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Background: The peritoneal cancer index (PCI) calculated during exploratory laparotomy is a strong
prognostic factor for overall survival (OS) in patients with colorectal peritoneal metastases (PM) who
undergo cytoreductive surgery with hyperthermic intraperitoneal chemotherapy (CRS þ HIPEC). Pro-
gression of the PCI between diagnostic laparoscopy (DLS) and potential CRS þ HIPEC (DPCI) might be a
more dynamic prognostic factor for OS after CRS þ HIPEC.
Materials and methods: Between 2012 and 2018, all colorectal PM patients who underwent an explor-
atory laparotomy for potential CRS þ HIPEC after DLS were retrospectively identified from a prospec-
tively maintained database. Patients were divided into stable disease (DPCI 0e3), mild progression (DPCI
4e9), or severe progression (DPCI �10). KaplaneMeier analysis and a multivariate Cox regression were
performed.
Results: Eighty-four patients (DPCI 0e3, n ¼ 35; DPCI 4e9, n ¼ 34; and DPCI �10, n ¼ 15) were analysed.
Median OS after CRS þ HIPEC was significantly decreased in patients with a DPCI of 4e9 (35.1 [95% CI
25.5e44.6]) or DPCI �10 (24.1 [95% CI 11.7e36.5]) compared to patients with a DPCI of 0e3 (47.9 [95% CI
40.0e55.7], p ¼ 0.004). In multivariate regression analysis, DPCI remained an independent risk factor for
OS: DPCI 4e9 HR 3.1 (95% CI 1.4e7.2, p ¼ 0.007) and DPCI �10 HR 4.4 (95% CI 1.5e13.1, p ¼ 0.007).
Conclusion: A high DPCI is an independent dynamic prognostic factor for OS and might reflect a more
aggressive tumour biology in patients with colorectal PM. HIPEC surgeons should be aware of a high-
DPCI-associated diminished prognosis and should reconsider CRS þ HIPEC when confronted with a DPCI
�10.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

Colorectal cancer is the third most commonly diagnosed cancer
worldwide [1]. Up to 40% of patients with colorectal cancer develop
peritoneal metastases (PM) during the course of the disease,
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whereby the median overall survival (OS) with systemic therapy
regimens ranges from 12 to 24 months [2e4].

These days, carefully selected patients with resectable and
limited colorectal PM can be treated with curative intent by cyto-
reductive surgery combined with hyperthermic intraperitoneal
chemotherapy (CRS þ HIPEC) [5e8]. During cytoreductive surgery,
all macroscopically visible tumour tissue in the abdominal cavity
will be removed, followed by perfusion with heated chemotherapy
to eliminate reaming microscopic disease [9e11]. In highly selected
opean Society of Surgical Oncology. All rights reserved.
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patients with colorectal PM, the survival gain due to CRS þ HIPEC
can be up to five years [7,12,13]. However, CRSþHIPEC is associated
with substantial morbidity and mortality and a decline in quality of
life (QoL) in the first year after treatment [15e18]. Thus, one of the
major challenges is to adequately select patients who will benefit
most from this treatment with acceptable treatment-related
morbidity and mortality in terms of OS and QoL.

Understandably, oncologists and surgeons are very interested in
prognostic indicators that can be used in the selection process.
According to the available literature, the extent of peritoneal dis-
ease, completeness of the performed cytoreduction, and signet ring
cell histology especially have a great influence on the survival
outcomes after CRS þ HIPEC [6,19e24]. The resectability of the
peritoneal disease and thus the possibility to achieve a complete
cytoreduction, is determined by various factors, such as the extent
of the peritoneal disease, disease involvement of the small bowel,
the deep mesenteric root, or the hepatic hilus. The extent of peri-
toneal disease is scored by the peritoneal cancer index (PCI), which
combines peritoneal lesions sizes with the exact distribution over
13 abdominopelvic regions. The PCI score ranges from 0 to 39
points; a higher score indicates a more extensive tumour burden.
Most HIPEC teams perform CRS þ HIPEC only in patients with
colorectal PM with a PCI <20 with the possibility to perform a
(nearly) complete cytoreduction.

Pre-operative assessment of the PCI score remains challenging,
as current radiological imaging techniques have limited sensitivity
and resolution in detecting PM [25e27]. As such, several in-
stitutions worldwide perform a diagnostic laparoscopy (DLS) in
addition to investigating the presence and resectability of colo-
rectal PM [28e30]. At this moment, the PCI scoring system is pre-
dominantly used as a static single-time-point scoring system
during an exploratory laparotomy for potential CRSþ HIPEC, and as
such does not include disease progression over time. Recently, the
Sydney CRS þ HIPEC research group created a more dynamic
prognostic factor in 182 HIPEC patients with metachronous colo-
rectal PM by combining tumour volume (i.e., laparotomy-PCI) with
the time period over which the extent of disease developed (i.e.,
time between primary tumour resection and CRS þ HIPEC) [31].
Patients with a high volume-time-index had a significantly
decreased median OS compared to patients with a low volume-
time-index (23 vs 44 months, p ¼ 0.002). Although PCI has been
repeatedly identified as one of the most important independent
prognostic factors for survival, the score lacks information about
the time frame over which peritoneal disease develops.

