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Abstract
Objective The American College of Radiology (ACR) recently published the ovarian-adnexal reporting and data system (O-
RADS) to provide guidelines to physicians who interpret ultrasound (US) examinations of adnexal masses (AM). This study
aimed to compare the O-RADS with two other well-established US classification systems for diagnosis of AM.
Methods This retrospective multicenter study between May 2016 and December 2019 assessed consecutive women with AM
detected by the US. Five experienced consultant radiologists independently categorized each AM according to O-RADS,
gynecologic imaging reporting and data system (GI-RADS), and international ovarian tumor analysis (IOTA) simple rules.
Pathology and adequate follow-up were used as reference standards for calculating the validity of three US classification systems
for diagnosis of AM. Kappa statistics were used to assess the inter-reviewer agreement (IRA).
Results A total of 609women (mean age, 48 ± 13.7 years; range, 18–72 years) with 647AMwere included. Of the 647AM, 178were
malignant and 469 were benign. Malignancy rates were comparable to recommended rates by previous literature in O-RADS and
IOTA, but higher in GI-RADS. O-RADS had significantly higher sensitivity for malignancy than GI-RAD and IOTA (p = 0.003 and
0.0007, respectively), but non-significant slightly lower specificity (p > 0.05). O-RADS, GI-RADS, and IOTA showed similar overall
IRA (κ = 0.77, 0.69, and 0.63, respectively) with a tendency toward higher IRA with O-RADS than with GI-RADS and IOTA.
Conclusions O-RADS compares favorably with GI-RADS and IOTA. O-RADS had higher sensitivity than GI-RADS and IOTA
simple rules with relatively similar specificity and reliability.
Key Points
• The malignancy rates were comparable to recommended rates by previous literature in O-RADS and IOTA, but higher in GI-RADS.
• The O-RADS had significantly higher sensitivity for malignancy than GI-RADS and IOTA (96.8% vs 92.7% and 92.1%; p = 0.003
and 0.0007, respectively), but non-significant slightly lower specificity (92.8% vs 93.6% and 93.2%, respectively; p > 0.05).

• The O-RADS, GI-RADS, and IOTA showed similar overall inter-reviewer agreement (IRA) (κ = 0.77, 0.69, and 0.63, respec-
tively), with a tendency toward higher IRA with O-RADS than with GI-RADS and IOTA.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00330-020-07143-7) contains supplementary
material, which is available to authorized users.

* Mohammad Abd Alkhalik Basha
Mohammad_basha76@yahoo.com

1 Department of Radio-diagnosis, Zagazig University, Zagazig, Egypt
2 Department of Radio-diagnosis, Al-Ahrar Teaching Hospital,

Zagazig, Egypt
3 Department of Radio-diagnosis, Benha University, Benha, Egypt

4 Department of Obstetrics & Gynecology, Zagazig University,
Zagazig, Egypt

5 Department of Clinical Oncology, Zagazig University,
Zagazig, Egypt

6 Department of Clinical Pathology, Zagazig University,
Zagazig, Egypt

7 Department of Pathology, Zagazig University, Zagazig, Egypt

https://doi.org/10.1007/s00330-020-07143-7

/ Published online: 18 August 2020

European Radiology (2021) 31:674–684

Author's personal copy

http://crossmark.crossref.org/dialog/?doi=10.1007/s00330-020-07143-7&domain=pdf
https://orcid.org/0000-0002-9075-8020
https://doi.org/10.1007/s00330-020-07143-7
mailto:Mohammad_basha76@yahoo.com


Keywords Adnexal diseases . Ultrasonography . Data systems . Sensitivity and specificity . Reproducibility of results

Abbreviations
AM Adnexal masses
AUC Area under the curve
FIGO Federation of Gynaecology and Obstetrics
GI-RADS Gynecologic Imaging Reporting

and Data System
IOTA International Ovarian Tumor Analysis
IRA Inter-reviewer agreement
O-RADS Ovarian-Adnexal Reporting and Data System
ROC Receiver operating characteristic
US Ultrasound

Introduction

Ultrasound (US) continues to be the initial imaging modality
of choice for the identification and characterization of adnexal
masses (AM) [1, 2]. Structured reporting of AM findings was
identified by a Society of Radiologists in Ultrasound consen-
sus working group as a target for the investigation to improve
the management of women with AM [3]. To date, many
established guidelines and structured reporting have been de-
veloped using sonography to characterize AM, including sub-
jective assessment, simple scoring systems, and statistically
derived scoring systems [4–13].

