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a b s t r a c t

Background: Peritoneal cancer (PC) staging work-up is challenging. Current gold standard is the Peri-
toneal Cancer Index (PCI) performed during laparotomy (LT). Accurate and less invasive alternatives, such
as computed tomography (CT) or diagnostic laparoscopy (LS), are needed to avoid unnecessary lapa-
rotomies. Despite inherent limitations, these modalities have improved over time. Combination of both
CT and laparoscopy for PCI evaluation might come close to laparotomy.
Objective: To analyze the accuracy, agreement and reliability of combined PCI (PCICTþLS) evaluation of CT
(PCICT) and laparoscopy (PCILS) compared to laparotomy (PCILT) in patients eligible for cytoreductive
surgery.
Methods: A single-center retrospective pilot study of consecutive patients with PC irrespective of eti-
ology, between February 2017 and May 2019. All included patients had sequential PCI staging with CT,
laparoscopy and laparotomy. PCI was prospectively documented via a web-based form. Agreement and
reliability were analyzed, using weighted-kappa and intraclass correlation respectively (ICC).
Results: Out of 220 patients, 25 had all three modalities of staging. Accuracy of PCICTþLS (76%) was highest
between the 3 modalities in middle-PCI group (PCI 10 to 20), which was the group with the lowest
accuracy (44e67%). Compared to laparotomy, reliability of combined CT þ LS was the highest (ICC 0.91;
95% CI 0.81e0.96; p < 0.001).
Conclusions: The combination of CT with laparoscopy as combined PCI displayed the highest overall
accuracy observed by group, as well as excellent reliability. CT is currently the preoperative reference
imaging which may be enhanced by laparoscopy as a mandatory procedure selection of eligible candi-
dates for CRS.
© 2020 The Authors. Published by Elsevier Ltd on behalf of Surgical Associates Ltd. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The last three decades showed a complete change of paradigm
in the management of peritoneal cancer (PC), from strictly pallia-
tive to curative approach. Improved radiological diagnosis, preop-
erative laparoscopy and coordinated management between
oncology and surgery have considerably improved outcomes [1e3].

Despite these improvements, the Peritoneal Cancer Index (PCI),
proposed by Sugarbaker, performed during laparotomy is still the
gold standard staging for a thorough assessment of peritoneal
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fleyesus).

ier Ltd on behalf of Surgical Asso
implant's extent and remains a major survival prognostic factor
[4e8]. Accurate and less invasive alternatives, like Computed To-
mography (CT) or diagnostic laparoscopy, are however needed, to
avoid unnecessary invasive laparotomies.

Nevertheless, assessing the true extent of PC is challenging.
Computed tomography (CT) is currently the primary imaging mo-
dality of choice in the evaluation of malignant peritoneal disease
[1]. CT limits of detection are PC deposits measuring less than 5mm
and those in specific anatomical locations (e.g. pelvis, small bowel's
peritoneum, mesentery, lesser omentum) [2,4,9]. Although sensi-
tivity is good, especially in expert hands, the limits of CT remain the
size, the location and the expertise of the radiologist [10]. Lapa-
roscopy over CT offers several advantages: direct visualization and
biopsy assessment of PC nodules; monitoring of intraperitoneal
chemotherapeutic agents and a promising therapeutic advantage.
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On the other hand, laparoscopy is invasive, with incidence of
complications depending on the number and extent of previous
surgeries [4,11e14]. The combination of CT and laparoscopy diag-
nostic advantages for PCI evaluation before cytoreductive surgery
(CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) was
barely studied [15].

The aim of the present pilot study was to compare combined PCI
(PCICTþLS) evaluation of CT (PCICT) and laparoscopy (PCILS) versus
the reference PCI laparotomy (PCILT) in patients eligible for cyto-
reductive surgery.

2. Materials and methods

2.1. Patients

This single center retrospective pilot cohort study of 220
consecutive patients with PC irrespective of etiology, was con-
ducted between February 2017 and May 2019, in a swiss referring
center. Eligibility criteria were: adult patients with peritoneal
cancer with limited extraperitoneal metastatic extent (up to 3 liver
metastasis); approval at multidisciplinary meeting for CRS and
HIPEC; signed surgical informed consent. Twenty-five patients met
the criteria and matched the following sequence: 1� pre-operative
CT, 2� diagnostic LS, 3� LT for CRS.

