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Abstract: Objective: We conducted a case-control study to evaluate the diagnostic values of computed tomography
(CT) and diffusion-weighted magnetic resonance imaging (DW-MRI) in differentiating malignancies from benign ovar-
ian tumors and a meta-analysis to further confirm our results on DW-MRI. Methods: Totally 64 patients pathologi-
cally confirmed as ovarian cancer were included in this study. CT scan and DWI-MRI were performed and analyzed
to get compared with pathological results, thereby assessing their accuracy, sensitivity and specificity. Meta-analysis
was conducted by database searching and strict eligibility criteria, using STATA 12.0 (Stata Corp, College Station, TX,
USA) software. Results: The accuracy, sensitivity, specificity, positive predictive value and negative predictive value
for diagnosis of ovarian cancer in CT were 81.82%, 84.48%, 76.67%, 87.50% and 71.88%, respectively; those in
DW-MRI were 89.77%, 93.10%, 83.33%, 91.53% and 86.21%, respectively. The Kappa coefficient of DW-MRI (K =
0.771) compared with pathological results was higher than CT (K = 0.602). The average apparent diffusion coef-
ficient values of DW-MRI in diagnosis of benign and malignant ovarian tumors suggested statistically significant
difference (1.325 + 0.269x%10° mm?/s vs. 0.878 + 0.246x10° mm?/s, P < 0.001). Meta-analysis results showed
that the combined sensitivity, specificity, positive likelihood ratio, negative likelihood ratio and diagnostic odds ratio
of DW-MRI in discriminating benign versus malignant ovarian tumors were 0.93, 0.88, 7.70, 0.08 and 101.24, re-
spectively. The area under the summary receiver operating characteristic curve was 0.95. Conclusions: Both CT and
DW-MRI were of great diagnostic value in differentiating malignancies from benign ovarian tumors, while DW-MRI
was superior to CT with higher accuracy, sensitivity and specificity.

Keywords: Ovarian cancer, diffusion-weighted magnetic resonance imaging, computed tomography, apparent dif-
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Introduction At present, ultrasonography, computed tomog-

raphy (CT) and magnetic resonance imaging

Ovarian cancer, which ranks third among the
most common gynecologic cancers, is the 5th
leading cause of death by cancer in women [1].
Although its five-year survival is much greater
(90%) than localized diseases, the overall sur-
vival still remains less than 50% [2]. It has been
well known that the disease stage at the time of
first diagnosis is an essential prognostic factor
of ovarian cancer [3]. However, due to the fact
that early ovarian cancer is usually associated
with nonspecific symptoms or clinically asymp-
tomatic which could result in delayed presenta-
tion and diagnosis, nearly 2/3 of all ovarian
carcinomas have progressed to International
Federation of Gynecology and Obstetrics (FIGO)
stage lll or IV at the time of diagnosis [4, 5].

(MRI) are usually used in the detection and
characterization of ovarian tumors [6, 7]. As a
diagnostic method for ovarian cancer, CT scan
has been proved to be more effective than
ultrasonography in evaluating the nature of
ovarian masses based on its combined advan-
tages including meticulous technique, ready
availability, and efficacy etc [1]. By this tech-
nique, masses could be characterized and fea-
tures regarding benignity and malignancy could
be observed [8]. MRI can specifically diagnose
some certain pathologic types by providing
accurate information on fat, collagen and hem-
orrhage [9]. Diffusion-weighted magnetic reso-
nance imaging (DW-MRI), an emerging non-
invasive MRI technique, is of the capability to
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evaluate the extent of microscopic diffusion
which might exist in biologic tissues [10].
Typically, DW-MRI permits a quantitative evalu-
ation by assessing apparent diffusion coeffi-
cient (ADC) values which measures the random
motion rate of water molecules and decreases
with increased tumor cellularity [11]. Recently,
its usefulness in the diagnosis of gynecologic
tumors has been reported in several studies
[12-15]. DW-MRI has been considered as an
effective tool to characterize epithelial ovarian
tumors through helping discriminate benign,
borderline and invasive tumors [16]. Evidence
has shown that DWI-MRI and ADC were bene-
ficial in differentiating malignant from benign
ovarian lesions and may be helpful to predict
suboptimal cytoreduction in ovarian cancer [17,
18]. Nevertheless, there are also studies
revealed that the characterization of ovarian
masses as benign or malignant could not be
achieved only based on DWI-MRI, thus its
diagnostic capabilities in ovarian cancer still
remains highly controversial [15, 19].

