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Diagnostic performance of the O-RADS MRI system for magnetic
resonance imaging in discriminating benign and malignant adnexal
lesions: a systematic review, meta-analysis, and meta-regression

Gulstim Kilickap

PURPOSE

After the introduction of the Ovarian-Adnexal Reporting and Data System (O-RADS) for magnetic
Ankara Bilkent City Hospital, Clinic of Radiology, resonance imaging (MRI), several studies with diverse characteristics have been published to assess
Ankara, Tiirkiye its diagnostic performance. This systematic review and meta-analysis aimed to assess the diagnos-

tic performance of O-RADS MRI scoring for adnexal masses, accounting for the risk of selection bias.

METHODS

The PubMed, Scopus, Web of Science, and Cochrane databases were searched for eligible studies.
Borderline or malignant lesions were considered malignant. All O-RADS MRI scores >4 were consid-
ered positive. The quality of the studies was assessed using the Quality Assessment of Diagnostic
Accuracy Studies-2 tool. The pooled sensitivity, specificity, and likelihood ratio (LR) values were cal-
culated, considering the risk of selection bias.

RESULTS

Fifteen eligible studies were found, and five of them had a high risk of selection bias. Between-study
heterogeneity was low-to-moderate for sensitivity but substantial for specificity (1> values were
35.5% and 64.7%, respectively). The pooled sensitivity was significantly lower in the studies with
a low risk of bias compared with those with a high risk of bias (93.0% and 97.5%, respectively;
P = 0.043), whereas the pooled specificity was not different (90.4% for the overall population).
The negative and positive LRs were 0.08 [95% confidence interval (Cl) 0.05-0.11] and 10.0 (95% ClI
7.7-12.9), respectively, for the studies with low risk of bias and 0.03 (95% Cl 0.01-0.10) and 10.3
(95% Cl 3.8-28.3), respectively, for those with high risk of bias.

CONCLUSION

The overall diagnostic performance of the O-RADS system is very high, particularly for ruling out
borderline/malignant lesions, but with a moderate ruling-in potential. Studies with a high risk of
selection bias lead to an overestimation of sensitivity.

CLINICAL SIGNIFICANCE

The O-RADS system demonstrates considerable diagnostic performance, particularly in ruling out
borderline or malignant lesions, and should routinely be used in practice. The high between-study
heterogeneity observed for specificity suggests the need for improvement in the consistent char-
acterization of the benign lesions to reduce false positive rates.
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varian cancer is one of the leading

causes of cancer-related death in

women. Accurate characterization
of adnexal masses is crucial for correct di-
agnosis and the prevention of unnecessary
surgery. Transvaginal ultrasound is the first-
line diagnostic method due to its relative
affordability and widespread availability.
However, magnetic resonance imaging (MRI)
offers several advantages over ultrasound,
including better characterization and visual-
ization of the origin of the mass and higher
resolution. Recently, the American College
of Radiology (ACR) proposed a method-the
Ovarian-Adnexal Reporting and Data System
(O-RADS) for MRI (O-RADS MRI)- to standard-
ize the analysis of adnexal masses.’

Following the introduction of the O-RADS
MRI system, several studies assessing its
validity, including a small number of me-
ta-analyses, have been published.”® These
studies have diverse characteristics and were
conducted at single or multicenter sites with
varying levels of expertise and patient vol-
umes. Given the increasing number of stud-
ies on the diagnostic value of the O-RADS
MRI score in recent years and the potential
heterogeneity among them, this study aims
to conduct an updated systematic review
and meta-analysis of these studies by taking
into consideration their risk of bias. There-
fore, this systematic review, meta-analysis,
and meta-regression aim to assess the di-
agnostic value of the O-RADS MRI system in
assessing adnexal masses and to reveal the
rule-in and rule-out potential of borderline
or malignant adnexal masses. Unlike oth-
er meta-analyses, the objective is to calcu-
late the pooled sensitivity and specificity of
O-RADS according to whether the studies
included in the analysis are at high or low risk
of patient selection bias.

Methods

This systematic review and meta-analysis
were prepared and presented in accordance

* The diagnostic performance of the Ovar-
ian-Adnexal Reporting and Data System
(O-RADS) for magnetic resonance imaging
(MRI) system is very high.