In 2008, the International Ovarian Tumor Analysis (IOTA)
group [5] proposed the use of US simple rules for the diagno-
sis of ovarian malignancy. These are based on a set of five US
features indicative of a benign tumor (B features), and five US
features indicative of a malignant tumor (M features). In 2009,
Amor et al [9] designed the Gynecology Imaging Reporting
and Data System (GI-RADS) as an attempt to allow standard-
ized reporting of AM. This system is based on recognition
patterns and criteria provided by the IOTA. Recently, the
American College of Radiology (ACR) [12] published the
Ovarian-Adnexal Reporting and Data System (O-RADS),
which provides an up-to-date suggestion to stratify the AM
according to sonographic features. The O-RADS offers a
comprehensive algorithm that categorizes AM by their possi-
bility of being normal (O-RADS 1), to high risk of malignan-
cy (O-RADS 5) [13].

For the application of the US classification system for
AM in clinical settings, it is essential to evaluate their va-
lidity and reproducibility. Several studies have investigat-
ed the validity of these risk stratification systems in the
assessment of AM. However, data on the comparability
and reproducibility of the systems, particularly from differ-
ent readers, are limited. The purposes of this study, there-
fore, were to compare the O-RADS with GI-RADS, and

IOTA simple rules regarding malignancy rate, validity, and
inter-reviewer agreement (IRA) for diagnosis of AM.

Methods

Ethics approval

This multicenter retrospective cohort study was approved by
the institutional review boards of the three participating insti-
tutions, and informed patient consent was obtained.

Study population

Between May 2016 and December 2019, the hospital data-
bases of the three participating institutions were searched for
women who were referred for clinically suspected AM.
Initially, 902 consecutively registered women were identified.
The hospital’s electronic medical case records and case notes
were reviewed for demographic data of the patients, such as
age, menopausal status, clinical examinations, tumor marker
levels, surgical findings, pathologic diagnosis, and follow-up.
The selection criteria were as follows: (a) women with
an adequate database; (b) women who underwent trans-
abdominal or transvaginal US, or both; and (c) women with
pathologic diagnosis or adequate follow-up. Exclusion criteria
are listed in Fig. 1. Finally, 609 women were enrolled in this
study. Two hundred fifty-eight of the 609 women have been
previously reported [14]. This prior article evaluated the diag-
nostic performance and IRA of the GI-RADS for diagnosis of
AM by US, whereas, in this manuscript, we compared the O-
RADS with GI-RADS and IOTA regarding their validity and
reliability for the diagnosis of AM.

Ultrasound examination

The following US machines were used for US examinations:
Logiq 9, GE Healthcare, ClearVue 650, Philips Healthcare,
GE Voluson S8 BT18, and SonoScape S40. Highly experi-
enced radiologists (with over 10 years of pelvic US experience
and had performed > 1000 US examinations per year) per-
formed all US examinations. All women underwent either
transvaginal (TV) or transabdominal US examination, or both.
The transabdominal USwas performed for virgin patients (n =
66) or those with large tumors that cannot be completely seen
by the TV route (n = 71). The most important b-mode param-
eters (such as gain, frequency, number of foci and their depth,
etc.) of the US machines were manually adjusted to obtain
similar image impressions. The radiologists reported the fol-
lowing morphological features for each examined AM:

675Eur Radiol  (2021) 31:674–684

Author's personal copy



laterality (unilateral or bilateral), maximum diameter,
echogenicity, wall thickness, cystic content, solid areas,
septations, solid papillary projections, the presence of ascites
or peritoneal implant, and the pattern and the score of color
Doppler.

Image analysis

The static US images of all examined women were collected
in a central reading site where they were independently
reviewed by five consultant radiologists from the three partic-
ipating institutions but did not participate in the image capture.
The radiologists had over 15 years of experience in pelvic
imaging. At the time of their reviews, the radiologists had
access to the original US reports but were blinded to the pa-
tients’ medical information and pathologic results. In a first
step, prior to starting the image analysis, the radiologists re-
ceived 6 h of practical and theoretical training that described in
detail the basic consensus on the lexicon of the three US clas-
sification systems. Afterward, the radiologists reviewed and
analyzed the morphological features of each AM, and inde-
pendently categorized the US images of each AM according
to the O-RADS published by ACR [12, 13], GI-RADS de-
signed by Amor et al [9, 10], and IOTA simple rules based on
the descriptions proposed by Timmerman et al [5]. Lastly, a
collaborative consensus reviewing with the contribution of the
five radiologists was achieved to reach the final categorization
of AM by each US classification system. In case of disagree-
ment between radiologists, all parameters were discussed in
detail until a final agreement was reached. The results of

consensus reviewing were used to calculate the validity of
each US classification system.

