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Abstract
Purpose Detection of peritoneal metastases (PM) is key in the staging andmanagement of gastrointestinal and ovarian cancer patients.
The purpose of this meta-analysis was to determine the diagnostic performance of CT, PET(CT), and (DW)MRI in detecting PM.
Methods A literature search in Pubmed, Embase (Ovid), and Scopus was performed (January 1997–May 2018) to identify
studies reporting on the accuracy of imaging PM in the diagnostic workup of gastrointestinal or ovarian cancers. Inclusion
criteria were region-based or patient-based studies comprising > 15 patients, surgery/histology/radiological follow-up as a
reference standard, and sufficient data to construct a 2 × 2 contingency table. Two observers performed data extraction. The
sensitivity, specificity, and diagnostic odds ratio (DOR) were calculated using a bivariate random-effects model and hierarchical
summary operating curves (HSROC) were generated.
Results Of 3457 citations retrieved, twenty-four articles met all inclusion criteria. Thirty-seven datasets could be extracted for analysis
including 20 for CT, 10 for PET(CT), and 7 for (DW)MRI. The pooled sensitivity, specificity, and DOR for the detection of PM for
region-based studies for CT were 68% (CI, 46–84%), 88%(CI, 81–93%), and 15.9 (CI, 4.4–58.0) respectively; 80% (CI, 57–92%),
90% (CI, 80–96%), and 36.5 (CI, 6.7–199.5) for PET(CT), respectively; 92% (CI, 84–96%), 85% (CI, 78–91%), 63.3 (CI, 31.5–127.3)
for (DW)MRI. In the patient-based group, not enough studies were included to make a pooled analysis for (DW)MRI and PET(CT).
Conclusion (DW)MRI and PET(CT) showed comparable diagnostic performance for the detection of peritoneal metastases in
ovarian and gastrointestinal cancer patients. Since MRI is more widely available than PET(CT) in clinical practice, this poten-
tially is the imaging method of choice in most centers in the future.
Key Points
• Detection of peritoneal metastases plays an important role in the accurate staging of cancer patients, however, there is no
accepted reference standard for the imaging of peritoneal metastases

• This meta-analysis shows that (DW)MRI provided the highest sensitivity for the detection of peritoneal metastases in ovarian
and gastrointestinal cancer patients

• Although (DW)MRI and PET(CT) show a comparable overall diagnostic performance, (DW)MRI seems to be the imaging
method of choice since it is more available in daily practice than PET(CT).

Keywords Peritoneal neoplasms . Spiral computed tomography . Magnetic resonance imaging . Positron emission tomography
computed tomography
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Abbreviations
CRS Cytoreductive surgery
DWI Diffusion-weighted imaging
HIPEC Hyperthermic intraperitoneal chemotherapy
MRI Magnetic resonance imaging
PET Positron emission tomography
PM Peritoneal metastases

Introduction

Tumor spread to the peritoneum is commonly seen in cancer
patients from various origins. For example, approximately
75%, 17%, and 10% of patients with ovarian, gastric, and
colorectal cancer, respectively, have peritoneal metastases
(PM) at the time of initial presentation [1–3]. PM are an im-
portant cause of morbidity and mortality, with only palliative
surgery and systemic chemotherapy as conventional treatment
options. Median survival rates for PM patients from gastric
origin are 1–3 months, for those from colorectal origin this is
up to 12.7 months [3, 4]. For ovarian carcinoma, in spite of
new treatment modalities, 10-year survival for patients with
advanced stage has hardly improved in the last 25 years (10%
versus 13%) [5].