* The O-RADS MRI system is valuable in ruling
out borderline or malignant adnexal mass-
es.

* The ruling-in potential of the O-RADS sys-
tem is moderate.

* Studies with a high risk of bias lead to over-
estimation of the sensitivity.

with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA)
recommendations.' Since the data were ob-
tained from manuscripts, informed consent
was not required, and ethics committee ap-
proval was waived.

Study population and research question

The study population and research ques-
tion were structured according to the PICO
format (P- population, I- intervention/in-
dex test, C- comparator/reference test, and
O- outcome) and included patients who
underwent pelvic MRI examinations for ad-
nexal masses. Studies were excluded if any
of the following criteria were present: 1)
absence of the standard reference test, 2)
O-RADS scoring using non-MRI methods, 3)
case-control studies or inappropriate selec-
tion or exclusion, 4) studies in which only
specific lesions (such as only cystic lesions)
or a specific O-RADS category were evaluat-
ed, and 5) studies assessing O-RADS scoring
with non-contrast MRI, as this is not includ-
ed in the standards proposed by the original
O-RADS MRI scoring.

The index test was based on O-RADS MRI
scoring, in which a score >4 was considered
positive, and its diagnostic value was com-
pared with the reference standard test result.

The comparison was made using the
pathology or reasonable follow-up as a ref-
erence test. Borderline or malignant lesions
were considered malignant.

The outcomes were diagnostic perfor-
mance measures that included sensitivity,
specificity, summary receiver operating char-
acteristics (SROC) curve, and likelihood ratios
(LRs).

Searching and extracting the data

The PubMed, Scopus, Web of Science, and
Cochrane Central Register of Controlled Tri-
als databases were searched for eligible stud-
ies on December 29, 2023. The search terms
used inthe PubMed database were as follows:
“("Ovarian”[Title/Abstract] OR “adnexal”[Ti-
tle/Abstract] OR“pelvic”[Title/Abstract]) AND
(“Cancer”[Title/Abstract] OR “malignan®*"[Ti-
tle/Abstract] OR “tumor”[Title/Abstract] OR
“mass*"[Title/Abstract] OR “lesion"[Title/Ab-
stract]) AND (“O-RADS"[Title/Abstract] OR
“ORADS"[Title/Abstract] OR“Ovarian adnexal
reporting and data system”[Title/Abstract])
AND (“magnetic resonance imaging”[MeSH
Terms] OR (“Magnetic Resonance”[Title/Ab-
stract] OR “MRI"[Title/Abstract] OR “MR"[Ti-
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tle/Abstract]))” The same search terms were
used in other databases with slight modifica-
tions to conform to the database’s rules. No
restriction (including language) was applied
to the database searches.

The selection of the eligible studies and
the number of manuscripts obtained from
each database are shown in the PRISMA flow-
chart (Figure 1). After removing duplicated
manuscripts, the titles and abstracts were ini-
tially screened for eligible studies, followed
by a subsequent screening of the full-text
manuscripts. One of the eligible studies was
published in Chinese, and the full-text man-
uscript could not be obtained.® However, the
abstract contained the required information
to conduct a diagnostic meta-analysis; there-
fore, no eligible studies were discarded in the
analysis.

For studies in which more than one inves-
tigator evaluated the MRI scores, the mea-
surements of the most experienced inves-
tigator were used. If the most experienced
investigator made more than one measure-
ment, the first measurement was included in
the analysis.

Lesion-based O-RADS MRI scoring was
analyzed. Since lesion-based data could
not be obtained in one study,'® data for pa-
tient-based assessments given in the article
were included in the analysis.

Assessment of the quality of the included
studies

The quality of each eligible study was as-
sessed using the Quality Assessment of Diag-
nostic Accuracy Studies-2 (QUADAS-2) tool.*®
This tool includes four domains (patient
selection, index test, reference standard,
and flow and timing) to evaluate the risk of
bias and applicability of primary diagnostic
accuracy studies. Each study was scored for
both risk of bias and concern for applicability
as high, unclear, or low. Critical appraisal of
the selected studies was conducted by two
reviewers independently, and any discrepan-
cies were resolved through consensus.

