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diagnosis of benign and malignant adnexal
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Abstract

Background Although many studies have validated the diagnostic performance of Ovarian-Adnexal Reporting and
Data Systems ultrasound (O4RADS US), most have been observed by experienced sonologists, and relatively few by
junior sonologists. The purpose of this study was to compare the diagnostic performance of the O-RADS US and the
International Ovarian Tumor Analysis (IOTA) Simple Rules (SRs) in senior and junior sonologists to determine a more
suitable assessment model for general clinical use.

Methods \We prospectively recruited 228 patients diagnosed with adnexal masses (AMs). Two senior sonologists
acquired images and evaluated them following the O-RADS US and IOTA guidelines, and two junior sonologists
reviewed and analyzed images and evaluated them following the same guidelines. In this research, pathological
findings were used as the reference standard. Comparisons of categorical variables were made using the chi-square
test, and comparisons of continuous variables were made using the two independent-samples t-test. The diagnostic
performance of the models was compared by analyzing the receiver operating characteristic (ROC) curve. The kappa
value (k) was used to compare the interobserver agreement between the senior and junior sonologists and the
agreement between each ultrasound method and the reference standard.

Results Of 228 AMs, 176 were benign and 52 malignant. The junior adjusted O-RADS US (> O-RADS 4a represents
malignancy) had the highest diagnostic validity, with a sensitivity, specificity, and accuracy of 94.23%, 87.5%, and
89.04%, respectively, and ROC curve of 0.959 (95% Cl, 0.924-0.980). Both junior unadjusted (> O-RADS 3 represents
malignancy) and adjusted O-RADS US had significantly higher diagnostic performance than the junior SRs (AUC
0.951 and 0.959 vs. 0.840, P=0.0003, 0.0001, respectively). Interobserver agreement between senior and junior
sonologists using O-RADS US was moderate (k=0.465), and interobserver agreement between senior and junior
sonologists using SRs, unadjusted, and adjusted O-RADS US was good (k=0.618, 0.657, and 0.718, respectively). The
junior unadjusted O-RADS US, adjusted O-RADS US, and SRs showed good agreement with the pathological results
(k=0.648,0.724,0.716, respectively).
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Conclusions When assisting sonologists in AM diagnosis, the O-RADS US, especially the adjusted O-RADS US, had
higher diagnostic performance than the SRs, and it would be more suitable for general clinical application.

Keywords Ultrasound, Adnexal masses, Ovarian cancer, Ovarian-adnexal reporting and data systems ultrasound

(O-RADS US), Simple rules

Introduction

Ovarian cancer remains the leading cause of death from
gynecologic malignancies, and as a safe, noninvasive, and
affordable method, transvaginal ultrasonography (TVS)
remains one of the main screening modalities for ovar-
ian cancer [1-3]. With the advancement of ultrasound
(US) technology, its application in female pelvic masses
is becoming increasingly widespread, especially in recent
years [4]. Studies have shown that, for borderline tumors,
US is more sensitive (91%) than CA125 (55%) [5]. And
in postmenopausal patients with elevated CA125 lev-
els, US can effectively distinguish between patients with
an increased cancer risk index and those with a non-
increased risk index [6, 7].

According to statistics, approximately 63% of ovar-
ian cancer patients are already in stage IV at the time
of diagnosis [8, 9]. Compared with stage I patients with
a higher 5-year survival rate (92.1%), the 5-year survival
rate of patients in this stage is only 17% [2, 10]. There-
fore, early identification of ovarian cancer has become
both a daunting but rewarding task. However, the accu-
racy of US diagnosis relies heavily on the experience of
the sonologist, and identifying early-stage ovarian can-
cer characterized by a lack of specific clinical symptoms
is a great challenge for inexperienced junior sonologists.
Studies showed that US can be an effective tool for the
early detection of recurrent ovarian cancer if the exami-
nation is performed by an experienced sonologist [11,
12]. Therefore, there is an urgent need to improve the
ability of junior sonologists to diagnose ovarian tumors,
and this may be an effective measure to improve the
overall survival rate of ovarian cancer patients.

