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Abstract
Introduction: The peritoneal cancer index (PCI) is one of the 
most important prognostic factors in patients with perito-
neal metastases from colorectal cancer undergoing cytore-
ductive surgery and hyperthermic intraperitoneal chemo-
therapy (CRS-HIPEC). The PCI is determined during laparoto-
my by 2 experienced surgeons and plays a major role in the 
decision to proceed with CRS-HIPEC. The primary objective 
of this study was to determine the accuracy of the surgical 
PCI (sPCI) by comparing it with the PCI confirmed by the pa-
thologist (pPCI). Methods: All consecutive patients who un-
derwent CRS-HIPEC for colorectal peritoneal metastases be-
tween February 2015 and June 2018 were identified. Rele-
vant patient- and tumor-related characteristics were 
collected. Results: In total, 119 patients were included, 60 
males (50.4%). The median age was 64 (IQR 55–71). The me-
dian sPCI (sPCI = 11, IQR 6–16) was significantly higher than 
the median pPCI (pPCI = 8, IQR 3–13, p < 0.001). The total 

pPCI was lower than the total sPCI in 80 patients (67.2%). In 
21 patients (17.6%), the sPCI was overestimated with ≥5 
points. Small lesions are more likely to be negative. In pa-
tients that underwent resection of their primary tumor prior 
to CRS-HIPEC, the difference between the sPCI and pPCI was 
significantly larger (p < 0.05). Conclusions: Surgical calcula-
tion of the PCI often results in overestimation. Far-reaching 
consequences are tied to the macroscopic evaluation of the 
sPCI, but this evaluation seems not very reliable.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Currently, cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy (CRS-HIPEC) is the most 
aggressive treatment option for selected patients with 
peritoneal disseminated colorectal cancer [1–4]. The ex-
tent of disease, scored by the peritoneal cancer index 
(PCI), and the completeness of cytoreduction are the 2 
main prognostic factors for the outcomes of these pa-
tients after CRS-HIPEC [3–6]. The PCI is scored during 
CRS-HIPEC and is based on the macroscopic evaluation 
by the surgeon. The total PCI score can range from 0 to 
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39. Frozen sections may also be used to determine wheth-
er a peritoneal lesion is malignant [3, 5, 7, 8].

Within the last 2 decades, many have tried to set a cut-
off beyond which CRS-HIPEC should be contraindicat-
ed, without much consensus [4]. In the Netherlands, 
CRS-HIPEC is not considered beneficial in case of a PCI 
of > 20 [9, 10]. The decision to “do” or to “do not” proceed 
with CRS-HIPEC has major consequences for patients. 
When a patient is not eligible for CRS-HIPEC, the prog-
nosis is dismal (3–15 months) and the only remaining 
therapy is palliative systemic therapy or best supportive 
care [11–13].

Important treatment decisions are made based on the 
PCI scored during surgery. Little is known about how re-
liable this macroscopic evaluation actually is. The aim of 
this current study is to determine the accuracy of the sur-
gical PCI (sPCI) by comparing it with the PCI confirmed 
by the pathologist (pPCI).

Materials and Methods

Objectives
The primary objective of this study is to determine the accu-

racy of the sPCI by comparing it with the pPCI. Secondary objec-
tives are to investigate different factors that might influence the 
accuracy of the sPCI, that is, lesion size, prior resection of the pri-
mary tumor, and neoadjuvant chemotherapy, and to identify spe-
cific PCI regions in which the PCI is frequently under- or overes-
timated. An additional objective is to investigate the prognostic 
value of the sPCI.

Patients
This retrospective study was conducted in the Erasmus MC 

Cancer Institute in Rotterdam, The Netherlands. The Erasmus MC 
Cancer Institute started performing CRS-HIPEC in 2014. All con-
secutive patients and relevant patient- and tumor-related charac-
teristics were collected in a prospectively maintained database. 
This database was used to identify the patients included in this 
study.

Inclusion criteria for this study were all patients that underwent 
CRS-HIPEC for peritoneal disseminated colorectal cancer. All pa-
tients were operated between February 2015 and June 2018. Gen-
eral contraindications for CRS-HIPEC are >3 liver metastases and/
or extra-abdominal metastases. If no PCI score was mentioned in 
the surgical report or the pathological report, patients were ex-
cluded. There were no age restrictions.