Certainty of evidence

Certainty of evidence was assessed using
the Grading of Recommendations, Assess-
ment, Development, and Evaluations tool.”’
As the pooled sensitivity was significantly
different for the studies with low and high
risk of bias, certainty of evidence was provid-
ed for sensitivity for the studies with low risk
of bias. However, as there was no significant
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difference in specificities between the stud-
ies with low and high risk of bias, certainty
of evidence for specificity was given for the
overall group.

Statistical analysis

Using the cut-off value of O-RADS scores
>4, the number of the true positive, false
positive, true negative, and false negative re-
sults were recorded, and sensitivity and spec-
ificity values were calculated. The data were
pooled using bivariate random effects model
meta-analysis and presented as a forest plot
and the SROC curve. Random effects me-
ta-regression analysis was performed by in-
cluding the variable of patient selection bias,
which was obtained with the QUADAS-2 tool
(Model 1). In the case of significant relative
sensitivity or specificity for the selection bias
categories of high-risk versus low-risk group,
the corresponding diagnostic measure was
presented separately. Then, the age and the
proportion of borderline or malignant cases
were included in the meta-regression (Model
2). The mean (or median) age was not pre-
sented in the two studies;®'? therefore, these
missing values were replaced with the over-
all mean obtained from the remaining stud-
ies. The performances of Model 1 and Model
2 were compared using the LR test.

The bivariate random effects model uses
an unstructured variance-covariance matrix
as the default method. The model was also
run with the independent variance—covari-
ance matrix to test whether the simpler (par-
simonious) model is appropriate. Then the
two models with different matrix structures
were compared using the Akaike informa-
tion criteria (AIC). As the model with an un-
structured variance-covariance matrix had
a lower (better) value of AIC, it is presented
here.

The pooled estimates for positive and
negative LR for O-RADS MRI scoring in diag-
nosing borderline or malignant lesions were
calculated. It is generally accepted that a
positive LR of >10 and negative LR of <0.1 are
valuable in confirming or excluding the dis-
ease, respectively, while values of 5-10 and
0.1-0.2, respectively, are moderately effec-
tive in this regard.”? The point estimates and
their 95% confidence interval (Cl) for positive
and negative LR values (the LR matrix) were
plotted to visually assess the confirming or
excluding potential of O-RADS MRI scoring.
Additionally, Fagan’s nomogram was plot-
ted to calculate the post-test probability of
having borderline or malignant lesions. The
mean and median values of the borderline/

malignancy lesion proportions were 25.5%
and 24.4%, respectively. Therefore, Fagan’s
nomogram was plotted using the pre-test
probability value of 25% for borderline/ma-
lignant lesions.

The between-study heterogeneity was
assessed using the I statistics proposed by
Zhou and Dendukuri® and also with Co-
chran’s Q statistics and its P value. The I? pa-
rameter has values of 0%-100%; the values
>50% and >75% are considered moderate
and severe heterogeneity, respectively. Pub-
lication bias was assessed with a funnel plot
proposed by Deeks et al.?* and tested statis-
tically. A P value of <0.05 was considered sig-
nificant. Statistical analyses were performed
using Stata version 17 (StataCorp, TX, USA),
and the “metadata” and “midas” packages
were used for the analysis.

Results

Fifteen eligible studies were found. The
PRISMA flowchart for the selection of these
studies is provided in Figure 1, and the char-
acteristics of these studies are given in Table
1. Five of the studies were considered to have
a high risk of patient selection bias based on
the QUADAS-2 report. Figure 2 summarizes
the interpretation with the QUADAS report,

and the details are given in Supplementary
Table 1.

The mean age ranged from 35.9 to 57
years, with a mean and standard deviation of
46.1 = 7.1 years and a median and interquar-
tile range (IQR) of 48.7 (40.0-50.8) years. The
median proportion of borderline or malig-
nant lesions was 25.2% (IQR 13.5%-38.8%).
For the studies with a low risk of selection
bias, this ranged from 11.2% to 52.9%, with
a mean = standard deviation of 25.5 + 13.3
years and a median and IQR of 24.4 (13.5-
31.4) years; for those with a high risk of bias,
the range was from 11.8% to 65.4%, with a
mean * standard deviation of 32.4 + 22.1
years and a median and IQR of 28.3 (14.3-
42.0) years.