To improve the consistency and accuracy of US report-
ing, several structured reports and guidelines have been
established for the evaluation of ovarian-adnexal masses
[13]. One such model is the Simple Rules (SRs) proposed
by the International Ovarian Tumour Analysis (IOTA)
group, which is now generally accepted in clinical prac-
tice. These rules, proposed in 2008, include five B fea-
tures for benign tumors and five M features for malignant
tumors, and studies have shown that, when combined
with sonologists’ subjective assessments, they still have
high sensitivity and specificity [14].

To optimize the prognosis of ovarian cancer while
reducing unnecessary surgery in patients with low-grade
malignancy risk tumors, the American College of Radi-
ology (ACR) officially released consensus guidelines
for the US risk stratification and management system

of Ovarian-Adnexal Reporting and Data Systems ultra-
sound (O-RADS US) in 2020 [15]. The guideline classifies
ovarian-adnexal masses into 6 categories, which include
normal to highly malignant risk categories, and the
guidelines define each category in detail so that sonolo-
gists have rules to follow in the process of diagnosis.

At present, many studies [13, 16] have validated the
diagnostic performance of the O-RADS US and/or com-
pared it with the US diagnostic classification systems for
adnexal masses (AMs), such as the IOTA SRs and GI-
RADS, but most of the studies have been observed by
experienced sonologists, and relatively few have been
performed by junior sonologists. The aim of this study
was to compare the diagnostic performance of the IOTA
SRs and the O-RADS US model to determine a more
suitable assessment model for general clinical use.

Methods

This prospective study was approved by the ethics review
committee of the Peking Union Medical College Hospi-
tal (PUMCH). All patients were informed of the proce-
dure and provided written informed consent prior to the
examination.

Study population

This prospective study was conducted on 239 patients
diagnosed with suspected AMs between June 2021 and
August 2022 at PUMCH. These AMs were first detected
by clinical palpation and later confirmed by ultrasound
or MRI. Patients underwent surgery if their AMs met
the criteria for surgical treatment or if they had a strong
desire for surgery due to dysmenorrhoea or other rea-
sons. All patients were enrolled consecutively, and all US
examinations were completed preoperatively. The inclu-
sion criteria for the study were patients hospitalized for
surgery for primary adnexal masses. The exclusion cri-
teria were as follows: (1) undetermined specific patho-
logical type of the lesion (n=5); (2) poor image quality
(For example, inappropriate scale adjustment, blurred
images, etc.) (n=6). If a patient had multiple lesions at
the same time, we included only the lesion with the high-
est O-RADS US category, or the largest if the O-RADS
US categories were the same. Finally, we included 228
lesions from 228 patients. The flow chart of the study
was shown in Fig. 1. Before starting the examination, the
patient’s age, body mass index (BMI), age at menarche,
and clinical symptoms (abdominal distension, abdomi-
nal pain, abdominal mass, vaginal bleeding or drainage,
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239 Women with suspected
adnexal masses

Y

11 Patients excluded
5 Uncertain histological diagnosis
6 Poor image quality

228 Eligible to participate

\ \
Senior SRs Junior SRs
1 — 1
> 178 Benign > 168 Benign
| 50 Malignant | 60 Malignant

Y \

Senior O-RADS Junior O-RADS

— —1
P 99 O-RADS 2 —»| 81 O-RADS 2
»| 47 O-RADS 3 —»| 65 O-RADS 3
»| 47 O-RADS 4 —»| 47 O-RADS 4
»1 35 0-RADS 5 —»| 35 0-RADS 5

Fig. 1 Flow chart of study population selection. SRs, Simple Rules; O-RADS, Ovarian-Adnexal Reporting and Data Systems

menstrual abnormalities, and unexplained weight loss)
were recorded in detail.

Image acquisition and analysis

The US machines used in our study were Nuewa R9
(Mindray Medical). All US images in the study were
acquired and interpreted by two senior sonologists with
at least 6 years of experience in ovarian-adnexal US in
PUMCH. Before participating in this study, all sonolo-
gists received theoretical training on the O-RADS US
lexicon terms and the risk stratification and management
system, which was organized by experienced gynecologi-
cal sonologists from PUMCH.

Depending on the patient’s condition, we performed
transabdominal, transvaginal or combined transabdomi-
nal and transvaginal US examinations. During the exami-
nation, if an ovarian mass was detected, the sonologist
was required to perform a thorough evaluation of the
mass and to retain separate images (both with and with-
out measurement marker images) in the largest long axis
of the lesion and its vertical section and to record the size
of the mass. In addition, the section of the lesion with

the most abundant blood flow needed to be retained. At
the end of the examination, the two senior sonologists
jointly provided the SRs and O-RADS US assessments.
All images were saved in the picture archiving and com-
munication systems (PACS) of PUMCH.