Preoperative Screening
All patients had standardized preoperative evaluation to ensure 

suitability for CRS-HIPEC [6, 7, 14, 15]. In most patients, a diag-
nostic laparoscopy was performed prior to CRS-HIPEC to esti-
mate the PCI. If during laparoscopy the sPCI was ≤20, patients 
were planned for an elective CRS-HIPEC procedure.

Cytoreductive Surgery and Hyperthermic Intraperitoneal 
Chemotherapy
All Dutch centers performing CRS-HIPEC have to adhere to 

standards set by the governing body SONCOS. These standards 
state that CRS-HIPEC centers have to perform at least 20 CRS-
HIPEC per year. Centers that initiated a CRS-HIPEC program re-
quired approval of the Dutch Peritoneal Oncology Group (DPOG) 
and received standardized DPOG training and proctoring [14, 15]. 
The implementation of this standardized national treatment pro-
tocol resulted in good overall survival rates and, although experi-
ence of CRS-HIPEC centers differed, survival and surgical out-
comes between Dutch hospitals are similar [14, 15].
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Fig. 1. Peritoneal cancer index (reprinted 
from Gilly et al. [8], Copyright 2006, with 
permission from Elsevier).
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After training and proctoring, the Erasmus MC Cancer Insti-
tute started performing CRS-HIPEC in 2014 with a team of 3 sur-
geons specialized in gastrointestinal surgery. Before the inclusion 
period of this current study, 30 operations were performed of 
which 26 CRS-HIPEC procedures and 4 open-close procedures 
were due to irresectable disease.

All procedures included in this current study were performed 
by 2 of the 3 specialized surgeons together. After midline laparot-
omy, a thorough assessment of the extent of disease was conduct-
ed and the sPCI was determined. The PCI is calculated by giving 
each of the 13 abdominal regions (0–12) a score ranging from 0 
(no tumor seen) to 3 (tumor >5 cm or confluence) (Fig. 1). The 
total PCI is calculated by adding all 13 regions and can thus range 
from 0 to 39 [7, 8].

If complete cytoreduction was considered feasible, primary tu-
mor (if still present), involved abdominal organs, involved parietal 
surfaces, and all peritoneal implants were resected and labeled per 
PCI region for pathological evaluation. The greater omentum was 
resected routinely in all patients. All suspected tissues were sent to 
the pathologist for confirmation of the malignant diagnosis. Ad-
ministration of HIPEC was by the open colosseum technique, and 
regimens used were mitomycin C (35 mg/m2) or oxaliplatin (460 
mg/m2) in combination with systemic folinic acid (20 mg/m2) and 
5-fluorouracil (400 mg/m2) for a 90- or 30-min perfusion period, 
respectively. After the perfusion, intestinal bowel anastomoses 
were created if necessary. Completeness of cytoreduction was 
scored after CRS-HIPEC using Sugarbaker’s completeness of cy-
toreduction score: CC-0 (no visible peritoneal carcinomatosis after 
CRS), CC-1 (nodules persisting <2.5 mm after CRS), CC-2 (nod-
ules persisting between 2.5 mm and 2.5 cm), and CC-3 (nodules 
persisting >2.5 cm) [5].

Histopathological Evaluation
The resected tissues from the affected regions were separately 

labeled and sent to the pathologist. The pathologist involved in this 
study is a dedicated gastrointestinal tract pathologist with specific 
expertise in the field of peritoneal metastases (PM). All tissues were 
assessed macroscopically (visual inspection and palpation) for 
nodular lesions. These lesions were described and measured. If the 
size of the lesion was not specifically described in the pathology 
report, the lesion size reported in the operative report was main-
tained. After fixation in formalin, representative sections were tak-
en. Followed by paraffin embedding, sections of 5 μm were pre-
pared and stained with hematoxylin and eosin (H&E). All H&E 
slides were examined microscopically. Macroscopic as well as mi-
croscopic findings were described in the pathology reports. The 
pPCI was calculated in retrospect by comparing the size and diag-
nosis of the lesions in the pathology reports with the correspond-
ing sPCI mentioned per region in the operative reports.