Meta-analysis of the eligible studies

The sensitivity values ranged from 81%
to 100%, while specificity values ranged
from 58.0% to 97.9%. In the analysis strati-
fied for the risk of selection bias, there was
low-to-moderate between-study hetero-
geneity for diagnostic sensitivity [I? values
were 35.5% for the overall group and 39.8%
and 14.2% for the studies with low risk and
high risk of selection bias, respectively. The
corresponding Cochran’s Q statistics (P val-
ues) were 21.71 (P = 0.085), 14.95 (P = 0.092),
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inappropriate exclusion (n = 1)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses flowchart for selection of
eligible studies. O-RADS, Ovarian-Adnexal Reporting and Data System; MR, magnetic resonance.
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Table 1. The characteristics of the included studies

Author Publication Screening period Number Number  Percentage of Mean or Reference standard
year of patients  of lesions  the borderline  median age
or malignant (years)
lesions (%)
Aslan and Tosun? 2023 Jan 2018-June 2020 200 237 11.8 56.3 Pathology or 24-month follow-up
Jan 2014-July 2020 and
3

Bang et al. 2022 Jan 2010-July 2020 110 110 54.6 50.8 Pathology
Basu et al.* 2022 April 2020-June 2021 42 46 283 359 Pathology or 4-month follow-up
Campos et al. 2023 Mar s, 22001231-Dec 31, 227 269 11.2 40 Pathology or 24-month follow-up
Chen et al.® 2023 Jan 2017-Aug 2021 309 327 11.8 - Pathology
Crestani et al.” 2020 2014-2018 26 26 65.4 57 Pathology
Elshetry et al.® 2023 April 2020-Sep 2021 90 116 38.8 394 Pathology or 12-month follow-up
Guoetal? 2022 July 2017-June 2020 54 56 143 37 Fetieley eI e Tes el

follow-up
Hottat et al.’ 2022 Jan 2015-April 2020 163 201 289 51 Pathology
Manganaro et al." 2023 Jan 2015-June 2022 140 172 529 48.7 Pathology or 12-month follow-up
Pereira et al.” 2022 Feb 2014-Dec 2020 226 287 314 - Pathology or 12-month follow-up
Thomassin- Mar 1, 2013-Mar 31,
Naggara et al.® 2020 2016 1,130 1502 13.5 49 Pathology or 24-month follow-up
Wang et al.® 2023 May 2017-July 2022 240 278 252 42 fatlicle ey glleliont et

follow-up

2023 (online
Woo et al." ahead of April 2021-Aug 2022 119 119 17.6 50 Pathology or =6-month follow-up
print)
Wu et al.” 2023 Jan 2018-Mar 2022 308 362 11.6 42.1 Pathology
and 4.66 (P = 0.324), respectively]. Howev-
er, substantial heterogeneity was observed
Risk of Bias Concerns regarding applicability

for specificity [I> values were 64.7% for the
overall group and 66.20% and 62.4% for the
studies with low risk and high risk of selec-
tion bias, respectively. The corresponding
Cochran’s Q statistics (P values) were 39.66
(P < 0.001), 26.63 (P = 0.002), and 10.6 (P =
0.031), respectively].

Meta-regression analysis revealed that the
pooled sensitivity was significantly different
for the studies with low risk and high risk of
bias; the sensitivity values were slightly, but
significantly, lower for the studies with low
risk of bias compared with those with a high
risk of bias [the relative pooled sensitivity for
low risk versus high risk of bias studies was
0.954 (95% C10.911-0.999), P = 0.043]. There-
fore, the pooled sensitivity values are given
separately for the studies with low and high
risk of bias (Figure 3), and they were 93.0%
(95% Cl 89.1%-95.5%, with high certainty
of evidence) for the studies with low risk of
bias, and 97.5% (95% Cl 91.3%-99.3%) for
the studies with high risk of bias. The pooled
specificities were not significantly different
for the studies with low and high risk of bias
[the relative specificity for the studies with
low vs. high risk of bias was 1.014 [(95% ClI
0.930-1.106); P = 0.752]. The pooled specifici-
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Figure 2. Methodological quality assessment according to the Quality Assessment of Diagnostic Accuracy

Studies-2 tool.

ty for the overall study population was 90.4%
(95% Cl 86.6%-93.2%, with moderate cer-
tainty of evidence due to high unexplained
heterogeneity; Figure 3). The model perfor-
mance did not increase with the inclusion of
the variables of mean age and proportion of
borderline or malignant lesions into the re-
gression model (P =0.232).