Laparoscopic evaluation is part of our standardised preoperative
workup for CRS þ HIPEC to assess the extent and resectability of
colorectal PM, and therefore the opportunity arose to investigate
the impact of an increase in PCI in a short-time frame on survival
outcomes after CRS þ HIPEC. We hypothesised that an increase in
PCI score within a relatively short timeframe might reflect a more
aggressive tumour biology with a worse prognosis even when the
PCI score is still below 20 and might differentiate patients with a
less favourable outcome despite CRS þ HIPEC. Thus, the aim of the
current study is to identify the impact of an increase in PCI from
DLS to CRS þ HIPEC on OS in patients with colorectal PM.

Material and methods

Design, setting, and patients

Between 2012 and 2018, all consecutive patients with histo-
logically proven colorectal PM who had undergone DLS and an
exploratory laparotomy for potential CRS þ HIPEC were retro-
spectively identified from a prospectively maintained institutional
database. The study protocol was approved by the Medical Ethical
Committee of the University Medical Center Groningen (protocol
number 201800395).

From all included patients, the difference in PCI score between
DLS and exploratory laparotomy for potential CRS þ HIPEC (DPCI)
was calculated. Patients were divided into three groups according
to the DPCI score: DPCI 0e3, DPCI 4e9, and DPCI �10. This group
classification was determined by our research group in advance
with the analyses to distinguish between clinically stable disease
(DPCI 0e3), mild progression of disease (DPCI 4e9), or severe
progression of disease (DPCI �10).

Primary and secondary outcomes

The primary outcome was OS after exploratory laparotomy for
potential CRS þ HIPEC, calculated from the operation date until the
date of death or last follow-up in censored cases. Secondary out-
comes were disease-free survival (DFS), postoperative complica-
tions (according to the ClavieneDindo classification [32]), and the
rate of non-therapeutic laparotomies during exploratory laparot-
omy (i.e., openeclose procedures). DFS was calculated from the
date of CRS þ HIPEC to the date of first recurrence or last follow-up
in censored cases.

Preoperative evaluation and staging for CRS þ HIPEC

All referred patients with colorectal PM for evaluation of po-
tential candidates for CRS þ HIPEC underwent a standardised
preoperative screening. This screening consisted of reviewing
previous operation and pathology reports; a clinical examination;
carcinoembryonic antigen (CEA) measurement; CT of the chest,
abdomen, and pelvis; and colonoscopy if not already performed
within the previous six months.

DLS was also included in this standardised evaluation. During
DLS, a 12 mm trocar with the use of a 30� camera and at least one
5 mm trocar were placed in the midline for visualisation of the
abdominal cavity. The operating table was placed sequentially into
Trendelenburg, anti-Trendelenburg, and right and left tilt positions
to systematically assess the abdominal cavity. The extent of colo-
rectal PMwas calculated according to the standard PCI score; lesion
sizes (from 0 to 3 points) and distribution of peritoneal deposits
were measured in nine abdominopelvic regions and four small
bowel segments. If deemed necessary, minor adhesiolysis was
performed to reduce the risk of bowel injury. DLS evaluations were
performed or supervised by one of the five experienced HIPEC
surgeons. Clinically suspected lesions were biopsied for patholog-
ical confirmation of colorectal PM.

During several expert sessions with our four HIPEC surgeons we
created a 4-point scale for the degree of visibility of the abdominal
cavity during DLS (i.e., grade I; visibility of two or less abdomi-
nopelvic regions, grade II; visibility of three to eight abdomi-
nopelvic regions, grade III; visibility of at least diaphragm regions,
pelvis region and small bowel regions, and grade IV; visibility of all
thirteen abdominopelvic regions). A score of three or higher was
deemed required for adequate judgement of the extent of disease.
Conversion from DLS to an exploratory laparotomy in case of poor
visibility only occurred in patients without previous pathological
confirmation of colorectal PM or in case of severe obstruction
symptoms in order to create a stoma.

