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Abstract

Purpose Accurate staging of ovarian cancer is critical to guide optimal management pathways. North American guidelines
recommend contrast-enhanced CT as the primary work-up for staging ovarian cancer. This meta-analysis aims to compare
the diagnostic accuracy of contrast-enhanced CT alone to PET/CT for detecting abdominal metastases in patients with a
new or suspected diagnosis of ovarian cancer.

Materials and methods A systematic review of MEDLINE, EMBASE, Scopus, the Cochrane Library, and the gray literature
from inception to October 2022 was performed. Studies with a minimum of 5 patients evaluating the diagnostic accuracy
of contrast-enhanced CT and/or PET/CT for detecting stage 3 ovarian cancer as defined by a surgical/histopathological
reference standard =+ clinical follow-up were included. Study, clinical, imaging, and accuracy data for eligible studies were
independently acquired by two reviewers. Primary meta-analysis was performed in studies reporting accuracy on a per-patient
basis using a bivariate mixed-effects regression model. Risk of bias was evaluated using QUADAS-2.

Results From 3701 citations, 15 studies (918 patients with mean age ranging from 51 to 65 years) were included in the sys-
tematic review. Twelve studies evaluated contrast-enhanced CT (6 using a per-patient assessment and 6 using a per-region
assessment) and 11 studies evaluated PET/CT (7 using a per-patient assessment and 4 using a per-region assessment). All
but one reporting study used consensus reading. Respective sensitivity and specificity values on a per-patient basis were 82%
(67-91%, 95% CI) and 72% (59—-82%) for contrast-enhanced CT and 87% (75-94%) and 90% (82-95%) for PET/CT. There
was no significant difference in sensitivities between modalities (p =0.29), but PET/CT was significantly more specific than
CT (p<0.01). Presumed variability could not be assessed in any single category due to limited studies using per-patient
assessment. Studies were almost entirely low risk for bias and applicability concerns using QUADAS-2.

Conclusion Contrast-enhanced CT demonstrates non-inferior sensitivity compared to PET/CT, although PET/CT may still
serve as an alternative and/or supplement to CT alone prior to and/or in lieu of diagnostic laparoscopy in patients with ovarian
cancer. Future revisions to existing guidelines should consider these results to further refine the individualized pretherapeutic
diagnostic pathway.
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Introduction

Ovarian cancer is the second most common gynecologic
malignancy and the most common cause of gynecologic
cancer death in resource-rich countries with a lifetime risk
of 1 in 75 for people with ovaries [1, 2]. Epithelial ovarian
cancers (consisting of serous, endometrioid, clear cell, and
mucinous subtypes) account for more than 90% of ovarian
malignancies, followed by other cell types, including germ
cell and sex cord-stromal tumors [2]. Only 15% of ovarian
cancers are detected early (stage 1) and the overall 5-year
survival for these patients is less than 50% as recently as
2015 [2].

Accurate staging of ovarian cancer remains critically
important for treatment planning with stage 3 disease often
requiring a combination of neoadjuvant therapy and/or sur-
gery [3]. Current North American guidelines recommend
contrast-enhanced CT as the primary work-up for staging
and contrast-enhanced CT, MRI, or PET/CT as the post-pri-
mary treatment surveillance for stage 2—4 disease. However,
supplementary PET/CT may improve accuracy compared
to CT alone for detecting advanced ovarian cancer [4]. Fur-
ther, CT alone may not be reliable for determining stage 3b
disease [5]. To our knowledge, the diagnostic accuracy evi-
dence of CT alone versus PET/CT for characterizing Stage
3 disease has not yet been systematically evaluated. The
purpose of this systematic review is to compare the diag-
nostic accuracy of contrast-enhanced CT versus PET/CT for
detecting stage 3 ovarian cancer.

Methods

This systematic review and meta-analysis were performed in
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis—Diagnostic Test Accuracy
(PRISMA-DTA) guidelines [6, 7]. The study proposal was
submitted to the PROSPERO database prior to initiation of
the review (CRD42022371668). Institutional ethics approval
was not required as it included only previously published
information.