Although the presence of PM is certainly considered a poor
prognostic sign, it is not proof of distant metastasis [6]. In
recent years, aggressive locoregional treatment strategies in-
cluding cytoreductive (CRS) surgery possibly followed by
hyperthermic intraperitoneal chemotherapy (HIPEC) have
shown promising results for patients with limited and resect-
able peritoneal disease [1, 7]. Five-year survival rates as high
as 50% in well-selected patient groups of both ovarian and
colorectal cancer have been reported [8, 9]. This means that,
for a subgroup of patients with PM, prognosis may shift from
a palliative treatment to long-term survival or even cure.
Accurate staging and selection of patients with a limited peri-
toneal tumor load is the crux in achieving these optimal
results.

Explorative laparoscopy is the reference standard to assess
peritoneal disease. However, this procedure is invasive, often
challenging and incomplete due to adhesions and carries a
small risk of complications. This underlines the need for a
robust imaging modality to reliably quantify the extent of
peritoneal disease. To date, computerized tomography (CT)
still is the preferred imaging method to diagnose PM in most
centers. However, there is a growing interest in functional
imaging techniques as positron emission tomography (PET)
whether or not combined with CT and magnetic resonance
imaging (MRI) especially with the addition of diffusion-
weighted (DW) sequences.

The purpose of this meta-analysis is to compare the diag-
nostic performance of CT, PET(CT), and (DW)MRI in the
detection of peritoneal metastases in patients with

gastrointestinal (i.e., gastric, colorectal, appendiceal) and
ovarian cancer in order to indicate the imaging modality most
suitable for optimal preoperative selection of potential CRS
candidates.

Materials and methods

Literature search

In accordance with the PRISMA guidelines, a systemic liter-
ature search was conducted in the databases PubMed, Embase
(Ovid), and Scopus to identify relevant articles from January
1997 up to May 2018 [10]. An initial search strategy was set
up and carried out in cooperation with an information special-
ist linked to our hospital (PB).

Search terms used included “peritoneal seeding,” “perito-
neal metastases,” “peritoneal carcinomatosis,” “computed to-
mography,” “CT,” “FDG-PET,” “PET,” “PET(CT),” “mag-
netic resonance imaging,” and “MRI” and finally terms as
“diagnosis,” “staging,” “accuracy,” combined using “OR”
and “AND.”

The PRISMA checklist is presented in Appendix 1. The
literature search is described in detail in Appendix 2.

Study selection

References retrieved from the database searches were
deduplicated and exported to Endnote X7 (Windows) soft-
ware. First, two abdominal radiologists with respectively 12
and 10 years of clinical experience (M.L., I.vS.) independent-
ly screened titles and abstracts. Review articles, meta-analy-
ses, case reports, conference abstracts, animal studies, com-
ments, and letters to the editor were excluded.

Next, if the abstract fulfilled the criteria as stated below or if
this was unclear, both readers reviewed the complete original
article.

The defined inclusion criteria were:

& Diagnosis of PM in patients with a newly diagnosed pri-
mary gastrointestinal (gastric/colorectal/appendix) or
ovarian cancer of any histological type and any stage

& CT, PET, PET(CT), and (DW)MRI or a combination of
these imaging techniques were used to detect PM.

& Histopathology, surgery, or clinical/radiological follow-up
results were used as a reference standard.

& Results were presented in a 2 × 2 contingency table or
such a table could be extracted from the article.

& Studies containing 15 or more patients
& Articles were in English

We aimed to only include studies on the detection of PM in
newly diagnosed patients, i.e., concerning pretreatment
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imaging. Studies comprising merely patients with recurrent
disease or patient groups that all underwent previous surgery
or neoadjuvant chemotherapy treatment (NACT) were ex-
cluded. If surgical history or prior neoadjuvant chemotherapy
treatment was not specifically stated in the article, this finding
was considered negative.

All histological tumor types were eligible for inclusion.
However, because of the known lower detection rate of mu-
cinous carcinomas by 18F-FDG-PET, studies comprising ex-
clusively mucinous primary tumors were excluded in order to
be able to compare the results of each imaging modality.

Both region-based and patient-based studies were included.
Region-based studies assess peritoneal burden following
predefined abdominal regions. In case of a region-based study,
averages for all regions together should have been given or
should be derivable.