A multidisciplinary team comprising surgeon oncologists,
medical oncologists, radiologists, and pathologists reviewed the
preoperative screening and judged if the patient was a suitable
candidate for CRS þ HIPEC, aiming to achieve complete cytor-
eduction with acceptable treatment-related morbidity and mor-
tality. Patients who were deemed unsuitable for CRS þ HIPEC
during this multidisciplinary oncology team meeting were



Fig. 1. Flow chart of the patient selection process.
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excluded from the current study. Absolute contra-indications for
CRS þ HIPEC were moderate or severe co-morbidity (American
Society of Anaesthesiologists [ASA] score above III), extraperitoneal
disease, extensive diseasewith involvement of the small bowel, or a
PCI score �20 during DLS. The presence of hepatic metastasis was
not a contraindication as long as there were only up to three
resectable lesions [17].

Patients with a good or excellent visibility during DLS with a
borderline DLS-PCI (i.e., DLS-PCI 15e20) were offered rapid
CRS þ HIPEC within two weeks to prevent further spreading of the
disease. Patients with poor visibility during DLS with a borderline
DLS-PCI were referred for palliative treatment options, as the PCI
during laparotomy would have been above our national PCI cut-off
value of 20. Patients with poor visibility during DLS without a
borderline DLS-PCI were given the benefit of doubt and were
scheduled for CRS þ HIPEC.
CRS þ HIPEC

Our institute performed all CRS þ HIPEC procedures according
to the standardised Dutch HIPEC protocol [17]. In summary, CRS
was performed only when the colorectal PM were deemed to be
completely resectable and HIPEC was performed only after a
(nearly) complete cytoreduction.

Each CRS þ HIPEC procedure was initiated with an exploratory
laparotomy to recalculate the PCI score in an open setting. The
laparotomy PCI was calculated in a similar fashion as described
before. In patients who were deemed not eligible for CRS þ HIPEC
during exploratory laparotomy because of extensive or not resect-
able disease, the procedure was terminated without further treat-
ment (e.g., openeclose procedure). If the patient was deemed
eligible for CRS þ HIPEC, all macroscopically visible disease was
resected. After completion of the cytoreduction, the completeness
of cytoreduction score was determined [33]. CC-0 indicated that no
residual tumourwas visible or palpable in the peritoneal cavity; CC-
1 indicated residual tumour deposits <2.5 mm; CC-2 indicated re-
sidual tumour between 2.5 mm and 2.5 cm; and CC-3 indicated
residual tumour >2.5 cm or a confluence of nodules.

The HIPEC procedure was then performed by using the open
Coliseum technique [34]. In this open technique, the abdominal
wall is pulled upward and a closed circuit is created using inflow
and outflow drains attached to a pump and a heating unit is set up.
Mitomycin C (35 mg/m2) was circulated in the abdominal cavity
with a temperature of 41e42 �C for 90 min. Afterwards,
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reconstruction surgery including bowel anastomoses with or
without a colostomy was performed. All patients were admitted to
the intensive care unit for at least one postoperative day.

Follow-up

Clinical follow-up of each patient occurred within one month
after surgery and thereafter on a 3e6month basis for aminimum of
five years. Follow-up included clinical examination and CEA mea-
surements. A CT scan of the thorax and abdomenwas performed in
cases of suspected recurrence of the disease by the presence of
clinical symptoms or an increase in CEA levels.

Data collection

Data on patient and tumour characteristics, operative charac-
teristics, postoperative outcome, survival, and recurrence were
collected prospectively. Postoperative complications were collected
up to 60 days after surgery and registered according to the
ClavieneDindo classification system [32].

Statistical analyses

All statistical analyses were performed with SPSS Statistics
version 24.0 (IBM Corporation, Armonk, NY, USA.). All tests of sta-
tistical significance were two-sided. P < 0.05 was considered sta-
tistically significant. Quantitative variables are presented as mean
(±SD) or median (interquartile range, IQR) and qualitative variables
are presented as count (percentage). Patient and tumour charac-
teristics were compared using a Chi square or Fisher's exact test. OS
between the DPCI groups was assessed and calculated according to
the KaplaneMeier method and Log-rank Test. Subsequently, a
multivariable Cox regression analysis was performed to examine
the association of DPCI with the risk of death after adjustment for
potential confounders. Potential confounders were identified from
the current literature or identified in the univariate survival anal-
ysis (p < 0.20). Results from the univariate and multivariate ana-
lyses were presented as hazard ratio (HR) with 95% confidence
interval (CI).

Results

One hundred and sixty-four patients with colorectal PM un-
derwent an exploratory laparotomy for potential CRS þ HIPEC
during the inclusion period (Fig. 1). Sixty-two patients (37.8%) were
excluded from the analysis because no DLS was performed during
the preoperative workup, and 18 patients (11.0%) were excluded
because one or two PCI scores from the surgical procedures were
missing. Eighty-four patients (51.2%) were included for further
analyses. DPCI was calculated for all included patients. Patients
were divided into three subgroups according to DPCI: DPCI 0e3
(n ¼ 35), DPCI 4e9 (n ¼ 34), and DPCI �10 (n ¼ 15).