Then, the US images of all subjects were processed in
an anonymized manner and then submitted to two junior
sonologist with 2 years and 3 years US experience respec-
tively, neither of whom participated in the image acqui-
sition process (They received training on the IOTA SRs
and O-RADS US classification systems and passed the
appropriate examinations prior to the image evaluations).
During the examination and evaluation, the patient infor-
mation that was available to the senior and junior sonolo-
gists was the patient’s age, clinical symptoms, CA125
level, past history, and family history. The two junior
sonologists read the images independently and gave their
assessments, and for inconsistent assessments, the final
unanimous decision was made after discussion between
the two sonologists.

The criteria used in the O-RADS US classification of
the lesions were the O-RADS US guidelines issued by the
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ACR [15]. As mentioned in the guidelines, O-RADS cat-
egory 4 includes the following four subcategories [15]: (1)
multilocular cysts without solid components; (2) uniloc-
ular cysts with solid components; (3) multilocular cysts
with solid components; and (4) smooth solid masses.
As mentioned in some of the studies [17], multilocular
cysts without solid components (subcategory 1 above)
and smooth solid masses (subcategory 4 above) in the
O-RADS 4 category were classified as low-risk O-RADS
4a, and the remaining unilocular or multilocular cysts
with solid components (subcategory 2&3 above) were
classified as high-risk O-RADS 4b. In the present study,
we utilized this classification method to reclassify lesions
and define them as adjusted O-RADS. In this study, we
calculated the cut-off values of O-RADS US before and
after adjustment separately.

At the same time, the lesions were also classified into
Begin (B) group and Malignant (M) group according to
the SRs proposed by the IOTA Group [18]. Lesions classi-
fied as inconclusive by the SRs were classified into group
B or M after a subjective assessment by the sonologists,
and this classification was based on their own experience.

Reference standards

The postoperative pathological findings of the patients
were used as the gold standard for diagnosis, and
because borderline tumors have the same intervention as

Table 1 Pathological types of the 228 adnexal masses

Type of pathology No. (%)
Benign adnexal masses 176
(77.19)
Endometriosis cysts 54 (30.68)
Mucinous cystadenoma 16 (9.09)
Serous cystadenoma 31(1761)
Mature cystic teratoma 40 (22.73)
Ovarian fibroma/follicular membrane fibroma 3(1.7)
Salpingitis/hydrosalpinx/tubal cyst 12 (6.82)
Corpus luteum cysts/simple cysts >3 cm or ovarian 14 (7.95)
hemorrhagic cysts
Round/broad ligament myoma 3(1.7)
Follicular Membranous Cell Tumor 2(1.14)
Brenner's tumor 1(0.57)
Malignant adnexal masses 52(22.81)
Mucinous cystadenocarcinoma 6(11.54)
Serous cystadenocarcinoma 20 (38.46)
Borderline mucinous cystadenoma 2(3.85)
Borderline serous cystadenoma 5(9.62)
Granular cell tumor 1(1.92)
Endometrioid carcinoma 3(5.77)
Krukenberg's tumor 5(9.62)
Clear cell carcinoma 7 (13.46)
Immature cystic teratoma 2(3.85)
Mixed neuroendocrine carcinoma 1(1.92)

No., Number
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malignant tumors in clinical practice, they were also clas-
sified as malignant tumors in the study process [17].

Data analysis

We analyzed the study data using SPSS version 25.0 (IBM
Corporation, Armonk, NY) and Medcalc version 20.0.22
(MedCalc Software, Ostend, Belgium) software. Con-
tinuous variables were expressed as the means + standard
deviation, and categorical variables were expressed as the
numbers and percentages. Comparisons of categorical
variables were made using the chi-square test, and com-
parisons of continuous variables were made using the
two independent samples t test. The receiver operating
characteristic (ROC) curve was applied to calculate and
compare the AUCs and to determine the optimal cutoff
value. Comparison of AUC values between different US
classification systems was performed by DeLong’s test,
calculated with the help of MedCalc 20.0.22 software. All
tests were two-tailed, and P<0.05 indicated a statistically
significant difference.