Reference standard

The definite diagnoses of AM were preferentially established
based on the following:

(a) Postoperative pathological findings. Two experienced
pathologists checked all specimens, and the results were
obtained by consensus. The pathologist was blind to the
patient’s medical data and US findings. Histopathology
of AM was classified according to the criteria recom-
mended by the International Federation of Gynaecology
and Obstetrics (FIGO) [15]. For statistical analysis, bor-
derline AM were classified as malignant tumors.

(b) Adequate follow-up by regular US examinations every 3
months for more than 2 years after the initial US.

Statistical analysis

MedcCalc version 15.8 or SPSS version 26 was used for the
analysis of collected data. Continuous variables were present-
ed as means and standard deviations. Categorical variables
were presented as numbers and percentages. Categorical var-
iables were compared using the chi-square test or the Fisher
exact test, while continuous variables were compared using
the independent-samples t test. The fourfold table test was
used to evaluate the validity of three US classification systems
for the diagnosis of malignant AM using histopathology and

Fig. 1 Flow diagram of our study. AM = adnexal masses; O-RADS = Ovarian-Adnexal Reporting and Data System; GI-RADS = Gynecologic Imaging
Reporting and Data System; IOTA = International Ovarian Tumor Analysis
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adequate follow-up as standard references. The receiver oper-
ating characteristic (ROC) curve was applied to determine the
best cutoff values, calculate the areas under the curve (AUC),
and comparatively analyze the validity of the three US classi-
fication systems. Weighted kappa (κ) statistics with 95% con-
fidence intervals (CI) were used to evaluate overall IRA and
between single reviewers for three US classification systems.
The resulting κ values were interpreted as follows: poor agree-
ment = 0.00–0.20, fair agreement = 0.21–0.40, moderate
agreement = 0.41–0.60, good agreement = 0.61–0.80, and
very good agreement = 0.81–1.00. The level of statistical sig-
nificance was set at a p value of < 0.05.

Results

Patients and adnexal masses

During the study period, data on 609 women with at least one
AM on US examination were collected. A total of 647 AM
from 609 women (38 women (6.2%) had bilateral AM) were
included in our final analysis. Figure 1 illustrates the flow
diagram of our study. The clinical-pathologic characteristics
of the included women (mean age, 48 ± 13.7 years; range, 18–
72 years) are described in Table 1 provided in the Electronic
SupplementaryMaterials. Four hundred ninety-nine AMwere
pathologically diagnosed. The remaining 148 AM (65 hemor-
rhagic cysts, 49 follicular cysts, 30 corpus luteum cysts, and 4
tubo-ovarian abscesses) were resolved spontaneously or after
conservative medical treatment during follow-up and were
considered to be benign. One hundred seventy-six (28.9%)
women were postmenopausal, and 433 (71.1%) were premen-
opausal. Malignant AM were more common in postmeno-
pausal women (71.8%). Of 647 AM, 178 (27.5%) were ma-
lignant and 469 (72.5%) were benign. Table 1 listed the final
diagnoses of 647 AM. The most frequent benign AM was
hemorrhagic cyst (20.5%), while the most frequent malignant
AM was serous cystadenocarcinoma (29.8%). Three hundred
eighty-seven AM needed conference consensus to reach the
final categorization of AM. The disagreement between radiol-
ogists was highly reported in the GI-RADS classification
system.

Distribution of categories in three US classification systems

The frequency of O-RADS, GI-RADS, and IOTA categories
stratified by the system and reviewer is presented in Table 2.

Malignancy rates in the categories of three US classification
systems

The malignancy rates of three US classification systems are
presented in Table 3. Based on the O-RADS categories, the

percentages of malignancy in O-RADS 2, 3, 4, and 5 were
0.4%, 2.8%, 30.6%, and 95.3%, respectively; the differences
were statistically significant (p < 0.001). Based on the GI-
RADS categories, the percentages of malignancy in GI-
RADS 2, 3, 4, and 5 were 0.4%, 6.6%, 31.3%, and 95.1%,
respectively; the differences were statistically significant
(p < 0.001). Based on the IOTA simple rules, the percentages
of malignancy in benign, malignant, and indeterminate AM
were 3.1%, 92.5%, and 42.9%, respectively; the differences
were statistically significant (p < 0.001).