The references of the retrieved articles were subsequently
crosschecked for more potentially relevant studies.
Inconsistencies between the readers regarding potential eligi-
bility were resolved by consensus.

Data extraction

Data extraction and assessment of methodological quality
were undertaken by one of the authors (I.vS.) and checked
by a second author (M.L.). Consensus was reached on points
of disagreement.

For each study, the following characteristics were extracted
using a predesigned form:

Study characteristics Study characteristics are the following:
first author, country of origin, year of publication, study design
(retro-/prospective), single-/multi-center, primary outcome, ref-
erence test (i.e., histopathology, surgical findings, follow up
imaging), patient-based or region-based analysis, interval be-
tween imaging and reference standard, sample size, prevalence
of PM, accuracy, sensitivity, specificity, true-positives/negatives
(TP/TN), false-positives/negatives (FP/FN), positive predictive
value, and negative predictive value (PPV/NPV).

Patient characteristics Patient characteristics are mean age,
gender, primary tumor and histology, and prior NACT.

Imaging characteristics Imaging characteristics are the follow-
ing: type of imaging modality, basic specifications of imaging
modalities and techniques used (i.e., type of scanner, field
strength MRI, slice thickness), use of intraluminal and intra-
venous contrast medium, use of bowel preparation or
antispasmolytics. Additionally, specific scoring systems for
peritoneal tumor load, e.g., the peritoneal cancer index (PCI)
as introduced by Sugarbaker [11], were noted.

If a study did not state TP/TN/FP/FN results, these results
were derived from marginal totals or sensitivity and

specificity. If in case of multiple readers mean results were
given, these were used for the analyses; if not, results of the
first reader were used. If the presence of PM was rated using a
grading scale (three or five point with an intermediate “equiv-
ocal” grade), results with the threshold where the equivocal
category was regarded positive were used.

Corresponding authors were contacted to clarify incom-
plete or unclear data.

Quality assessment

The methodological quality of all included articles was
assessed with the revised tool for the quality assessment of
diagnostic accuracy studies (QUADAS-2) [12]. This assess-
ment was performed by one of the authors and checked by
another (I.vS., M.L.). Final results were based on consensus
discussion.

Statistical analysis

Based on the results derived from 2 × 2 contingency tables, all
diagnostic parameters for the different modalities such as sen-
sitivity, specificity, and diagnostic odds ratio were calculated.
The diagnostic odds ratio (DOR) is a measure for the diagnos-
tic performance of a test, which combines sensitivity and spec-
ificity into one measure [13]. A DOR of 1 implies that the test
has no discriminatory power at all; the larger the DOR, the
better the test discriminates between patients with and without
the target disorder. Diagnostic performance between articles
was summarized and compared with forest plots and hierar-
chical summary receiver operating characteristic (HSROC)
curves with use of a random effects model as described by
Moses and Littenberg [14].

Subgroup analyses were performed for studies with differ-
ent types of tumors to see whether tumor type (GI or ovarian)
affected the diagnostic performance of imaging.

The heterogeneity of the study results was evaluated by
calculating the I2 statistic. I2 values can vary from 0 to
100%. Percentages of around 25% (I2 = 25), 50% (I2 = 50),
and 75% (I2 = 75) were classified as low, medium, and high
heterogeneity, respectively.

All statistical analyses were performed using StataSE
(StataCorp), version 11.

Results

Literature search and study selection

The initial search in electronic databases resulted in 3457 ar-
ticles. After deduplication, 2187 articles were excluded by
screening the title and/or abstract. The remaining 69 articles
were selected for close review of the full article after which
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another 50 were excluded for various reasons (Fig. 1). After
reference crosscheck of the remaining 19 eligible articles, five
additional articles were found that fulfilled all inclusion
criteria, adding to a total of 24 included studies. One corre-
sponding author was contacted to clarify unclear data.