Interobserver agreement was calculated using Cohen’s
Kappa, calculated with the help of SPSS version 25.0
software. The kappa value (k) was used to compare the
interobserver agreement between the senior and junior
sonologists and the agreement between each US clas-
sification method and the gold standard pathological
diagnosis. Kappa values of 0.0-0.20 indicated poor agree-
ment, 0.21-0.40 indicated fair agreement, 0.41-0.60 indi-
cated moderate agreement, 0.61-0.80 indicated good
agreement, and 0.81-1.00 indicated very good agreement.

Results

Patient characteristics and lesion condition

During this study, 228 patients diagnosed with AMs were
recruited. The flow chart of the study population selec-
tion process was shown in Fig. 1. Among the 228 AMs
included, there were 176 benign lesions (77.19%) and
52 malignant lesions (22.81%). The specific pathological
types were detailed in Table 1.

The mean age of these patients was 40.52 +13.10 years
(range, 16-77 years), and the mean age of patients with
malignant lesions (47.67+14.80 years) was significantly
higher than that of the patients with benign lesions
(38.40 £11.79 years) (P<0.001).

Table 2 listed the clinical characteristics of the patients
and the characteristics associated with the lesions.
The maximum diameter of the malignant lesions
(10.53 £4.84 cm) was significantly larger than that of the
benign lesions (7.29+3.19 cm) (P<0.001), and the type of
lesions and the blood flow score were associated with the
benignity and malignancy of the tumors (P<0.001).
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Table 2 Clinical characteristics and lesions of the patients

Benign, n Malignant, Total P
(%) n (%) value

Age (years) 3840+£11.79 47.67+14.80 <0.001

Age at menarche (years) 13.56+142  14.15+2.10 0.061

BMI 2252+354  2238+325 0.795

With or without clinical <0.001

symptoms
No 91 (89.22) 11(10.78) 102
Yes 85 (67.46) 41 (32.54) 126

Maximum diameter of ~ 7.29+3.19 10.53+4.84 <0.001

the lesion (cm)

Type of lesion <0.001
Unilocular cysts 71(9861) 1(1.39) 72
Multilocular cysts 58 (93.55) 4 (6.45) 62
Cystic lesions witha 28 (58.33) 20 (41.67) 48

solid component
Masses with a solid 19 (41.30) 27 (58.70) 46

or predominant solid

component

Blood flow <0.001
1 83 (100) 0 83
2 83(80.58) 20(1942) 103
3 9(31.03) 20 (68.97) 29
4 (7.69) 12(92.31) 13

Having clinical symptoms means that the patient had abdominal distension,
abdominal pain, abdominal mass, vaginal bleeding or fluid discharge, abnormal
menstruation, and unexplained weight loss

Data in parentheses are percentages

Classification results using the two US classification
systems

The final diagnostic results of the experienced sonologists
were shown in Table 3. Of the 228 lesions included in the
study, 99 were classified as O-RADS 2, 47 as O-RADS 3,
47 as O-RADS 4, and 35 as O-RADS 5, and the malig-
nancy rates were 0%, 6.38%, 40.43%, and 85.71%, respec-
tively, with statistically significant differences (P<0.001).
By combining the SRs with subjective assessment, 178
of the 228 lesions were included in group B, and 50 were
included in group M. The malignancy rates were 3.93%
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and 90%, respectively, with a statistically significant dif-
ference (P<0.001). The final diagnostic results of the
inexperienced sonologists were shown in Fig. 2.

The interobserver agreement of the two US classification
systems between the senior and junior sonologists

The interobserver agreement between the senior and
junior sonologists was as follows (see Additional files
S1 and S2): SRs was good (k=0.618), O-RADS US was
moderate (k=0.465), unadjusted O-RADS US was
good (k=0.657), and adjusted O-RADS US was good
(k=0.718).

Comparison of the diagnostic validity of the two US
classification systems

When >O-RADS 4a was used as a predictor of malignant
tumors, 11 lesions were downgraded to the benign cat-
egory, of which 1 malignant lesion was wrongly down-
graded (Fig. 3), and 2 lesions diagnosed as malignant by
SRs were accurately downgraded (Fig. 4).

