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Abstract

Objective To evaluate the diagnostic accuracy and reliability of the Ovarian-Adnexal Reporting and Data System (O-
RADS) ultrasound v2019 in classifying adnexal masses (AMs) and compare the old and updated systems (v2022).

Patients and methods This prospective study enrolled 977 consecutive women with suspected AMs from three
institutions between January 2022 and December 2023. Ultrasound examinations were performed by three
experienced radiologists who categorized AMs according to O-RADS ultrasound v2019. The same radiologists
retrospectively reviewed the stored ultrasound images and provided the O-RADS ultrasound v2022 classification.
Histopathology was used as the reference standard to calculate the diagnostic accuracy of the O-RADS versions in
predicting malignant AMs. Inter-observer agreement (IOA) of the O-RADS scoring results was evaluated using the
Fleiss kappa (k) test.

Results The final analysis included 803 women with 855 AMs (219 (25.6%) malignant and 636 (74.4%) benign). Both
O-RADS versions demonstrated good diagnostic accuracy, with area under the curve (AUC) values ranging from 0.906
to 0923 (v2019) and 0.919 to 0.936 (v2022). The updated v2022 showed a slightly higher accuracy (82.5-86.7% vs.
80.7-85.3%), sensitivity (93.6-95.0% vs. 92.2-94.1%), and specificity (78.1-84.1% vs. 76.1-82.9%) compared to v2019.
The I0A for the overall O-RADS classification was perfect for both versions (k = 0.96-0.97).

Conclusions The O-RADS ultrasound classification system demonstrated good diagnostic accuracy and reliability in
predicting malignant AMs, with the updated v2022 showing modest improvements.
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Question Accurate classification of adnexal masses is essential for management. Can updated O-RADS ultrasound v2022
improve diagnostic accuracy and reliability compared to v2019 in predicting malignancies?

Findings O-RADS ultrasound v2022 demonstrated slightly higher diagnostic accuracy for identifying malignant adnexal
masses compared to v2019, reflecting modest improvements in risk stratification and clinical decision-making.

Clinical relevance The updated O-RADS ultrasound v2022 provides improved risk stratification for adnexal masses,
enhancing diagnostic confidence, supporting more precise clinical decision-making, and improving patient outcomes
through timely intervention or tailored management strategies in ovarian cancer care.

Keywords Adnexal diseases, Neoplasms, Gynecology, Ultrasonography

Introduction

Since 2010, several ultrasound-based classification sys-
tems have emerged to characterize adnexal masses (AMs).
These include the International Ovarian Tumor Analysis
(IOTA) simple rules, the Society of Radiologists in
Ultrasound (SRU) guidelines, and the Gynecologic
Imaging-Reporting and Data System (GI-RADS) [1-5].

In 2016, the American College of Obstetricians and
Gynecologists endorsed the use of ultrasound to evaluate
AMs, noting that the presence of malignant features based
on the IOTA simple rules should increase suspicion of
ovarian cancer [6, 7]. In 2018, the American College of
Radiology (ACR) established the Ovarian-Adnexal
Reporting and Data System (O-RADS) ultrasound, based
on IOTA descriptors with North American modifications,
to guide risk stratification and management of AMs.
O-RADS provides a standardized lexicon and categorizes
AMs into six risk categories with corresponding man-
agement guidelines [8, 9]. In 2022, an updated version of
O-RADS was developed. This version introduced new
lexicon descriptors to improve risk stratification accuracy,
address deficiencies, and aid in appropriate evaluation,
surveillance, or intervention decisions, reflecting ongoing
efforts to optimize its clinical utility [10].

Since the initial publication of O-RADS ultrasound in
2019, several validation studies [11-21] have been con-
ducted to assess its diagnostic accuracy and reliability.
These studies consistently demonstrated that O-RADS
ultrasound has excellent diagnostic accuracy and relia-
bility. However, despite the widespread use of O-RADS
ultrasound in clinical settings and the considerable
number of studies conducted to validate its diagnostic
efficacy, there is still a need for further research in this
area. Therefore, we conducted this prospective multi-
center study to assess the diagnostic accuracy and relia-
bility of O-RADS ultrasound v2019 in classifying AMs,
using histopathology as the reference standard. Addi-
tionally, we retrospectively analyzed the stored ultrasound
static images and cine-clips and applied the updated
O-RADS ultrasound v2022 classification to assess its
diagnostic accuracy and compare it with the old version.

Patients and methods

Ethical statement

This prospective study was conducted following interna-
tional guidelines approved by the Institutional Review
Board (approval number: ZU-10352). Informed consent
was obtained from all patients before the study. We
adhered to the ethical principles of the Declaration of
Helsinki while preparing this study.

