor.
Beste Ignace, tijdens m’n co-schap Snijdend stond ik toevallig bij jou op OK bij
twee Whipples – vlak daarna vroeg je of ik misschien interesse zou hebben om
onderzoek te doen. Wat ben ik blij dat ik dat aanbod heb aangenomen! Ik had
nooit verwacht dat het zou leiden tot zo’n vet promotie-traject, en ben onwijs
dankbaar dat ik onderzoek heb mogen doen met jou als promotor! Ontzettend
bedankt voor al je enthousiasme, de laagdrempeligheid en gezelligheid bij
onderzoeks-overleg, je vertrouwen in mij, en alle mogelijkheden en kansen die je
me hebt gegeven. Het heeft me doen groeien als wetenschapper, dokter, en mens,
maar heeft er ook voor gezorgd dat ik ‘onderzoek doen’ ontzettend leuk ben gaan
vinden. Hopelijk kan ik nog lang bij jouw onderzoekslijn betrokken blijven en zowel
op wetenschappelijk als klinisch vlak van je blijven leren! Tevens heel veel dank voor
de tijd en moeite die je erin gestoken hebt om de afronding van mijn promotie te
versnellen vanwege mijn situatie thuis – het betekent heel erg veel voor me dat je
dat mogelijk hebt gemaakt.
Beste Felice, vanaf het begin af aan was jij als een soort reddingsboei in de
grote chaos die SAS en IKNL-data geregeld konden zijn voor mij als beginnend
onderzoeker. Dankzij jou ken ik nu ook de ins en outs van het werken met IKNLdata en kan ik toch een aardig stukje syntax schrijven (behalve de array, die
kopieer ik nog altijd :). Hartelijk dank voor het altijd laagdrempelige contact en
al je tijd en moeite om mij wegwijs te maken. Het heeft tot een heel aantal fraaie
manuscripten geleid, die deels in dit proefschrift zitten! Veel dank ook voor het
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co-promotorschap, hopelijk kan ik ook na de afronding van m’n promotie bij jullie
mooie IKNL-projecten betrokken blijven.
Beste Pim, mooi hoe je jouw expertise met de INTERACT hebt meegenomen naar
Eindhoven. Indrukwekkend dat we hierdoor als niet-academisch ziekenhuis zowel
INTERACT als PIPAC kunnen bieden aan patiënten, alsook hier wetenschappelijke
en klinische ervaring mee op kunnen doen. Ik ben ontzettend benieuwd welke
techniek uiteindelijk meer op gaat leveren voor de patiënt - welke het ook is,
interessant wordt het zeker. Veel dank voor het co-promotorschap en je scherpe
feedback op m’n artikelen en proefschrift!
Beste Simon, ook jij hoort natuurlijk in dit rijtje thuis. Naast Ignace ben jij de
enige die co-auteur is op elk artikel in dit proefschrift, dus heb jij regelmatig
meegedeeld in de vreugde als er weer eentje geaccepteerd was. Ik kon het altijd
zeer waarderen hoe jij bij elk manuscript steeds weer met je typische puntsgewijze
maar oh-zo-relevante rijtje met feedback kwam – het heeft elk artikel absoluut
verbeterd. Daarnaast ook veel dank voor je onvermoeibare bereidheid om de
PIPAC-planning uit de brand te helpen!
Prof. Rutten, beste Harm, hartelijk dank voor het beoordelen van mijn proefschrift
als ook het aanvaarden van de rol als voorzitter van deze beoordelingscommissie.
Prof. Bouvy, Prof. Willaert, dr. de Vos, dr. Roodhart, allen hartelijk dank voor
het beoordelen van dit proefschrift en uw bereidheid tot opponeren bij mijn
verdediging. Ik kijk uit naar 7 april!
Ook veel dank aan allen die bij de PIPAC studies betrokken waren. Allereerst veel
dank aan de collega’s van het St. Antonius Ziekenhuis Nieuwegein, dr. Boerma, dr.