Literature search

A complete database search of MEDLINE, EMBASE, Sco-
pus, and the Cochrane Library (including the Cochrane
Central Register of Controlled Trials, the Cochrane Cen-
tral Register of Protocols, and the Cochrane Database of
Systematic Reviews) from inception through to October
30, 2022 was performed to identify studies evaluating the
diagnostic accuracy of CT and/or PET/CT to detect stage
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3 ovarian carcinoma as compared to a surgical reference
standard + clinical follow-up of at least 12 months. Different
title/abstract/keywords and medical subject heading terms
were searched with variations of (“computed tomography”
OR “positron emission tomography”’) AND “ovary” AND
“cancer” were searched on an individualized basis in each
database. The search strategies applied for each database
are shown in Supplementary Information. No language
or publication date restrictions were applied. The search
was performed according to best practices for electronic
search strategies [8]. Articles from each database were sub-
sequently combined and duplicate articles were removed.
Title and abstracts were screened for relevance of the study
objective. Subsequently, full-text review was performed for
potentially relevant studies performed independently by two
reviewers with 3 and 6 years of imaging experience (BB and
SS). Additionally, gray literature consisting of conference
presentations from the Radiological Society of North Amer-
ica (RSNA) between 2020 and 2022, the European Con-
gress of Radiology (ECR) between 2022 and 2023, and the
International Society for Gynecologic Cancer (ICGS) from
2022 was performed by one author with 8 years of imaging
experience (MPW). If a conference abstract provided suffi-
cient information to meet inclusion criteria, these abstracts
were included in the review and authors were contacted for
additional information when necessary. Finally, reference
lists for key studies were checked and forward searching was
performed in Google Scholar.

Selection criteria

Original articles evaluating the diagnostic accuracy of CT
and/or PET/CT for detecting stage 3 ovarian malignancy
compared to a surgical reference standard + clinical follow-
up of at least 12 months were evaluated in full-text review.
For inclusion, studies further required a minimum of 5
patients and sufficient information to reconstruct a 2 X2
contingency table on a per-patient basis. If studies met all
criteria but the latter, the authors were contacted via email
for additional information and would be included if sufficient
information was supplied. Studies evaluating the accuracy
of CT and/or PET/CT by dividing individual patients into
multiple regions of the abdomen (a “per-region basis”) were
included in the systematic review but not included in the
meta-analysis if sufficient data to construct a 2 X2 contin-
gency table on a per-patient basis could not be obtained.
Studies were excluded when (1) CT or PET/CT were not
the index test(s); (2) ovarian malignancy was not the target
pathology; or (3) surgery was not the principal reference
standard. Malignancy was defined by a pathological gold
standard within each individual study. Non-original articles
including review articles, guidelines, consensus statements,
letters, and editorials were excluded.
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Data extraction

The relevant data from included studies were extracted inde-
pendently by two reviewers (BB AND SS). Study, patient,
and imaging characteristics were recorded. Study demo-
graphics included first author, year of publication, country
in which the study was performed, use of a prospective or
retrospective study design, data acquisition from a single
hospital or multi-hospital (multi-center) setting, reference
standard used, number of readers for imaging interpreta-
tion, if consensus reading was used, and type of specialist of
the reader. Acquired patient information included the total
number of patients, mean age of included patients, modality
used in that study, and tumor subtypes included in the study.
Included imaging characteristics for CT: brand, number of
detector rows, slice thickness, presence of contrast, and size
threshold used for positivity. Included imaging character-
istics for PET/CT: brand, PET-positive criteria, number of
detector rows, and slice thickness.

True-positive (TP), false-negative (FN), false-positive
(FP), and false-negative (FN) results for the presence of
malignancy by size threshold were recorded. If data for
different size thresholds was provided within an individual
study, these were each recorded separately. If a study did
not report these results directly but reported the sensitivity,
specificity, sample size, and prevalence, then contingency
table results were calculated. For studies with multiple index
test readers, a single result was recorded as an average of all
reviewers [9]. Following the completion of data acquisition
independently by two authors, the contingency tables were
reviewed in entirety by three authors (BB, SS, MPW) with
re-review of articles where data were inconsistent and con-
sensus agreement was used for the final data file. The third
reviewer has 8 years of imaging experience (MPW). Data
were collected using Microsoft Excel v15.14 (Microsoft,
Redmond, Washington, USA).