Study and patient characteristics of included studies

Characteristics of the included studies are shown in Table 1.
The total number of included patients was 2302 (range 15–

498, mean 96). The majority of studies had a retrospective

Fig. 1 PRISMA flow diagram of the search for eligible studies on diagnostic performance of CT, PET(CT), and (DW)MRI for the detection of peritoneal
metastases
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Table 1 Summary data of 24 included studies

First author Year Study Country Single(S)/multi-center(M) Population (M/F) Primary
tumor

Imaging
modality

TP TN FP FN

Patient based

Burbidge,
S.

2003 R UK S 88 (n.a.) Gastric (MD)CT 5 67 1 15

Chen, J. 2005 P Korea S 68 (49/19) Gastric (spiral) CT 8 52 5 2

18F-FDG-PET 3 57 1 7

Coakley,
F.V.

2002 R USA S 64 Ovarian (spiral) CT 35 21 2 6

Davies, J. 1997 R UK S 105 (68/37) Gastric (spiral) CT 12 82 6 5

Fujii, F. 2008 R Japan S 26 Ovarian MRI-DW 13 10 1 2

Kawanaka,
Y

2016 R Japan S 86 (n.a.) Gastric CT 30 44 0 12

PET-CT(dx) 29 44 0 13

Kayaalp, C 2002 P Turkey S 107 (n.a.) Gastric (spiral)CT 3 83 1 20

Kim, H.W. 2013 R Korea M 46 Ovarian (MD)CT 23 13 7 3

PET-CT(ld) 25 18 2 1

Kim, J.E. 2012 R Korea S 56 (44/12) Gastric (MD)CT 18 16 12 10

Kim, S.J. 2009 R Korea S 498 (332/166) Gastric (MD)CT 27 428 17 26

Lim, J.S. 2006 R Korea S 112 (73/39) Gastric (spiral/MD)CT 13 87 8 4

18F-FDG-PET 6 94 1 11

Pan, Z. 2010 P China S 350 (220/130) Gastric (MD)CT 9 329 11 1

Perlaza, P. 2018 P Italy S 50 (30/20) Gastric (MD)CT 6 35 0 9

PET-CT(ld) 6 35 0 9

Qi, Z. 2017 R China S 41 Ovarian (spiral) CT 39 0 0 2

Tempany,
C.

2000 P USA M 280 Ovarian (spiral) CT 46 132 30 4

MRI(+c) 39 107 27 2

First author Year Study
design

Country Single (S)/ multi-center
(M)

Population (M/F)
/nr. of regions

Primary
tumor

Imaging
modality

TP TN FP FN

Region based

Choi, H.J. 2011 P Korea S 57/741 Ovarian (MD)CT 114 355 135 137

De Iaco, P. 2011 ? Italy S 40/346 Ovarian PET-CT(ld) 243 26 12 65

Hynninen,
J.

2013 P Finland S 41/720 Ovarian CT 196 216 20 288

/693 PET-CT(dx) 237 225 25 226

Klumpp,
B.D.

2012 R Germany S 15 (4/11)/182 Ovarian+
CRC

PET-CT(dx) 122 49 2 9

MRI(+c) 114 47 4 17

Low, R.N. 2015 R USA S 22 (8/14)/286 Ovarian+
GI

(MD)CT 116 64 10 96

MRI (DWI+c) 201 52 22 11

Metser, U. 2011 R Canada S 76/1845 Ovarian (MD)CT 337 1351 79 78

Michielsen,
K.