Wiezer, Emma, en Paulien. De vlotte samenwerking met jullie maakte het mogelijk
om in korte tijd maar liefst twee PIPAC-studies op poten te zetten. Mooi om te zien
tot wat voor leerzame resultaten en interessante publicaties dit al geleidt heeft!
Paulien, superfijn dat we samen het coördinatorschap van de PIPAC-II studie
konden oppakken. Door alle COVID-perikelen was het soms best lastig om alles
omtrent de studie te stroomlijnen, maar dat hebben we samen toch maar mooi
voor elkaar gekregen! Veel dank voor de fijne samenwerking en het geregeld
sparren over de studie. Veel succes met de afronding van jouw proefschrift en
verdere carrière!
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Ignace, Simon, Pim, Geert-Jan, Annemarie, Jeroen, Jennifer, veel dank voor al
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jullie bijdragen aan en inzet voor de PIPAC-studies, dat heeft deze studies tot een
succes gemaakt! Geert-Jan, hartelijk dank voor alle extra uitleg over de medischoncologische kant van de PIPAC-studies als ook voor de geregelde scherpe en
leerzame noot op onze manuscripten.
Alle PIPAC-operaties waren nooit zo soepel verlopen zonder de onuitputtelijke
inzet van ons (steeds-groter-wordende) vaste PIPAC OK-team! Albert, Ilse, Irma,
Jasper, Jenay, Max, Mieke, Nicole, Nannie, hartelijk dank voor al jullie hulp met
het verzamelen van de oneindige hoeveelheden bloedmonsters en biopten, maar
ook voor de altijd gezellige sfeer op OK!
Dankzij de samenwerking met verschillende disciplines hebben we de biologische
activiteit van PIPAC op meerdere vlakken kunnen onderzoeken. Dr. Huysentruyt,
Dr. van Lijnschoten, veel dank voor het analyseren van alle PIPAC pathologie
samples. Dr. Nederend, Dr. LaHaye, veel dank voor het analyseren van alle PIPAC
CT-scans en MRI-scans. Dr. Deenen, Drs. Hulshof, en Rudaba, veel dank voor al
jullie hulp en expertise met het analyseren van de PIPAC farmacokinetiek samples.
Prof. Kranenburg en dr. Fijneman, indrukwekkend wat jullie met alle PIPACsamples aan interessante nieuwe inzichten hebben gevonden. Dat laat maar weer
zien hoe relevant en leerzaam het is om translationeel onderzoek toe te voegen
aan klinische studies. Ik ben heel benieuwd hoe deze resultaten de toekomstige
studies, en uiteindelijk de zorg voor de patiënt, zullen gaan veranderen! Alexander
en Iris, jullie inzet voor deze onderzoeken is natuurlijk onmisbaar geweest, veel
dank daarvoor en veel succes met de afronding van jullie proefschriften.
Graag wil ik ook mijn collega’s van het IKNL, in het bijzonder prof. Lemmens, dr.
Verhoeven, dr. van Erning, en alle data-managers bedanken: Het IKNL heeft,
mede dankzij jullie inzet, wereldwijd een unieke positie weten te bemachtigen door
de zeer uitgebreide gegevens die verzameld worden van nagenoeg alle patiënten
met kanker in Nederland. Met deze exclusieve data kunnen we op verschillende
vlakken ontzettend veel leren, en ik ben dankbaar dat ik daar gebruik van heb
mogen maken. Dat was me nooit gelukt zonder de hulp van Valery, Rob en Felice,
die me wegwijs hebben gemaakt in het werken met deze grote hoeveelheid data,
de voor- en nadelen van deze data, SAS, en het opschrijven van deze resultaten.
Veel dank daarvoor!