Study population

Patient enrollment for this study was conducted from
January 2022 to December 2023. During this two-year
period, we consecutively enrolled 977 women with sus-
pected AMs from three institutions. Patients were
enrolled continuously throughout these 24 months,
ensuring a representative sample across different times of
the year. The exclusion criteria were as follows: (1)
patients categorized as O-RADS 1, such as those with
simple or corpus luteum cysts < 3cm (n=64); (2)
patients who did not undergo surgery, such as those with
cysts that resolved during follow-up (n = 73); (3) patients
lost to follow-up (7 =25); and (4) pregnant patients at
the time of examination (7 =12). As a result, the final
cohort consisted of 803 women. All participants under-
went a comprehensive assessment, including a detailed
medical history, a complete physical examination, and an
ultrasound examination. The flowchart of the study is
shown in Fig. 1.

Ultrasound examination

All ultrasound examinations were performed using the
S50 ELITE (Sonoscape), GE Logiq 9 (GE Healthcare),
and Philips iU22 (Philips Healthcare) ultrasound
machines. Transabdominal and transvaginal (TV)
ultrasound scans were performed, with cine-clips and
static images stored for each patient. TV ultrasound was
conducted using a real-time sector scanner with a high-
frequency TV probe (5/7.5, 5/9, and 4/8 MHz). Trans-
abdominal ultrasound scanning was performed using a
real-time scanner with a low-frequency probe (1/
5MHz). For TV examination, the patient assumed a
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masses (n=977)

Women with suspected adnexal

Excluded (n=174)

1. Patients categorized as O-RADS 1 (n=64).

2. Patients who failed to undergo surgery (n=73)
3. Patients lost during follow-up (n=25).

4. Pregnant patients at time of examination

Eligible participants
(n=803)

Ultrasound examinations

(n=855 adnexal masses, 52 bilateral)

Radiologist 1 Radiologist 2

| |

O-RADS v2019 O-RADS v2019
O-RADS 2 (n=458) O-RADS 2 (n=422)

Radiologist 3

|

O-RADS v2019
0-RADS 2 (n=434)

0-RADS 3 (n=86)
0-RADS 4 (n=205)
0-RADS 5 (n=106)

O-RADS v2022
0-RADS 2 (n=462)
O-RADS 3 (n=86)

0-RADS 4 (n=201)

0-RADS 3 (n=108)
0-RADS 4 (n=217)
0-RADS 5 (n=108)

O-RADS v2022
0-RADS 2 (n=422)
0-RADS 3 (n=120)
0-RADS 4 (n=205)

0-RADS 3 (n=63)
0-RADS 4 (n=239)
0-RADS 5(n=119)

O-RADS v2022
0-RADS 2 (n=439)
0-RADS 3 (n=69)

0-RADS 4 (n=228)

0-RADS 5 (n=106)

0-RADS 5 (n=108)

Fig. 1 Flowchart of the study population

lithotomy position after bladder emptying. Radiologists
first used B-mode ultrasound to conduct a comprehen-
sive scan and evaluate the lesion. Subsequently, color
Doppler flow imaging was performed and the section of
the lesion with the highest blood flow was retained.
Transabdominal ultrasound was performed for virgo
intacta patients (n=214) or for patients with large
tumors that could not be fully visualized using the TV
approach (n=81). Cine-clips were recorded for each
AM to capture the entire lesion by gray-scale and color
Doppler modes. This ensured a comprehensive visuali-
zation of the masses’ morphology and vascularity for
later review and analysis.

0-RADS 5 (n=119)

Examination interpretation

Three highly experienced radiologists (M.A.A.B.,, HM.K,, and
W.M.), each with over 50,000 ultrasound examinations,
independently conducted all sonographic examinations while
blinded to the patient’s clinical data. Before the study com-
menced, the radiologists received a 5-h lecture and hands-on
training session that provided a detailed explanation of the
O-RADS. During ultrasound real-time examinations, the
radiologists comprehensively evaluated and documented the
following imaging features for each AM: Laterality (unilateral
or bilateral), maximum diameter, internal echoes and/or
incomplete septation, uni/multilocular, typical classic benign
ovarian lesions, solid lesions, papillary projections or nodules,
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smooth/irregular, acoustic shadowing, ascites and/or perito-
neal nodules, and color score. After completing the ultra-
sound examinations, each radiologist independently assigned
an O-RADS category to each AM using the O-RADS ultra-
sound v2019 criteria [8]. Subsequently, in September 2023,
the updated O-RADS ultrasound v2022 was published during
the course of this study. At this point, the same three radi-
ologists retrospectively and independently reviewed the stored
ultrasound static images and cine-clips for all detected AMs
while remaining blinded to the final histopathological diag-
nosis. Using the updated O-RADS ultrasound v2022 criteria
[10], they independently reassigned O-RADS categories to
each AM. The time gap between the original ultrasound
examination and the retrospective v2022 review ranged from
3 to 18 months, with a mean interval of 8.3 + 2.9 months.