2014 P Belgium S 32/475 Ovarian (MD)CT 136 220 47 72

PET-CT(dx) 108 228 39 100

MRI (DWI+c) 189 243 24 19

Schmidt, S. 2015 P Switzerland S 15/135 Ovarian (MD)CT 71 56 5 3

PET-CT(ld) 70 59 2 4

MRI (DWI+c) 73 51 10 1

Zhang, H. 2018 R China S 27 (14/13)/351 CRC MRI (DWI) 163 125 23 40

P prospective, R retrospective, S single-center, M multi-center, M/F male or female (only stated in other than ovarian cancer studies), CRC colorectal
cancer, GI gastrointestinal cancer, (spiral/MD) CT spiral and/or multi-detector computed tomography, 18F-FDG-PET positron emission tomography
(not combined with CT), PET-CT (ld/dx) positron emission tomography combined with respectively low-dose or diagnostic CT,MRI DWI/+cMRI with
diffusion-weighted and/or contrast-enhanced sequences, TP true positives, FP false positives, TN true negatives, FN false negatives, n.a. not available
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design (14 out of 24); in one study, the design was not defined
[15]. Half of the included studies originated from Asian coun-
tries. Two multi-center studies were included [16, 17]. The
majority of included studies comprised patients with exclu-
sively ovarian (n = 11) or gastric cancer (n = 10). Three studies
comprised patients with colorectal or appendiceal primaries.

The 24 included articles provided 37 datasets as eleven
studies evaluated multiple modalities (Fig. 1). Twenty
datasets evaluated the presence of PM with CT [2,
16–34], ten datasets with PET(CT) [15, 17, 19, 21, 25,
27, 30, 33–35], and seven datasets with (DW)MRI [16,
31, 33–37]. Of the CT oriented studies, eleven used
multi-detector CT scans, six spiral CT scans, one study
used both and two studies did not specify. Of the ten
PET(CT) studies, four used low-dose CT, four diagnostic
CT (all contrast-enhanced), and two studies used 18F-
FDG-PETwithout accompanying CT scanning. Of the sev-
en MRI studies, in addition to morphological sequences,
two studies used contrast-enhanced sequences, two used
DWI sequences, and the remaining three studies included
both. None of these last-mentioned studies analyzed the
accuracy of DWI versus contrast-enhanced sequences sep-
arately [31, 33, 34].

Fifteen studies were patient-based whereas nine had a
region-based approach. Three of the region-based studies used
the peritoneal cancer index (PCI) as a scoring method [31, 35,
37]. Two studies used an adjusted PCI score comprising nine
instead of 13 abdominal regions (implants on small bowel
serosa not assessed) [15, 34].

The majority of patient-based studies (10 out of 15) com-
prised gastric cancer patients whereas the majority of region-
based studies comprised ovarian cancer patients exclusively
or as part of mixed cohort (respectively 6 and 2 out of 9
studies). Of the patient-based studies, 67% (10 out of 15)
was published in or before 2010 whereas all of the region-
based studies were published after 2010 (2011–2018).

Three included studies used follow-up imaging as part of
the reference standard [21, 27, 32]. In one study, postoperative
CTand clinical data were used as a reference standard only for
lesions identified on preoperative CT but not found at surgery
[32]. The other two studies used follow-up imaging for pa-
tients that did not undergo surgery [21, 27]. Method of follow-
up imaging is not clearly stated in these studies.

Quality assessment

The results of the QUADAS-2 assessments are presented in
Fig. 2a, b.

In the reference standard domain 58% (14 of 24 studies)
scores “unclear.” In most of these studies, it was unknown
whether the reference standard results were truly blinded to
index test results, thus introducing potential bias [2, 17, 18, 21,
22, 24, 26–28, 33, 34, 36, 38, 39]. In a quarter of the included

studies, there was a high risk of bias in the patient selection
domain. This was mainly caused by inappropriate exclusions.

Seven studies provided insufficient information on timing be-
tween index test and reference standard. The remaining studies
had an acceptable time frame between imaging and reference
standard (range from days to 59 days) [18, 19, 21, 22, 25–27, 37].

Regarding applicability concerns for patient selection, in-
dex test and reference standard were generally low. None of
the studies was deemed necessary to exclude from the meta-
analysis based on QUADAS-2 assessment.