In this regard, we conducted a case-control
study to evaluate the diagnostic value of CT and
DWI-MRI in discriminating benign versus ma-
lignant ovarian tumors and a meta-analysis to
further confirm our results on DW-MRI.

Materials and methods
Subjects

Totally 64 patients hospitalized from October,
2012 to October, 2014 for ovarian cancer tre-
atment at Yiwu Central Hospital were included
in this study. The patients (average age: 46.7
years, range from 26 to 75 years) were ex-
amined by CT and DW-MRI and pathologically
confirmed as ovarian cancer. This study was
performed with the approval of the Ethical
Committee of Yiwu Central Hospital. All par-
ticipants signed written informed consents,
and all the experimental procedures were per-
formed in conformity with the Declaration of
Helsinki [20].

CT scan

Two multi-detector scanners (16-slice and 64-
slice, both from Toshiba, Otawara, Japan) were
applied for CT examination. Enhanced CT scan
of abdomen and pelvis was performed from the
dome of the diaphragm to pubic symphysis,
before which all patients were injected with
non-ionic contrast medium (diatrizoate, 300
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mg/ml). The images were acquired with 10 mm
of slice thickness and interslice gap and the
scan range was increased if huge ovarian
masses were observed. No patients were excl-
uded for contraindication to iodinated contrast
media or radiation.

DW-MRI protocol

A GE Signa Excite Twin Speed 3.0T MR system
(GE Medical Systems, Waukesha, WI, USA) was
applied to perform DW-MRI using 8-channel
torso phased array coil with the patients in the
supine position. Coronal and axial T,-weighted
spin-echo imaging (SE T,WI; Repetition Time
(TR), 460 ms/Excitation Time (TE), 10 ms) and
axial and sagittal T,-weighted fast SE imaging
(SE T,WI; TR, 4060 ms/TE, 100 ms) were
obtained. Further, dynamic contrast-enhanced
axial and sagittal T -weighted imaging (DCE
T,WI) was performed with the following para-
meters: TR, 3.8 ms; TE, 1.7 ms; inversion time
(Tl), 15.0 ms; flip angle, 15°; receiver band-
width, 62.5 kHz; and number of excitations
(NEX), 0.75. DW-MRI parameters were as
follows: slice thickness, 5 mm; gap, 1.5 mm;
field of view (FOV), 32-36 cm; matrix, 256x192;
and excitation, 5. Also, b values of O, 500 and
1000 s/mm? were applied in three orthogonal
directions (Z, Y, and X), based on which the
apparent diffusion coefficient (ADC) value was
calculated.

Analysis of CT and DW-MRI images

Two experienced radiologists observed the
images from CT and DW-MRI examinations
without knowing the definitive pathological
results. The imaging features of the ovarian
tumors were analyzed, including tumor size,
cystic lesions, cyst walls and septum, solid nod-
ules, symptoms such as mesenteric or omental
implant, ascites and lymphadenectasis etc., as
well as the conditions of cystic liquid and solid
masses. The results from detection of benign
and malignant tumors and tumor stage were
compared with the pathological results by sur-
gery or laparoscopy, based on which the sen-
sitivity, specificity and accuracy of CT scan,
DW-MRI and pathological analysis in detecting
ovarian cancer were respectively measured.

Statistical analysis

The software SPSS 19.0 (SPSS Inc., Chicago,
IL, USA) was applied for statistical analysis.
Diagnostic test was used for the evaluation
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Table 1. Pathological results of benign and malignant ovarian

tumors after surgery or laparoscopy

DW-MRI in the differential diagno-
sis of benign and malignant ovarian

tumors with pathological results as

Masses Pathological types Number of cases
Benign Thecoma 2
Benign Serous cystadenoma 5
Benign Mucinous cystadenoma 5
Benign Ovarian endometriosis 4
Benign Hemorrhagic corpus luteum cyst 5
Benign Single cyst 3
Benign Mature teratoma 2
Benign Fibroma 4
Malignant Serous papillary cystadenocarcinoma 13
Malignant Mucinous cystadenocarcinoma 11
Malignant Metastatic carcinoma 10
Malignant Epithelioid sarcoma 8
Malignant Immature teratoma 5
Malignant Endometrioid adenocarcinoma 6
Malignant Undifferentiated carcinoma 5

