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Abstract
Our aim was to study the accuracy of CT scan in predicting the peritoneal cancer index (PCI) and the impact of neoadjuvant
chemotherapy (NACT), abdominal region, disease volume, and primary tumor site on it. This was a prospective single-center
study that included patients undergoing cytoreductive surgery ± HIPEC. The CT-PCI was calculated and compared to the surgical
PCI. The accuracy of CT-PCI in predicting the surgical PCI and the difference between the two was evaluated. From January
2018 to August 2018, 50 patients were included. The median CT PCI was 6 (range 0–35) and median surgical PCI was 17 (range
2–35). CT-PCI was more than the surgical PCI in 12 (24%), less in 23 (46%), and same in 15 (30%) with an accuracy of 30%. The
highest accuracy was in region 10 and lowest in region 3. It was 15% in patients with ovarian cancer, 30% in PMP, 21% in
patients receiving NACT, 35% in high-volume disease, and 42.1% in low volume disease. The CT and surgical PCI varied
significantly in patients with ovarian cancer (p < 0.001), following NACT (p = 0.01) and those with moderate volume disease
(p < 0.001). CT has a low accuracy in predicting the surgical PCI in both high and low volume disease. The CT-PCI can differ
significantly from the surgical PCI in patients with ovarian cancer and in patients who have received NACT for peritoneal
disease. The impact of NACT on accuracy of CT-PCI in non-ovarian peritoneal metastases should be evaluated further.
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Introduction

The peritoneal cancer index (PCI) developed by Paul Sugarbaker
is one of the most important prognostic variables in peritoneal
surface oncology used both for selecting patients for
cytoreductive surgery (CRS) and for predicting the benefit of
the procedure [1]. Though a surgical evaluation remains the gold
standard for evaluating the disease extent, it is often not possible
to do sowithout performing a through exploration as laparoscopy
if often limited by both tumor and adhesions [2, 3]. Hence, im-
aging remains a vital tool for therapeutic decision making. An
abdominal CT scan is the most common imaging modality used

[4]. CT scan has shown poor accuracy in detecting nodules less
than 0.5 cm in size due to poor enhancement which makes it
difficult to distinguish tumor nodules from the surrounding soft
tissue [5, 6]. MRI has shown that a greater accuracy in some
studies and the combination of post-contrast study with
diffusion-weighted imaging has shown to correlate better with
the surgical PCI [7, 8]. To perform these MRI studies, bowel
preparation and fasting is needed and the study time is longer
than it takes for a CT scan. More importantly, when patients are
referred for surgery with one or more scans already performed,
performing another scan has the risks of repeated contrast admin-
istration and an additional cost, especially if the surgical decision
is unlikely to change. Peritonealmetastases arising from the same
or different primary tumors do not have a similar morphological
appearance and can present as thickening or enhancement of the
peritoneum, tumor nodules or masses arising from the peritone-
um, mesentery or omentum [8]. In patients who have received
chemotherapy, the evaluation becomes more difficult. We per-
formed this study to determine the accuracy of CT scan in
predicting the PCI and the impact of prior chemotherapy, abdom-
inal region, and primary tumor site on it.
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Methods

This was a prospective observational single center study car-
ried out from January 2018 to June 2018. Patients scheduled
to undergo cytoreductive surgery with or without HIPEC for
PM from various primary sites were included in the study.
Patients who were excluded from CRS and HIPEC at the time
of a diagnostic laparoscopy scheduled in the same sitting were
also included. Patients in whom a CRS was not planned were
not included. Institutional permission was obtained for the
study.

Surgical Intervention

Patients are selected for CRS and HIPEC based on current
recommendations which include completely resectable perito-
neal disease, absence of unresectable distant metastases, and
PCI within recommended cut-off for each primary site [9]. For
pseudomyxoma peritonei (PMP), peritoneal mesothelioma,
and primary/interval CRS for ovarian cancer, there is no PCI
cut-off over which surgery is not offered. For non-mucinous
colorectal tumors, a predicted PCI of 15–17 was used as a cut-
off [9]. For uncommon indications, the decision was individ-
ualized [10]. A thorough exploration of the abdominal cavity
was performed employing an incision from the xiphoid to the
pubis. The goal of surgery was to obtain a CC-0/1 resection
for which standard peritonectomy procedures and visceral re-
sections were performed [11]. For patients undergoing interval
CRS and salvage CRS (for recurrent ovarian cancer), com-
plete removal of the parietal peritoneum was performed.
HIPEC was performed by the coliseum technique using stan-
dard drug regimens for each primary site [12].