Meta-analysis

Pooled analysis of sensitivity, specificity, and diagnostic odds
ratio of CT, PET(CT), and (DW)MRI

Comparison between CT, PET(CT), and (DW)MRI in the
region-based group shows (DW)MRI to have the highest sen-
sitivity (91%; CI, 84–96%) and diagnostic odds ratio (63.3,
CI, 31.5–127.3) (Table 2). PET(CT) has the highest specificity
(90%; CI, 80–96%) however with only a marginal difference
from (DW)MRI and CT (respectively 85% (CI, 78–91%) and
88% (CI, 81–93%)). Figure 3 shows the hierarchical summary
receiver operating characteristics (HSROC) curves of region-
based CT, PET(CT), and (DW)MRI studies.

In the patient-based group, not enough studies were includ-
ed to make a pooled analysis for (DW)MRI and PET(CT).
Pooled analysis of patient-based CT studies (n = 14) showed
a higher DOR than for the region based ones (n = 6): DOR
33.5 (16.3–68.9) versus 15.9 (4.4–58.0). However, sensitivity
and specificity showed only small differences (Table 2).

The test for heterogeneity showed there was considerable
heterogeneity among studies for all modalities (I2 > 75%).
Forest plots of all studies, with their pooled estimates per
modality and the I2 score per modality, are presented in Fig. 4.

Sub-analyses

There were not enough data available to compare PET with
low-dose CT versus PET with diagnostic CT scans or MRI
with versus MRI without DW sequences in both patient- or
region-based groups.

There was no significant difference in sensitivity and spec-
ificity between prospective and retrospective CT patient-
based studies with sensitivity and specificity respectively of
71% (CI, 30–94%) and 95% (CI, 84–99%) versus 68% (CI,
54–81%) and 93% (CI, 82–97%).

Comparing type of CT scanner (spiral/multi-detector) and
year of publication (≤ 2010/> 2010) did not show significant
differences (Appendix 3). There was not enough data available
to compare primary tumors (ovarian/gastric) and slice thickness
(</> 5 mm).
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Discussion

This meta-analysis showed that (DW)MRI provided the
highest sensitivity for the detection of peritoneal metastases
in patients with tumors from gastrointestinal or ovarian origin.

PET(CT) shows a lower, albeit not significant, diagnostic per-
formance than (DW)MRI: pooled sensitivity, specificity, and
DOR for PET(CT) 80% (CI, 57–92%); 90%(CI, 80–96%);
36.5 (CI, 6.7–199.5) and for (DW)MRI 92%(CI, 84–96%);
85%(CI,78–91%); 63.3 (CI, 31.5–127.3), respectively.

60% 80% 100%
Propor�on of studies with low, high, or unclear

CONCERNS regarding APPLICABILITY

Low High Unclear

0% 20% 40% 60% 80% 100%

PATIENT SELECTION

INDEX TEST

REFERENCE STANDARD

FLOW AND TIMING

Propor�on of studies with low, high or unclear 
RISK of BIAS

Q
U

AD
AS

-2
 D

om
ai

n
a

b

Fig. 2 aQUADAS-2 results. Risk of bias and applicability concerns per study. bQUADAS-2 results. Overview of risk of bias and applicability concerns
of all 24 included studies
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However, (DW)MRI is more easily available in daily practice
than PET(CT) and is therefore potentially the imaging method

of choice. CT demonstrated the lowest sensitivity rate com-
pared with (DW)MRI and PET(CT) (68% (CI, 46–84%)).