Diagnostic validity of three US classification systems

The ROC curve analysis demonstrated that, for the O-
RADS, the best cutoff value was > O-RADS 3. For the
GI-RADS, the best cutoff value was > GI-RADS 3. For
IOTA, the best cutoff value was the presence of only M
features, no features, or the presence of both M and B fea-
tures. Table 4 summarizes the per-lesion validity of the
three US classification systems for the diagnosis of malig-
nant AM using the consensus data. Considering combined
O-RADS 4 and O-RADS 5 as a predictor for malignancy,

Table 1 Final diagnosis of 647 adnexal masses

Pathologic diagnosis No. (%)

Benign adnexal masses 469 (72.5)

Follicular cyst >3 cm 55 (11.7)

Corpus luteum cyst >3 cm 49 (10.4)

Theca lutein cyst 6 (1.3)

Hemorrhagic cyst 96 (20.5)

Endometrioma 71 (15.1)

Dermoid cysts 68 (14.5)

Paraovarian cyst 24 (5.1)

Peritoneal inclusion cyst 23 (4.9)

Hydrosalpinx/tubo-ovarian abscess 28 (6)

Serous cystadenoma 25 (5.3)

Mucinous cystadenoma 19 (4.1)

Fibroma 5 (1.1)

Malignant adnexal masses 178 (27.5)

Serous cystadenocarcinoma 53 (29.8)

Mucinous cystadenocarcinoma 34 (19.1)

Borderline serous cystadenoma 20 (11.2)

Borderline mucinous cystadenoma 12 (6.7)

Germ cell tumor 21 (11.8)

Metastatic carcinoma 12 (6.7)

Malignant stromal tumors 11 (6.2)

Immature teratoma 7 (3.9)

Endometrioid carcinoma 6 (3.4)

Granulosa cell tumor 2 (1.1)
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the O-RADS categorized 441 (68.2%) as benign and 206
(31.8%) as malignant. The sensitivity, specificity, PPV, and
NPV of O-RADS for the diagnosis of malignant AM were
96.6% (172/178), 92.8% (435/469), 83.5% (172/206), and
98.6% (435/441), respectively. Considering combined GI-

RADS 4 and GI-RADS 5 as a predictor for malignancy, the
GI-RADS categorized 452 (69.9%) as benign and 195
(30.1%) as malignant. The sensitivity, specificity, PPV,
and NPV of GI-RADS for the diagnosis of malignant AM
were 92.7% (165/178), 93.5% (439/469), 84.6% (165/195),

Table 2 Frequency distributions of O-RADS, GI-RADS, and IOTA for 647 adnexal masses stratified by system and reviewer

Category Characteristic Reviewer 1 Reviewer 2 Reviewer 3 Reviewer 4 Reviewer 5 Consensus reviewing

O-RADS

O-RADS 2 Almost certainly benign 276 (42.7) 285 (44) 249 (38.5) 217 (33.5) 232 (35.9) 262 (40.5)

O-RADS 3 Low risk 205 (31.7) 139 (21.5) 166 (25.7) 198 (30.6) 183 (28.3) 179 (27.7)

O-RADS 4 Intermediate risk 47 (7.3) 73 (11.3) 61 (9.4) 26 (4.1) 41 (6.3) 37 (5.7)

O-RADS 5 High risk 119 (18.3) 150 (23.2) 171 (26.4) 206 (31.8) 191 (29.5) 169 (26.1)

GI-RADS

GI-RADS 2 Very probably benign 295 (45.6) 242 (37.4) 209 (32.3) 233 (36) 301 (46.5) 269 (41.6)

GI-RADS 3 Probably benign 190 (29.4) 198 (30.6) 161 (24.9) 167 (25.8) 114 (17.6) 183 (28.3)

GI-RADS 4 Probably malignant 40 (6.2) 46 (7.1) 171 (26.4) 78 (12.1) 43 (6.7) 32 (4.9)

GI-RADS 5 Very probably malignant 122 (18.8) 161 (24.9) 106 (16.4) 169 (26.1) 189 (29.2) 163 (25.2)