Statistical Analysis
Continuous variables were presented as median with inter-

quartile range (IQR). Categorical variables were presented as ab-
solute numbers and percentages. Medians were compared using 
the Mann-Whitney U test. Two-sided p values <0.05 were consid-
ered statistically significant.

The Kaplan-Meier method was used for survival analysis. 
Overall survival (OS) was calculated from the date of surgery until 
death or last follow-up. Patients were censored when alive at last 
follow-up date. All patients were divided into 4 PCI categories (0–

5, 6–10, 11–15, and ≥16) based on their sPCI and pPCI. We calcu-
lated the median and 1-, 2-, and 3-year survival for each group. 
Statistical analyses were performed using Statistical Package for 
Social Sciences (SPSS), version 24.0.0 for Windows (IBM Corpora-
tion, Armonk, NY, USA).

Results

Patient Cohort
Between February 2015 and June 2018, 157 patients 

with PM of colorectal origin were planned for CRS-
HIPEC. In 23 patients, CRS-HIPEC was aborted (open-
close procedure) because of a high sPCI or unresectable 
(liver) metastases. A total of 134 patients underwent CRS-

Table 1. Baseline characteristics (N = 119)

N %

Age at operation 64 [55–71]*
Gender

Male 60 50.4
Female 59 49.6

Location of primary tumor
Right colon 52 43.7
Transverse colon 7 5.9
Left colon 12 10.1
Sigmoid 32 26.9
Rectum 16 13.4

Metastases
Synchronous 51 42.9
Metachronous 68 57.1

Primary tumor
Resected during prior surgery 98 82.4
In situ at time of CRS-HIPEC 21 17.6

Neoadjuvant treatment with CTx
Yes 10 8.4
No 109 91.6

Complete cytoreduction score
CC-0 119 100

≥CC-1 – –
Type of chemotherapy

MMC 102 85.7
Oxali/5FU/LV 17 14.3

Procedure time, min 375 [311–437]*
Blood loss, mL 1,050 [600–1,600]*
ICU stay, days 3 [2–3]*
Hospital admission, days 16 [12–22]*
Overall survival, months 36 [18–NR]*
Follow-up, months 23 [13–31]*

CRS-HIPEC, cytoreductive surgery and hyperthermic intra-
peritoneal chemotherapy; CTx, chemotherapy; MMC, mitomycin 
C; Oxali/5FU/LV, oxaliplatin, 5-fluorouracil, leucovorin; ICU in-
tensive care unit. * Median and interquartile range.
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HIPEC. In 15 of those 134 patients (11.2%), the patholo-
gist did not report his/her findings regarding the separate 
PCI regions and therefore these patients were excluded. 
In total, 119 patients were included in this study. All 119 
patients underwent complete cytoreduction (CC-0). 
Baseline characteristics are described in Table 1.

Peritoneal Cancer Index
The median sPCI scored by the surgeons during lapa-

rotomy was 11 (IQR 6–16). The median pPCI was signifi-
cantly lower (pPCI = 8, IQR 3–13, p < 0.001). The median 
difference between the sPCI and pPCI was 2 (IQR 0–4). 
We compared the sPCI with the pPCI for all 13 PCI re-
gions separately. All but one (region 2) had a significantly 
lower pPCI (p < 0.05). The total pPCI was lower than the 
sPCI in 80/119 patients (67.2%). In 21 patients (17.6%), 
the total sPCI was overestimated with ≥5 points (Fig. 2).

Lesion Size
Small lesions are more likely to be negative. Region 

score 1 was given by the surgeon 273 times, of which 104 
(38.1%) were negative during pathological assessment. 
Region score 2 was given 359 times and negative in 79 
(22.0%). Region score 3 was given the least, 97 times, but 
only 4 (4.1%) were not malignant during pathological as-
sessment. Adjustment in lesion size was rare and oc-

curred 6 times; in 3 cases, the region score went up 1 
point, and 3 times the region score was 1 point lower.

