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Abstract

Purpose Epithelial ovarian cancer is usually diagnosed in the advanced stages. To choose the best therapeutic approach, an
accurate preoperative assessment of the tumour extent is crucial. This study aimed to determine whether the peritoneal cancer
index (PCI), the amount of ascites, and the presence of cardiophrenic nodes (CPLNs) visualized by computed tomography
(CT) can assess the tumour extent (S-PCI) and residual disease (RD) for advanced ovarian cancer (AOC) patients treated
with upfront surgery.

Methods In total, 118 AOC cases were included between January 2016 and December 2018 at Skane University Hospital,
Lund, Sweden. Linear regression and interclass correlation (ICC) analyses were used to determine the relationship between
CT-PCI and S-PCI. The patients were stratified in complete cytoreductive surgery (CCS) with no RD or to non-CCS with
RD of any size. The amount of ascites on CT (CT-ascites), CA-125 and the presence of radiological enlarged CPLNs (CT-
CPLN) were analysed to evaluate their impact on estimating RD.

Results CT-PCI correlated well with S-PCI (0.397; 95% CI 0.252-0.541; p<0.001). The risk of RD was also related to
CT-PCI (OR 1.069 (1.009-1.131), p < 0.023) with a cut-off of 21 for CT-PCI (0.715, p=0.000). The sensitivity, specific-
ity, positive predictive value and negative predictive value were 58.5, 70.3, 52.2 and 75.4%, respectively. CT-ascites above
1000 ml predicted RD (OR 3.510 (1.298-9.491) p <0.013).

Conclusion CT is a reliable tool to assess the extent of the disease in advanced ovarian cancer. Higher CT-PCI scores and
large volumes of ascites estimated on CT predicted RD of any size.
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Background

Epithelial ovarian cancer is the gynaecological malignancy
with the highest mortality rate, with a five-year survival rate
below 45% [1, 2]. More than 70% of ovarian cancer cases
are diagnosed in the advanced stages with carcinosis in the
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the diaphragm to the pouch of Douglas due to ascites forma-
tion and circulation in the abdominal cavity [4].

The standard treatment for AOC is primary debulking
surgery (PDS) followed by platinum-based postopera-
tive chemotherapy [5]. Since surgery is the only way to
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characterize the tumour burden is by numeric quantifica-
tion of the tumour in the peritoneal cavity by the surgeon,
an approach first described by Sugarbaker in 1998 for colo-
rectal cancer [6, 7]. A higher peritoneal cancer index (PCI)
indicates a worse surgical outcome and risk of residual
tumour. This matter suggests considering treatment options
for the patient other than primary surgery [8]. Likewise, PCI
estimation from a preoperative CT scan (CT-PCI) is not a
component of standard guidelines for ovarian cancer diag-
nostics, but previous studies on CT-PCI in ovarian cancer
have shown a significant relationship between CT-PCI and
suboptimal surgery, postoperative complications and overall
survival (OS) [9, 10].

Investigators have tried to find the optimal benefit of
preoperative CT scans to identify radiological predictors of
tumour extent [11]. Along with the development of imag-
ing techniques, markers, such as cardiophrenic lymph nodes
(CPLNSs), have been identified in patients with AOC. To
our knowledge, there is no clear evidence that removing the
lymph node leads to better OS or PFS in AOC [12]. CPLN
metastases are associated with impaired PFS and OS in
patients with AOC [13].

CA-125 is a high-molecular-weight glycoprotein
expressed in a large number of diseases and by a large pro-
portion of epithelial ovarian cancer cases, with poor specific-
ity and sensitivity [14]. Several studies have tried to predict
surgical outcomes using CA-125 in AOC, with inconsistent
results [15-18].

This study aims to investigate whether preoperative imag-
ing (CT-PCI, CT-ascites, and CT-CPLN) is predictive of
tumour extent (S-PCI) and residual disease of any size.

Methods
Patient characteristics

A total of 194 patients with AOC (FIGO stage III-IV) were
diagnosed and treated from January 2016 to December 2018
at Skane University Hospital, a tertiary centre for gynae-
cologic cancer treatment in Southern Sweden. Patient data
were collected retrospectively from the patients’ medical
records. Patients receiving neoadjuvant chemotherapy with
interval debulking surgery (33 patients, 17%) or with pallia-
tive chemotherapy only (15 patients, 7.7%) were excluded.
Twenty-eight patients were excluded due to insufficient data.
In total, 118 patients who were deemed suitable for upfront
extensive surgery were included in the study.

Clinical data on tumour stage (FIGO), histology type,
age, performance status (ECOG: Eastern Cooperative
Oncology Group) and CA-125 were collected.

The clinical characteristics of all patients included in
the study are shown in Table 1. The group with complete
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cytoreductive surgery (CCS) and patients with residual
tumour (non-CCS) are shown separately.