IOTA

Benign Only B features 402 (62.1) 501 (77.4) 471 (72.8) 411 (63.5) 494 (76.4) 451 (69.7)

Malignant Only M features 162 (25.1) 68 (10.5) 117 (18.1) 137 (21.2) 79 (12.2) 161 (24.9)

Indeterminate No features or both M and B features 83 (12.8) 78 (12.1) 59 (9.1) 99 (15.3) 74 (11.4) 35 (5.4)

Data are number of adnexal masses. Data in parentheses are percentages

O-RADSOvarian-Adnexal Reporting and Data System,GI-RADSGynecologic Imaging Reporting and Data System, IOTA International Ovarian Tumor
Analysis, B benign, M malignant

Table 3 Malignancy rates in the categories of three ultrasound classification systems

Category Total no. (n = 647) Final diagnosis Recommended malignancy
rate (%)

Calculated malignancy
rate (%)

p value

Benign (n = 469) Malignant (n = 178)

O-RADS < 0.001

O-RADS 2 262 (40.5) 261 (55.7) 1 (0.6) < 1 0.4

O-RADS 3 179 (27.7) 174 (3.7.1) 5 (2.8) 1–< 10 2.8

O-RADS 4 37 (5.7) 26 (5.5) 11 (6.2) 10–< 50 30.6

O-RADS 5 169 (26.1) 8 (1.7) 161 (90.4) ≥ 50 95.3

GI-RADS < 0.001

GI-RADS 2 269 (41.6) 268 (57.1) 1 (0.6) < 1 0.4

GI-RADS 3 183 (28.3) 171 (36.5) 12 (6.7) 1–4 6.6

GI-RADS 4 32 (4.9) 22 (4.7) 10 (5.6) 5–20 31.3

GI-RADS 5 163 (25.2) 8 (1.7) 155 (87.1) > 20 95.1

IOTA < 0.001

Benign 451 (69.7) 437 (93.2) 14 (7.9) 1–9 3.1

Malignant 161 (24.9) 12 (2.6) 149 (83.7) 69–94 92.5

Indeterminate 35 (5.4) 20 (4.2) 15 (8.4) 13–53 42.9

Unless otherwise indicated, data are number of adnexal masses. Data in parentheses are percentages. The recommended malignancy rates are based on
the literature

O-RADSOvarian-Adnexal Reporting and Data System,GI-RADSGynecologic Imaging Reporting and Data System, IOTA International Ovarian Tumor
Analysis
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and 97.1% (439/452), respectively. Considering only M
features, no features, or the presence of both M and B fea-
tures as predictors for malignancy, the IOTA simple rules
categorized 451 (69.7%) as benign and 196 (30.2%) as ma-
lignant. The sensitivity, specificity, PPV, and NPV of
IOTA for the diagnosis of malignant AM were 92.1%
(164/178), 93.2% (437/469), 83.7% (164/196), and 96.9%
(437/451), respectively.

Comparison of three US classification systems

In ROC analysis, the O-RADS had significantly higher
area under the curve (AUC) than GI-RADS and IOTA
(0.98, 95% CI = 0.96–0.99 vs 0.97, 95% CI = 0.95–0.98
and 0.94, 95% CI = 0.92–0.96; p = 0.004 and p < 0.001,
respectively) (Fig. 2). The O-RADS had significantly
higher sensitivity for malignancy than GI-RADS (p =
0.003) and IOTA (p = 0.0007), but non-significant slightly
lower specificity (p > 0.05). No significant differences
were detected between GI-RADS and IOTA regarding sen-
sitivity and specificity (p > 0.05), but the GI-RADS had a
significantly higher AUC than IOTA (p < 0.001).

Inter-reviewer agreement

IRA for O-RADS, GI-RADS, and IOTA stratified by the re-
viewer is listed in Table 5. O-RADS, GI-RADS, and IOTA
showed similar overall IRA agreement (κ = 0.77, 0.69, and
0.63, respectively) with a tendency toward higher IRA with
O-RADS than with GI-RADS and IOTA. The IRA for all
reviewer combinations ranged between κ, 0.59, and 0.90 for
O-RADS; between κ, 0.53, and 0.89 for GI-RADS; and be-
tween κ, 0.40, and 0.91 for IOTA.

Representative cases of our study are shown in Figs. 3, 4, 5,
and 6.