The SROC plot is presented in Figure 4
(the SROC plot with confidence and pre-
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diction intervals is given in Supplementary
Figure 1). The plot shows that the diagnostic
performance of the O-RADS system is very
high (the point estimate is very close to the
upper left corner of the SROC plot). Addition-
ally, the plot reveals that the diagnostic per-
formance is slightly lower for the studies with
a low risk of bias compared with those with
a high risk of bias [area under the curve 0.97
(95% C1 0.95-0.98); P < 0.001 vs. 0.99 (95% ClI
0.97-0.99); P < 0.001, respectively], probably
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Study

High risk of bias

Sensitivity (95% Cl)

Specificity (95% Cl)

Aslan - 2023 = 0.964 (0.817, 0.999) —_— 0.952 (0.914, 0.977)
Bang - 2022 ————=1.000 (0.940, 1.600) ' 0.580 (0.432, 0.718)
Basu - 2022 = ‘ 0.923 (0.640, 0.998—= - 0.879 (0.718, 0.966)
Crestani - 2020 -— 0.941 (0.713, 0.989} -— 0.889 (0.518, 0.997)
Guo - 2022 ; 1.000 (0.631, 1.000) . 0.979 (0.889, 0.999)
Summary —_—T = 0975(0913, 08 o —— 0.896 (0.804, 0.947)
Low risk of bias i 5
Campos - 2023 ; 0.833 (0.653, 0.944) —_— 0.929 (0.889, 0.958)
Chen - 2023 - : 0.857 (0.759, 0.926) —_—— 0.924 (0.884, 0.954)
Elshetry - 2023 ; 0.978 (0.882, 0.989—8———— 0.873 (0.773, 0.940)
Hottat - 2022 — 0.966 (0.881, 0.996—— i 0.825 (0.753, 0.884)
Manganaro - 2023 : 0.967 (0.907, 0.993) - 0.951 (0.878, 0.986)
Pereira - 2022 = - 0.916 (0.841, 0.963) | — 0.949 (0.909, 0.976)
Thomassin-Naggara - 2020 ~—————&——— 0.931 (0.887, 0.962) —— 0.915 (0.895, 0.932)
Wang - 2023 ; 0.957 (0.880, 0.98H : 0.812 (0.753, 0.863)
Woo - 2024* ! 0.810 (0.581, 0.946—————#——— 0.908 (0.833, 0.957)
Wu - 2023 ‘ 0.905 (0.774, 0.973) —_—— 0.931 (0.898, 0.956)
Summary —_— 0.930 (0.891, 0.955) 0.908 (0.865, 0.938)
Overall —— 0.950 (0.916, 0.970) ———| —— 0.904 (0.866, 0.932)
.85 9 1 .85 E:) 1
Sensitivity Specificity

Figure 3. Forest plot of the pooled sensitivity and specificity. *Online publication in 2023, ahead of print.
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Figure 4. Summary receiver operating
characteristics curve  for the  diagnostic

performance of the Ovarian-Adnexal Reporting
and Data System scoring. The blue circles represent
individual studies, with their sizes proportional
to the respective sample sizes. The red and green
diamonds denote the point estimates (summary
points), while the red and green solid lines illustrate
the summary curves for studies with high and
low risk of bias, respectively. For a more detailed
depiction, including the confidence interval and
prediction interval, please refer to Supplementary
Figure 1.

due to lower pooled sensitivity in the low-
risk bias group. However, Supplementary
Figure 1 reveals that the precision is higher
for the studies with a low risk of bias.