Assessment of tumour extent (S-PCl) and ascites
using CT scans (CT-PCl and CT-ascites) and CA-125

To ensure the accuracy of the surgical documentation and
S-PCI, both procedures were performed by the same sur-
geon for a series of 25 patients in the cohort. The author
calculated the S-PCI score for the 25 surgical records, which
was compared with the original S-PCI score calculated by
the surgeon for each case. The mean and standard devia-
tion (SD) of the original S-PCI was 17.07 £9.41, and the
newly calculated S-PCI was 16.23 +9.03. As the data were
normally distributed, Student’s t-test was used to confirm a
very good correlation with the original measurement. Based
on these findings, the S-PCI in the remaining cases was
assessed according to the original surgical reports. The PCI
score developed by Sugarbaker (1998) was used to quan-
tify both CT-PCI and S-PCI [6]. The 13 abdominal regions
were assessed for tumour content and scored from 0 to 3
depending on the tumour size: 0 points indicated no visible
tumour, and 1, 2 or 3 points indicated lesions with maximum
diameters of 0.5, 5.0, or>5 cm, respectively, or confluent
lesions with a final score between 1 and 39. The results were
analysed as continuous data and categorized into three levels
(1-10, 11-20, > 21 points).

To evaluate the possible effect of time on the relationship
between CT-PCI and surgery (S-PCI), CT-PCI was assessed
within 20 days, between 21 and 40 days and beyond 40 days.
The 20-day interval was chosen as a reference according
to the actual standardized cancer care pathway in Sweden,
which requires a maximum of 24 days until the start of treat-
ment [19].

The volume of the ascites at the surgery was categorized
into three groups (<500 ml, 500-1000 and > 1000 ml).
Twenty-three of 118 patients underwent paracentesis
because of abdominal swelling or tightness. Data from 10
patients were incomplete.

Assessment of postoperative residual disease

Operability and resectability were evaluated for each patient
according to age, medical history, symptoms, medication,
social and nutritional status and feasibility of tumour debulk-
ing according to preoperative CT of the abdomen and tho-
rax. All therapeutic decisions were made for each patient by
a multidisciplinary team (MDT) consisting of imaging spe-
cialists, gynaecologic oncologists, medical oncologists and
pathologists. Only patients intended for upfront surgery were
included in the study. The surgical outcome was indicated by
the amount of residual disease after the surgery. The surgical
outcome was stratified into CCS with no residual disease at
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Table 1 Patients’ characteristics Characteristics All patients Non-CCS CCS

N 118 43 (36.4%) 75 (63.6%) (p<0.136)

Age
Mean (range) 67 (28-89) 68.42 (28-29) 66.44 (36-84)

FIGO stage
m 90 (76.3%) 31 (72.1%) 59 (78.7%) (p<0.421)
v 28 (23.7%) 12 27.9%) 16 (21.3%)

Histology
High-grade serous 88 (83.9%) 67 (89.3%) 32(74.4%)
Others 19 (16.1%) 8 (10.7%) 11 (25.6%)

SCA-125 U/mL (p<.036)
Mean (range) 877 (15-10,000) 993.53 (16-4000) 811 (15-10,000)

S-PCI (p <0.0001)*
Mean (range) 16.46 (2-28) 22.33 (4-38) 13.04 (2-26)

S-PCI no (%)
S-PCI<10 28 (23.7%) 2 (4.8%) 26 (36.1%)
S-PCI 11-20 52 (44.2%) 15 (35.7%) 37 (51.4%)
S-PCI>20 34 (28.8%) 25 (59.5%) 9 (12.5%)

CT-PCI (<0.001)*
Mean (range) 17.12 (0-26) 21(0-36) 14.84 (0-30)

CT-PCI no (%)
CT-PCIL10 30 (25.4%) 8 (19.5%) 22 (29.7%)
CT-PCI 11-20 39 (33.1%) 9 (22.0%) 30 (40.5%)
CT-PCI>20 46 (39%) 24 (58.5%) 22 (29.7%)

Missing 3(2.5%)

ECOG
<1 99 (83.9%) 31 (72.1%) 59 (78.7%) (»<0.42)
>2 19 (16.1%) 12 (27.9%) 16 (21.3%)

CPLN
<5 mm 59 (50%) 18 (42%) 34 (45.3%) (p<.182)
>5 mm 59 (50%) 25 (58%) 41 (54.7%)

PCI peritoneal cancer index, S-PCI surgical PCI, CT-PCI computed tomography PCI, ECOG eastern
cooperative oncology group-performance status, FIGO eastern cooperation oncology group, CCS complete
cytoreductive surgery, CPLN cardiophrenic lymph nodes

*P <0.05 was considered significant

the end of the surgery and non-CCS, summarizing patients
with residual disease of any size.