Discussion

The comparison among the internationally established US
classification systems of AM provides a systematic approach

Table 4 Diagnostic validity of three ultrasound classification systems using consensus data

O-RADS GI-RADS IOTA

Cutoff > O-RADS 3 > GI-RADS 3 Only M features, no features, or both M and B features

Sensitivity (%) 96.6 (172/178)
[92.8–98.8]

92.7 (165/178)
[87.83–96.1]

92.1 (164/178)
[87.2–95.6]

Specificity (%) 92.8 (435/469)
[90.0–94.9]

93.6 (439/469)
[91–95.6]

93.2 (437/469)
[90.5–95.3]

Positive predictive value (%) 83.5 (172/206)
[77.7–88.3]

84.6 (165/195)
[78.8–89.4]

83.7 (164/196)
[77.7–88.6]

Negative predictive value (%) 98.6 (435/441)
[97.1–99.5]

97.1 (437/450)
[95.1–98.5]

96.9 (437/451)
[94.9–98.3]

No. of true-positive findings 172 165 164

No. of false-negative findings 6 13 14

No. of false-positive findings 34 30 32

No. of true-negative findings 435 439 437

Data in parentheses were used to calculate percentages. Data in brackets are 95% confidence intervals

No. number, O-RADS Ovarian-Adnexal Reporting and Data System, GI-RADS Gynecologic Imaging Reporting and Data System, IOTA International
Ovarian Tumor Analysis, B benign, M malignant

Fig. 2 Analysis of the ROC curves of the three ultrasound classification
systems. ROC = receiver operating characteristic; O-RADS = Ovarian-
Adnexal Reporting and Data System; GI-RADS = Gynecologic Imaging
Reporting and Data System; IOTA = International Ovarian Tumor
Analysis
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to patients with AM, helps determine the correct course of
action, and facilitates the identification of malignant AM. In
this study, we used three US classification systems—the O-
RADS, GI-RADS, and IOTA simple rules—to classify AM.
Although the risk stratification proposed by the GI-RADS and
IOTA, including the recommendations for management and
follow-up, has undergone successful prospective and external
validation [6, 14, 16–24], to date, the performance of the O-
RADS has not been tested. The present study was performed
to determine the malignancy rates, validity, and reliability of
the O-RADS when applied to a database of AM collected

before the development of the system. To place the results in
perspective, we also performed a similar analysis based on
widely used recommendations from the GI-RADS and
IOTA simple rules. Therefore, the present study compared
the three established US classification systems.

The overall findings demonstrated that the three US classi-
fication systems had shown great value in the diagnosis of
malignant AM; among them, the O-RADS performed the
best. When considering combined O-RADS 4 and O-RADS
5 as a predictor for malignancy, the O-RADS had a statistical-
ly higher sensitivity for malignancy than GI-RAD and IOTA

Table 5 Inter-reviewer agreement of three ultrasound classification systems stratified by reviewer

Reviewer System Reviewer 2 Reviewer 3 Reviewer 4 Reviewer 5 All reviewers

Reviewer 1 O-RADS 0.79 (0.74–0.83) 0.70 (0.65–0.74) 0.59 (0.53–0.64) 0.78 (0.73–0.82)

GI-RADS 0.68 (0.63–0.73) 0.53 (0.47–0.58) 0.58 (0.52–0.63) 0.73 (0.68–0.77)

IOTA 0.45 (0.39–0.52) 0.65 (0.59–0.71) 0.91 (0.87–0.94) 0.40 (0.34–0.46)

Reviewer 2 O-RADS 0.84 (0.80–0.87) 0.66 (0.61–0.71) 0.85 (0.81–0.88)

GI-RADS 0.66 (0.61–0.70) 0.89 (0.85–0.92) 0.74 (0.69–0.78)

IOTA 0.71 (0.65–0.77) 0.49 (0.62–0.56) 0.89 (0.85–0.93)

Reviewer 3 O-RADS 0.81 (0.76–0.85) 0.90 (0.86–0.93)

GI-RADS 0.77 (0.72–0.81) 0.53 (0.48–0.58)

IOTA 0.75 (0.69–0.81) 0.66 (0.60–0.82)

Reviewer 4 O-RADS 0.72 (0.71–0.76)

GI-RADS 0.74 (0.69–0.78)

IOTA 0.44 (0.38–0.50)

All reviewers O-RADS 0.77 (0.74–0.78)

GI-RADS 0.69 (0.66–0.70)