Patient and tumour characteristics

Table 1 shows that there were no significant differences at
baseline in patient and tumour characteristics between the
different DPCI groups.

Table 2 presents the treatment characteristics of the DLS and the
exploratory laparotomy for the different DPCI groups. There were
no significant differences in the treatment characteristics for the
DLS between the DPCI groups. In the entire cohort, good laparo-
scopic evaluation of the abdominal cavity (i.e., visibility grade � III)
was possible in 62 patients (73.8%), resulting in conversion to an
open procedure in 20 patients (23.8%). Postoperative complications
occurred in three patients (3.6%) and consisted of a prolonged
gastroparesis postoperatively (grade II), fever without a specific
focus (grade II), and a small bowel perforation (grade III).

The median time between DLS and exploratory laparotomy was
1 month (IQR 1e2) and was comparable between the DPCI groups
(p¼ 0.938). The median PCI significantly increased from 4 at DLS to
10 at exploratory laparotomy (p < 0.0001). Seventy-one patients
(84.5%) underwent CRSþ HIPEC during the exploratory laparotomy
and 13 patients (15.5%) had a non-therapeutic laparotomy, because
of a PCI >20 (nine patients), too much small bowel involvement
(one patient), more than three liver metastases (one patient), or an
irresectable primary tumour (two patients). The PCI score during
the exploratory laparotomywas as expected higher in the DPCI 4e9
and DPCI�10 groups compared to the DPCI 0e3 group (p < 0.0001).
In addition, non-therapeutic laparotomies occurred more
frequently in patients with a DPCI 4e9 (20.6%) or DPCI �10 (33.3%)
compared to patients with a DPCI 0e3 (2.9%) (p ¼ 0.014).
Overall and disease-free survival

The median OS after exploratory laparotomy for the entire
cohort was 36.2 months (95% CI 30.1e42.2). Fig. 2 shows that the
median OS after exploratory laparotomy was significantly
decreased in patients with a DPCI of 4e9 (30.6 months [95% CI
21.9e39.2]) or DPCI �10 (21 months [95% CI 10.3e31.7]) compared
to patients with a DPCI of 0e3 (46.8 months [95% CI 38.9e54.7],
p < 0.0001). Fig. 3 shows the same significant trend within the
group of 71 patients who underwent CRSþ HIPEC. Median OS after
CRS þ HIPEC was significantly decreased in patients with a DPCI of
4e9 (35.1 [95% CI 25.5e44.6]) or DPCI�10 (24.1 [95% CI 11.7e36.5])
compared to patients with a DPCI of 0e3 (47.9 [95% CI 40.0e55.7],
p ¼ 0.004).

Additional analyses were performed within the subgroup of 43
patients (51.2%) in whom an excellent laparoscopic view on all
thirteen abdominopelvic regions could be achieved to rule out the
possibility of an increase in PCI over time caused by inadequate
assessment of the DLS-PCI. The median OS after exploratory lapa-
rotomywas also in this subgroup of patients significantly decreased
in patients with a DPCI of 4e9 (19.0 months [95% CI 7.7e30.3]) or
DPCI �10 (22.6 months [95% CI 6.4e38.8]) compared to patients
with a DPCI of 0e3 (54.1 months [95% CI 45.3e63.0], p¼ 0.004). For
the subgroup of 36 patients who successfully underwent
CRS þ HIPEC, median OS was also significantly decreased in pa-
tients with a DPCI of 4e9 (31.5 [95% CI 22.0e41.1]) or DPCI �10
(23.2 [95% CI 5.8e40.5]) compared to patients with a DPCI of 0e3
(54.1 [95% CI 45.3e63.0], p ¼ 0.014).

A multivariable Cox regression analysis was performed to
examine the direct association of DPCI with the risk of death after
adjustment for potential confounders. In univariate analysis, the
PCI during laparotomy (p < 0.001), the CC-score (p < 0.001), and a
DPCI of 4e9 (p ¼ 0.007) or DPCI �10 (p < 0.001) were significant
prognostic factors (Table 3). Other potential important prognostic
factors identified from the current literature were the primary
tumour site and the presence of signet cell histology. In a multi-
variate regression analysis, correcting for all previous mentioned
potential confounders, DPCI remained an independent risk factor
for OS: DPCI 4e9 HR 3.1 (95% CI 1.4e7.2, p ¼ 0.007) and DPCI �10
HR 4.4 (95% CI 1.5e13.1, p ¼ 0.007).