Image analysis

All eligible patients underwent CT in the supine position
with intravenous and oral contrast. Digital CT images were
obtained by convention reformatted in the coronal and
sagittal planes. CT-PCI was retrospectively scored using
the Sugarbaker classification [20] by one of two radiol-
ogy specialists (HS or JB). The CT-PCI was calculated as
the sum of the numerical lesion scores assigned to the 13
abdominopelvic regions and the lesion score to the largest

visible implant. Ascites (three groups) was estimated by
one of two radiologists (HS or JB) concurrent with the
CT-PCI evaluation. CT-ascites was evaluated qualitatively
by the interpreting radiologist and assigned to one of three
groups (<500 ml, 500-1000 ml, and > 1000 ml). The CT-
ascites evaluation was based on all three image projec-
tions. CPLNs were retrospectively assessed by one of two
radiology specialists (SP or NOW). CPLN was defined
as a pathological enlargement measuring > 5 mm at the
short axis in the axial plane and was scored as negative
(i.e., normal) or positive (i.e., enlarged) by two radiolo-
gists (NOW and SP). The radiologists were blinded to the
intraoperative data and surgical outcomes (Fig. 1).
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Fig.1 Peritoneal carcinomato-
sis and ascites in patients with
ovarian cancer. a CT-image
(contrast-enhanced CT of the
abdomen and pelvis, coronary
projection) showing right
diaphragmatic carcinomatosis,
left-side pervic carcinomatosis,
and pelvic masses. b CT-image
(intravenous and oral-enhanced
CT of the abdomen and pelvis,
coronary projection) carcinoma-
tosis in truncus coeliacus area

Statistical analyses

The Stata SE (version 16.0. College Station, Texas: Stata-
Corp) and IBM SPSS Statistics 25 were used for all sta-
tistical analyses. For descriptive data, including means,
medians and percentages, standard analyses were used.
The normality of the data was tested using the one-sam-
ple Kolmogorov—Smirnov test. FIGO stage, ECOG score,
surgical outcome, and presence of CPLNs were dichoto-
mized and analysed in terms of numbers and percentages.
Student’s ¢ test and the Mann—Whitney U test were used
to evaluate the associations of S-PCI and CT-PCI with
clinical factors.

Linear regression and interclass correlation (ICC) analy-
ses were used to characterize the agreement between CT-PCI
(continuous) and S-PCI (continuous). The data were adjusted
for CA-125 level (continuous), ascites (grouped into three
categories: < 500, 500-1000, and > 1000 ml) and the number
of days between the CT examination and surgery (grouped
into three categories: <20 days, 20-39 days, and > 40 days).
An ICC analysis was used to compare S-ascites and CT-
ascites (nominal), and weighted kappa and percent agree-
ment were calculated. The kappa value was used to compare
the agreement between those two groups (S-ascites and CT-
ascites, both divided into three intervals: <500, 500-1000
and > 1000 ml). A kappa value of 1.00 is reflective of perfect
agreement, 0 indicates no agreement, 0.81-1.00 shows very
good agreement, and 0.61-0.80 shows good agreement.

Linear and logistic regression analyses were used to
determine the relationships between CT-PCI, S-PCI and
surgical outcome. Analyses were adjusted for different vari-
ables (ascites, CPLNs, CA-125 and days between the CT
scan and surgery). Some data were log transformed due to
an asymmetric distribution (CA 125).

@ Springer

The receiver operating characteristic curve (ROC) was
used to calculate a cut-off for CCS for both CT-PCI and
S-PCL

Linear and logistic regression analyses were used to
determine the impact of positive radiological CPLNs on the
surgical outcome. We compared the presence or absence of
CPLNs, dichotomized and continuous. The results are pre-
sented as odds ratios (ORs) with 95% confidence intervals
(CIs). A p value of <0.05 was considered significant.

Results

Assessment of tumour extent (S-PCl) using
preoperative CT scans (CT-PCl and CT-ascites)
and CA-125

Linear regression analysis revealed a positive correlation
between increasing CT-PCI and the S-PCI (both continu-
ous data) (0.511 (95% CI 0.387-0.639), p<0.001) (Fig. 2).
Statistical significance was maintained when the data were
adjusted for CA-125 level, ascites and time between the CT
scan and surgery (0.397 (95% CI 0.252-0.541) p<0.001))
(Table 2).

When the ICC was used to compare CT-PCI and S-PCI
divided into three groups (<10, 11-20,>21), an agreement
of 79% was found (0.580 (95% CI 0.442-0.0.991)).

No difference between the tumour extent of the different
FIGO stages was found; the mean S-PCI was 16.31 for FIGO
stage 3 and was 16.96 for FIGO stage IV (p=0.711).