the gold standard of diagnosis; (2)
provided complete fourfold tables,
taking lesions of ovarian tumors as
the unit. A unified data collection
form was used by two investigators
to independently extract data from
included studies, and discussion
was conducted if there was dis-
agreement occurred. The meta-
analyses were performed with the
use of STATA 12.0 (Stata Corp,
College Station, TX, USA) software.
Fixed effects model or random
effects model was applied to evalu-
ate the diagnostic odds ratio (DOR),
sensitivity, specificity as well as

of sensitivity, specificity and accuracy of CT
scan and DW-MRI in detecting ovarian cancer.
The difference of CT scan and DW-MRI with
pathological analysis was evaluated by x? test
and Kappa test (K > 0.75 was considered as
fair agreement; 0.4 < K < 0.7 as moderate
agreement; K < 0.4 as poor concordance). The
difference of ADC values between benign and
malignant groups was measured through t test.
In addition, receiver operating characteristic
(ROC) curve was applied to determine the
optimal threshold in distinguishing malignan-
cies from benign ovarian tumors. P < 0.05
was considered as statistically significant.

Meta-analysis of DW-MRI in distinguishing be-
nign and malignant ovarian tumors

Chinese and English databases including
PubMed, WanFang, Chinese National Know-
ledge Infrastructure (CNKI), and VIP were
searched with combination of key words
and their free words. Search terms included:
Diffusion Magnetic Resonance Imaging, Diffu-
sion MRI, Diffusion Weighted MRI, diffusion
weighted imaging, diffusion, Ovarian Neopl-
asms, Ovary Neoplasms, Ovary Cancer, Ovarian
Cancer, Cancer of Ovary, ovarian tumor, malig-
nant tumor of ovary, ovarian carcinoma, ovarian
epithelial carcinoma and OCE.

Studies were considered eligible if they: (1)
were diagnostic studies investigating the role of
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positive and negative likelihood
ratio. Additionally, summary receiv-
er operating characteristic (SROC) curve was
used to measure the value of DW-MRI in the
differential diagnosis of benign and malignant
ovarian tumors by calculating the area under
the curve (AUC). The existence of heterogeneity
was evaluated using Bivariate Boxplot. The
degree of heterogeneity was assessed via PP
(range 0%~100%) with 100% indicating the
maximum heterogeneity. If significant hetero-
geneity exists (P < 0.05 or I>> 50%), a random
effects model was used, otherwise a fixed
effects model was used [21]. If the angle
between the straight line in Deeks’ funnel plot
and the vertical axis (DOR) was closer to 90°,
the probability of publication bias was smaller
[22].

Results
Pathological results by surgery or laparoscopy

All ovarian tumors were pathologically con-
firmed by surgery or laparoscopy. Eighty-eight
lesions (benign, n = 30; malignant, n = 58) were
found in the 64 ovarian tumors, among which
40 were unilateral and 24 were bilateral. The
pathological results after surgery or laparos-
copy were shown in Table 1.

CT and DW-MRI results

The CT and DW-MRI manifestations of benign
ovarian tumors were: (1) well demarcated cystic
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Figure 1. A. 52-year-old female suffered from mature teratoma (features: pelvic mass with soft tissue, fat and
calcification); B. 61-year-old female with ovarian cancer (features: heterogeneous enhancement in solid and cystic
mass); C. 45-year-old female with serous papillary cystadenocarcinoma (features: solid and cystic mass with mas-
sive ascites).

Table 2. The sensitivity, specificity and accuracy of CT and DW-MRI in diagnosing ovarian cancer

) Pathological types o o Kappa test
Techniques - - Accuracy Sensitivity  Specificity
Benign Malignant K P
DW-MRI Benign 25 4 89.77% 93.10% 83.33% 0.771 <0.001
Malignant 5 54
CT Benign 23 9 81.82% 84.48% 76.67% 0.602 <0.001
Malignant 7 49

Notes: Accuracy = (true positive + true negative)/(true positive + false negative + false positive + true negative); Sensitivity
= true positive/(true positive + false negative); Specificity = true negative/(true negative + false positive); positive predictive
value = true positive/(true positive + false positive); negative predictive value = true negative/(true negative + false negative);

K, Kappa coefficient; P < 0.05, significant difference of Kappa coefficient between CT and DW-MRI.

mass from the surrounding tissue, round or
oval in shape with thin and smooth cyst walls;
(2) no enhancement or only mild enhancement
in cyst walls; (3) presence of fat density/signal
or punctate calcification, e.g. mature teratoma
(Figure 1A); (4) presence of intracystic flaky fat
or teeth-like bones; (5) no ascites. Benign ovar-
ian tumors were identified if the results showed
cystic mass and thin (< 3 mm) and smooth cyst
walls.