Risk of bias assessment

The methodological quality of each study was evaluated
using the Quality Assessment of Diagnostic Accuracy Stud-
ies-2 (QUADASS-2) tool [10]. Studies with a high-risk evalu-
ation for any single signaling question in a particular cat-
egory were considered high risk for that respective domain.

Data analysis

Meta-analysis was performed on studies that reported the
results per patient, not per radiographic region. A bivariate
meta-analysis model that addresses the correlation between
sensitivity and specificity was used to evaluate the accuracy
of CT and PET/CT, each compared to a reference stand-
ard. A generalized linear mixed model for the binomial

family with a logit link was used as implemented in package
[metadata]. Analysis was performed using STATA software
(StataCorp, 2019, Stata Statistical Software: Release 17,
College Station, Tx: StataCorp LP). Studies evaluating the
accuracy of CT and/or PET/CT on a per-region basis were
summarized using descriptive statistics (median and range).
Variability was assumed based on current best-practice rec-
ommendations by the PRISMA-DTA group for bivariate
models and a funnel plot and associated tests were not per-
formed to explore small study effects [6]. A subgroup analy-
sis of both CT and PET/CT groups was planned to evaluate
for causes of presumed variability which may include one
or more features of study, imaging, and/or patient-specific
characteristics.

Results
Literature search

The literature search PRISMA flow diagram is shown in
Fig. 1. A total of 3701 titles and abstracts were assessed,
with 43 articles reviewed in full text. Twenty-eight stud-
ies were excluded flowing full-text review for reasons out-
lined in Fig. 1. A total of 15 studies with 918 patients were
included in the systematic review [4, 11-24] with six studies
evaluating the accuracy of CT on a per-patient basis [4, 11,
13, 16, 17, 24] and six studies evaluating the accuracy of CT
on a per-region basis throughout the abdomen [12, 15, 18,
19, 21, 23]. Eleven studies evaluated PET/CT [4, 11, 13-15,
17, 18, 20-22, 24] with seven studies evaluating the accu-
racy of PET/CT on a per-patient basis [4, 11, 13, 17, 20, 22,
24] and four studies evaluating the accuracy of PET/CT on
a per-region basis throughout the abdomen [14, 15, 18, 21].
For studies evaluating contrast-enhanced CT and PET/CT
within the same study, readers were blinded to the separate
modality interpretation during the evaluation of their given
modality.

Study, patient, and imaging characteristics

Study features and patient characteristics are shown in
Table 1. Most studies used a prospective study design
(9/15) and included single-center data (12/15). The studies
were conducted in countries in North America, Europe, and
Asia. All but one reporting studies used consensus review
for image interpretation with most readers being either a
radiologist and/or a nuclear medicine physician. Most stud-
ies included between 40 and 120 patients with two studies
including less than 20 patients. The mean age of included
patients for reporting studies ranged from 51 to 65 years.
Most studies included only subtypes of epithelial ovarian
cancers.

@ Springer
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Fig.1 PRISMA flow diagram
showing screening and selection
of studies included in system-
atic review
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Tables 2 and 3 summarize the CT characteristics and
PET/CT characteristics by study, respectively. Most report-
ing studies used a lymph node size threshold of 1 cm for
positive results in contrast-enhanced CT reporting. PET/CT-
positive criteria was variably described with positive results
predominantly involving abnormal FDG uptake in lymph
nodes, although only two studies described their diagnostic
SUV criteria [11, 14].