IOTA 0.63 (0.61–0.66)

Data are kappa values. Data in parentheses are 95% confidence intervals. The κ values were interpreted as follows: 0.00–0.20 = poor agreement, 0.21–
0.40 = fair agreement, 0.41–0.60 = moderate agreement, 0.61–0.80 = good agreement, and 0.81–1.00 = very good agreement

O-RADSOvarian-Adnexal Reporting and Data System,GI-RADSGynecologic Imaging Reporting and Data System, IOTA International Ovarian Tumor
Analysis

Fig. 3 A 41-year-old woman with a pathologically proven ovarian
fibrothecoma. a Transvaginal gray-scale ultrasound reveals a 6-cm
well-defined solid, smooth contours, heterogeneous echoic appearance
mass containing acoustic shadowing in the right adnexa. b Color
Doppler ultrasound reveals no flow (color score = 1). Based on

consensus reviewing of the sonographic findings, the lesion was
categorized as O-RADS 3, GI-RADS 4, and IOTA indeterminate. O-
RADS = Ovarian-Adnexal Reporting and Data System; GI-RADS =
Gynecologic Imaging Reporting and Data System; IOTA =
International Ovarian Tumor Analysis
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simple rules (p = 0.003 and 0.0007, respectively), but the
specificity of three systems was quite comparable (p > 0.05).
The positive predictive value (PPV) and negative predictive
value (NPV) were quite high, as well as similar in three clas-
sification systems (PPV > 80% and NPV > 90%). The supe-
rior sensitivity of O-RADS can be mainly attributed to the
comprehensive description and interpretation provided by
the O-RADS for determining which AM requires no follow-
up, conservative follow-up, or surgical removal. In contrast,
the IOTA simple rules and GI-RADS did not provide ade-
quate follow-up guidelines.

Notably, in our study, however, O-RADS demonstrated a
non-significant slightly lower specificity (92.8%) in diagnosis
ofAMcompared toGI-RADS (93.6%) and IOTA (93.2%), even
though it did retain a specificity above 90% as per the consensus
data. A decrease in specificity, however, indicates an increase in
false-positive outcomes. In other terms, more benign AM could

be diagnosed as malignant, and these patients may be referred to
surgical procedures. Consequently, the low specificity of O-
RADS can result in overtreatment of AM, which may be amajor
point of discussion. Although a false-positive diagnosis will not
affect survival [13], this issue needs to be addressed on the further
iteration of the O-RADS system.

From the ROC analysis, the performance of the O-RADS
for the diagnosis of malignancywas higher than that of the GI-
RADS and IOTA guidelines (p = 0.004 and < 0.001, respec-
tively), because more malignant lesions were correctly classi-
fied into malignant categories with the O-RADS, resulting in
an increase in true-positive results, as well as a decrease in
false-negative results. This is also attributed to the appropriate
management strategy assigned by the O-RADS, which is
based on risk assessment with more conservativemanagement
for benign-appearing AM and referral to a gynecologic oncol-
ogist for suspicious AM.

Fig. 4 A 48-year-old woman with a pathologically proven serous
cystadenoma. a and b Transvaginal color Doppler ultrasound shows an
8-cm well-defined, thin-walled unilocular cyst in the right adnexa. The
cyst has small solid components (two papillary projections of 6 mm
maximal size) with no flow (color score = 1). Based on consensus

reviewing of the sonographic findings, the lesion was categorized as O-
RADS 4, GI-RADS 4, and IOTA benign. O-RADS = Ovarian-Adnexal
Reporting and Data System; GI-RADS = Gynecologic Imaging
Reporting and Data System; IOTA = International Ovarian Tumor
Analysis

Fig. 5 A 35-year-old woman with a pathologically proved tubo-ovarian
abscess. a Transvaginal gray-scale ultrasound demonstrates a 9-cm com-
plex cystic lesion in the left adnexa. The lesion is composed of
multilocular thick-walled folded cysts harboring turbid fluid content
and internal reticulation. b Transvaginal color Doppler ultrasound reveals
the color flow within the thick irregular walls of the abnormal tube;

however, it is absent within cyst content. Based on consensus reviewing
of the sonographic findings, the lesionwas categorized asO-RADS 3, GI-
RADS 4, and IOTA indeterminate. O-RADS = Ovarian-Adnexal
Reporting and Data System; GI-RADS = Gynecologic Imaging
Reporting and Data System; IOTA = International Ovarian Tumor
Analysis
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The basic examination to assess the malignancy rate of AM
is the US. However, to date, few studies have discussed the
recommended malignancy rate of AM by various US classifi-
cation systems. We assessed the malignancy rates of AM in
our study and found it increased with increasing suspicious
sonographic patterns based on the O-RADS, GI-RADS, and
IOTA categories. The malignancy rates were comparable to
the recommended rates in O-RADS and IOTA categories [6,
13], whereas malignancy rates in GI-RADS categories were
higher than the recommended rates [10].