The diagnostic validity and ROC curves of the two US
classification systems were shown in Table 4 and Fig. 5,
respectively. The ROC curves showed that the unad-
justed O-RADS US classification system had a cut-off
value of O-RADS 3 and the adjusted O-RADS US clas-
sification system had a cut-off value of O-RADS 4a. The
unadjusted O-RADS US was dichotomised using the
>0O-RADS 3 represents malignancy and the adjusted
O-RADS US was dichotomised using the >O-RADS 4a
represents malignancy. There were statistically significant
differences in the ROC curves among the junior unad-
justed and adjusted O-RADS US and SRs (P=0.0003
and P=0.0001, respectively). Among them, the junior
adjusted O-RADS US had the highest diagnostic valid-
ity, with a sensitivity, specificity, and accuracy of 94.23%,
87.50%, and 89.04%, respectively, and the AUC was
0.959 (95% CI, 0.924—0.980). Compared with the junior
SRs and unadjusted O-RADS US, the difference in the
AUC was 0.118 (P=0.0001) and 0.008 (P=0.0295),

Table 3 Results of the two US classification systems of the experienced sonologists

Category Total Benign Malignant  Observed malignancy rate (%)  Guideline specified malignancy rate (%) P value
(n=228) (n=176) (n=52)
O-RADS US <0.001
2 9 (43.42) 99 (56.25) 0(0.00) 0.00 <1
3 7(2061)  44(25.00) 3(5.77) 6.38 1-<10
4 47 (20.61) 28 (15.91) 19 (36.54) 4043 10-<50
4a 16 (7.02) 5(852) 1(1.92)
4b 1(13.60) 3(7.39) 18 (34.62)
5 5(15.35) 5 (2.84) 30(57.69) 85.71 >50
SRs <0.001
B group 178(78.07)  171(97.16)  7(13.46) 393
M group 50(21.93) 5(2.84) 45(86.54) 90.00

0O-RADS US, Ovarian-Adnexal Reporting and Data Systems ultrasound; SRs, Simple Rules; B, Begin; M, Malignant
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O-RADS 5
Pathologically malignant
O-RADS 4-b
B
IO-RADS 4-a
O-RADS 3
Pathologically benign
M
O-RADS 2

Fig. 2 Sankey diagram of the final diagnosis of the junior sonologists. O-RADS, Ovarian-Adnexal Reporting and Data Systems; SRs, Simple Rules; B, Begin;
M, Malignant

Fig. 3 Case of malignant lesion was wrongly downgraded. Pathology: Mucinous cystadenocarcinoma. A The B-mode US showed a regular mass with
predominantly solid components, B Moderate amount of blood flow within the lesion (Color Score =3). During the evaluation, the junior observers classi-
fied the lesion into O-RADS category 4, adjusted to O-RADS 43, and the result of junior SRs was M. O-RADS, Ovarian-Adnexal Reporting and Data Systems;
SRs, Simple Rules; B, Begin; M, Malignant

respectively. It was followed by the unadjusted O-RADS  of the junior unadjusted O-RADS US and SRs was 0.111
US, with a sensitivity, specificity, and accuracy of 96.15%,  (P=0.0003). The diagnostic validity of the SRs was slightly
81.82%, and 85.09%, respectively. And the AUC was 0.951  lower than the former two, with a sensitivity, specificity,
(95% CI, 0.914-0.975). The difference between the AUC  and accuracy of 84.62%, 90.91%, and 89.47%, respectively.
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Fig. 4 Case of benign lesion was successfully downgraded. Pathology: Broad ligament leiomyoma. A The B-mode US showed a regular solid mass. B
Moderate amount of blood flow within the lesion (Color Score =3). During the evaluation, the junior observers classified the lesion as O-RADS category
4, adjusted to O-RADS category 4a, and the junior SRs was M. O-RADS, Ovarian-Adnexal Reporting and Data Systems; SRs, Simple Rules; B, Begin; M,

Malignant

Table 4 Diagnostic validity of the two US classification systems

Sensitivity (%) Specificity (%) Accuracy PPV (%) NPV AUC Pvalue
(%) (%)