2.2. Compliance with ethical and reporting standards

This study was conducted in compliance with international
standards for research practice and reporting. Written informed
consent was obtained from included patients. All data was dei-
dentified and anonymized prior to analysis. Retrospective analysis
was approved by the local institutional review board (CER-VD
2019e00747), which was conducted in compliance with the
STROBE criteria (www.strobe-statement.org) and in line with the
STROCSS criteria [16].

2.3. PCI documentation

Since February 2017, surgical PCI was prospectively documented
via a standardized website http://www.e-promise.org/[17]. PCICT

was recorded following the same procedure by an expert peritoneal
cancer radiologist. Due to heterogeneity of scanning parameters
(patients CT were addressed to our referring by Picture Archiving
and Communication System, PACS), those parameters can be
summarized by the standard values for multidetector CT, with
1.25 mm slice thickness, reconstruction interval between 0.8 and
1 mm, arterial and portal phase acquisition. A single surgeon in
charge of the surgery documented prospectively the PCILS and PCILT

with ePromise, after each surgery. For the purpose of this study, a
combined PCICTþLS score was determined corresponding to the
highest score for each of the 13 areas in the two modalities. To
quantify PCI, a score of 0e3 points was assigned to each region
depending on the size of the implants. Zero, if there was no lesion;
1, for lesions less than or equal to 0.5 cm; 2, for lesions between 0.5
and 5 cm; 3, for lesions >5 cm, confluent or adherent to sur-
rounding organs. The maximum score is 39 points for 13 regions
according to Sugarbaker [4]. Completeness of cytoreduction (CCR)
score was reported for every patient.

2.4. Statistical analysis

The distribution of cancer types was described by median and
interquartile range. Wilcoxon signed rank test was used for median
ordinal data, as non-parametric test. Student t-test was used for the
descriptive quantitative data, as parametric test. Welch's t-test was
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used as parametric test for data where assumption of variance
homogeneity was not met. This assumption was assessed with
Levene's test. A threshold of p < 0.05 was defined as statistically
significant.

Diagnostic characteristics were calculated for global PCI for each
modality (CT, LS and CT þ LS). Receiver Operator Characteristic
(ROC) curves and area under curves were analyzed for PC detection.
Sensitivity, specificity and predictive values with interval of confi-
dence of 95% were assessed, PCILT was considered as gold standard.
McNemar's test was calculated for accuracy comparison for each
modality compared to laparotomy. Diagnostic statistics were
assessed with ROC curves for the three categories of size. Accuracy
and rate of over- and underestimation were assessed for three
groups of PCI; low-PCI, 0 to 9; middle-PCI, 10 to 20; high-PCI, 21 to
39.

Interobserver agreement between modalities was assessed by
calculating the interclass correlation coefficient (ICC) for PCI
(continuous scale). Agreement for each regionwas calculated using
weighted Cohen's kappa (WCK) (categorial variables). Statistical
analysis was performed using SPSS (IBM SPSS Statistics for MacOS,
version 26 (IBM Corp., Armonk, N.Y., USA)).

Agreement between PCICT, PCILS, PCICTþLS and PCILT regarding
peritoneal cancer categorization for each regionwas assessed using
WCK statistic. Kappa values below 0.4 represent poor agreement;
values between 0.4 and 0.75 indicate fair to good agreement; values
of 0.75 and higher represent excellent agreement [18].

Agreement regarding PCI between modalities was assessed us-
ing ICC. ICC estimates and their 95% confident intervals were
calculated based on a multiple-raters, absolute-agreement, 2-way
mixed-effects model. ICC values less than 0.5 are indicative of
poor reliability, values between 0.5 and 0.75 indicate moderate
reliability, values between 0.75 and 0.9 indicate good reliability,
and values greater than 0.90 indicate excellent reliability [19].

A graphical representation of agreement was done with Bland-
Altman plots, then linear regression was calculated to assess the
presence of bias of proportionality between tested modality and
the reference. The existence of proportional bias indicates that
modalities are not equally suitable across the range of measure-
ments (PCI 0 to 39).