The median DFS for all patients who underwent CRS þ HIPEC
was 22.4 months (95% CI 16.5e28.4). There was no significant dif-
ference in median DFS between the three DPCI groups (29.5, 18.2,
and 11.1 months for DPCI 0e3, DPCI 4e9, and DPCI �10, respec-
tively, p ¼ 0.139).



Table 1
Baseline characteristics from all 84 patients divided into the three different DPCI groups.

Total (N ¼ 84) DPCI 0e3 (N ¼ 35) DPCI 4e9 (N ¼ 34) DPCI � 10 (N ¼ 15) P-value

Patient characteristics
Age, years, median [IQR] 63 [54e68] 60 [53e67] 65 [58e69] 66 [51e70] 0.292
Gender, female, n (%) 43 (51.2) 19 (54.3) 15 (44.1) 9 (60.0) 0.527
BMI, kg/m2, median [IQR] 26.2 [24.2e30.6] 26.7 [23.6e31.2] 25.8 [24.3e28.1] 25.9 [22.9e31.9] 0.455
ASA, n (%) 0.860
1 9 (10.7) 4 (11.4) 4 (11.8) 1 (6.7)
2 67 (79.8) 29 (82.9) 26 (76.5) 12 (80.0)
3 8 (9.5) 2 (5.7) 4 (11.8) 2 (13.3)

Comorbidity, n (%)
Diabetes 7 (8.3) 2 (5.7) 3 (8.8) 3 (20.0) 0.516
Cardiovascular diseases 25 (29.8) 9 (25.7) 11 (32.4) 5 (33.3) 0.727
Pulmonary diseases 9 (10.7) 6 (17.1) 2 (5.9) 1 (6.7) 0.266

Prior CRC surgery, n (%) 75 (89.3) 32 (91.4) 30 (88.2) 13 (86.7) 0.307

Tumour characteristics
Primary tumour, n (%) 0.084
Right colon 26 (31.0) 11 (31.4) 9 (26.5) 6 (40.0)
Transverse colon 7 (8.3) 1 (2.9) 6 (17.6) 0 (0.0)
Left colon 11 (13.1) 6 (17.1) 4 (11.8) 1 (6.7)
Sigmoid 26 (31.0) 9 (25.7) 9 (26.5) 8 (53.3)
Rectum 14 (16.7) 8 (22.9) 6 (17.6) 0 (0.0)

Signet cell histology, n (%) 8 (9.5) 3 (9.1) 4 (12.5) 1 (6.7) 0.851
T stage of primary tumour, n (%) 0.687
� 3 39 (48.1) 19 (55.9) 15 (44.1) 5 (35.7)
4 42 (51.9) 15 (44.1) 18 (52.9) 9 (60.0)

N stage of primary tumour, n (%) 0.321
0 21 (26.3) 10 (29.4) 8 (25.0) 3 (21.4)
1 30(37.5) 12 (35.3) 9 (28.1) 9 (64.3)
2 29 (36.3) 12 (35.3) 15 (46.9) 2 (14.3)

Onset of colorectal PM, n (%) 0.926
Synchronous 34 (40.5) 15 (42.9) 13 (38.2) 6 (40.0)
Metachronous 50 (59.5) 20 (57.1) 21 (61.8) 9 (60.0)

Synchronous liver metastases, n (%) 15 (17.9) 5 (14.3) 7 (20.6) 3 (20.0) 0.769

Perioperative chemotherapy
Neoadjuvant chemotherapy, n (%) 10 (11.9) 5 (14.3) 4 (11.8) 1 (6.7) 0.747
Adjuvant chemotherapy, n (%) 20 (23.8) 6 (18.2) 10 (30.3) 4 (30.8) 0.466

PCI peritoneal cancer index, IQR interquartile range (1st e 3rd quartile), BMI body mass index, ASA American Society of Anaesthesiologists, CRC colorectal cancer, PM
peritoneal metastases.
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Postoperative complications

Table 2 also provides an overview of the postoperative
morbidity after exploratory laparotomy, divided by DPCI group and
severity of the complication according to the ClavieneDindo clas-
sification system. Major postoperative complications (i.e., Clavien-
Dindo grade � III) occurred in 28 patients (33.3%) and did not
differ between the three DPCI groups (p ¼ 0.134). Two patients
(2.4%) died within the first 30 days after CRS þ HIPEC. An asystole
occurred in one patient 10 days after surgery without successful
resuscitation (DPCI 0e3 group), andmulti-organ failure occurred in
one patient after multiple laparotomies because of intra-abdominal
abscesses (DPCI 4e9 group).