Resection of Primary Tumor
In this study, 51 patients with synchronous PM and 68 

with metachronous PM were included. Of the patients 
with synchronous metastases, 31 (60.8%) underwent pri-
or resection of the primary tumor, and in 20 (39.2%), the 
primary tumor was still in situ. In all patients with meta-
chronous PM, except one, the primary tumor was resect-
ed (n = 67, 98.5%).

In patients where the primary tumor was resected be-
fore CRS-HIPEC, the median difference between the 
sPCI and pPCI was 2 (IQR 0–4). This median difference 
was significantly lower in patients that still had their pri-
mary tumor in situ at the time of CRS-HIPEC (0; IQR 
0–2, p = 0.021).

Neoadjuvant Chemotherapy
Only 10 patients (8.4%) included in this study received 

neoadjuvant chemotherapy. The median difference be-
tween the sPCI and pPCI in patients treated with neoad-
juvant chemotherapy was 1.5 (IQR 0–4). The median dif-
ference of patients not treated with neoadjuvant chemo-
therapy was 2 (IQR 0–4). This difference was not 
significant (p = 0.957).

40

30

20

10

0

Pe
rc

en
t

–1 0 1 2 3 4 5 6 7 8 9 10
Total difference (sPCI - pPCI)

67.2%

17.6%

Fig. 2. Difference in total sPCI score versus total pPCI (N = 119). sPCI, surgical peritoneal cancer index; pPCI, 
pathological peritoneal cancer index.
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Prognostic Value
The median survival was calculated for each of the 4 

PCI groups, low PCI to high PCI (Table 2). About two-
thirds (n = 80, 67.2%) stayed in the same PCI group after 
the pPCI was determined by the pathologist. However, 39 
patients (32.8%) moved ≥1 category down. No patients 
moved to a higher group. Of those 39 patients, 15 (12.6%) 
moved from 6–10 to 0–5, 12 (10.1%) from 11–15 to 6–10, 
and 8 (6.7%) from ≥16 to 11–15. Four (3.4%) patients 
moved down 2 pPCI categories; 2 moved from 11–15 to 
0–5, and another 2 from ≥16 to 6–10.

Discussion

This study suggests that overestimation of the sPCI is 
common (67.2%), irrespective of the location of the le-
sions. In 17.6%, the overestimation was ≥5 points. We 
conclude that far-reaching consequences (open-close 
procedure) are tied to the macroscopic evaluation of the 
sPCI by the surgeon, but that this evaluation seems not 
very reliable.

We tried to identify specific regions in which the pPCI 
often turned out lower than the sPCI. However, when we 
compared each sPCI region score separately with the cor-
responding pPCI, all but one were significantly lower. 
Small lesions were more likely to be negative during path-
ological assessment. Down- or upstaging in lesion size 
was rare. This means that surgeons are good in determin-
ing the size of lesions during surgery, but the distinction 
between malignant or nonmalignant lesions is more chal-
lenging.

The most plausible explanation for overestimation of 
the sPCI is that the majority of the patients (82.4%) un-
derwent surgery before CRS-HIPEC. We showed that in 

patients that underwent resection of their primary tumor 
before undergoing CRS-HIPEC, the difference between 
the sPCI and pPCI was significantly larger. Prior surgery 
could have resulted in intra-abdominal abnormalities, 
such as adhesions, calcifications, or fibrosis. Differentia-
tion between reactive changes or tumor can be difficult, 
even for experienced surgeons. In the future, intraopera-
tive fluorescence imaging might be able to provide guid-
ance in the differentiation between benign or malignant 
lesions [16, 17].

Other studies on this subject have suggested that neg-
ative pathological findings could be a result of the re-
sponse on neoadjuvant chemotherapy [18, 19]. This study 
could not confirm this. In the Netherlands, upfront CRS-
HIPEC is standard of care. Therefore, only 8.4% of the 
patients included received neoadjuvant chemotherapy. 
There was no difference between the sPCI and pPCI in 
the patients treated and not treated with neoadjuvant 
chemotherapy.

Another explanation could be sampling error. During 
CRS-HIPEC, large resections are performed, and after 
macroscopic evaluation of all the tissues, the pathologist 
examines the most suspect nodules from each region mi-
croscopically, since examination of all the tissue micro-
scopically is simply not feasible.