The pooled positive and negative LR val-
ues are provided in Supplementary Table 2.
The LR matrix plot (Figure 5) indicates that

Overall
1005 :
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)
|
o
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Negative Likelihood Ratio
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Figure 5. Likelihood matrix shows the pooled estimate (the diamond) and 95% confidence intervals of the
negative and positive likelihood ratios, and exclusion and/or confirmation potential of the Ovarian-Adnexal
Reporting and Data System scoring for borderline or malignant lesions.

the O-RADS system is more valuable for rul-
ing out borderline or malignant lesions. In
the overall population (Figure 5, left panel),
the upper limit of the 95% Cl of the negative
LR is just at the cut-off limit of 0.1 [negative
LR 0.07 (95% Cl 0.05-0.10)]. A similar finding
was observed for those with a high risk of
bias but with a wider Cl (Figure 5, right panel,
Supplementary Table 2). Although the point
estimate of the negative LR for the studies
with low risk of bias was in the rule-out zone,
the Cl slightly crossed the cut-off value of 0.1
[negative LR for the low-risk group was 0.08
(95% C10.05-0.11)]. The point estimate of the
pooled positive LR value was around the cut-
off value of 10, with a lower limit of 95% Cl
>5, except for the value obtained from the
studies with a high risk of bias. This suggests
that the ruling-in potency of O-RADS scoring

is moderate. The Fagan’s nomogram demon-
strates obtaining the post-test probability of
having borderline or malignant lesion de-
pending on the positive (O-RADS 4 or 5) or
negative (O-RADS <4) test result (Figure 6).

Deeks’ funnel plot indicates that there is
no concern for publication bias (P = 0.812;
Figure 7).

Discussion

This systematic review and meta-anal-
ysis show that 1) the pooled sensitivity of
O-RADS MRI scores =4 in diagnosing bor-
derline or malignant adnexal tumors is high
and varies slightly according to whether the
study population has a low or high risk of pa-
tient selection bias [the sensitivity is slightly,
but significantly, lower in the low-risk of bias
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group (93.0% vs. 97.5%)]; 2) the pooled spec-
ificity of the O-RADS MRI score is 90.4% in the
overall population with no significant differ-
ence between the studies with low risk and
high risk of selection bias, and 3) using the
cut-off value of >4, the O-RADS MRI scores is
valuable in ruling out the borderline or ma-
lignant lesions, although the ruling-in poten-
cy is relatively lower.

Ovarian cancers are estimated to be re-
sponsible for 5% of cancer-related deaths in
women, with a 5-year survival rate of 50%.%
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Figure 6. Fagan’s nomogram for the Ovarian-
Adnexal Reporting and Data System (O-RADS)
scoring. The green diamond on the pre-test
probability line (on the left side) represents the
overall pre-test probability (25%) obtained from
this meta-analysis. Utilizing the pooled likelihood
ratio values, the solid red arrow and the dashed grey
arrow indicate the post-test probability of having
a borderline or malignant lesion when the test is
positive (O-RADS 4 or 5) or negative (O-RADS <4),
respectively. LR, likelihood ratio.
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Figure 7. Deeks’ plot for publication bias.

Ultrasonography is the first-line diagnostic
method due to its low cost and wide avail-
ability. MRI is a better diagnostic method
in terms of characterization and determin-
ing the origin of adnexal masses. To have a
similar lexicon between radiologists and cli-
nicians and for accurate referral of patients
for surgical treatment, the ACR developed
a system- O-RADS- for the characterization
of adnexal masses.! After introducing the
O-RADS system, several studies assessing
its diagnostic performance have been pub-
lished. In this study, a systematic review and
meta-analysis of these studies were conduct-
ed to obtain updated information along with
consideration of the risk of selection bias for
each study.

The present study demonstrates that the
heterogeneity between the studies for diag-
nostic sensitivity is not high, which implies
that the results of the studies among the bor-
derline or malignant lesions are consistent.
On the other hand, the heterogeneity be-
tween the studies for diagnostic specificity is
high. This implies that the consistency of the
O-RADS system for benign lesions is relative-
ly low, particularly for studies with a high risk
of patient selection bias. High heterogeneity
for specificity was also demonstrated in a
previous meta-analysis,'® but that included a
lower number of studies and did not consid-
er the risk of bias while pooling the results.