Discussion

In this observational study, consisting of 84 patients with his-
tologically proven colorectal PM, we demonstrated that DPCI might
be a novel, more dynamic prognostic factor for OS after
CRS þ HIPEC. We found that a higher DPCI was clearly associated
with a decreased OS. As such, we postulate thatDPCI reflects amore
aggressive tumour biology and disease progression in patients with
colorectal PM and might serve as an adjunct tool for intraoperative
clinical decision making beyond static PCI scoring at the time of
exploratory laparotomy for potential CRS þ HIPEC.

Worldwide, authors agree that one of the key independent
prognostic factors for survival after CRS þ HIPEC in patients with
colorectal PM is the PCI score during exploratory laparotomy
[19,22,35e38]. This concept of tumour burden expressed by the PCI
score does not take the dynamic aspect of the biological behaviour
of the tumour into account, whether it is slow or fast growing. In
our clinic, patients with a PCI score <20 during DLS were deemed
eligible for CRS þ HIPEC according to common practice. Unfortu-
nately, in our series, cases had been seenwhere the HIPEC surgeons
were confronted with a rapid increase in PCI score of more than 5
points in a few weeks’ time, but with a PCI still below 20. Conse-
quently, according to the current guidelines, CRS þ HIPEC was
executed. Intuitively, this increased tumour burden over a short
time period should have been taken into account as a negative
prognostic indicator. To the best of our knowledge, there are no
previous data on this topic to confirm the clinical observation. As
such, we have translated this into the development of a new
prognostic parameter, DPCI, which is able to stratify three groups of
rate progression. We have shown that a rapid increase in DPCI is an
independent risk factor for OS in patients with colorectal PM and
should be considered as an additional clinical decision-making tool
prior to execution of CRS þ HIPEC.

Other possible explanations, rather than purely tumour biology,
were also investigated for the increase in PCI within the short-time
frame between DLS and laparotomy. An underestimation of the
DLS-PCI will automatically lead to a higher DPCI due to better ac-
cess and staging of disease during laparotomy. In our subgroup of
43 patients (51.2%) with excellent laparoscopic view on all
abdominopelvic regions the same significant trend was observed



Table 2
Treatment characteristics of the diagnostic laparoscopy and exploratory laparotomy for potential cytoreductive surgery with HIPEC from all 84 patients divided into the three
different DPCI groups.

Total (N ¼ 84) DPCI 0e3 (N ¼ 35) DPCI 4e9 (N ¼ 34) DPCI � 10 (N ¼ 15) P-value

Diagnostic laparoscopy
Grade of visibility¥ 0.826
I (very poor) 3 (3.6) 2 (5.7) 1 (2.9) 0 (0.0)
II (poor) 19 (22.6) 10 (28.6) 6 (17.6) 3 (20.0)
III (good) 19 (22.6) 6 (17.1) 9 (26.5) 4 (26.7)
IV (excellent) 43 (51.2) 17 (48.6) 18 (52.9) 8 (53.3)

Conversion rate, n (%) 20 (23.8) 8 (22.9) 9 (26.5) 3 (20.0) 0.874
PCI at DLS, n (%) 0.387
0-5 51 (60.7) 25 (71.4) 18 (52.9) 8 (53.3)
6-10 16 (19.0) 7 (20.0) 6 (17.6) 3 (20.0)
11-15 10 (11.9) 2 (5.7) 5 (14.7) 3 (20.0)
16-20 7 (8.3) 1 (2.9) 5 (14.7) 1 (6.7)

Complication rate, Clavien-Dindo, n (%) 3 (3.6) 2 (5.7) 0.481
Grade I 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Grade II 2 (2.4) 1 (2.9) 0 (0.0) 1 (6.7)
Grade III 1 (1.2) 1 (2.9) 0 (0.0) 0 (0.0)
Grade IV 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Length of hospital stay, days, median [IQR] 1 [1e2] 1 [1e2] 1 [1e2] 1 [1e3] 0.904
Time between DLS and CRS þ HIPEC, months, median [IQR] 1 [0e2] 1 [0e2] 1 [0e1] 1 [0e2] 0.938

CRS þ HIPEC
HIPEC type, n (%) 0.014
Open CRS þHIPEC 71 (84.5) 34 (97.1) 27 (79.4) 10 (66.7)
Open-close procedure 13 (15.5) 1 (2.9) 7 (20.6) 5 (33.3)

PCI at HIPEC, n (%) <0.0001
0-5 22 (26.2) 22 (62.9) 0 (0.0) 0 (0.0)
6-10 22 (26.2) 8 (22.9) 14 (41.2) 0 (0.0)
11-15 18 (21.4) 4 (11.4) 9 (26.5) 5 (33.3)
16-20 13 (15.5) 1 (2.9) 7 (20.6) 5 (33.3)
>20 9 (10.7) 0 (0.0) 4 (11.8) 5 (33.3)