Senior SRs 86.54 97.16 94.74 90.00 96.07 0918 0.0348°
Junior SRs 84.62 90.91 89.47 7333 9524 0.840 0.0001°
Junior unadjusted 96.15 81.82 85.09 60.98 98.63 0.951 0.0295¢
O-RADS US
Junior adjusted 94.23 87.5 89.04 69.01 98.09 0.959 0.1125¢
O-RADS US

P? represents the difference between the AUC of senior SRs and junior SRs, P° represents the difference between the AUC of junior SRs and junior adjusted O-RADS,
and P° represents the difference between the AUC of junior unadjusted O-RADS US and junior adjusted O-RADS US. PY represents the difference between the AUC

of senior SRs and junior adjusted O-RADS US

SRs, Simple Rules; O-RADS US, Ovarian-Adnexal Reporting and Data Systems ultrasound; adjusted O-RADS, > O-RADS 4a represents malignancy; unadjusted

O-RADS, > O-RADS 3 represents malignancy

And the AUC was 0.878 (95% CI, 0.786—0.885). However,
the junior unadjusted O-RADS US, adjusted O-RADS
US, and SRs all had lower diagnostic accuracy than the
senior SRs.

A comparison of the diagnostic agreement between
the two US classification systems and the gold stan-
dard was shown in Table 5. The senior SRs showed very
good diagnostic agreement with the pathological find-
ings (k=0.848), and the junior unadjusted O-RADS US,
adjusted O-RADS US, and SRs all showed good diagnos-
tic agreement with the pathological findings (k=0.648,
0.724, and 0.716, respectively).

Discussion

The IOTA SRs have been widely validated and incorpo-
rated into international guidelines; at the same time, due
to their simplicity of use, they are also very popular in

clinical applications [19]. Considering that the O-RADS
US classification system was recently proposed, the lit-
erature research and clinical application of the O-RADS
US classification system are relatively limited [20]. As
described in most studies, the best way to differentiate
benign and malignant masses by US is a subjective assess-
ment of the findings by an experienced sonologist [19,
21-23]. With the help of standardized US classification
systems, the diagnostic accuracy of junior sonologists
has been effectively improved [24]. The primary focus of
this study was to evaluate the diagnostic performance of
O-RADS US and IOTA SRs among junior sonologists,
as their diagnostic accuracy is often lower compared to
experienced sonologists. By assessing the performance of
adjusted and unadjusted O-RADS US in this group, we
aimed to identify a more suitable diagnostic model for
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Fig. 5 ROC curves of the two US classification systems. SRs, Simple Rules; O-RADS, Ovarian-Adnexal Reporting and Data Systems; adjusted O-RADS, >
O-RADS 4a represents malignancy; unadjusted O-RADS, > O-RADS 3 represents malignancy

general clinical use, particularly in settings where experi-

Table 5 Comparison of the two US classification systems with
enced sonologists may not be available.

the gold standard
Total Patho- Pathological K
logical malignancy  value As in previous studies, when pathology was the refer-
benign ence standard, the malignancy rates for each category of
Senior SRs 0848 O-RADS US in the present study were consistent with
B group 178 71 7 the guideline-defined malignancy rates [13, 15, 17]. As
Mgroup 005 45 mentioned in the study by Cao, L et al., O-RADS cate-
Junior SRs 0.716 gory 4 recommended in the guidelines has a malignancy
B group 168 160 8 risk of 10%-50%, similar to the inconclusive category in
M group 60 16 44 the IOTA SRs [17]. Therefore, in the current research, we
é‘i\%?d‘;adwt@d o 0648 further divided O-RADS category 4 into two subcatego-
- O-RADS 3 & 5 . ries (O-RADS 4a and 4b), and subjective assessment was
ZO-RADS 3 46 144 5 used to further classify the inclusive lesions based on the
Junior adjusted O-RADS 0724 IOTA SRs. Compared with the unadjusted O-RADS US,
US the AUC of the adjusted O-RADS US was significantly
> O-RADS 4a 71 2 49 improved (P=0.0295). In our study, the junior SRs com-
<O-RADS 43 157 154 3 bined with subjective assessment and O-RADS US before
and after adjustment all had high diagnostic accuracy;
however, both the unadjusted and adjusted O-RADS US

SRs, Simple Rules; O-RADS US, Ovarian-Adnexal Reporting and Data Systems
ultrasound; B, Begin; M, Malignant; adjusted O-RADS US, > O-RADS 4a represents
classification systems had significantly higher diagnos-

malignancy; unadjusted O-RADS US, > O-RADS 3 represents malignancy
tic performance than the SRs (AUC 0.951 and 0.959 vs.