CT-Scan

All patients had a CT scan of the lower thorax, abdomen,
and pelvis from the carina to mid-thigh on dual energy 256
slice GE CT scanner with Gemstone imaging, within
15 days of the surgical procedure. Though the lower limit
is usually until the pubic symphysis, we extend the study to
the mid-thigh to cover the inguinal regions which may
have metastatic disease in patients with pelvic malignan-
cies. If the CT was performed at another institution, all the
images were reviewed at our center, and if the study was
not satisfactory, the scan was repeated. For patients who
had a PET scan, if a detailed CT evaluation was not per-
formed along with it, another CT was performed. A 256-
slice dual source with a maximum slice thickness of 5 mm
and minimum slice thickness reconstruction up to 0.6 mm
was used. Both oral and IV contrast and as when required
per-rectal contrast was administered.

Evaluation of Peritoneal Disease

Sugarbaker’s peritoneal cancer index was used to quantify the
disease extent and volume. It divides the abdomen into 13
regions (0–12), giving each region a score based on the lesion
size and number of lesions and the PCI representing the sum
of these scores (range 0–39) [13]. The structures in each re-
gion of the PCI were defined using the PROMISE application
[14]. In addition, the peritoneal lesions were classified as
thickened peritoneum, enhancement, or tumor nodules/
masses. Presence of fluid without the presence of peritoneal
lesions was not considered as disease. In the case of mucinous
ascites, the fluid density was recorded in houndsfield units
(HU). The peritoneal disease was classified as low volume
(PCI-0-9), moderate volume (PCI-10-19), or high volume
(PCI of 20 or above) [7]. All scans were reported by two
senior radiologists jointly. Scans done at other institutions
were reviewed jointly and reported.

The surgical PCI was recorded similarly. If any region
could not be evaluated on laparoscopy or laparotomy, the
region was marked as Bnot evaluated.^ Such patients were still
included in the study.

Statistical Analysis

A comparison between the radiological and surgical PCI was
made. The score in each region was compared and marked as
same, less, or more. Accuracy was considered to be the pro-
portion of patients with Bsame^ CT and surgical PCI.
Accuracy was determined for the overall PCI score and the
score for each region separately. The impact of disease vol-
ume, primary tumor site, and neoadjuvant chemotherapy
(NACT) on the accuracy was determined.

The CT-PCI and surgical PCI were compared using the
paired t test reporting two-tailed p values. A p value of <
0.05 was considered significant.

Results

From January 2018 to August 2018, 50 patients were included
in the study. The primary tumor site was ovary in 20 (40%)
patients, colorectal in 4 (8%), appendix in 10 (20%), mesothe-
lioma in 4 (8%), stomach in 1 (2%), and rare primary in 11
(22%) patients. Forty-five patients underwent CRS with or
without HIPEC and five underwent diagnostic laparoscopy
alone. Overall, a diagnostic laparoscopy was performed in
13 (26%). Thirty-six/45 patients underwent HIPEC. The rea-
son for omission was uncertain indication in 3, high risk of
morbidity in 3, and patient refusal in 3. The median PCI and a
CC-0/1 resection were obtained in 43/45patients. The median
CT PCI was 6 (range 0–35) and the median surgical PCI was
17 (range 2–35).
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Comparison of Surgical and Radiological PCI

The CT-PCI was more than the surgical PCI in 12 (24%), less
in 23 (46%), and the same in 15 (30%) resulting in an accu-
racy of 30%. Looking at each region of the abdominal cavity,
the accuracy ranged from 60 to 80%. It was 60–70% for the
upper regions (1–3), 66–70% for the lower regions (5–7), and
60–80% for the small bowel regions (9–12). The highest ac-
curacy was seen in region 10 and the lowest in region 3
(Table 1). Taking all patients together, the surgical and radio-
logical PCI differed significantly on the paired t test analysis
(p = 0.001).