Total anatomic resections, median [IQR] 4 [2e6] 4 [2e5] 5 [3e7] 7 [1e8] 0.246
Anastomoses, n (%) 0.059
0 35 (41.7) 19 (54.3) 11 (32.4) 5 (33.3)
1 34 (40.5) 13 (37.1) 13 (38.2) 8 (53.3)
� 2 15 (17.9) 3 (8.6) 10 (29.4) 2 (13.3)

Stoma post-HIPEC, n (%) 42 (50.0) 16 (45.7) 15 (44.1) 11 (73.3) 0.136
Operation time, min, median [IQR] 471 [358e522] 451 [378e492] 490 [347e544] 505 [271e571] 0.508
Blood loss, mL, median [IQR] 775 [500e1500] 600 [400e1500] 850 [347e544] 1000 [575e1500] 0.317
Resection status 0.021
CC-0 or CC-1 71 (84.5) 34 (97.1) 27 (79.4) 10 (66.7)
� CC-2 13 (15.5) 1 (2.9) 7 (20.6) 5 (33.3)

Length of hospital stay, days, median [IQR] 18 [12e27] 16 [13e27] 18 [12e28] 19 [12e30] 0.965
Reoperation, n (%) 15 (17.9) 8 (22.9) 5 (14.7) 2 (13.3) 0.596
Complication rate, Clavien-Dindo, n (%) 0.134
Grade I 5 (6.0) 0 (0.0) 2 (5.9) 3 (20.0)
Grade II 23 (27.4) 13 (37.1) 5 (14.7) 5 (33.3)
Grade III 20 (23.8) 9 (25.7) 9 (26.5) 2 (13.3)
Grade IV 6 (7.1) 2 (5.7) 2 (5.9) 2 (13.3)
Grade V 2 (2.4) 1 (2.9) 1 (2.9) 0 (0.0)

HIPEC hyperthermic intraperitoneal chemotherapy, PCI peritoneal cancer index, DLS diagnostic laparoscopy, Calvien-Dindo Clavien-Dindo classification system, IQR
interquartile range (1st e 3rd quartile), CRS cytoreductive surgery, CC-score completeness of cytoreduction score.
¥ grade I: visibility of two or less abdominopelvic regions, grade II: visibility of three to eight abdominopelvic regions, grade III: visibility of at least diaphragm regions, pelvis
region and small bowel regions, grade IV: visibility of all thirteen abdominopelvic regions.
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between the DPCI and the survival outcomes after laparotomy. In
addition, in 12 out of 15 patients (80.0%) with a DPCI �10 a good
laparoscopic evaluation was possible during DLS. Progression of
disease during the waiting period between DLS and CRS þ HIPEC
might also be found more frequently in this study population as
systemic treatment regimens are not considered standard therapy
in the Netherlands. Despite the widespread use of perioperative
systemic chemotherapy, a recent systematic review showed that
there is not enough evidence to draw conclusions on the benefit of
perioperative systemic therapy for patients with isolated resectable
colorectal PM who are candidates for CRS þ HIPEC [39]. The CAIRO
6 trial, a multicentre, open-label, Phase II-III RCT, will provide some
answers as to the oncological efficacy of perioperative systemic
therapy and CRS þ HIPEC vs upfront CRS þ HIPEC (control arm) for
isolated resectable colorectal PM (NCT02758951).
Patients with colorectal PM should undergo DLS routinely prior

to exploratory laparotomy for potential CRS þ HIPEC to allow
calculation of a DPCI score. These days, several HIPEC centres
worldwide already use DLS routinely, as previously conducted
studies showed that DLS is a safe, accurate, and feasible staging tool
in patients with PM from various tumours and might prevent non-
therapeutic laparotomies in patients with extensive disease
[28e30,40e43]. However, incidental complications such as small
bowel perforation or abrasions have been described in the past. For
patients who are eligible for CRS þ HIPEC, such complications can
be of great impact or even fatal, leading to a high chance of
excluding a potential curative treatment. Therefore, DLS should be
performed without extensive adhesiolysis and with great caution



Fig. 2. KaplaneMeier survival curves for all 84 patients who underwent an exploratory laparotomy for potential CRS þ HIPEC divided into the three different DPCI groups.

Fig. 3. KaplaneMeier survival curves for all 71 patients who underwent CRS þ HIPEC divided into the three different DPCI groups.
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to minimise this risk. Conversion to an open-procedure in case of
poor visibility during DLS is only indicated for very specific in-
dications such as the need to create a stoma because of severe
obstruction symptoms. In other cases of poor visibility, patients can
be given the benefit of doubt after good clinical counselling and be
scheduled for CRSþ HIPEC with an increased risk of the occurrence
of an open-close procedure.