Dr. Mols en Dr. Bonhof, Floor en Cynthia, jullie hebben een schat aan uiterst
relevante data over kwaliteit van leven van darmkankerpatiënten weten te
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verzamelen. Veel dank dat we hier gebruik van mochten maken om deze te
vergelijken met de kwaliteit van leven van PIPAC-patiënten, als ook voor alle extra
statistiek uitleg – het heeft tot veel nieuwe inzichten en ‘n fraai manuscript geleid!
Alle overige co-auteurs: dankzij uw feedback en inzichten is elk manuscript steeds
beter geworden – hartelijk dank!
Uiteraard mogen de arts-onderzoekers van de chirurgie niet in dit dankwoord
ontbreken; Anneroos, Anouk, Arjet, Checca, Daan, Dennis, Desley, Esther,
Eva, Floor, Friso, Kim, Koen, Laura, Marijn, Mark, Michiel, Niels, Sandra, Stefi,
Stijn, Tessa, Thijs, Vincent, Yentl. Een van de redenen dat ik zo veel plezier heb
in onderzoek doen is toch ook zeker de lol en dagelijkse gezelligheid op de
onderzoekerszolder. Veel dank voor alles, de disco-dinsdag, alle worstenmikkertjes
en taarten bij geaccepteerde artikelen, vele koffiebar-bezoeken, jullie semivrijwillig meeluisteren naar wéér een van m’n ABBA-afspeellijsten, de slechte
grappen, feestlunch-vrijdag, en het radje draaien in de Kix. Mooi dat er daarnaast
ook gewoon hard gewerkt wordt en er zolder-breed geregeld weer Pubmedhitjes bij komen! Allen veel succes met de afronding van jullie proefschriften en
verdere carrières! Lieve Anouk, Tessa, en Vincent, ons eetclubje vormt geregeld
een lichtpuntje in een drukke week, onwijs leuk dat we dit zijn gaan doen!
Alle arts-assistenten, VS-en, PA’s, fellows, en chirurgen in ons Cathrien, de
‘Heelkunde Helden’, veel dank dat ik bij jullie voor het eerst als dokter mag
werken en van jullie mag leren – hopelijk mag ik dat nog lang blijven doen. Jullie
enthousiaste en stimulerende houding werkt aanstekelijk en maakt dat ik elke dag
weer zoveel nieuws bij leer over jullie prachtige vak. Minstens zo belangrijk is de
goede sfeer en dagelijkse gezelligheid op de vloer, en dat er juist ook ruimte is voor
ontspanning in de vorm van een vrijdagmiddagborrel of zomer/winterbijscholing!
Koen, wat zou ik zonder jou moeten? Toen ik als co-assistent jou mee mocht helpen
met de PIPAC-studie had ik al veel bewondering voor jouw aanpak, dat is sindsdien
alleen maar gegroeid. Bizar hoe jij tijdens jouw onderzoektijd zowel een grote
landelijke RCT als een zeer experimentele fase II studie hebt op weten te zetten,
alsook een hele rits relevante artikelen hebt opgeschreven. Ik besef me goed dat
ik mede dankzij jouw inzet zoveel meters heb kunnen maken met (het opschrijven
van) de PIPAC-studies, daar ben ik je erg dankbaar voor. Met jouw (uitgebreide)
feedback op mijn vroege versies van artikelen weet je altijd de vinger op de zere
plek te leggen: die artikelen zijn er stuk voor stuk duidelijker en concreter van
geworden. Veel dank daarvoor! Leuk dat we sinds kort ook collega’s in de kliniek
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en collega’s in de orgie van de zomerbijscholing zijn – daar gaan we iets moois
van maken!
Lieve Checca, m’n mede-‘’Ignace’-Angel’’. Wat zijn wij een goed team samen, niet
voor niets de ‘publicatiemachine’ van zolder! Ik heb ontzettend veel bewondering
voor jouw doortastendheid en besluitvaardigheid, zowel op wetenschappelijk als
klinisch vlak als daarbuiten. Zo kan van jouw organisatie van het NCPO-congres
menig evenement-manager nog wat leren! Jammer dat je niet meer in ons
Cathrien werkt, maar gelukkig heeft dat de allerbeste reden (die zeer verdiende
opleidingsplek!) – ik weet zeker dat je het in het MMC supergoed gaat doen.