Diagnostic accuracy of contrast-enhanced CT
and PET/CT

Individual study performance reported for patient-based
and region-based CT and PET/CT is shown in Table 4. For-
est plots for sensitivity and specificity for patient-based CT
and PET/CT analysis are shown in Fig. 2. Receiver oper-
ating characteristic (ROC) curves for CT and PET/CT are
shown in Fig. 3. The sensitivity and specificity for contrast-
enhanced CT on a per-patient basis is 82% (67-91%, 95%
CI) and 72% (59-82%), respectively. The median and range
sensitivity and specificity for contrast-enhanced CT on
a per-region basis is 72% (35-96%) and 93% (69-98%),
respectively.

The sensitivity and specificity for PET/CT on a per-
patient basis is 87% (75-94%) and 90% (82-95%), respec-
tively. The median and range sensitivity and specificity
for PET/CT on a per-region basis are 73% (62-95%) and
83% (49-97%), respectively. On a per-patient basis, there
is no significant difference in sensitivity between contrast-
enhanced CT versus PET/CT (p =0.29), but PET/CT is sig-
nificantly more specific (p <0.01). There were an insufficient
number of studies reporting both contrast-enhanced CT and
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PET/CT on a per-patient basis to perform a subgroup analy-
sis in either group.

Risk of bias assessment

Risk of bias by study domain is shown in Supplementary
Information. Risk of bias was low for almost all studies with
only one study demonstrating a high risk of bias for patient
selection on account of non-consecutive patient selection
(excluding patients who received therapy at outside institu-
tions) [18] and one study demonstrating a high risk of bias
for index test due to limited clarity for diagnostic PET-pos-
itive criteria [13]. One study had an unclear risk for patient
selection [15] and two studies had an unclear risk for refer-
ence standard [12, 23]. Applicability concerns were low for
all included studies.

Discussion

This meta-analysis shows no statistical difference in sensi-
tivity between contrast-enhanced CT alone and PET/CT for
detecting stage 3 disease of ovarian cancer but does show
statistical improvement in specificity and a trend toward
improved overall accuracy when using PET/CT on a per-
patient basis. The study supports existing North American
guidelines which indicate that contrast-enhanced CT alone
is a suitable method for initially screening patients with
ovarian cancer. However, supplemental PET/CT in these
patients may play an important role for improving detection
of abdominal metastasis given the improved specificity and
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Table 2 CT imaging Author Brand No. detector rows Slice thickness Contrast Size threshold
characteristics by study
Castellucci GE 16 NR Yes NR
Choi Marconi medi- NR 3 mm Yes 1 cm
cal system
Dauwen Siemens NR NR Yes NR
Driskens Siemens NR 8 mm Yes NR
Forstner GE NR 7-10 mm Yes 1cm
Kim Siemens 16 or 64 3 mm Yes NR
Kitajima Siemens 16 2 mm Yes 1 cm
Metser Toshiba 64 5 mm Yes lcm
Schmidt GE 64 2 mm Yes NR
Tempany Siemens NR 5 mm Yes NR
Uysal NR NR NR NR 1 cm
Yoshida GE NR NR NR NR
NR not reported
Table 3 PET/CT imaging characteristics by study
Author Brand PET-positive criteria # detector rows  Slice thickness
Castellucci GE SUV>3.0 16 NR
Dauwen Siemens NR NR NR
De laco GE SUV >2 OR > uptake than liver parenchyma OR diffuse uptake in the superficial 16 5 mm
planes suggestive of diffuse peritoneal disease
Driskens  Siemens NR NR 8 mm
Kim GE Abnormal focal FDG uptake 16 3.75 mm
Kitajima  Siemens Abnormal focal FDG uptake; lymph nodes > 1 cm with no uptake were deemed 16 2 mm
negative
Nam Philips, GE Abnormal focal FDG uptake in lymph nodes NR 3 mm
Schmidt GE Abnormal focal FDG uptake in lymph nodes 16 5 mm
Tardieu NR NR NR NR
Uysal NR NR NR NR
Yoshida GE NR NR 4.25 mm

SUV standardized uptake value, NR not reported

trend toward improved overall accuracy when compared to
CT alone.