Reference standard

The final diagnosis of AMs was confirmed through
postoperative histopathological examination. A team of
specialized gynecological pathologists, who were unaware
of the ultrasound findings, reviewed all specimens and
reached a consensus on the diagnoses. The AMs were
classified based on the histological classification of ovarian
tumors by the World Health Organization (WHO) [22].
Borderline AMs were considered to be malignant.

Statistical analysis

Statistical analysis was performed using MedCalc (version
20.022) and SPSS (version 26). Continuous variables were
presented as means and standard deviations, while catego-
rical variables were presented as numbers and percentages.
To compare categorical variables, we used the chi-square
test; for continuous variables, we used the one-way ANOVA
test. The receiver operating characteristic (ROC) curve was
utilized to identify the best cutoff value and the area under
the curve (AUC) for predicting malignant AMs. To evaluate
the diagnostic accuracy of both O-RADS versions in cate-
gorizing AMs, we employed a four-fold table test with his-
topathology as the reference standard. We used Fleiss kappa
(k) statistics to assess the inter- and intra-observer agree-
ment of ultrasound imaging features and O-RADS scoring
results in predicting AM malignancy. The k values were
interpreted as follows: 0.01-020 = poor agreement,
0.21-0.40 = fair agreement, 0.41-0.60 = moderate agree-
ment, 0.61-0.80 = good agreement, and 0.81-1.0 = perfect
agreement. Statistical significance was set at p < 0.05.

Results

Patients and AMs

The study included 803 women with at least one AM
detected on ultrasound. Among these patients, 52 (6.5%)
had bilateral masses, resulting in 855 AMs examined.
Table 1 provides a summary of the clinical and
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Table 1 Clinical-pathologic data of patients and AMs
Characteristic Value
Total no. of patients 803
Age, years, mean £ SD (range) 39+ 104 (14-67)
Menopausal status
Premenopausal 564 (70.2)
Postmenopausal 239 (29.8)
Parity
Multipara 544 (67.7)
Nullipara 259 (32.3)
Laterality of masses
Unilateral 751 (93.5)
Bilateral 52 (6.5)
Total no. of masses 855
Final diagnosis
Benign 636 (744)
Malignant 219 (25.6)

Unless stated otherwise, data are number of patients or adnexal masses. Data in
parentheses are percentages
AMs adnexal masses, SD standard deviation

pathological data of both patients and AMs. The mean
age at presentation was 39+ 10.4 years (range, 14-67
years). Of the participants, 259 (32.3%) were nulliparous,
and 544 (67.7%) were multiparous. In terms of meno-
pausal status, 564 (70.2%) patients were premenopausal
and 239 (29.8%) were postmenopausal. Of the 855 AMs,
219 (25.6%) were malignant, and 636 (74.4%) were benign.
The most common benign AM was a hemorrhagic cyst
(31.2%), whereas serous cystadenocarcinoma was the
most frequently observed malignant AM (31.7%).

Ultrasound imaging features of AMs

Table 2 provides a detailed overview of the ultrasound
imaging features of AMs stratified by radiologists. Sig-
nificant differences were observed among the radiologists
in assessing the following features: classic benign lesions
(p <0.0001), solid lesions (p <0.0001), papillary projec-
tions/nodules (p < 0.0001), smooth/irregular features
(p <0.0001), color flow scores (p <0.0001), and internal
echoes and/or incomplete septations (p =0.002). How-
ever, no significant differences were found among the
radiologists when evaluating the maximum diameter
(p = 0.900), uni/multilocular features (p = 0.192), acoustic
shadowing (p = 0.278), and the presence of ascites and/or
peritoneal nodules (p = 0.332).

Assignment of O-RADS categories

The frequency distributions of the O-RADS categories
stratified by the radiologists, O-RADS versions, and his-
topathological diagnoses are presented in Table 3.
O-RADS 2 was the most common category, constituting
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Table 2 Ultrasound imaging features of 855 AMs stratified by radiologists