The amount of ascites was positively correlated with
the S-PCI in both the crude and adjusted data (for ascites
volume > 1000 ml: 4.390 (95% CI 1.027-7.753) p<0.038)
(Table 2). When S-ascites and CT-ascites were compared,
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Fig.2 Linear regression analysis showing a positive correlation
between increasing CT-PCI and S-PCI

the weighted kappa value was 0.678, indicating good con-
formity between the ascites volume estimated on CT scan
and the intraoperative ascites volume (86% agreement).

The CA-125 level was related to tumour extent in the
crude data (1.439 (0.665-2.212), p <0.001), but when the
data were adjusted for CT-PCI, ascites, and days between CT
examination and surgery, no significant association between
CA-125 and S-PCI was found (Table 2).

The role of CT scans (CT-PCl, CT-ascites, CPLNs)
and CA-125 in the preoperative evaluation
of the risk of residual disease

The results from logistic regression models showed a signifi-
cant association between CT-PCI and residual disease (OR
1.088 (1.037-1.142), p < 0.001).

When the results were adjusted for CA-125 level, CPLNs,
ascites, and days between the CT scan and surgery, the

association was still significant (OR 1.069 (1.009-1.132),
p <0.023) (Table 3). The results were confirmed by ROC
analyses, with an AUC of 0.715 (95% CI 0.609-0.822,
p=0.000) and generating a cut-off value of 21 for CT-PCI
(Fig. 3). The sensitivity, specificity, positive predictive value
and negative predictive value were 58.5% (CI 42.1-73.7%),
70.3% (CI 58.5-80.3%), 52.2% CI 41.3-62.7%) and 75.4%
(CI 67.4-81.9%), respectively. The accuracy for CT-PCI>21
was 66.1% (56.67-74.65%).

To identify a reason for unresectability, a group of 19
patients with residual disease > 10 mm was analysed sepa-
rately. The site of the residual disease and other indicated
reasons for terminating the surgery were small intestinal car-
cinomatosis in 12 cases, and in 9 (75%) of these, intestinal
carcinomatosis referred to abdominal regions from 9 to 12
(i.e., the small intestine) on the CT scan.

The preoperative volume of ascites, as measured by CT,
was significantly associated with residual disease of any size
(for ascites > 1000 ml (OR 3.510 (1.298-0-013), p <0.013))
(Table 3).

Table 3 The relationship between CT-PCI and residual disease

OR 95% C1 p value
CT-PCI 1.069 1.009-1.132 0.023*
log2(CA-125) 0.989 0.723-1.354 0.946
CT-CPLN 1.147 0.452-2.906 0.773
CT-ascites (ml)> 1000 ml 3.510 1.298-9.491 0.013*
Days from CT to operation 0.111
<20 Ref.
20-39 1.317 0.406-4.270
>40 3.456 0.950-12.578

Adjusted for CA-125, CT-CPLN, ascites and days between CT scan
and surgery

*P <0.05 was considered significant

Table2 CT-PCI, CA-125,

; ’ . Variables A B
ascites, and the time interval
between the CT examination B (95% CI) p value B (95% CI) p value
and the surgery as predictive for
tumour extent (S-PCI) CT-PCI 0.511 (0.387-0.636) <0.001* 0.397 (0.252-0.541) <0.001*
log2 (CA-125) 1.439 (0.665-2.212) <0.001* —0.040 (— 0.840 to 0.760) 0.921
Days from CT to surgery 0.001* 0.021*
<20 Ref Ref
20-39 6.019 (2.630-9.408) 3.163 (0.230-6.097)
>40 7.179 (3.277-11.080) 4.678 (1.260-8.097)
Ascites CT (ml) <0.001* 0.038*
<500 Ref Ref
500-1000 6.121 (0.807-11.436) 2.542 (- 2.147 to 7.231)

>1000

7.842 (4.288-11.395)

4.390 (1.027-7.753)

A unadjusted analysis of each variable alone, B adjusted model including all variables in the table

*P <0.05 was considered significant
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Fig.3 The ROC curve for the reported CT-PCI to residual disease

A total of 50.4% (n=060) of the patients exhibited
CPLNs > 5 mm in the short axis of the CT scan. In 46%
(n=56) of the patients, the dominant lymph node was
located on the anterior side of the cardiophrenic space,
whereas in 22% (n=27) of the patients, it was located on
the posterior side. Twenty-three patients had enlarged lymph
nodes on both the anterior and posterior sides. A median of
1.17 (range 0-6) enlarged CPLNs was detected. The pres-
ence of CPLNs was not correlated with the amount of resid-
ual disease at the end of the surgery in any of the analyses
(Table 3).

Every doubling of CA-125 increased the risk for residual
disease by two times (OR 2.143 (0.97-4.605), although not
significant in either unadjusted or adjusted results for CT-
PCI, CPLN, ascites and days between diagnosis and surgery,
p=0.051 and p=0.946, respectively (Table 3).