Both the sensitivity and specificity of the
O-RADS system in discriminating benign
lesions and borderline or malignant lesions
are high, although the sensitivity is higher
than the specificity. The pooled sensitivity
varies for those with or without a high risk
of patient selection bias, and studies with a
low risk of bias have a lower, but acceptable,
pooled sensitivity (93.0% vs. 97.5%). Specific-
ity was also high, but similar for the studies
with low or high risk of selection bias. Consis-
tent with these findings, the SROC plot shows
that the O-RADS system has high diagnostic
performance (discrimination) for borderline
or malignant lesions. This suggests that the
O-RADS system is a good tool for referring
patients to surgery. The SROC plot (Supple-
mentary Figure 1) also shows that the pre-
cision (based on the 95% Cl and prediction
interval) is very high for the studies with a
low risk of bias but is relatively lower for the
studies with a high risk of bias.

Because of the high sensitivity, O-RADS
MRI scoring is valuable for ruling out border-
line or malignant lesions. This is supported
by the LR matrix plot. It is generally accepted
that a negative LR value of <0.1 indicates that
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the test is valuable in ruling out the disease,
and a positive LR value of >10 indicates the
test is valuable in ruling in the disease??¥
although they are arbitrarily chosen cut-off
values. Furthermore, negative LR values of
0.1-0.2 and positive LR values of 5-10 indi-
cate that the test is moderately effective in
ruling out and ruling in the disease, respec-
tively. In the present study, the upper limit of
the 95% Cl of the negative LR value was just
at the cut-off value of 0.1 in the overall pop-
ulation and in the analysis of the studies with
a high risk of bias, which suggests O-RADS
MRI is good at in excluding the disease. For
the studies with a low risk of bias, although
the upper limit of 95% Cl for the negative LR
slightly crossed the cut-off value (negative LR
value 0.08, 95% Cl 0.05-0.11), the ruling-out
potential was largely preserved. The point es-
timates of the positive LR values were around
the cut-off value of 10, and although the Cl
crossed the cut-off value of 10, the lower
limit was >5 for the overall population and
those with a low risk of selection bias (Sup-
plementary Table 2). This finding suggests
the O-RADS MRI score is moderately effective
in ruling in the disease.

In the EURAD study, the prospective Eu-
ropean multicenter cohort, misclassified cas-
es were assessed in terms of three types of
error: errors caused by technical limitations,
inadequate experience (perceptual error), or
interpretive errors.® The interpretive error
was found to be the most common cause
of the misclassification, which was mostly
due to rating benign lesions as O-RADS 4
or 5 (false positive result). Even if some of
the false positive results were caused by a
concern for missing the malignancy, they
demonstrated that the misclassification was
substantially reduced with strict application
of O-RADS scoring. The false positive result is
associated with low specificity. In the present
study, the heterogeneity between the stud-
ies was high for the specificity. Additionally,
compared with sensitivity, specificity was rel-
atively low. This may suggest a problem with
the rating of benign lesions. Therefore, ap-
proaches to increase specificity and reduce
potential heterogeneity in the interpretation
of the benign lesions may reduce unneces-
sary surgical procedures by keeping the false
positive rate low. This may be obtained by
reducing interpretive errors by applying the
O-RADS scoring meticulously and by increas-
ing the awareness of some lesions that may
be misclassified. Thomassin-Naggara et al.?®
discussed these lesions in their article and
underlined the importance of the difference
between a solid lesion and a solid compo-
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nent for correct classification. Another factor
for correct classification is the availability
of technically adequate MRI images, which
has been discussed elsewhere.?® In addition,
some refinement in the O-RADS system may
improve its diagnostic value. Several meth-
ods seem promising in increasing the diag-
nostic performance of the O-RADS system.
Wengert et al*° showed that time-intensity
curve analysis was superior to visual assess-
ment and improved the specificity. Further-
more, diffusion-weighted imaging improves
the diagnostic performance of the O-RADS
MRI system.” Application of these methods
may reduce false positive results by increas-
ing specificity and may also increase its rul-
ing-out potential further by increasing the
sensitivity.