Parameter o1 02 03 p-value
Maximum diameter, cm, mean £ SD (range) 69+4.1 (3.0-22.2) 71 +4.1 (2.1-22.0) 72+42 (21-220) 0.900
Internal echoes and/or incomplete septation 0.002
Yes 787 (92.0) 821 (96.0) 804 (94.0)
No (simple cyst) 68 (8.0) 34 (4.0) 51 (6.0)
Uni/multilocular 0.192
Unilocular 667 (78.0) 667 (78.0) 641 (75.0)
Bilocular 63 (74) 80 (94) 82 (9.6)
Multilocular 125 (14.6) 108 (12.6) 132 (154)
Typical benign ovarian lesions < 0.0001
Yes 547 (64.0) 456 (53.3) 433 (50.6)
No 308 (36.0) 399 (46.7) 422 (494)
Solid lesions < 0.0001
Yes 143 (16.7) 80 (94) 97 (11.3)
No 712 (83.3) 775 (90.6) 758 (88.7)
Papillary projections or nodules < 0.0001
No 701 (82.0) 627 (73.3) 656 (76.7)
<4 120 (14.0) 160 (18.7) 171 (20.0)
>4 34 (4.0) 68 (8.0) 28 (33)
Smooth/irregular < 0.0001
Smooth 667 (78.0) 587 (68.7) 570 (66.7)
Irreqular 188 (22.0) 268 (31.3) 385 (33.3)
Acoustic shadowing 0.278
Yes 80 (94) 97 (11.3) 80 (94)
No 775 (90.6) 758 (88.7) 775 (90.6)
Ascites and/or peritoneal nodules 0332
Yes 28 (33) 34 (4.0 40 (4.7)
No 827 (96.7) 821 (96.0) 815 (95.3)
Color score < 0.0001
1 (none) 616 (72.0) 604 (70.6) 502 (58.7)
2 (minimal flow) 188 (22.0) 182 (21.3) 228 (26.7)
3 (moderate flow) 40 (4.7) 58 (6.8) 108 (12.6)
4 (very-strong flow) 11 (1.3) 11 (1.3) 17 (2.0)

Unless stated otherwise, data are number of patients or adnexal masses. Data in parentheses are percentages
AMs adnexal masses, O-RADS Ovarian-Adnexal Reporting and Data System, SD standard deviation, O observer

50.8-53.6% (v2019) and 49.4—52.6% (v2022) of AMs, with
the vast majority of AMs being benign (98.3-98.9%)
across all radiologists and both O-RADS versions.
O-RADS 3 was the least common category, constituting
74-12.6% (v2019) and 8.1-14.0% (v2022) of AMs
with more variability, but still a predominance of
benign AMs (88.4-93.3%). In the critical O-RADS 4
category, the updated O-RADS v2022 resulted in higher
malignancy rates (43.4-52.2%) compared to the
original O-RADS v2019 (42.7-50.2%) across the three
radiologists. For O-RADS 5, the malignancy rates ranged
from 87.4 to 95.3% across the three radiologists using
both versions.

Change in individual lesion categorization on account of
O-RADS ultrasound v2022, compared to v2019 stratified by
observer

Observer 1 reported upgrading 0.5% (4/855) of AMs (all
originally O-RADS 2) and downgrading 0.5% (4/855) of
AMs (originally O-RADS 4). Observer 2 documented
upgrading 1.4% (12/855) of AMs (all originally O-RADS
3) and downgrading 1.4% (12/855) of AMs (originally
O-RADS 4). Observer 3 recorded upgrading in 1.3% (11/
855) of AMs (five O-RADS 2 and six O-RADS 3) and
downgrading was seen in 1.3% (11/855) of AMs (all ori-
ginally O-RADS 4) (Table 3). The reclassification of these
lesions was attributed to the additional descriptors
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introduced in O-RADS ultrasound v2022, specifically for
bilocular cysts and solid/smooth lesions with shadowing.

Diagnostic accuracy of O-RADS ultrasound v2019 and
v2022 in predicting malignant AMs

ROC curve analysis (Fig. 2) demonstrated that the best
cutoff value for predicting malignant AMs was > O-RADS
3 for all reviewers. AUCs ranged from 0.906 to 0.923 for
v2019 and 0.919 to 0.936 for v2022. Table 4 presents a
comparative analysis of the diagnostic accuracy of
O-RADS v2019 and v2022 in predicting malignant AMs
across three radiologists. Both versions demonstrated
good accuracy, with values ranging from 80.7 to 85.3%
(v2019) and 82.5 to 86.7% (v2022) (p = 0.051-0.185). Both
versions also exhibited high sensitivity, ranging from 92.2
to 94.1% (v2019) and 936 to 95.0% (v2022)
(p = 0.688-0.936). The specificity values ranged from 76.1
to 829% (v2019) and 781 to 84.1% (v2022)
(p =0.035-0.317).

Inter- and intra-observer agreement for imaging features

and O-RADS ultrasound categorization

The inter- and intra-observer agreement for individual
imaging features and O-RADS categorization are sum-
marized in Table 5. The inter-observer agreement (I0A)
for the overall O-RADS classification was perfect
(k=0.96-0.97) for both versions across all radiologists.
For most individual imaging features, the agreement was
good (k=0.61-0.77). Moderate to good IOA was
observed for solid lesions and color score (k = 0.45-0.66).
The highest agreement was observed for the uni/multi-
locular features (k= 0.77-0.79), and ascites and/or peri-
toneal nodules (k = 0.71-076). The lowest agreement was
observed for the solid lesion feature (k = 0.45-0.66) and
color score (k= 0.50-0.57).