K value of 0.0-0.20 indicated poor agreement, 0.21-0.40 indicated fair
agreement, 0.41-0.60 indicated moderate agreement, 0.61-0.80 indicated
0.840, P=0.0003, 0.0001, respectively). Compared with

good agreement, and 0.81-1.00 indicated very good agreement
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the SRs, the O-RADS US lexicon and classification sys-
tem had detailed definitions for each category of lesions,
and there was therefore relatively little dependence on
the experience of the observers. This may be why the
diagnostic performance of the O-RADS US system was
higher than that of the SRs in assisting junior sonologists
in diagnosing these lesions.

Compared with the junior SRs, the O-RADS US had a
relatively higher sensitivity; coupled with its detailed and
comprehensive description of the management of lesions,
the O-RADS US system may have more advantages than
the SRs for clinical diagnosis and management. How-
ever, O-RADS US was less specific than SRs, which may
lead to clinical overtreatment of ovarian masses [13]. In
our study, multilocular cysts and smooth-solid masses
in senior O-RADS category 4 tended to appear benign.
In senior O-RADS category 4 lesions, when we divided
multilocular cysts and smooth solid masses into subcat-
egory 4a and the rest of the lesions into subcategory 4b,
we found that the malignancy rates of subtypes 4a and 4b
were 1.92% and 34.62%, respectively. Furthermore, com-
pared with the unadjusted O-RADS US, the diagnostic
specificity of the adjusted O-RADS US was improved.
Therefore, more studies are needed for further validation
and revision before the O-RADS US system is formally
applied in clinical practice.

In our research, the interobserver agreement between
the senior and junior sonologists using the SRs was good,
and using O-RADS US was moderate, and both were less
than the interobserver agreement among experienced
sonologists [25, 26]. During this research, we found that,
when using the O-RADS US, there were large differ-
ences in the classification of O-RADS 2 and 3 categories
between the senior and junior sonologists, which may
be related to the typical benign lesions mentioned in
the O-RADS US classification system. Because of their
inexperience, junior sonologists were less able to iden-
tify typical benign lesions, and they were therefore more
inclined to classify them according to unilocular, multi-
locular cysts, and solid masses, which may be why the
K was lower in the O-RADS US than in the SRs. How-
ever, either O-RADS 2 or 3 tended to be benign; thus,
the interobserver agreement of the O-RADS US system
was significantly improved after using a binary classi-
fication. When comparing the assessment results of the
junior sonologists with the pathology, all showed good
agreement, and junior adjusted O-RADS US was slightly
higher than the other two. In conclusion, in this study,
the O-RADS US classification system, especially the
adapted O-RADS US, was more suitable for use by the
inexperienced sonologists.

This study has the following limitations: (1) In the pres-
ent study, the images used by the junior sonologists were
obtained from senior sonologists, which may lead to
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an increase in the accuracy of the assessment, and it is
hoped that subsequent studies can be designed for inde-
pendent acquisition and assessment by junior sonolo-
gists. (2) The sample size included in our study was small
and should be further expanded. (3) Only patients hospi-
talised for surgery for AMs were included in this study,
while lesions with poor image quality (O-RADS cat-
egory 0) and normal ovaries (O-RADS category 1) were
excluded, meanwhile, patients with multiple AMs were
included with only one AM in the highest O-RADS US
category, which may lead to selection bias.

Conclusion

In conclusion, both the O-RADS US and IOTA SRs had
high diagnostic value in assisting sonologists of different
seniority in making a diagnosis. Multilocular cysts and
smooth-solid masses in O-RADS category 4 tended to
appear benign. When > O-RADS 4a was used as a predic-
tor of malignant tumors, the specificity was significantly
improved without significantly reducing the sensitiv-
ity. Meanwhile, compared with unadjusted O-RADS US
and SRs, adjusted O-RADS US was more consistent with
pathological diagnosis, had higher diagnostic efficacy,
and was more suitable for general clinical application.

Abbreviations
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SRs Simple Rules

us Ultrasound

IOTA International Ovarian Tumor Analysis
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ROC Receiver Operating Characteristic
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M Malignant
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