The present study has several limita-
tions. First, as in many meta-analyses, data
were extracted from published manuscripts;
therefore, individual participant data were
not available. Although it is very difficult to
obtain, individual participant data analysis
provides more reliable information and may
provide detailed reasons for heterogeneity.
Second, we did not analyze the data based
on the readers’ experience; other confound-
ing factors may also affect the results. How-
ever, the relatively low number of studies
precludes taking many factors into consid-
eration, especially if individual data are not
available. Third, we aimed to assess the “in-
trinsic” diagnostic performance of O-RADS
MRI scoring; therefore, cancer antigen 125
levels, or other factors such as menopausal
status or family history that may be used to
assess the pre-test probability of the malig-
nancy, were not used in the analysis. Instead,
we preferred to provide Fagan’s nomogram,
in which the pre-test probability obtained by
any marker or clinical predictors can be com-
bined with the “intrinsic” performance of the
O-RADS score to obtain the post-test prob-
ability. The present analysis also has some
advantages, such as including new studies,
and, in contrast to recent meta-analyses, as-
sessing the diagnostic performance and pro-
viding visual information about the ruling-in
and ruling-out potential according to the risk
of bias.

In conclusion, O-RADS MRI scoring is valu-
able in ruling out borderline or malignant
lesions, while the ruling-in potency is mod-
erate. Patient selection bias affects diagnos-
tic sensitivity, leading to a higher sensitivity
compared with the sensitivity obtained from
the studies with a low risk of bias. The high
between-study heterogeneity observed for

specificity suggests the need for improve-
ment in the consistent characterization of
the benign lesions to reduce false positive
rates.
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Supplementary Table 1. Assessment of the methodological quality of each study according to the QUADAS-2 tool

Risk of bias Concerns regarding applicability
Study Patient selection ~ Indextest  Referencetest Flow &timing  Patient selection Index test Reference test
Aslan and Tosun?- 2023 High* Low Low Low Low Unclear Low
Bang et al.*- 2022 High** Low Low Low High Low Low
Basu et al.*- 2022 High§ Low Unclear Low High Low Unclear
Campos et al.® - 2023 Low Low Low Low Low Low Low
Chen et al.- 2023 Low Low Low Low Low Low Low
Crestani et al.” - 2020 High§§ Low Low Low High Low Low
Elshetry et al. - 2023 Low Low Low Low Low Low Low
Guo et al®- 2022 HighjF Low Low Low Low Low Low
Hottat et al.’® - 2022 Low Low Low Low Low Low Low
Manganaro et al." - 2023 Low Low Low Low Low Low Low
Pereira et al.’> - 2022 Low Low Low Low Low Low Low
Thomassin-Naggara et
al.'*-2020 Low Low Low Low Low Low Low
Wang et al.”- 2023 Low Low Low Low Low Low Low
Woo et al.™*- 2023
(ahead of print) Low Low Low Low Low Low Low
Wu et al.’> - 2023 Low Low Low Low Low Low Low

*, Simplified method and exclusion of <3 cm cysts; **, includes patients underwent PET/CT; §, Non-probability sampling and 4-month of follow-up;

§§, includes a sub-population

who underwent surgery; *, included patients with >5 cm cystic lesions; QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies-2.
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Supplementary Table 2. The negative and positive likelihood ratios for the overall population and for the studies with low or high-risk of
bias

Negative likelihood ratio and 95% Cl Positive likelihood ratio and 95% Cl
Studies with low risk of bias 0.08 (0.05-0.11) 10.0(7.7-12.9)
Studies with high risk of bias 0.03 (0.01-0.10) 10.3(3.8-28.3)
Overall population 0.07 (0.05-0.10) 9.7 (7.0-13.3)

Cl, confidence interval
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Supplementary Figure 1. Summary receiver
operating characteristics curve for the diagnostic
performance of the O-RADS scoring. The blue circles
represent each study, with their sizes proportional
to the sample size of the respective study. The red
and green diamonds depict the point estimates
(summary points), while the red and green solid
lines illustrate the summary curve for the studies
with high and low-risk of bias, respectively.
Correspondingly, the red and green dashed lines
represent the confidence interval, and the red and
green dotted lines indicate the prediction interval
for the pooled estimates of studies with high and
low-risk of bias, respectively. O-RADS, Ovarian-
Adnexal Reporting and Data System.
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