Discussion

The preoperative estimation of tumour extent and its resect-
ability are both of great importance to surgical outcome in
AOC. In this study, both CT-PCI and CT ascites were cor-
related with the S-PCI, showing that CT might be a reli-
able tool in the preoperative assessment of tumour extent.
The results are in accordance with previous studies on the
estimation of tumour extent in ovarian cancer [20, 21]. In
this study, when CT-PCI was high, the S-PCI was high; a
one-unit increase in the CT-PCI corresponded to a 0.4-unit
increase in the S-PCI. In the non-CCS group, the number
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of stage IV patients did not significantly differ from that of
patients without residual disease, indicating that the surgical
effort seemed to be at the same level when treating patients
in both stages.

The S-PCI was related to the time interval between the
CT scan and surgery. Patients with a longer time interval
than the reference of 20 days had higher S-PCI scores. This
can be explained by tumour progression or a higher tumour
load from the beginning, leading to impaired nutritional sta-
tus that requires a longer preoperative rehabilitation time and
a prolonged time between the CT scan and surgery. A future
recommendation for the time lapse between CT and surgery
might be warranted.

A good correlation was also found between the preop-
erative estimation of ascites volume and S-PCI, indicating
that patients with CT ascites above 1000 ml had a 4.4-times
higher risk of an increased S-PCI score, indicating a more
pronounced tumour extent.

Residual disease after primary debulking surgery is one
of the most important prognostic factors for survival in AOC
[22]. This study intended to elucidate whether patients with
residual disease could be identified preoperatively. CT-PCI
correlated well with the risk of residual disease, which is
in agreement with other studies. Avesani et al. [23] found a
strong correlation between the CT-PCI and residual disease
of any size at the end of the surgery.

Llueca et al. [24] tried to establish a predictive model
for unresectability using CT, laparoscopy, and laparotomy.
Their best cut-off for predicting suboptimal cytoreductive
surgery was PCI > 20 for the three diagnostic techniques,
with 91% specificity and 27% sensitivity for the CT scan
[24]. Jonsdottir et al. [25] studied the correlation between
the S-PCI and surgical outcome and found a PCI cut-off
of 24. In their study, 62% of patients with PCI above 24
had an unsatisfactory surgical outcome defined as subopti-
mal cytoreductive surgery (residual disease > 10 mm). The
authors concluded that neoadjuvant chemotherapy could be
considered if the PCI is higher than 24 [25]. Since S-PCI
is an intraoperative observation, the patients need to have
anaesthesia and at least laparoscopy to record the PCI score.
This implies a two-step method or open/closed surgery, and
both procedures are inferior to preoperative accurate scoring.
In our study, we focussed on the preoperative evaluation to
minimize the number of unnecessary laparotomies.

CT may both overestimate and underestimate the true per-
itoneal carcinomatosis amount [26]. Technical challenges,
amount of intraperitoneal fat, size of peritoneal lesions,
fibrosis and ascites may all challenge a true estimation of the
peritoneal carcinomatosis [27, 28]. When PCI was divided
in three groups, a moderate agreement between the groups
was founded. In this study, certain underestimation may be
present when the tumour burden is low and an overestima-
tion when the tumour burden is high, as showed in Table 1.
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The clinical implication of underestimation of CT-PCI might
result in a higher number of open/close procedures. How-
ever, this happens at the lower PCI scores of 11-20 where
surgery usually is the first choice. An overestimation can risk
refrain of surgery with increased neoadjuvant therapy rates.

Some studies have analysed separate regions and found
that PCI in certain areas is more related to unresectabil-
ity. Abdominal regions 9-12, corresponding to the small
intestine, were significantly more predictive of residual dis-
ease than the entire PCI [29]. The same trend was found
in the present study. In the patient group with residual dis-
ease above 10 mm, 12 patients exhibited small intestinal
carcinomatosis. Nine (75%) of them had small intestinal
carcinomatosis, correctly predicted by the CT scan. We
consider that centralization of cancer care can improve not
only surgical competence but also radiological competence.
If the same specialist radiology team had interpreted the CT
scan, all nine patients (75% patients with residual disease
above 10 mm) might have avoided aggressive surgery with
an uncertain survival benefit [30]. On the other hand, there
is no clear-cut evidence for whether neoadjuvant chemother-
apy with complete resection or upfront surgery with residual
tumour <5 mm is the most suitable method of treatment.
The ongoing Trial of Radical Upfront Surgical Therapy
(TRUST) study might provide an answer in a few years [31].

The quantification of ascites has, to our knowledge, been
sparsely evaluated in preoperative CT scans in patients with
AOC. In this study, the CT-based evaluation of ascites vol-
ume correlated with the ascites volume determined intraop-
eratively. When ascites is quantified intraoperatively, large
volumes correlate with unresectability and worse PFS and
OS [32, 33]. Massive ascites evaluated by CT scan corre-
lated with an increased risk of residual tumour in the pre-
sent study. A three- and half-fold increased risk for residual
disease in ascites quantified with CT to be over 1000 ml
was found.