The standard supplementary use of PET/CT in the initial
staging of patients with ovarian cancer may be limited by
modality access relative to CT alone. In one study com-
paring contrast-enhanced CT, MRI, and FDG PET/CT for
detecting peritoneal carcinomatosis in patients with ovar-
ian cancer, PET/CT showed the highest specificity, while
MRI showed the highest sensitivity, although no statistical
differences in overall accuracy were identified between the
modalities and multidetector CT was recommended as the
initial staging modality as it was the “fastest, most economi-
cal, and most widely available modality” [21]. Even in this
study, however, the additional potential value of PET/CT
was emphasized. In fact, four of five studies comparing con-
trast-enhanced CT alone to PET/CT on a per-patient basis

@ Springer

recommend the use of PET/CT, particularly for the utility
of PET/CT in detecting lymph node metastases [4, 11, 13,
17]. A further two of the three studies comparing contrast-
enhanced CT alone to PET/CT on a per-region basis also
came to the same conclusion [15, 18]. The supplementary
use of PET/CT may be particularly important for patients
undergoing alternative or systemic therapies prior to or even
in lieu of a diagnostic laparoscopy as the existing surgical
gold standard has limitations in performance despite having
near perfect specificity in the regions that are visualized and
evaluated [25].

While serving as the first known systematic review evalu-
ating the accuracy of contrast-enhanced CT alone versus
PET/CT for ovarian cancer staging, this systematic review
and meta-analysis is subject to several limitations. One
principal limitation may be the use of consensus reading in
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Table4 Contingency tables by Author Total patients Total positive TP FP FN TN
study reported for CT and PET/
CT by patients and regions CT by patients
Castellucci 50 18 9 3 9 9
Dauwen 69 36 31 6 1 27
Forstner 43 31 27 2 4 10
Kim 46 26 23 7 3 13
Uysal 73 37 23 17 14 19
Yoshida 15 7 7 1 1 6
CT by regions
Choi 390 142 69 78 73 170
Driskens 73 38 28 8 10 27
Kitajima 240 37 13 11 24 192
Metser 1845 414 336 28 78 1403
Schmidt 135 74 71 5 3 56
Tempany 262 68 47 13 21 181
PET/CT by patients
Castellucci 50 18 15 1 3 17
Dauwen 69 36 31 1 5 32
Kim 46 26 25 2 1 18
Nam 133 64 61 4 3 23
Tardieu 16 16 1 4 7
Uysal 20 7 3 4 6
Yoshida 15 0 0 9
PET/CT by region
De laco 346 311 246 12 65 26
Driskens 73 38 25 35 13 33
Kitajima 240 37 23 7 14 196
Schmidt 135 74 70 2 4 59

nearly all reporting studies for both CT and PET/CT evalu-
ation. This may not reflect a “real-world” scenario where
the initial study is more often read by a single reader at
most institutions in North America, particularly for CT, and
the ability to detect small lesions throughout the abdomen
may be lessened than when read by consensus. Further com-
plicating this, is that a surgical gold standard is inherently
imperfect, particularly with respect to sensitivity, given the
potential for non-visualization of small lesions and particular
regions (such as the retroperitoneum) with diagnostic lapa-
roscopy [25]. In our opinion, this would likely have a more
detrimental effect on the sensitivity of contrast-enhanced
CT compared to PET/CT, supported by a recent prospec-
tive cohort study showing that PET/MRI has an improved
sensitivity compared to CT for detecting peritoneal carcino-
matosis of general primary abdominopelvic malignancies,
despite the current meta-analysis not identifying statistically
improved sensitivity with PET/CT [26]. Conversely, PET/CT
has been known to have false positives in primary mucinous
carcinoma subtypes on account of increased mucin content
and decreased tumor cellularity, although the potential effect
of cellularity on disseminated abdominal metastases for this