3. Results

3.1. Demographics

Twenty-five patients met all the eligibility criteria with perito-
neal disease mainly from colorectal and ovarian origin (see in
Appendix, Table A1; Flowchart of patients’ eligibility; Table A2 for
baseline demographics). Peritoneal metastases characteristics are
detailed in Table 1. Mean delay between PCICT and PCILS was 27 days
(interquartile range (IQR): 26 days). Median delay for the subse-
quent step (PCILS to PCILT) was 92 days (IQR: 119 days). Overall
median PCI between CTand LS were similar (p¼ 0.48) (Table 1). For
the purpose of the study, only the initial work-up CT-scan was
considered for PCICT, because of an important heterogeneity of
neoadjuvant chemotherapy. It was decided to choose the first CT-
scan which was displayed at the multidisciplinary meeting, thus
initiating a CRS and HIPEC. Further preoperative imaging that were
undergone were not been considered.

3.2. Neoadjuvant chemotherapy

Between initial CT-scan (PCICT) and surgery (PCILT), 17 patients
(68%) had neoadjuvant chemotherapy (NACT); 4 patients (16%)
finished their NACT prior to this interval; 4 patients (16%) had no
NACT. The mean delay to surgery after the last chemotherapy was

http://www.strobe-statement.org
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Table 1
Peritoneal metastases characteristics.

Type of cancer Median PCI (IQ range)

n (%) CT LS LT pCT vs LS

Colorectal 9 (36) 3 (5) 3 (11) 7 (9) 0.81
Ovarian 6 (24) 29 (25) 26 (22) 33 (19) 0.66
Appendix 4 (16) 17 (12) 12 (�) 20 (�) 0.75
Gastric 3 (12) 12 (�) 9 (�) 14 (�) 0.99
Other 3 (12) 11 (�) 12 (�) 14 (�) 0.50
Overall 25 9 (19) 12 (39) 14 (38) 0.48

IQR: interquartile range; n: number of patients; CT: computed tomography; LS:
laparoscopy; LT: laparotomy.
pCT vs LS: Wilcoxon matched-pairs signed rank test was conducted for median CT
versus LS.

Table 3
Mean accuracy and under-/overestimation rate for PCI staging.

Accuracy, % CT LS CT þ LS

Overall 73.1 69.0 76.4
L-PCI (n ¼ 8) 100 87.5 87.5
M-PCI (n ¼ 9) 44.4 44.4 66.7
HePCI (n ¼ 9) 75.0 75.0 75.0

Underestimation, %
Overall 26.9 26.9 19.4
M-PCI (n ¼ 9) 55.6 55.6 33.3
HePCI (n ¼ 9) 25.0 25.0 25.0

Overestimation, %
Overall 0.0 4.2 4.2
L-PCI (n ¼ 8) 0.0 12.5 12.5
M-PCI (n ¼ 9) 0.0 0.0 0.0

P-valuea <0.001 0.01 0.72

CT: computed tomography; LS: laparoscopy; CT þ LS: combined modality; L-PCI:
low-PCI group, 0 to 9; M-PCI: middle-PCI group, 10 to 20; HePCI: high-PCI group, 21
to 39.

a P-value defined after McNemar's test, compared with laparotomy (gold
standard).
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43.5 days (SD 32.9) in 17 patients (68%) and 121.0 days (SD 114.2) in
4 patients, those who completed NACT prior PCICT. The two NACT
groups were compared, there was no statistical difference
(p ¼ 0.269).

3.3. Surgical data

Median operating time was 373 min (IQR: 200 min), with a
median of 3 resected organs (IQR: 3) and 200 ml of blood loss (IQR:
285 ml). Four (17%) patients had their primary resected during the
CRS.

3.4. Diagnostic characteristic and accuracy

The diagnostic characteristics for each modality were described
in Table 2 (see details of the receiver operating characteristic (ROC
curve) in appendix Fig. A1). The PCI's combined modality (PCICTþLS)
accuracy was not different to laparotomy (p ¼ 0.72). Area under
curve for PCICT, PCILS and PCICTþLS were 0.81; 0.77; 0.79 respec-
tively, with p < 0.001 for all values. Sensitivity/specificity for lesions
> 5 cm was 93/73; 88/60; 85/80 respectively for PCICT, PCILS and
PCICTþLS (see details for ROC curve of diagnostic performances and
for each lesion size in appendix, Table. A3, Fig. A1 and A2).