CPLNs in AOC are associated with carcinomatosis in the
upper abdomen, diaphragmatic carcinomatosis, and a worse
prognosis regardless of surgical removal during cytoreduc-
tive surgery. Of the 350 patients analysed by Prader et al.
[13], almost 40% had negative CPLNs, while the rest had
radiologically positive CPLNSs. In patients with macroscopi-
cally complete tumour resections, CPLN metastases were
associated with reduced PFS and OS. Nevertheless, the role
of CPLN resection remains unclear [13]. In this study, no
correlation was found between the presence of CPLNs on
CT images and residual disease.

The relationship between CA-125 level and surgical
outcome is controversial. Many studies have found a cor-
relation between CA-125> 500 U/mL and suboptimal
cytoreduction [15, 16, 18, 34, 35]. The data analysed in the
present study indicated a close to significance relationship
between CA-125 level and the amount of residual disease in

the unadjusted data. When the data were adjusted for CT-
PCI, ascites, and CPLN, no significant association between
CA-125 level and residual disease was found.

The strength of this study is that it was conducted in a
single tertiary centre with a high CCS rate and highly spe-
cialized radiology department, both of which increase the
accuracy of CT-PCI and S-PCI scoring. The fact that the
patients’ clinical records, including their histopathological
records, are all connected to one entity, thus making it pos-
sible to verify PCI as true carcinosis, can be considered a
strength as well.

Interreader variability was not addressed which is a limi-
tation of the study. However, the image evaluation may be
seen as a consensus evaluation made by the referring hos-
pital radiologist and the multidisciplinary conference radi-
ologist. Another limitation of this study is the retrospective
nature of PCI documentation and the relatively small cohort
of patients.

Conclusions

Numerical estimation of the tumour extent by CT is feasible
in AOC but may require a skilled radiologist. Together with
a high volume of ascites, as shown in this study, the CT-PCI
might be used as an indicator for residual disease in upfront
surgery for AOC. Further prospective studies are needed.

Acknowledgements Anna Akesson for statistical support.

Author contributions MA was the main contributor to the study design,
data collection, data interpretation, and manuscript writing. HS was the
main contributor to the CT data collection and participated in design-
ing the study, data interpretation and manuscript revision. PK coordi-
nated and contributed to the study design and manuscript revision. SM
provided oncological expertise and manuscript revision. NW, SP and
JB collected and interpreted the CT data. All of the authors read and
approved the final manuscript.

Funding Open access funding provided by Lund University. Regional
Research Support for Southern Sweden supported this study.

Data availability The datasets used and/or analysed in the present study
are available from the corresponding author upon reasonable request.

Code availability Not applicable.

Declarations

Conflict of interest There are no conflict of interest associated with
this article. As corresponding Author, I confirm that the manuscript
has been read and approved for submission by all the named authors.
Mihaela Asp, MD, PhD student Obstetrics and Gynecology, Depart-
ment of Clinical Science, Lund University, Lund, Sweden.

Ethical approval All patient information was handled according to the
Word Medical Association’s Declaration from the 2008 Declaration of

@ Springer



1242

Archives of Gynecology and Obstetrics (2022) 306:1235-1243

Helsinki and in compliance with national law. This study was approved
by the Swedish Ethical Review Authority with apl.no.2019/00450.

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Webb PM, Jordan SJ (2017) Epidemiology of epithelial ovarian
cancer. Best Pract Res Clin Obstet Gynaecol 41:3-14
2. Dahm-Kihler P, Borgfeldt C, Holmberg E, Staf C, Falconer H,
Bjurberg M, Kjolhede P, Rosenberg P, Stilberg K, Hogberg T et al
(2017) Population-based study of survival for women with serous
cancer of the ovary, fallopian tube, peritoneum or undesignated
origin—on behalf of the Swedish gynecological cancer group
(SweGCG). Gynecol Oncol 144(1):167-173
3. Siegel RL, Miller KD, Jemal A (2015) Cancer statistics. CA Can-
cer J Clin 65(1):5-29
4. Lengyel E (2010) Ovarian cancer development and metastasis.
Am J Pathol 177(3):1053-1064
5. Piver MS (2006) Treatment of ovarian cancer at the crossroads:
50 years after single-agent melphalan chemotherapy. Oncol (Wil-
liston Park) 20(10):1156-1158
6. Sugarbaker PH (1999) Management of peritoneal-surface malig-
nancy: the surgeon’s role. Langenbecks Arch Surg 384(6):576-587
7. Jacquet P, Sugarbaker PH (1996) Clinical research methodologies
in diagnosis and staging of patients with peritoneal carcinomato-
sis. Cancer Treat Res 82:359-374
8. da Silva RG, Sugarbaker PH (2006) Analysis of prognostic factors
in seventy patients having a complete cytoreduction plus perio-
perative intraperitoneal chemotherapy for carcinomatosis from
colorectal cancer. ] Am Coll Surg 203(6):878-886
9. Sartor H, Bjurberg M, Asp M, Kahn A, Brandstedt J, Kannisto P,
Jirstrom K (2020) Ovarian cancer subtypes and survival in rela-
tion to three comprehensive imaging parameters. J Ovarian Res
13(1):26
10. Llueca A, Escrig J (2018) Prognostic value of peritoneal can-
cer index in primary advanced ovarian cancer. Eur J Surg Oncol
44(1):163-169
11. Ahmed SA, Abou-Taleb H, Yehia A, El Malek NAA, Siefeldein
GS, Badary DM, Jabir MA (2019) The accuracy of multi-detector
computed tomography and laparoscopy in the prediction of perito-
neal carcinomatosis index score in primary ovarian cancer. Acad
Radiol 26(12):1650-1658
12. Salehi S, Mohammar R, Suzuki C, Joneborg U, Hjerpe E, Tor-
brand C, Falconer H (2018) Cardiophrenic lymph node resec-
tion in advanced ovarian cancer: surgical outcomes, pre—and
postoperative imaging. Acta Oncolo (Stockholm, Sweden)
57(6):820-824