subtype is not clearly defined [27]. Several other sources of
variability both within and between modality assessments
may also have an unrecognized effect on the results of our
study including individual study, patient-, and/or imaging-
specific parameters, although there were an insufficient
number of studies evaluating each modality on a per-patient
basis to undertake a planned subgroup analysis. By way of
example, the nuanced differences in the acquisition of the
CT portion of a PET/CT (such as slice thickness and contrast
enhancement) may have an important but undefined differ-
ence in diagnostic accuracy within the PET/CT modality.
Given the limitations in the existing literature and recog-
nized potential benefit for supplementary imaging beyond
CT alone for staging patients with ovarian cancer, this study
outlines several avenues for future research. First, further
comparative analysis of contrast-enhanced CT versus PET/
CT reporting accuracy on a per-patient basis would help
improve the precision of this comparative analysis. Future
systematic reviews should also include MRI or even PET/
MRI studies in their comparative analysis. For patients eval-
uated with FDG PET/CT, a subgroup analysis of thresh-
old values for positivity may help clarify the optimal SUV

@ Springer
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Study Sensitivity (95% CI) Specificity (95% CI)
test=CT

Castellucci — - 0.50 (0.26, 0.74) — = 0.75(0.43,0.95)
Dauwen —= 0.97 (0.84, 1.00) —=—  0.82(0.65,0.93)
Forstner — = 0.87(0.70, 0.96) — = 0.83(0.52,0.98)
Kim —=— 0.88(0.70, 0.98) — 0.65 (0.41, 0.85)
Uysal — 0.62 (0.45, 0.78) — 0.53 (0.35, 0.70)
Yoshida —— = 0.88(0.47, 1.00) — = 0.86(0.42, 1.00)
Summary <> 082(0.67,091) < 0.72 (0.59, 0.82)
test = PETCT

Castellucci — = 0.83(0.59, 0.96) ——= 0.94(0.73,1.00)
Dauwen —=—  0.86(0.71,0.95) —= 0.97 (0.84, 1.00)
Kim —= 0.96 (0.80, 1.00) — = 0.90(0.68, 0.99)
Nam —= 0.95(0.87, 0.99) — = 0.85(0.66,0.96)
Tardieu = 0.50 (0.16, 0.84) — = 0.88(0.47, 1.00)
Uysal — = 064(0.31,0.89) = 0.67 (0.30, 0.93)
Yoshida ——— = 1.00 (0.54, 1.00) ——=1.00(0.66, 1.00)
Summary <> 087(0.75,0.94) <> 090 (0.82,0.95)

Sensitivity Specificity

Fig.2 Pooled and weighted sensitivity and specificity of studies evaluating contrast-enhanced CT versus PET/CT for detecting stage 3 ovarian
cancer

Fig.3 ROC curve of contrast- - 4
enhanced CT versus PET/CT
for detecting stage 3 ovarian
cancer
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values for diagnosis given limited clarity and some vari-
ability for positive thresholds in the current existing publica-
tions. Finally, comparing new and emerging modalities for
staging in these patients to CT and/or FDG PET/CT may
provide alternative approaches to imaging these patients. As
an example, in one recent publication, Gallium-68-labeled
fibroblast activation protein inhibitor ([68Ga]-FAPI-04 PET/
CT) was found to have a higher sensitivity than FDG PET/
CT for detecting lymph node and peritoneal metastasis of
epithelial ovarian cancers [28]. Future national and inter-
national guidelines should be informed by this and future
analyses as the literature further evolves both within the
existing modalities and expands on emerging modalities.

In summary, this meta-analysis shows no statistical dif-
ference in sensitivity between contrast-enhanced CT and
PET/CT for detecting stage 3 ovarian cancer, supporting
current guidelines indicating contrast-enhanced CT as an
initial staging test for these patients. However, PET/CT is
significantly more specific, potentially more accurate, and
may serve an alternative and/or supplementary role to CT
alone in these patients prior to and/or in lieu of diagnostic
laparoscopy. Future research comparing SUV thresholds for
FDG PET/CT, including MRI and/or PET/MRI, and eval-
uating the utility of emerging PET radiotracers may help
advance the overall accuracy of PET imaging for the diag-
nosis of stage 3 ovarian cancer. Future revisions to existing
guidelines should be informed by this study and emerging
literature to further refine the pretherapeutic diagnostic path-
way on an individualized basis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00261-024-04195-x.
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