Impact of Disease Volume

There were 19 patients with low volume disease, 11 with
moderate and 20 with high volume disease. The CT-PCI
was less in 7 (35%), more in 6 (30%), and same in 7
(35%) patients with high volume disease. It was less in
5 (26.3%), more in 6 (31.5%) and same in 8 (42.1%)
patients with low volume disease and less in all 11 pa-
tients with moderate volume disease. All patients with
moderate volume disease were ovarian cancer patients
who had received NACT for peritoneal disease. The ac-
curacy was 35% for high volume, 0% for moderate vol-
ume, and 42.1% for low volume disease. On the paired t
test analysis, a significant difference was not seen in pa-
tients with low volume disease in any of the regions or
overall (p = 0.35). For moderate volume, there was a sig-
nificant difference overall (p = 0.001) and in all regions
except 0, 9, and 10. For high volume disease, a significant
difference was seen in regions 1 and 11 (Table 2) with no
difference overall (p = 0.13).

Patients Who Had Received Neoadjuvant
Chemotherapy

There were 23 (46%) who received NACT before CRS.
The primary tumor site was ovary in 13 (interval 8, recur-
rent 5), rare primaries in 7, colorectal in 1, mesothelioma
1 in, and stomach in 1. In these patients, the CT-PCI was
less in 13 (5.5%) patients, and more and same as the
surgical PCI in 5 (21.7%) patients each. Thus, the overall
accuracy was 21.7%. In various regions, the accuracy
ranged from 34.7 to 73.9%. It was the lowest for regions
8 and 9 at 34.7% and highest in region 10 (73.9%). In
patients who did not receive NACT, it was less in 10
(37.0%) patients, more in 7 (26.0%), and same in 10
(37.0%). The CT and surgical PCI did not differ signifi-
cantly in patients who did (p = 0.70) or did not receive
NACT (p = 0.18). It significantly differed in regions 3,
7, and 11 in the NACT group and only in region 8 in
patients who did not receive NACT.

Patients with Ovarian Cancer

Of the 20 patients with ovarian cancer, 8 had interval CRS, 7
had CRS for recurrent disease, and 5 had primary CRS. The
median CT-PCI was 6 (range 2–27), and the median surgical
PCI was 16 (range 2–27). The CT-PCI was less than the sur-
gical PCI in 13 patients (65.0%), more in 4 (20.0%), and same
in 3 (15.0%). The accuracy in determining the PCI was
15.0%. In eight patients undergoing interval CRS, the CT-
PCI was less than the surgical PCI in seven and more in one
with an accuracy of 0%. In seven patients undergoing surgery
for recurrent ovarian cancer, it was less in six and more in one
with an accuracy of 0%. In patients undergoing primary CRS,

Table 1 Accuracy of CT-PCI in
different abdominal regions CT-PCI versus surgical PCI (n = 50) Accuracy

Region Same Less More All patients Post-NACT Ovarian cancer PMP

0 37 8 5 74% 65.2% 75% 70%

1 34 13 3 68% 57.1% 60% 90%

2 35 12 3 70% 47.8% 60% 80%

3 30 15 5 60% 43.4% 45% 60%

4 36 11 3 72% 56.5% 65% 70%

5 35 12 3 70% 57.1% 50% 60%

6 34 14 2 68% 43.4% 40% 90%

7 33 13 4 66% 57.1% 55% 60%

8 31 12 7 62% 34.7% 50% 60%

9 41 6 3 62% 34.7% 75% 80%

10 40 8 2 80% 73.9% 70% 60%

11 33 15 2 66% 65.2% 65% 50%

12 33 12 5 66% 60.8% 65% 50%
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it was the same in three/five patients (60%) and more in one
and less in one. The accuracy ranged from 40% in region 6 to
75% in regions 0 and 9. A significant difference was seen in
the radiological and surgical PCI (p < 0.0001) and in all re-
gions except 7, 9, and 12.

PMP Arising from Appendiceal Primary Tumor

For the 10 patients with PMP, themedian CTPCIwas 27 (range
0–35) and the median surgical PCI was also 27 (range 2–35). A
CC-0 resection was obtained in one patient and CC-1 in seven.

The CT-PCI was more than the surgical PCI in four (40.0%),
less in three (30%), and same in three (30%). The overall ac-
curacy was 30%. The accuracy in the upper and lower regions
was the highest reaching 90% in regions 1 and 6 and lowest in
the small bowel regions, and 50% in regions 11 and 12.