Although the main goal of this study was determina-
tion of the accuracy of the sPCI, determination of the 
pPCI after CRS-HIPEC may also have consequences for 
patients. In this study, 32.8% moved to a lower PCI cat-
egory and 3.4% even moved down 2 PCI categories after 
calculation of the pPCI. Therefore, we believe that deter-
mination of the pPCI postoperative could be of added 
value and it could possibly help in the decision-making 
around the administration of adjuvant treatment.

Table 2. Difference in survival

PCI 
categories

sPCI pPCI

n (%) median survival 
[IQR]

1-year 
survival, 
%

2-year 
survival, 
%

3-year 
survival, 
%

n (%) median survival 
[IQR]

1-year 
survival, 
%

2-year 
survival, 
%

3-year 
survival, 
%

0–5 25 (21.2) NR [33.0–NR] 87.5 82.0 61.5 42 (35.6) NR [33.0–NR] 89.8 86.6 55.7
6–10 44 (37.3) 36.0 [36.0–NR] 93.7 83.8 37.7 33 (28.0) NR [25.0–NR] 90.8 80.3 64.2

11–15 30 (25.4) 35.0 [15.0–NR] 81.0 71.8 46.1 23 (19.5) 30.0 [10.0–35.0] 67.9 53.5 20.1
≥16 30 (25.4) 18.0 [10.0–NR] 68.1 37.1 27.8 20 (16.9) 17.0 [10.0–25.0] 70.0 30.9 20.6

PCI, peritoneal cancer index; sPCI, surgical peritoneal cancer index; pPCI, pathological peritoneal cancer index; IQR, interquartile 
range; NR, not reached.
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This study has limitations. First is the retrospective na-
ture of the study. Second is that the pathologist only re-
ceived tissues that the surgeon deemed suspect. Therefore, 
in most cases, the pathologist was only able to downgrade 
the sPCI. In 9 cases, a region was initially scored 0, but a 
suspicious lesion was found, resected, and during patho-
logical analysis diagnosed as malignant. In one patient, 
this resulted in a total pPCI which was higher than the 
sPCI. Another limitation is the risk of interobserver vari-
ability. All CRS-HIPEC procedures were performed by 2 
specialized surgeons; the sPCI was determined by consen-
sus between the 2 surgeons performing the procedure.

With data on the pPCI from patients in whom an 
open-close procedure was performed because of a PCI  
of >20, we could have determined whether the sPCI ac-
tually results in unwarranted open-close procedures. 
However, since removal of tissue in patients undergoing 
open-close procedures holds no benefit for the patient, 
it was not considered ethical. Our findings do however 
suggest that liberal use of perioperative frozen sections 
is warranted to confirm the sPCI before terminating 
CRS and HIPEC procedures. In some countries, a sPCI 
of >16 is considered a contraindication for CRS-HIPEC 
[4, 9, 10]. In this study, the number of patients with a 
sPCI of ≥16 decreased with 1/3rd (from 30 to 20) after 
determination of the pPCI.

In our center, 23 open-close procedures were per-
formed during the inclusion period, of which 4/23 were 
performed because of unresectable liver metastases. In 
19/23, the sPCI was too high, and 8/19 had a sPCI be-
tween 21 and 25. We cannot conclude how many of these 
patients would have had a pPCI of ≤ 20, because, as men-
tioned above, patients in whom an open-close procedure 
was performed, no or minimal biopsies were taken. How-
ever, it is likely that some of these patients would have had 
a pPCI of ≤20.

Although the pPCI is probably more accurate, the 
sPCI is used and will continue to be used for decision-
making to “do” or “do not” continue with CRS-HIPEC. 
Therefore, we believe that if peritoneal disease seems re-
sectable during CRS-HIPEC but the PCI is deemed too 
high to continue, confirmation of the diagnosis with in-
traoperative frozen sections is recommended. In some 
patients, open-close procedures will be prevented. Fur-
ther research is warranted to determine whether the pPCI 
is a better scoring method/more precise prognostic factor 
for oncological outcomes after CRS-HIPEC.
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