The intra-observer agreement shows a high level of
consistency for each observer. Observer 1 demonstrated
perfect agreement in all parameters (k= 0.85-0.98).
Observer 2 also exhibited perfect agreement
(k=0.88-0.97). Similarly, Observer 3 showed perfect
agreement in all parameters (k = 0.87-0.96). Overall, the
O-RADS classification displayed consistently perfect
intra-observer agreement between the two versions:
Observer 1 (k=0.99, 95% CI=0.98-1.0), observer 2
(k=10.98, 95% CI=0.96-1.0), and observer 3 (k= 0.98,
95% CI =0.96-1.0).

Representative cases in our study are shown in
Figs. 3-6.

Discussion

Numerous studies have highlighted the importance of the
O-RADS ultrasound classification in accurately char-
acterizing and stratifying the risk of AMs [11-20]. These
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Fig. 2 The ROC of the diagnostic accuracy of the O-RADS v2019 (a, b, c) and 2022 (d, e, f) in predicting malignancy of adnexal masses as evidenced by

histopathology as a reference standard and according to each radiologist

studies played a crucial role in guiding clinical manage-
ment and optimizing patient outcomes. By comparing the
diagnostic accuracy of both versions of the O-RADS
ultrasound, researchers can observe the evolution and
refinement of the system over time, potentially leading to
improved risk assessment and decision-making. This
prospective multicenter study included 803 women with
855 AMs, and histopathology was used as the reference
standard for evaluating the diagnostic accuracy and
reliability of O-RADS ultrasound v2019 and v2022. The
results indicated that both versions of the O-RADS
ultrasound demonstrated good diagnostic accuracy in
predicting malignant AMs. O-RADS ultrasound v2022
showed slightly higher accuracy (82.5-86.7% vs.
80.7-85.3%), sensitivity (93.6—95.0% vs. 92.2—94.1%), and
specificity (78.1-84.1% vs. 76.1-82.9%) compared to
v2019. The overall IOA was perfect for both versions,
with v2022 having a slightly higher agreement than
v2019 (k=0.97 vs. 0.96). These findings highlight the
reliability and consistency of both versions in assessing
the risk of AMs. The improvements introduced in

O-RADS ultrasound v2022 contribute to its enhanced
diagnostic accuracy, reinforcing its potential to improve
patient care and outcomes.

The diagnostic value of O-RADS ultrasound v2019
observed in our study aligns with previous validation
studies that consistently demonstrated the good diag-
nostic accuracy and reliability of the O-RADS ultrasound
system. These studies reported sensitivity values ranging
from 90.6 to 98.7% for detecting malignant AMs
[11, 14, 20, 21]. The minor variations in sensitivity across
different studies may be attributed to factors such as
differences in study populations, prevalence of malig-
nancy, and experience level of the interpreting radi-
ologists. Despite these variations, the overall findings
consistently support the high sensitivity of O-RADS
ultrasound in identifying malignant AMs, underscoring
its utility as a reliable diagnostic tool in clinical practice.

Since its introduction in 2019, several attempts have
been made to enhance the diagnostic accuracy of
O-RADS ultrasound. Coa et al [11] sub-classified the
O-RADS 4 category, improving specificity and facilitating
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Table 4 Diagnostic accuracy of O-RADS ultrasound v2019 and v2022 in predicting malignancy of AMs according to each radiologist

O-RADS v2022

O-RADS v2019

Parameters

03

02

01

03

02

01

> O-RADS 3

208

> O-RADS 3

205
14

> O-RADS 3

206

> O-RADS 3

206

> O-RADS 3

203

> O-RADS 3

202
17

Cutoff

Number of true-positive findings

Number of false-negative

findings

139
497

108
528

101
535

152
484

122
514

109
527

Number of false-positive findings

Number of true-negative findings

853
922
829
65.0
96.9

Negative predictive value (%)

Positive predictive value (%)
AUC

-~ <
e e
> 2 2
S ©
R
S5 v v
g5
<< v n

0.919 [0.899-0.937]

0.923 [0.903-0.940]

0.936 [0.917-0.951]

0.906 [0.884-0.925]

0]

0.912 [0.891-0.93

0.923 [0.904-0.940]

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

O-RADS Ovarian-Adnexal Reporting and Data System, AMs adnexal masses, O observer, AUC area under curve
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better risk stratification for surgical planning. Hack et al
[16] incorporated acoustic shadowing as a benign finding,
increasing the AUC to 0.94 with 99% sensitivity and 70%
specificity. Additionally, recent studies have explored the
combination of the O-RADS with other imaging mod-
alities and biomarkers to further improve its efficacy in
diagnosing AMs. Some studies have combined O-RADS
with contrast-enhanced ultrasound (CEUS) and found
that the addition of CEUS significantly enhances the
diagnostic accuracy of O-RADS [23-26]. Other studies
have combined O-RADS with serum cancer antigen 125
(CA125) and found that the inclusion of CA125 in the
O-RADS improves its accuracy [27, 28]. These findings
demonstrate the potential benefits of incorporating
complementary techniques and biomarkers into the
O-RADS framework to enhance diagnostic capabilities. A
unique aspect of our study was the introduction of the
updated O-RADS ultrasound v2022 [10]. While the dif-
ference was not statistically significant, O-RADS ultra-
sound v2022 demonstrated slightly better diagnostic
accuracy compared to v2019.