Heel leuk dat we aan onze samenwerking ook een goede vriendschap hebben
overgehouden, onze eet/borrelavondjes houden we erin! Veel dank dat je m’n
paranimf wilt zijn, erg fijn om jou tijdens m’n verdediging naast me te hebben
staan!
Beste Vincent, Vince, men zegt wel eens ‘unexpected friendships are the best ones’,
en ik denk dat dat voor ons heel goed op gaat. Onze gedeelde voorliefde voor alles
dat vettig en eetbaar is, of met Lord of the Rings te maken heeft, heeft daar zeker
in positieve zin aan bijgedragen. Des te meer waardeer ik onze eet/borrelavondjes
samen nu we elkaar niet meer elke dag op zolder spreken. Supertof dat je de
PIPAC-II af gaat maken en mee op gaat schrijven, ik heb er het volste vertrouwen
in dat je daar iets moois van maakt – de eerste publicatie voor je proefschrift heb
je zelfs al binnen! Dankjewel dat je m’n paranimf wilt zijn, ontzettend fijn om jou
bij m’n verdediging aan m’n zijde te hebben (Ik hoop oprecht dat je stelling 11 voor
mag lezen :) )!
M’n lieve vriendinnetjes van thuis, Anke en Maike – ondertussen gaan we al
weer heel wat jaren mee; samen de kroeg in duiken tot in de vroege uurtjes,
mooie tripjes maken, of gewoon gezellig borrelen en spelletjes doen. Fijn dat
we gedurende de jaren zowel de ups als downs met elkaar kunnen delen. Ik ben
onwijs dankbaar voor onze vriendschap, hopelijk kunnen we binnenkort weer ’ns
ouderwets de kroeg in samen! Lieve Evie en Annelien, een poos uitgewaaid voor
de studententijd, maar des te leuker dat we mekaar nu als vanouds juist weer
vaker spreken. Mooi dat dat meteen weer zo vertrouwd voelde!
Lieve Opa en Oma, aan alles merk ik hoe trots jullie op me zijn. Hoewel hetgeen
waar ik onderzoek naar doe best een complex iets is, zijn jullie altijd oprecht
geïnteresseerd in waar ik mee bezig ben. Veel dank daarvoor!
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Joep en Niek, mijn twee kleine broertjes die inmiddels echter ruim een kop groter
zijn dan ik. Vroeger zaten we mekaar geregeld in de haren – zoals het broers en
zussen natuurlijk betaamd :). Leuk dat we tegenwoordig elkaar juist vaker opzoeken
om een borreltje te doen of samen ergens te gaan eten (beste verjaardag-traditie
ooit!). We doen alle drie ons eigen ding maar komen toch ook altijd weer terug naar
huis om gezellig een potje Catan/Puerto Rico/etc. te doen op de zondagmiddag.
Veel dank daarvoor, het is fijn om jullie zo dichtbij te hebben.
Lieve Papa en Mama, jullie hebben Joep, Niek en mij de fijnste en meest onbezorgde
jeugd gegeven. Ik ben er onwijs dankbaar voor dat jullie er altijd voor ons zijn, ons
in alles steunen, en ons zo veel liefde geven. Fijn dat we altijd zo veel dingen samen
met z’n vijven doen, juist ook de ‘gewone’ dingen zoals samen een bordspelletje
doen of ’n film kijken. Hoe ouder ik word, hoe meer ik me realiseer hoe waardevol
die tijd samen is. Veel dank voor jullie onuitputtelijke steun en interesse voor alles
wat ik doe – ik weet dat jullie trots op me zijn. Ik hoop zo dat we nog heel veel
mooie momenten hebben samen. Ik hou ontzettend veel van jullie!
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