As radiological manifestations of PM are variable and can
be subtle, interpretation may be challenging. At present, there
is no accepted reference standard for imaging peritoneal me-
tastases. In this meta-analysis CT by far comprised the largest
dataset, reflecting the fact that in most centers, this is currently
the preoperative imaging method of choice for diagnosing
PM. This is probably due to its availability, speed of acquisi-
tion, and familiarity. In the literature, the reported sensitivity
of CT in diagnosing PM ranges widely from 25 to 90% [2,
40]. Detection of peritoneal implants on CT is strongly influ-
enced by lesion size, location and presence of ascites [41].
Studies report a sensitivity of detection of individual peritone-
al implants < 1.0 cm ranging from only 9.1–50% and of

Table 2 Summary of statistics on diagnostic performance of CT,
PET(CT), and (DW)MRI in detecting peritoneal metastases (region based
studies)

Modality Sensitivity Specificity Diagnostic OR

Region based

CT 0.68 (0.46–0.84) 0.88 (0.81–0.93) 15.9 (4.38–58.01)

PET(CT) 0.79 (0.092) 0.90 (0.80–0.96) 36.5 (6.7–200.0)

(DW)MRI 0.91 (0.96) 0.85 (0.78–0.91) 63.3 (31.5–127.3)

Patient based

CT 0.70 (0.53–0.83) 0.94 (0.87–0.97) 33.5 (16.3–69.0)

Data in parentheses are 95% confidence interval, OR odds ratio

Fig. 3 Hierarchical summary
receiver operating curves
(HSROC) for the diagnostic per-
formance of (a) CT, (b) PET(CT),
and (c) (DW)MRI for determin-
ing the presence of peritoneal
metastases on a per region basis.
Each circle on the plot represents
the pair of sensitivity and speci-
ficity from a study and the size of
the circle is scaled according to
the sample size of the study. The
solid red block represents the
summary sensitivity and specific-
ity, and this summary point is
surrounded by a 95% confidence
region (orange dashed line) and
95% prediction region (green
dotted line). HSROC curve is
plotted as curvilinear line passing
through summary point. indicates
(DW)MRI to have the highest
summary point and the highest
confidence level indicating that
from current literature (DW)MRI
seems most adequate to detect
peritoneal malignancies at region-
based analysis
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nodules < 0.5 cm only 11% [40, 42]. This is mainly caused by
its limited contrast resolution, making especially small nod-
ules hardly discernible from adjacent normal tissue. As a re-
sult, CTconsistently and significantly underestimates the peri-
toneal tumor load. Substantial understaging of PM is undesir-
able, as it erroneously labels patients as operable, which might
lead to futile surgery.

Functional imaging techniques like PET-CT and DWMRI
seem to overcome some of the limitations of CT. Both tech-
niques show a high contrast between tumor and normal sur-
rounding tumor (signal to noise ratio). In addition to detailed
anatomical data, PET-CT reflects increased glucose metabo-
lism in tumors whereas DW MRI reflects tumoral cellularity.
The most important advantage of PET(CT) is the fact that it is
a total body imaging technique that can possibly detect distant
metastases elsewhere. Its major drawbacks are its radiation

exposure, higher cost, and limited depiction of small tumor
volumes (current spatial resolution 4 mm). MRI is radiation
free and with a dedicated protocol, it might detect smaller
peritoneal lesions potentially missed by PET-CT. Potential
drawbacks of DW MRI are false-positive findings caused
by, for instance, postoperative abnormalities or lymph nodes.

A recent meta-analysis on the diagnostic accuracy of 18F-
FDG PET/CT for the detection of peritoneal carcinomatosis of
various cancers found a sensitivity and specificity of respec-
tively 87% (CI 0.77–0.93) and 92% (CI 0.89–0.94) [43]. In
the first prospective study evaluating the diagnostic value of
whole-body DW MRI compared with CT and PET-CT in
assessing peritoneal staging in ovarian cancer patients,
Michielsen et al reported accuracies of 91%, 75%, and 71%,
respectively. In particular mesenteric and serosal deposits and
subcentimetric lesions were better described by DWMRI than