The features of malignant ovarian tumors by CT
and DW-MRI were: (1) a large size (> 4 cm);
(2) the presence of solid and cystic mass;
(3) multiple thickened (> 3 mm) septations; (4)
tumor necrosis; (5) nodularity; (6) heterogene-
ous enhancement in solid and cystic mass; (7)
invasion of the surrounding organs or pelvic
wall; (8) mesenteric or omental implant, ascites
and lymphadenectasis; (9) lymphadenopathy.
Figure 1B and 1C demonstrated the serous
papillary cystadenocarcinoma for example.

Diagnostic values of CT and DW-MRI

The results of CT and DW-MRI examination of
88 ovarian lesions were analyzed taking patho-
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logical results as the gold standard of diagnosis
and shown in Table 2. The sensitivity, specificity
and accuracy of DW-MRI in diagnosing ovarian
cancer were superior to CT scan. Kappa test
revealed that both CT and DW-MRI were in
agreement with the pathological results, with
DW-MRI showing a higher coefficient than CT
(DW-MRI, K = 0.771; CT, K = 0.602).

The accuracy, sensitivity, specificity, positive
predictive value (PPV) and negative predictive
value (NPV) for diagnosis of ovarian cancer
in CT were 81.82%, 84.48%, 76.67%, 87.50%
and 71.88%, respectively; those in DW-MRI
were 89.77%, 93.10%, 83.33%, 91.53% and
86.21%, respectively. The average ADC values
of DW-MRI in diagnosis of benign and ma-
lignant ovarian tumors suggested statistically
significant difference (1.325 + 0.269x103
mm?/s vs. 0.878 + 0.246x10° mm?/s, P <
0.001). The ROC curve (Figure 2) indicated that
an ADC value of > 1.063x10° mm?/s could
be considered as the optimal threshold in
distinguishing malignancies from benign ovari-
an tumors, where the sensitivity and specificity
were 93.3% and 79.7%, respectively. The AUC
value under ROC curve was 0.903.
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0.00%, 59.49%, 30.2%, res-
pectively. Since the Pvalues

of sensitivity and negative
likelihood ratio were more
than 50%, which indicated
the existence of heteroge-
neity, a random effects mo-
del was applied. In contrast,
Pvalues of specificity, nega-
tive likelihood ratio and DOR
were < 50%; therefore a fix-
ed effects model was used.

The results of combined
analyses on DW-MRI in dis-
criminating benign versus
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Figure 2. Receiver operating characteristic (ROC) curve for determination of
the optimal threshold in distinguishing malignancies from benign ovarian

tumors.

Bivariate Boxplot

LOGIT SENS

malignant ovarian tumors
were as follows: the com-
bined sensitivity was 0.93
(95% CI: 0.89-0.96; Figure
4A), combined specificity
0.88 (95% CI: 0.84-0.91;
Figure 4B), combined posi-
tive likelihood ratio 7.70
(95% Cl: 5.71-10.38; Fig-
ure 5A), combined negative
likelihood ratio 0.08 (95%
Cl: 0.05-0.12; Figure 4B),
and combined DOR 101.24
(95% Cl: 55.78-183.76; Fi-
gure 6). The AUC under
SROC curve was 0.95 as
® shown in Figure 7. Deeks’
funnel plot showed that the
vertical axis (i.e. DOR) was
close to 90°, which sugge-
sted that the probability of
publication bias was small
(Figure 8).

-2 T T T T
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Figure 3. Bivariate Boxplot was used to evaluate the existence of heterogeneity

among included studies in the meta-analysis.