Discussion

The findings of this study concur with previous findings
which show a low accuracy of a CT scan in predicting the

Table 2 Difference between the CT-PCI and surgical PCI in different abdominal regions

Patient subgroup CT-PCI vs surgical PCI p values on the paired t test for each abdominal region

0 1 2 3 4 5 6 7 8 9 10 11 12

All patients (50) 0.01 0.37 0.01 0.003 0.01 0.14 0.08 0.11 0.04 0.78 1.35 0.44 0.01 0.50

Ovarian cancer (20) < 0.001 0.04 0.004 0.003 0.001 0.008 0.007 0.023 0.05 0.07 0.163 0.015 0.008 0.18

Other primary sites (30) 0.52 0.44 0.40 0.25 1.00 0.60 0.48 0.64 0.74 0.05 0.48 0.71 0.03 0.25

Post-NACT (23) 0.001 0.70 0.38 0.05 0.001 1.84 0.05 0.69 0.03 0.08 1.86 1.03 0.004 0.07

No NACT (27) 0.35 0.18 0.13 0.21 0.49 0.57 0.71 1.0 0.64 0.04 0.37 0.21 0.05 0.60

Low-volume disease (19) 0.35 0.77 1.00 0.33 0.33 0.33 0.33 0.25 0.68 0.26 0.33 0.33 0.33 0.33

Moderate volume (11) < 0.0001 0.08 0.01 0.03 < 0.001 0.02 0.01 0.001 0.01 0.02 0.16 0.08 0.01 0.03

High-volume disease (20) 0.13 1.00 0.04 0.25 0.78 0.21 0.49 0.10 0.50 0.60 0.17 0.17 0.02 0.84

Fig. 1 CTscan following NACT for first recurrence in ovarian cancer. The surgical PCI was 16 and CT-PCI 3. Except for the two lesions (b, c), the rest
of the scan was normal (a)
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surgical PCI. The additional significant findings are a low
accuracy in predicting the surgical PCI in patients undergoing
interval and salvage CRS as well as patients who received
NACT and a variation in the accuracy between different pri-
mary tumors (both in terms of overall accuracy and that in
each region). The CT and surgical PCI varied significantly
in patients with ovarian cancer (p < 0.001), following NACT
(p = 0.01) and those with moderate volume disease

(p < 0.001). The prediction of operability was high with 5
patients being excluded on laparoscopy and 43/45 (95.5%)
patients undergoing a CC-0/1 resection.

This study differs from other such studies as it does not
consider the presence or absence of disease in a particular
region, but the PCI score (total and in each region) determines
the accuracy [15]. The surgical and CT-PCI can differ in terms
of the presence or absence of disease in the region, the size of
the tumor nodule, or the finding of additional nodules. It can
be higher or lower than the surgical PCI both of which would
be considered inaccurate. The morphology of PM may have a
bearing. Peritoneal disease presents as diffuse thickening and
plaques which may be difficult to detect on a CT scan espe-
cially after the administration of chemotherapy. Though active
disease should undergo contrast enhancement, it may not be
the case in all patients as demonstrated by our results.We have
not characterized the lesions morphologically during surgery;
hence, it is not possible to defend this statement with our
results. However, the proportion of patients with ovarian can-
cer in this study is high (40%). Most of these patients received
one or more lines of systemic chemotherapy. There is another
study of 43 patients undergoing interval or salvage CRS after
systemic chemotherapy that showed in accuracy of around
70–75% [15]. In this study, the factor determining accuracy
was the presence or absence of disease.

Looking at each region, there was a lower accuracy in the
upper and lower regions compared to regions 9 and 12. The
correlation also varied significantly in these regions (Fig. 1).
The small bowel is less commonly involved in ovarian cancer
compared to other peritoneal regions. In this study, a complete
removal of the parietal peritoneum was performed in ovarian
cancer patients which reduces the chances of missing residual
disease. Particularly, in the upper abdomen, mobilization of
the liver is often required to detect residual disease.

The difference in median PCI on CT and surgery in our
study was high (6 versus 16), which is in contrast to the study
by Mazzei et al. [15]. Though the number of patients is small,
the CT-PCI and surgical PCI were concordant in 60% of the
patients undergoing primary CRS.