Differences in DPCI seem to be a reflection of subtypes of dis-
ease. We postulate that future research for colorectal PM should
focus on molecular characteristics of tumour lesions that



Table 3
Univariate and multivariate analysis to examine the association of DPCI with the risk of death.

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Patient characteristics
Age 1.020 0.989e1.052 0.208
Gender
Female 1.00 e e

Male 0.973 0.530e1.785 0.929
Tumour characteristics
Primary tumour
Rectum 1.00 e e 1.00 e e

Right colon 0.520 0.147e1.836 0.310 1.467 0.772e2.787 0.242
Transverse colon 0.690 0.261e1.825 0.455 0.443 0.165e1.188 0.106
Left colon 1.065 0.499e2.271 0.870 0.937 0.431e2.033 0.868
Sigmoid 1.160 0.440e3.060 0.764 1.245 0.631e2.456 0.528

Signet cell histology
No 1.00 e e 1.00 e e

Yes 0.337 0.046e2.462 0.284 1.525 0.666e3.492 0.318
Onset of colorectal PM
Synchronous 1.00 e e

Metachronous 1.293 0.685e2.437 0.428
Perioperative chemotherapy
Neoadjuvant chemotherapy
No 1.00 e e

Yes 0.954 0.374e2.435 0.921
Adjuvant chemotherapy
No 1.00 e e

Yes 1.305 0.677e2.517 0.427
Operative characteristics
PCI at HIPEC 1.074 1.034e1.112 <0.001 1.021 0.964e1.082 0.481
CC-score
CC-0 or CC-1 1.00 e e 1.00 e e

CC � 2 4.809 2.127e10.876 <0.001 0.420 0.252e0.700 0.001
DPCI score
0-3 1.00 e e 1.00 e e

4-9 2.839 1.322e6.097 0.007 3.122 1.357e7.178 0.007
�10 4.900 2.061e11.648 <0.001 4.447 1.515e13.054 0.007

PCI peritoneal cancer index, HR hazard ratio, CI confidence interval, PM peritoneal metastases, HIPEC hyperthermic intraperitoneal chemotherapy, CC-score completeness of
cytoreduction score.
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distinguish somnolent from a more aggressive tumour phenotype
in patients with colorectal PM. At this moment, several studies have
identified four molecular subtypes in colorectal tumours
(consensus molecular subtypes, CMS1 to CMS4) [44e47]. Guinney
et al. showed that 60% of primary colorectal tumours and 75% of
colorectal PM belong to the CMS4 subtype [48]. CMS4, also known
as the mesenchymal subtype, represents a particular class of highly
aggressive tumours that seems to be associatedwithworse DFS and
OS and a poorer response to anticancer therapy [48e51]. For
example, patients with stage III CMS4 tumours did not benefit from
systemic adjuvant oxaliplatin treatment as compared to the other
subtypes. Strikingly, oxaliplatin is a commonly used chemothera-
peutic agent in HIPEC procedures [51], so identification of the
molecular subtype of colorectal PM can have therapeutic conse-
quences. In the future, we will attempt to identify the molecular
subtypes associated with the degree of change of DPCI and as such
the underlying mechanisms for each subgroup.

This retrospective study has potential limitations. The patient
cohort was taken from a single institution over a long period of
seven years. We can hypothesise that over time patients are diag-
nosed with colorectal PM at an earlier stage with less disease
progression. However, this seems unlikely, as accurate diagnostic
staging tools for colorectal PM are still lacking and peritoneal
tumour deposits are still difficult to detect with currently available
imaging techniques. Also there is no worldwide consensus about
the true PCI cut-off value in patients with colorectal PM in which
CRS þ HIPEC should be contra-indicated. Patients from this cohort
were all treated according to our national Dutch HIPEC protocol,
where CRS þ HIPEC is only performed in patients with a PCI �20.
Thus, results from our current study might not be fully generaliz-
able to other highly experienced HIPEC centres worldwide.
Although we reported one of the largest series of patients with
colorectal PM who underwent DLS with an attempt at undergoing
CRS þ HIPEC, the number of patients is still insufficient to perform
various sub-analysis in the different DPCI groups.
Conclusions

DPCI seems to be a new, more dynamic prognostic factor for OS
after CRS þ HIPEC in patients with colorectal PM. This prognostic
factor appears to reflect on a more aggressive tumour biology and
disease progression. When confronted intraoperatively with a high
DPCI of �10, HIPEC surgeons should be aware of a more aggressive
tumour type and therefore diminished prognosis and reconsider
the execution of the CRS þ HIPEC procedure.
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