Notably, we observed lower malignancy rates with the
O-RADS ultrasound v2022 criteria compared to v2019
for the O-RADS 2 category (1.1-1.4% vs. 1.4—1.7%) and
the O-RADS 3 category (6.7-9.3% vs. 8.3-11.6%).
However, we observed higher malignancy rates with
v2022 than v2019 for the O-RADS 4 category
(43.4-52.2% vs. 42.7-50.2%) and the O-RADS 5 category
(90.7-95.3% vs. 87.4-93.4%). These findings indicate
that the updated O-RADS ultrasound v2022 criteria may
have the potential for improved estimation of risk of
malignancy compared to the previous version. Our
findings align with Su et al [29], who reported higher
accuracy (89.4%) and specificity (86.1%) for O-RADS
ultrasound v2022 than v2019 (84.4% and 79.5%,
respectively), with similar sensitivity (100%). These
results suggest that the refinements introduced in v2022
could contribute to enhanced risk assessment and
decision-making for AMs.

The updated descriptors in O-RADS ultrasound v2022
played a crucial role in reclassifying AMs. These
descriptors include locularity, solid/smooth with sha-
dowing, internal versus wall or septal color Doppler, and
punctate wall foci of endometriosis. These descriptors
were crucial in refining the categorization of AMS and
were carefully applied in our analysis. Our analysis
showed that these new descriptors resulted in
upgrades and downgrades in a small percentage of AMs
across observers. Particularly, Observer 1 had a 0.5%
change rate, Observer 2 had a 1.4% change rate, and
Observer 3 had a 1.3% change rate. These changes were
driven by the improved specificity of the updated
descriptors, which provided clearer guidelines for AM
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Table 5 Inter- and intra-observer agreement for ultrasound imaging features and O-RADS ultrasound classification
Observer Parameter 01 02 03 All observers
o1 Internal echoes and/or incomplete septation 0.95 (0.86-1.00) 0.65 (0.39-0.91) 0.64 (0.40-0.89)
Uni/multilocular 0.98 (0.96-1.00) 0.77 (0.65-0.68) 0.71 (0.59-0.74)
Classic benign ovarian lesions 0.97 (0.93-1.00) 0.66 (0.55-0.77) 063 (0.51-0.75)
Solid lesions 0.91 (0.81-0.99) 045 (0.24-0.65) 0.51 (0.31-0.70)
Papillary projections or nodules 0.90 (0.83-0.99) 0.64 (0.51-0.78) 0.62 (0.48-0.75)
Smooth/irregular 0.88 (0.81-0.98) 0.66 (0.53-0.80) 0.62 (049-0.76)
Acoustic shadowing 0.85 (0.71-0.99) 067 (048- 087) 061 (0.38-0.83)
Ascites and/or peritoneal nodules 0.91 (0.72-1.00) 0.72 (0.41-1.00) 0.65 (0.34-0.97)
Color score 0.89 (0.83-0.96) 0.52 (041 063) 0.57 (047-0.67)
O-RADS v2019 0.94 (0.93-0.96) 0.92 (0.90-0.94)
Updated O-RADS v2022 0.94 (0.93-0.96) 0.94 (0.93-0.96)
o2 Internal echoes and/or incomplete septation 0.92 (0.76-1.00) 0.65 (0.37-0.94)
Uni/multilocular 0.97 (0.74-1 OO) 0.73 (0.62-0.84)
Classic benign ovarian lesions 0.96 (0.92-1.00) 0.68 (0.56-0.78)
Solid lesions 0.87 (0.72-1.00) 0.66 (0.48-0.87)
Papillary projections or nodules 0.92 (0.86— 098) 0.67 (0.54-0.80)
Smooth/irregular 0.88 (0.81 097) 0.61 (0.39-0.82)
Acoustic shadowing 0.89 (0.77-1.00) 0.69 (0.48- 089)
Ascites and/or peritoneal nodules 0.92 (0.76-1.00) 0.76 (0.51-1.00)
Color score 0.88 (0.81 094) 0.50 (0.37~ 062)
O-RADS v2019 0.94 (0.93-0.96)
Updated O-RADS v2022 0.94 (0.92— 095)
o3 Internal echoes and/or incomplete septation 0.94 (0.83-1.00)
Uni/multilocular 0.96 (0.93-1.00)
Classic benign ovarian lesions 0.96 (0.92-1.00)
Solid lesions 0.89 (0.77-1.00)
Papillary projections or nodules 0.88 (0.80— 097)
Smooth/irregular 0.94 (0.88-0.99)
Acoustic shadowing 0.87 (0.72-1.00)
Ascites and/or peritoneal nodules 0.93 (0.79-1.00)
Color score 091 (0.87- 097)