Results of meta-analysis

Totally 10 studies were enrolled in the meta-
analysis [5, 10, 11, 18, 23-28]. According to
Bivariate Boxplot (Figure 3), there was hetero-
geneity among the included studies with major-
ity of observations in middle area. The I?values
of sensitivity, specificity, positive and negative
likelihood ratio and DOR were 61.00%, 30.07%,
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Discussion

In this study, a case-control
study was performed to
evaluate the diagnostic va-
lue of CT and DWI-MRI in
distinguishing malignancies from benign ovari-
an tumors, after which a meta-analysis was
conducted to further confirm our results on
DW-MRI. Results of our case-control study
demonstrated that both CT and DW-MRI were
of great diagnostic value in differentiating
malignancies versus benign tumors, while
DW-MRI was superior to CT with higher ac-
curacy, sensitivity and specificity.
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Figure 4. Sensitivity and specificity of diffusion-weighted magnetic resonance imaging (DW-MRI) in discriminating
benign versus malignant ovarian tumors in the meta-analysis.
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Figure 5. Positive and negative likelihood ratio of diffusion-weighted magnetic resonance imaging (DW-MRI) in dis-
criminating benign versus malignant ovarian tumors in the meta-analysis.

Ultrasonography is the most commonly used
imaging modality in evaluating pelvic patholo-
gies and adnexal masses; however, due to its

variable specificity rate ranging 50-100%, CT
and MRI are playing more and more important
roles [29]. According to our results, the sensitiv-
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Figure 6. Diagnostic odds ratio of diffusion-weighted magnetic resonance imaging (DW-MRI) in discriminating
benign versus malignant ovarian tumors in the meta-analysis.
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Figure 7. The AUC under SROC curve of diffusion-weighted magnetic reso-
nance imaging (DW-MRI) in discriminating benign versus malignant ovarian

tumors in the meta-analysis.
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0.5

Specificity

0.0

ity and specificity of CT in
distinguishing benign and
malignant ovarian tumors
were 84.48% and 76.67%,
which were comparable to
previous studies [30-32].
This might be caused by the
difference of readers’ expe-
rience as well as the histo-
logical characteristics, e.g.
tumor type. CT has advan-
tage of fast acquisition, and
can evaluate both abdomen
and adnexa with its thin
sections and high resolution
to provide details of internal
architecture of masses [1].
Therefore, as our results
revealed, CT a reliable imag-
ing technique in differential
diagnosis of ovarian cancer.

We also found that DW-MRI
was helpful in distinguishing
malignancies from benign
ovarian tumors, even supe-
rior to CT. MRI have been
reported to distinguish beni-
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Figure 8. Deeks’ funnel plot of diffusion-weighted magnetic resonance imag-
ing (DW-MRI) in discriminating benign versus malignant ovarian tumors in the

meta-analysis.

gn and malignant ovarian tumors with an accu-
racy of 88-93% [6, 33, 34]. DW-MRI measures
Brownian motions of water molecules in an
anatomical district to reflect the biophysical
tissue properties, including cellular density and
organization, microcirculation as well as diffu-
sivity of the water and so on [19]. It has been
suggested that DW-MRI with ADC values are
helpful in differentiating benign and malignant
tissues in many regions, and malignant tissues,
usually with high signal intensities, have low
ADC values which reflect the restriction of water
molecules mainly because of their higher cel-
lularity, increased extracellular space tortuosity
and tissue disorganization [35, 36]. Therefore,
DW-MRI may improve detection of malignan-
cies by increase of their conspicuity, helping
identify peritoneal metastases and recurrent
disease [37, 38]. Our results were further
confirmed by the meta-analysis, and were in
consistent with previous studies [17, 18].

In this study, the accuracy, sensitivity and spec-
ificity of DW-MRI in distinguishing malignancies
from benign ovarian tumors were 89.77%,
93.10% and 83.33%, respectively, higher than
those of CT. This was in consistent with a study
conducted by Manganaro et al. reporting that
MRI was better than CT in evaluating spatial
relations of pelvic masses and differentiating
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solid from cystic fluid compo-
nents [39]. According to Tsili
et al., MRI performed slightly

@ ooy better than CT, although no
_____ Regression . .
Line statistical S|gn|f|cance was

found [31]. DW-MRI requires
no administration of exoge-
nous contrast medium, and
the restriction of water mol-
ecule movements can facili-
tate the incorporation of its
sequences in imaging proto-
cols, even in patients those
with reduced renal function
[36, 40]. As for CT scan, it
needs contrast media, and
will expose patients to ioniz-
ing radiation, the ovaries in
particular [41].

In conclusion, this study pro-
vided evidence that both CT
and DW-MRI were of great
diagnostic value in differen-
tiating malignancies versus
benign ovarian tumors, while DW-MRI was
superior to CT with higher accuracy, sensitivity
and specificity.
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