@ Springer

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Prader S, Vollmar N, du Bois A, Heitz F, Schneider S, Ataseven
B, Bommert M, Waltering KU, Heikaus S, Koch JA et al (2019)
Pattern and impact of metastatic cardiophrenic lymph nodes in
advanced epithelial ovarian cancer. Gynecol Oncol 152(1):76-81
Moss EL, Hollingworth J, Reynolds TM (2005) The role of
CA125 in clinical practice. J Clin Pathol 58(3):308-312

. Chi DS, Venkatraman ES, Masson V, Hoskins WJ (2000) The

ability of preoperative serum CA-125 to predict optimal primary
tumor cytoreduction in stage III epithelial ovarian carcinoma.
Gynecol Oncol 77(2):227-231

Memarzadeh S, Lee SB, Berek JS, Farias-Eisner R (2003) CA125
levels are a weak predictor of optimal cytoreductive surgery in
patients with advanced epithelial ovarian cancer. Int J Gynecol
Cancer 13(2):120-124

Obeidat B, Latimer J, Crawford R (2004) Can optimal primary
cytoreduction be predicted in advanced stage epithelial ovar-
ian cancer? role of preoperative serum CA-125 level. Gynecol
Obstet Invest 57(3):153-156

Suidan RS, Ramirez PT, Sarasohn DM, Teitcher JB, Iyer RB,
Zhou Q, Iasonos A, Denesopolis J, Zivanovic O, Long Roche
KC et al (2017) A multicenter assessment of the ability of pre-
operative computed tomography scan and CA-125 to predict
gross residual disease at primary debulking for advanced epi-
thelial ovarian cancer. Gynecol Oncol 145(1):27-31
Cancercentrum K. Standardiserad vardforlopp dggstockscancer,
epitelial 2021 [cited 2021]. Available from: https://kunskapsba
nken.cancercentrum.se/diagnoser/aggstockscancer-epitelial/
vardforlopp/#chapter--Ledtider-for-nationell-uppfoljning.
Duhr CD, Kenn W, Kickuth R, Kerscher AG, Germer CT, Hahn
D, Pelz JO (2011) Optimizing of preoperative computed tomog-
raphy for diagnosis in patients with peritoneal carcinomatosis.
World J Surg Oncol 9:171

Chandrashekhara SH, Thulkar S, Srivastava DN, Kumar L,
Hariprasad R, Kumar S, Sharma MC (2011) Pre-operative
evaluation of peritoneal deposits using multidetector computed
tomography in ovarian cancer. Br J Radiol 84(997):38-43

du Bois A, Reuss A, Pujade-Lauraine E, Harter P, Ray-Coquard
I, Pfisterer J (2009) Role of surgical outcome as prognostic fac-
tor in advanced epithelial ovarian cancer: a combined explora-
tory analysis of 3 prospectively randomized phase 3 multicenter
trials: by the arbeitsgemeinschaft gynaekologische onkologie
studiengruppe ovarialkarzinom (AGO-OVAR) and the Groupe
d’Investigateurs Nationaux Pour les Etudes des Cancers de
I’Ovaire (GINECO). Cancer 115(6):1234-1244

Avesani G, Arshad M, Lu H, Fotopoulou C, Cannone F, Melotti
R, Aboagye E, Rockall A (2020) Radiological assessment of
Peritoneal Cancer Index on preoperative CT in ovarian can-
cer is related to surgical outcome and survival. Radiol Med
125(8):770-776