All observers

O-RADS v2019

Updated O-RADS v2022

Internal echoes and/or incomplete septation
Uni/multilocular

Typical benign ovarian lesions
Solid lesions

Papillary projections or nodules
Smooth/irregular

Acoustic shadowing

Ascites and/or peritoneal nodules
Color score

O-RADS v2019

Updated O-RADS v2022

0.65 (0.57-0.72)
0.79 (0.74-0.84)
0.65 (0.58-0.72)
0.53 (0.44.62)

0.69 (0.62-0.76)
0.66 (0.59-0.73)
0.63 (0.55-0.71)
0.71 (0.64-0.77)
0.65 (0.58-0.73)
0.96 (0.96-0.97)
0.97 (0.96-0.97)

Data are Kappa values. Data in parentheses are 95% confidence intervals. The k 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 = perfect agreement
O-RADS Ovarian-Adnexal Reporting and Data System, O observer
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Fig. 3 A 16-year-old female presented with pelvic pain. a Transverse and longitudinal transabdominal gray-scale ultrasound images reveal a 15.5-cm
right adnexal large, well-defined, multilocular cystic lesion with smooth walls, fine turbid fluid, multiple internal thick septa, and intramural echogenic
content. b A transverse color Doppler ultrasound image shows minimal flow in the septa (color score = 2). The adnexal mass was categorized as O-RADS
4 by all reviewers using both the 2019 and 2022 versions of O-RADS. Surgical intervention was performed, and the histopathological examination

revealed an ovarian borderline mucinous tumor

categorization. The updated criteria also led to more
accurate risk stratification, particularly for bilocular
smooth cysts and solid smooth lesions with shadowing.
As a result, the percentage of pathologically proven
malignant lesions decreased in the O-RADS 2 category
and increased in the O-RADS 4 and 5 categories. The
enhanced specificity of v2022 descriptors contributed to
a more nuanced classification system, allowing finer
distinctions between lesion types. This improvement is

evident in the slight increase in overall specificity from
76.1-82.9% in v2019 to 78.1-84.1% in v2022. These
findings emphasize the importance of the new descrip-
tors in enhancing lesion assessment precision
and improving the reliability of the O-RADS classifica-
tion system. The refined criteria ensure a more com-
prehensive and consistent categorization of lesions,
ultimately leading to better clinical decision-making and
patient care.
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Fig. 4 A 28-year-old woman presented with pelvic pain. a A longitudinal transvaginal gray-scale ultrasound image reveals a 7-cm left adnexal well-
defined, bilocular cystic lesion with a thick irregular inner wall, a single thick septum, fine turbid fluid, and fine reticulations. b A transvaginal color
Doppler ultrasound image shows no flow (color score = 1). The adnexal mass was categorized as O-RADS 3 by O1 and O3, and as O-RADS 4 by O2
according to the 2019 version of O-RADS. According to the 2022 version, the adnexal mass was categorized as O-RADS 4 by O1 and 02, and as O-RADS 2
by O3. Surgical intervention was performed, and the histopathological examination confirmed the diagnosis of an endometrioma
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Fig. 5 A 41-year-old female presented with pelvic pain. a Transverse and longitudinal transvaginal gray-scale ultrasound images reveal a 6.4-cm right
adnexal bilocular cystic lesion with a thick irregular septum and fine turbid fluid. b A longitudinal transvaginal color Doppler ultrasound image shows
minimal flow within the septum (color score = 2). The adnexal mass was categorized as O-RADS 3 by O1 and as O-RADS 4 by O2 and O3 according to
the 2019 version of the O-RADS. According to the 2022 version, the adnexal mass was categorized as O-RADS 4 by all observers. Surgical intervention was
performed, and the histopathological examination revealed a serous cystadenocarcinoma

Although the updated O-RADS ultrasound v2022 shows
improved specificity (78.1-84.1%) compared to v2019
(76.1-82.9%), it is still relatively low compared to some
other ACR reporting and data systems. This result is in line
with the study by Coa et al [11], who also found a low
specificity (83.2%) for the O-RADS ultrasound v2019
compared to its counterparts. Similarly, Jha et al [14]
reported a lower specificity (81.9%) due to a lower cancer
prevalence in their study population. In contrast, Pi et al
[15] reported excellent specificity (92—-100%). It is impor-
tant to recognize that differences in study populations,
cancer prevalence, and interpretation criteria may con-
tribute to differences in specificity between studies. The
lower specificity of the O-RADS system may be attributed
to the fact that it prioritizes sensitivity over specificity as it