Fig. 4 Forest plots of all studies and their pooled estimates per modality.
aCT per region analysis. b PET(CT) per region analysis. c (DW)MRI per
region analysis. d CT per patient analysis. Each horizontal line represents
an individual study with the result plotted as a box and the 95%
confidence interval displayed as the line. The diamond at the bottom of
each plot shows the result of the individual studies combined and
averaged. The horizontal lines of the diamond are the limits of the 95%

confidence intervals. From the forest plots, the specificities of all three
modalities seem to perform similarly however the sensitivity of
(DW)MRI is higher than that of CT and PET(CT) and PET-CT at
region-based detection of peritoneal metastases. For each modality, the
degree of heterogeneity between the studies is indicated by the I2 statistic
in the left bottom corner
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by CT [33]. It must be emphasized that this study used a
dedicated MRI protocol that, besides DWI and post-contrast
series, included proper bowel preparation combining antispas-
modics with negative oral contrast fluid to suppress signal
from bowel content. Combined gadolinium-enhanced and
DWI images in addition to morphological sequences has to
highest accuracy compared with either sequence alone [33,
44, 45]. In our experience too, these sequences further com-
plement each in many instances, hereby reducing false read-
ings. Unfortunately, the number of MRI studies in this meta-
analysis was insufficient to perform a sub-analysis between
studies using both DWI and post-gadolinium series versus
those using only post-gadolinium series in addition to mor-
phological sequences.

Despite the suboptimal performance of CT, a previous
meta-analysis on the diagnostic performance of CT and
(DW)MRI for detecting peritoneal metastases still concluded
that CTshould be the preferred imagingmodality for detecting
peritoneal metastases [46]. This conclusion, however, was
mainly drawn based on the robustness of data as the number
of included MRI studies at that time was much smaller than
the number of included CT studies (3 versus 19). More recent
literature demonstrates that MRI with DW sequences signifi-
cantly outperforms CT for estimation of spread of PM, overall
staging and prediction of operability in colorectal cancer pa-
tients [47, 48].

Major strength of this study is that it is the first meta-
analysis that could include enough MR studies to compare
all currently available imaging techniques used to assess peri-
toneal disease. However, there are also several limitations.
Although heterogeneity of included patient groups was fairly
limited (primary staging, only gastrointestinal, and ovarian
tumors), there remained considerable heterogeneity in study
design and imaging variables (e.g., scanners, protocols, se-
quences, intravenous/oral contrast, readers’ profession and
experience). Second, in more than half of the included studies,
it was unknown whether the reference standard results were
blinded to index test results. An explanation for this might be
that most articles were published in radiological journals
where there is less emphasis on surgical and histopathological
aspects. In another three studies, reference standard results
were reported not to be blinded to index test results.
Moreover, reference standard ranged from histopathological
analysis to surgical findings to radiological follow-up. This
may have introduced interpretation bias. Third, although the
original search terms of this study included ovarian and gas-
trointestinal primaries, the vast majority of the included non-
ovarian studies consisted of cohorts withmerely gastric cancer
patients. In just three studies, patients with colorectal or ap-
pendix tumors were included. Lastly, since PET imaging is
uncommon in patients with mucinous primary tumors because
of its very low sensitivity in the detection of these tumors,
studies comprising exclusively mucinous tumors were

excluded from this meta-analysis. In our opinion, including
this patient population would have led to a bias because the
results of CT, MRI, and PET imaging would be compared
while different populations were studied for each modality.

In summary, the detection of peritoneal metastases plays an
important role in the accurate staging of cancer patients, help-
ing to optimally guide patient management. With all currently
available and promising surgical and oncological treatment
options, there is an increasing demand for preoperative detec-
tion of peritoneal disease in order to tailor the right treatment
for an individual patient. This meta-analysis suggests that
(DW)MRI is the preferred imaging method to assess perito-
neal tumor load. In the future, DW MRI is expected to be
increasingly implemented alongside and above CT and PET-
CT as a standard workup tool for imaging peritoneal
metastases.
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