Llueca A, Serra A, Rivadulla I, Gomez L, Escrig J (2018) Predic-
tion of suboptimal cytoreductive surgery in patients with advanced
ovarian cancer based on preoperative and intraoperative determi-
nation of the peritoneal carcinomatosis index. World J Surg Oncol
16(1):37

Jonsdottir B, Lomnytska M, Poromaa IS, Silins I, Stalberg K
(2020) The peritoneal cancer index is a strong predictor of incom-
plete cytoreductive surgery in ovarian cancer. Ann Surg Oncol
28(1):244-251

Kyriazi S, Kaye SB, deSouza NM (2010) Imaging ovarian cancer
and peritoneal metastases—current and emerging techniques. Nat
Rev Clin Oncol 7(7):381-393

Coakley FV, Choi PH, Gougoutas CA, Pothuri B, Venkatraman
E, Chi D, Bergman A, Hricak H (2002) Peritoneal metastases:
detection with spiral CT in patients with ovarian cancer. Radiol-
ogy 223(2):495-499


http://creativecommons.org/licenses/by/4.0/
https://kunskapsbanken.cancercentrum.se/diagnoser/aggstockscancer-epitelial/vardforlopp/#chapter--Ledtider-for-nationell-uppfoljning
https://kunskapsbanken.cancercentrum.se/diagnoser/aggstockscancer-epitelial/vardforlopp/#chapter--Ledtider-for-nationell-uppfoljning
https://kunskapsbanken.cancercentrum.se/diagnoser/aggstockscancer-epitelial/vardforlopp/#chapter--Ledtider-for-nationell-uppfoljning

Archives of Gynecology and Obstetrics (2022) 306:1235-1243

1243

28.

29.

30.

31.

32.

Fischerova D, Burgetova A (2014) Imaging techniques for the
evaluation of ovarian cancer. Best Pract Res Clin Obstet Gynaecol
28(5):697-720

Rosendahl M, Harter P, Bjgrn SF, Hggdall C (2018) Specific
regions, rather than the entire peritoneal carcinosis index, are pre-
dictive of complete resection and survival in advanced epithelial
ovarian cancer. Int J Gynecol Cancer 28(2):316-322

Luyckx M, Leblanc E, Filleron T, Morice P, Darai E, Classe
JM, Ferron G, Stoeckle E, Pomel C, Vinet B et al (2012) Maxi-
mal cytoreduction in patients with FIGO stage IIIC to stage IV
ovarian, fallopian, and peritoneal cancer in day-to-day practice:
a retrospective French multicentric Study. Int J] Gynecol Cancer
22(8):1337-1343

Reuss A, du Bois A, Harter P, Fotopoulou C, Sehouli J, Aletti
G, Guyon F, Greggi S, Mosgaard BJ, Reinthaller A et al (2019)
TRUST: trial of radical upfront surgical therapy in advanced ovar-
ian cancer (ENGOT ov33/AGO-OVAR OP7). Int J Gynecolo Can-
cer: Off J Int Gynecol Cancer Soc 29(8):1327-1331

Arab M, Jamdar F, Sadat Hosseini M, Ghodssi-Ghasemabadi
R, Farzaneh F, Ashrafganjoei T (2018) Model for prediction of

33.

34.

35.

optimal debulking of epithelial ovarian cancer. Asian Pac J Cancer
Prev 19(5):1319-1324

Szender JB, Emmons T, Belliotti S, Dickson D, Khan A, Mor-
rell K, Khan A, Singel KL, Mayor PC, Moysich KB et al (2017)
Impact of ascites volume on clinical outcomes in ovarian cancer:
a cohort study. Gynecol Oncol 146(3):491-497

Cooper BC, Sood AK, Davis CS, Ritchie JM, Sorosky JI, Ander-
son B, Buller RE (2002) Preoperative CA 125 levels: an independ-
ent prognostic factor for epithelial ovarian cancer. Obstet Gynecol
100(1):59-64

Kang S, Kim TJ, Nam BH, Seo SS, Kim BG, Bae DS, Park SY
(2010) Preoperative serum CA-125 levels and risk of suboptimal
cytoreduction in ovarian cancer: a meta-analysis. J Surg Oncol
101(1):13-17

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	The role of computed tomography in the assessment of tumour extent and the risk of residual disease after upfront surgery in advanced ovarian cancer (AOC)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Patient characteristics
	Assessment of tumour extent (S-PCI) and ascites using CT scans (CT-PCI and CT-ascites) and CA-125
	Assessment of postoperative residual disease
	Image analysis
	Statistical analyses

	Results
	Assessment of tumour extent (S-PCI) using preoperative CT scans (CT-PCI and CT-ascites) and CA-125
	The role of CT scans (CT-PCI, CT-ascites, CPLNs) and CA-125 in the preoperative evaluation of the risk of residual disease

	Discussion
	Conclusions
	Acknowledgements 
	References