is designed for the detection of low-prevalence adnexal
malignancies [14]. However, this trade-off may lead to a
higher false-positive rate, necessitating further diagnostic
investigations or unnecessary interventions. This balance
between sensitivity and specificity remains a challenge for
optimizing the clinical utility of O-RADS ultrasound. This
approach is particularly important for a general population
without high risk, as opposed to a high-risk population as
assessed by LI-RADS. Although higher specificity would be
an advantage, it is difficult to achieve both high sensitivity
and high specificity in this context. To increase
specificity, additional methods can be integrated into the
assessment process. For example, the widely validated
IOTA/ADNEX mathematical model [30] can provide
specific risk scores and probabilities of malignancy types,
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Fig. 6 A 62-year-old female presented with pelvic pain. a A longitudinal transabdominal gray-scale ultrasound image reveals a 6.2-cm left
adnexal unilocular cystic lesion with an irregular thick wall and an intramural solid component. b A longitudinal transabdominal color Doppler
ultrasound image shows moderate flow (color score = 3). The adnexal mass was categorized as O-RADS 4 by all observers using both the 2019
and 2022 versions of the O-RADS. Surgical intervention was performed, and the histopathological examination revealed a mucinous

cystadenocarcinoma

offering a quantitative complement to the qualitative
O-RADS assessments. In addition, treatment recommen-
dations often include subjective assessments from experi-
enced ultrasound specialists, which have been shown to be
highly accurate. Incorporating these expert assessments

into the O-RADS framework can improve diagnostic utility
and accuracy. These results highlight the need to further
refine and optimize the O-RADS system to improve its
specificity, particularly in populations with a lower pre-
valence of cancer. Continued research and investigation of
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additional imaging findings, integration of other modalities,
and inclusion of specific patient characteristics may
improve the specificity and overall accuracy of O-RADS in
evaluating AMs.

The present study reported perfect inter-observer
agreement (IOA) for both O-RADS ultrasound ver-
sions, despite some variability in interpreting individual
features. This high agreement indicates robust
risk stratification, unaffected by minor differences in
imaging feature interpretation. Previous studies have
consistently demonstrated good IOA for O-RADS,
underscoring its reliability and reproducibility in clinical
practice. For example, Cao et al [11] reported good
agreement (K =0.714) between less-experienced and
expert radiologists, Pi et al [15] observed very good
overall agreement (k =0.82), and Wu et al [21] found
good agreement among experienced sonologists
(k =0.749-0.773). Our findings align with these results,
highlighting the reproducibility of O-RADS, which
ensures consistent risk stratification and management
recommendations for adnexal masses. Additionally, the
comparable agreement for v2019 and v2022 in our study
suggests that the updates in v2022 did not impact the
system’s reproducibility. Similarly, our study confirmed
the high intra-observer agreement, consistent with pre-
vious findings. Wu et al [21] reported good to excellent
intra-observer agreements of O-RADS ultrasound ana-
lysis for the four sonologists (k= 0.661-0.841). These
consistent results reinforce the robustness of the
O-RADS framework in clinical practice. Our study adds
evidence that the updated O-RADS v2022 maintains or
slightly improves the high intra-observer agreement seen
with v2019, enhancing diagnostic confidence and clinical
decision-making.

Our study had several notable strengths. First, we
included a large number of AMs from multiple centers,
which enhances the generalizability of our findings. Sec-
ond, we used histopathology as the reference standard,
providing a robust basis for evaluating the diagnostic
accuracy of O-RADS ultrasound. Third, the radiologists
involved in the assessment were blinded to the clinical
data, thereby minimizing the potential bias in their
interpretations. Fourth, we directly compared the accu-
racy of O-RADS ultrasound v2019 and v2022 within the
same cohort, allowing for a more accurate assessment of
the updates. However, certain limitations should be
acknowledged. First, the retrospective application of
O-RADS ultrasound v2022 to previously acquired images
may introduce recall or interpretation biases, potentially
impacting the comparative analysis. Second, TV ultra-
sound was not feasible in all patients, which may have
affected diagnostic accuracy. Third, our study involved
only experienced radiologists; therefore, the results may
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not reflect the performance of less-experienced radi-
ologists. Fourth, the use of different ultrasound machines
across participating centers could have introduced varia-
bility in the image quality and characteristics, potentially
affecting the consistency of the results. Fifth, the lack of
long-term outcomes or follow-up data limited our ability
to assess the clinical utility of the O-RADS ultrasound in
terms of overall survival, recurrence rates, and its impact
on treatment decisions. Finally, the lack of inclusion of
AMs that resolved on follow-up without surgical inter-
vention, skewed our data toward a higher prevalence of
malignancy. However, the use of histopathologic exam-
ination as the reference standard provided a high diag-
nostic confidence level for the cases included in our
analysis.

Conclusion

This study provides evidence supporting the diagnostic
accuracy and reliability of the O-RADS ultrasound clas-
sification system. Both versions demonstrated good
diagnostic accuracy and reliability in predicting malignant
AMs, with slight improvements observed in v2022. Fur-
ther research and validation studies are warranted to
strengthen the evidence base and refine the O-RADS for
wider clinical application.

Abbreviations
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CA125 Cancer antigen 125
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