One of the main disadvantages of the IOTA simple rules is
that they yield an inconclusive result in about 24% of all AM
[25]. Wherever the IOTA simple rules produce an inconclu-
sive result, subjective assessment of US findings by an expe-
rienced US examiner is recommended, because this provides
the most accurate diagnosis [22]. In our study, all US exami-
nations were performed and reviewed by highly experienced
radiologists, and the poor-quality and missing images were
excluded. These factors, in addition to the consensus
reviewing, may explain the lower prevalence of indeterminate
AM in our study.

IRA and reproducibility are essential for assessing a clas-
sification system. Our study results show similar IRA in
reporting AM when using O-RADS compared to GI-RADS
and IOTA simple rules with a tendency toward increased IRA
when O-RADS is used. IRA among all reviewers for O-
RADS was 0.77; for GI-RADS, 0.69; and for IOTA, 0.63.
The IRA in our study ranged from moderate to very good
for three classification systems, indicating acceptable consis-
tency, which is very similar to the previous studies [9, 14, 26,
27], which performed IRA for GI-RADS and IOTA.

All systems are expected to undergo periodic revisions.
Some of the drawbacks described in the present study can be
reduced. For instance, the low specificity of O-RADS can be
increased by incorporating additional details in AM categori-
zation and improving the recommendations for follow-up of

AM that do not meet the criteria for malignancy. However, the
new recommendations must balance the competing goals of
reducing the number of missed malignant AM and minimiz-
ing the attention and resources committed to benign AM.

The strengths of the study are that the three classification
systems were applied on a considerable multicenter database,
which was valuable to demonstrate a minor but significant
difference in the validity of the three systems. Additionally,
all examinations were performed on the same patients, pro-
viding an ideal comparison in terms of patient characteristics.
Furthermore, all radiologists who performed and reviewed the
US examinations were highly experienced. However, our
study has several limitations. First, we conducted our study
retrospectively, and the analysis was based solely on static
operator-dependent images instead of real practice, which
may result in unavoidable bias. Second, all US examinations
were performed by multiple radiologists and using different
devices and transducers. Third, women with normal ovary (O-
RADS 1 and GI-RADS 1), women with insufficient follow-up
information, images with bad quality, and incomplete evalua-
tion (O-RADS 0) were excluded from the study. This exclu-
sion may result in selection bias, which could have led to a
lower rate of benign AMs. So a large multicenter randomized
controlled study is needed to avoid selection bias and validate
our findings. Finally, these US-based classification systems
can operate differently in different populations and practice
conditions. Nevertheless, we believe that these limitations
would similarly affect the three systems and would not negate
the comparative results that we obtained.

Conclusion

In conclusion, the O-RADS compares favorably with GI-
RADS and IOTA simple rules. The O-RADS had higher sen-
sitivity than GI-RADS and IOTA simple rules with relatively

Fig. 6 A 27-year-old woman with a pathologically proven dermoid cyst.
a Transvaginal gray-scale ultrasound demonstrates a 10-cm complex
cystic lesion in the left adnexa. The cyst contains floating echogenic
spherical structures. b Transvaginal color Doppler ultrasound reveals no
flow (color score = 1). Based on consensus reviewing of the sonographic

findings, the lesion was categorized as O-RADS 3, GI-RADS 3, and
IOTA indeterminate. O-RADS = Ovarian-Adnexal Reporting and Data
System; GI-RADS = Gynecologic Imaging Reporting and Data System;
IOTA = International Ovarian Tumor Analysis
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similar specificity and reliability. The O-RADS can become a
widely respected classification system for US structured
reporting of AM. However, a further increase of specificity,
reduction in complexity, and refined imaging characteristics
may be required. These results, along with future prospective
longitudinal studies, should help guide revisions of all US
classification systems and perhaps lead to a single unified
multidisciplinary system that can be accepted internationally.
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