To summarize, PCICTþLS had higher sensitivity than individual
modalities with similar accuracy to laparotomy. Accuracy, rate of
over- and underestimation were assessed for each group of PCI in
Table 3. Accuracy of PCICTþLS (76.4%) was the highest between the 3
modalities in middle-PCI group, which was the group with the
lowest accuracy performances (44.4e66.7%). Nearly a quarter
(26.9%) of the patients had an underestimated PCI, half of them
(55.6%) were in the middle-PCI group. On the other hand, over-
estimation rate was low (0e12.5%), which was only observed in
low-PCI group.

3.5. Agreement and reliability analysis

Agreement for each region was described using WCK-values
(Fig. 1). PCICT showed the best agreement for central, right and
Table 2
Diagnostic characteristics for each modality.

CT LS CT þ LS

Sensitivity, % (95% CI) 71 (64e77) 75 (67e79) 84 (75e86)
Specificity, % (95% CI) 90 (83e94) 78 (69e84) 74 (65e81)
PPV, % (95% CI) 91 (85e95) 84 (77e89) 83 (77e88)
NPV, % (95% CI) 67 (59e74) 65 (57e72) 72 (63e79)

CT: computed tomography; LS: laparoscopy; CT þ LS: combined modality; PPV:
predictive positive value; NPV: negative predictive value; 95% CI: 95% confidence
interval.
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upper regions including distal small bowel (p < 0.001). PCILS had
the best agreement for central, both flanks and proximal small
bowel (p < 0.001). The combined modality PCICTþLS showed almost
the same agreement than PCICT including the right upper region
and the small bowel (p < 0.001). Pelvis and left iliac fossa showed
both the lowest agreement value for all modalities (pCT ¼ 0.01;
pLS ¼ 0.18; pCTþLS ¼ 0.05).

Reliability between each modality and PCILT was defined with
ICC-values. Reliability of PCICT, PCILS and PCICTþLS were 0.88 (95%
CI ¼ 0.53e0.96; p < 0.001), 0.85 (95% CI ¼ 0.66e0.93; p < 0.001),
and 0.91 (95% CI ¼ 0.81e0.96; p < 0.001), respectively.

Bland-Altman plots were analyzed for the agreement depending
of the amount of carcinosis (Fig. A3 in Appendix). PCICT, PCILS and
PCICTþLS mean difference with PCILT was respectively 3.5 (±4.2); 2.6
(±6.0); 1.4 (±4.8). Mean difference ¼ 0 corresponds to perfect
concordance. Linear regression analysis was performed and did not
show proportionality bias between the tested modality and the
reference PCILT (pCT vs LT ¼ 0.70; pLS vs LT ¼ 0.58; pCTþLS vs LT ¼ 0.67).

3.6. Cytoreduction completeness

Complete cytoreduction (CC-0 or CC-1 for ovarian, appendix and
pseudomyxoma origin) was achieved in 16 patients (64%), with
subsequent HIPEC in 13 patients (52%). HIPEC regimens were based
on oxaliplatin (61.5%); mitomycin-c (30.8%) and cisplatin-
doxorubicin (7.7%). Uncomplete cytoreduction (CC-2 to CC-3) was
done in 6 patients (24%) with mean PCI 24.7; range 8e33, including
cancer from gastric (2), appendix (1), colon (1) and ovarian (2)
origin. Three patients (12%) had overly extensive disease (diffuse
micronodular involvement of the small bowel serosal surface), with
mean PCI 25; range 3e39, leading to open-close surgery, with the
placement in one patient of peritoneal catheter for ascites drainage.

4. Discussion

This retrospective pilot study with prospectively acquired PCI
documentation shows high agreement between the combined
modality (PCICTþLS) and the reference PCI (PCILT). This combined
modality showed high values of sensitivity and specificity compa-
rable to CT and LS, individually. As suspected, the highest overall
accuracy observed by group of PCI was also observed for the
combined modality.

In the last two decades studies showed overall PCI sensitivity for
CT-scan between 60 and 93%, with 60e94% accuracy, which are