Fig. 2 CT scan of a patient with high grade PMP. CT overestimated the
PCI 3, 4, 5, 8–12 leading to a CT-PCI of 31 compared to the surgical PCI
24

Fig. 3 a and b: Large pelvic deposit with ascites in a patient with recurrent granulosa cell tumor leading to a falsely high PCI
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The prognostic impact of PCI has been shown in colorectal
cancer, PMP, peritoneal mesothelioma, and recurrent ovarian
cancer [16]. It has not been clearly demonstrated in patients
undergoing frontline therapy for ovarian cancer. One study
showed that PCI has an impact on survival; another study
did not [17–19].

A low accuracy was seen in patient who had received
NACT as well with an accuracy of only 21.7% compared to
37% in patients who did not receive NACT (p = 0.46). Sixty-
five percent of the patients in this group were ovarian cancer
patients. It would be interesting to know if the same inaccura-
cy is seen in patients with colorectal PM, but there was only
patient with colorectal PM who had NACT in this study.
Though a low accuracy of CT has been shown in these pa-
tients, the impact of NACT has not been evaluated [20].

In PMP arising from appendiceal tumors, despite the high
median PCI, the accuracy was only 30%. The disease was
overestimated in 40% and underestimated in 30%. In contrast
to the overall results and those in ovarian cancer patients,
accuracy in the upper abdominal and lower regions reached
90%. The accuracy in determining the PCI in regions 11 and
12 was only 50%. In patients with extensive disease especially
those with large deposits, due to proximity of adjacent viscera,
it may be difficult to judge their involvement (Fig. 2).
However, even if involvement is present, it does not mean that
should be scored separately. For example, infiltration of the
small bowel loops by a pelvic peritoneal deposit is not scored
as a small bowel deposit. There may be some reactionary
thickening which could be mistakenly scored as a deposit.
The same was seen in some patients with low volume disease
and large tumor deposits (Fig. 3). Some tumors like granulosa
cell tumors can form large deposits. These PM arise in one
region of the peritoneum and extend into another. On imaging,
it may seem that more than one region is involved leading to a
falsely high PCI.

Imaging is needed to rule out unresectable tumor and in
this regard, CT performed well. There are two concerns in
such accurate determination of the radiological PCI. The
absolute value of PCI is useful in selecting the line of
treatment (colorectal PM with a high PCI may be referred
for chemotherapy first), in planning the surgery (based on
disease distribution-expected visceral resections, the need
for performing a stoma) and in counseling patients about
the expected benefit. In most cases, it would not change the
decision to operate, but the overall planning is better and
misadventures can be minimized. Second is the need to
perform additional imaging. The benefit of MRI has been
shown in colorectal and appendiceal tumors. However, CT
would still be useful for determining operability, as it can
more accurately determine ureteric involvement with the
help of delayed imaging—CT intravenous pyelography
phase (performed after 5–7 min of delay) and portal vas-
cular infiltration (portal venous phase—50–55 s).

Performing an additional contrast MRI has the
theoretical risk of nephropathy. Laparoscopy may be prefera-
ble to additional imaging, especially in ovarian cancer [21].
When contrast cannot be administered due to underlying renal
dysfunction, non-contrast MRI provides better soft tissue
characterization than non-contrast CT. Diffusion-weighted
MRI alone has shown a superior accuracy to CT in predicting
the surgical PCI in both colorectal and ovarian cancer [22, 23].
The role of diffusion-weighted MRI as a single imaging mo-
dality needs further evaluation.

This study is limited by its small numbers and including
PM from various primary sites. Though surgical PCI is con-
sidered the standard for comparison, the pathological PCI
would be most accurate, but it has not been evaluated here.

The strengths are that all surgeries were performed system-
atically by the same surgeon who had performed over 150
such procedures and the CT reporting was done by two senior
radiologists, experienced in reporting PM.

Conclusions

CT has a low accuracy in predicting the surgical PCI in pa-
tients with both high and low volume disease. The CT-PCI
differs significantly from the surgical PCI in patients with
ovarian cancer and in patients who have received neoadjuvant
chemotherapy for peritoneal disease. The impact of neoadju-
vant chemotherapy on accuracy of CT-PCI in non-ovarian
peritoneal metastases should be evaluated further.
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