Fig. 1. Agreement with laparotomy (weighted Cohen's kappa) for each modality, by area. CT: computed tomography; LS: laparoscopy; CT þ LS: combined modality. Kappa-value
scale of agreement: 0.20 to 0.40 (red) ¼ fair; 0.41 to 0.60 (orange) ¼ moderate; 0.61 to 0.80 (yellow) ¼ substantial; 0.81 to 0.99 (green) ¼ near perfect agreement. *p < 0.01.
**p < 0.001. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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consistent with the present study [9,20e22]. Though PCICTþLS had
the highest accuracy observed, unexpectedly PPV was higher for
PCICT. We assumed this was a statistical effect due to the calculation
method for PPV, as binary variable for all patients vs categorial
variable for low-/mid-/high-groups. PCICTþLS estimation accuracy
appeared to be better with middle-PCI group (67%) and showed the
lowest rate of underestimation (19%) among the modalities
analyzed. This is particularly important as this is the pivotal group
of patients, in whom an underestimation of PCI can put a patient in
a poor prognostic factor situation; e.g. in the case of a PCI >20 for
colorectal cancer, or a PCI >7 for gastric cancer [14,20,21]. In
addition, underestimation is particularly important to consider in
the case of micronodular but diffuse involvement of mesentery root
in a patient with a PCI initially considered as eligible for surgery.
Underestimation of PCI by laparoscopy was reported to occur in
1e37% of patients which is consistent with the findings of the
present study (overall 27%) [3,22e25].

The size and particular site of lesion is the limiting factor for
both modalities. In most series, CT detection sensitivity for lesion
under 5 cm showed 9e28%, which is lower than the range of the
present study showing 47e68% [9,19].

Agreement between modalities and the reference PCI was
excellent, with PCICTþLS showing the highest reliability (ICC¼ 0.91).
In their evaluation of agreement of CT compared to surgical refer-
ence other authors described an agreement between 0.48 and 0.8
[9,26,27].

Agreement by region was quite remarkable, with a clear
demarcation of concordance performance by region. For CT-
scanner, the upper hemi-abdomen and distal small bowel were
the regions with the highest agreement. The central region and the
right hypochondrium were the most reliable regions for PCICT, as
shown in many studies of correlation between radiology and sur-
gery [2,10,25,28,29]. For laparoscopy, the central region, flanks,
right iliac fossa and proximal small bowel were the regions with the
highest agreement. To date, the present study seems to be the only
assessing specifically agreement of laparoscopy, CT and the com-
bination of them. For this combined modality, agreement was the
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highest in the mid-abdominal region, both hypochondria and distal
small bowel. The highest concordance values were in the central
and both flanks.

In contrast, the left iliac fossa and pelvis were the least reliable
regions for CT and laparoscopy. This may be explained by frequent
tumor adhesions between visceral and parietal peritoneum in these
regions (carcinosis from ovarian and colorectal origin) where PCI
cannot be assessed, especially if the region is not accessible. The
Bland-Altman plot showed in another fashion the agreement of
PCICTþLS regardless of the extent of carcinosis.

A similar combination of imaging and laparoscopy as described
in the present study, but with other imaging modalities like MRI or
PET-CT need to be further investigated. Potentially more sensitive
modality may contribute to better accuracy. Although PCI is a major
predictor of resectability, it is also an imperfect predictor and an
innovative combination with other parameters like cancer biology,
histological subtype or mutation status deserves further in-
vestigations [30,31].

The limitations of the present study are the sample size, the
retrospective design, its heterogeneity of histological types, with
different morphologies, which make comparison and conclusions
limited. The study timing was also challenging and a limitation that
we have to mention. As patients were referred from various hos-
pitals, limitation due to the various quality of imaging, the het-
erogeneity of neoadjuvant chemotherapy and the absence of
restaging imaging for all patients have to be emphasized. Further-
more, a considerable period of time elapsed between imaging and
CRS, which might have led to a significant tumor regression.
Moreover, those limitations are the reflect of the real life in a
referring center. Although the dedicated radiologist is an expert in
peritoneal surface cancer, imaging quality may impact the accuracy
and sensitivity of image reading. The PCILS and PCILT documentation
by the same surgeon allowed us homogeneity in measurement and
avoided inter-individual variability, with the possible counterpart
of a possible bias that can be evoked. Unless there were two
experienced surgeons in peritoneal cancer, the best approach
would have been a documentation by two different persons.
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5. Conclusions

In the present pilot study, the combination of CT-scan with
laparoscopy as combined PCI showed the highest overall accuracy
observed by group of PCI, as well as excellent reliability with the
gold-standard. Those performance may be biased by the size-
depending sensitivity. This combined modality however, may
improve accuracy of preoperative PCI, and therefore the prediction
of resectability with less invasive methods. CT-scan is currently the
preoperative reference imaging, which may be enhanced by lapa-
roscopy as mandatory procedure to select eligible candidates for
CRS.
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