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Objective
Ultrasonographic differential diagnosis of ovarian tumors is important for appropriate management. We conducted 
study to compare the performance of the Assessment of Different NEoplasias in the adneXa (ADNEX) model with a 
subjective assessment (SA) in differentiating between benign and malignant adnexal masses in Korean women.

Methods
A total of 353 patients who underwent adnexal surgery with abnormal pelvic ultrasonographic findings from August 
2016 to August 2017 were included in study. The presumptive diagnosis of adnexal malignancy was determined by 
both SA and the ADNEX model to be >10% calculated risk of malignancy. The area under the curve (AUC) comparison 
between the SA and ADNEX models was performed using DeLong’s method.

Results
340 patients with benign tumors and 13 with malignant adnexal tumors among 292 (82.72%) premenopausal and 61 
(17.28%) postmenopausal women were included. The AUCs of SA and the ADNEX model for discrimination between 
benign and malignant tumors were 0.79 and 0.92, respectively (P=0.10). The sensitivity and specificity of SA and 
the ADNEX model were 83.5% and 97.0%, and 90.0% and 82.0%, respectively. Comparison of the ADNEX model 
regarding menopausal status revealed that the predictability was not different. The AUCs of SA and the ADNEX 
model in premenopausal women were 0.74 and 0.89, respectively (P=0.12). The AUCs of SA and the ADNEX model in 
postmenopausal women were 0.86 and 0.94, respectively (P=0.60).

Conclusion
The ADNEX model offers excellent discrimination between benign and malignant ovarian tumors with similar 
sensitivity and specificity to SA in both premenopausal and postmenopausal Korean women.
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Introduction

Ultrasonographic differential diagnosis of benign or ma-
lignant ovarian tumors is important for appropriate man-
agement, including diagnostic work-up, referral to tertiary 
centers, and surgical plans. Benign ovarian tumors can be 
treated with ovarian cystectomy for the preservation of ovar-
ian function; this surgical option is especially important for 
women who want to preserve fertility for future pregnancy. 
Early diagnosis and surgical treatment are necessary to 
achieve a good prognosis for ovarian cancer, which is known 
to have the worst prognosis among gynecological cancers. 
Among gynecologic cancers, ovarian cancer is the second 
most common, and the incidence of ovarian cancer between 
1999 and 2015 in Korea has been gradually increasing [1]. 
The five-year survival rate of ovarian cancer is approximately 
40%, and the disease accounts for approximately half of all 
deaths related to gynecological cancer. The most important 
factor for survival is the stage at diagnosis [2]. However, 
sonographic differential diagnosis of ovarian tumors is still 
difficult, even in recent years, with marked improvements in 
ultrasonography technology. Obtaining the right sonographic 
view and interpreting the sonographic images are somewhat 
subjective. The accuracy of sonographic diagnosis of malig-
nant adnexal tumors is thus highly dependent on the experi-
ence of the person performing sonography.

Therefore, attempts have been made to determine an 
evidence-based approach for the diagnosis and management 
of adnexal masses, and the International Ovarian Tumor 
Analysis (IOTA) group studied the classification of ovarian 
masses [3]. Simple ultrasound-based rules (simple rules), the 
risk of malignancy index (RMI), and the risk of ovarian malig-
nancy algorithm (ROMA) have been reported [4,5]. Recently, 
the IOTA group issued a polytomous risk prediction model 
for the classification of adnexal masses, the Assessment of 
Different NEoplasias in the adneXa (ADNEX) model [2]. This 
model considers three clinical and six ultrasound predictors: 
age, serum CA-125 level, type of center (referral center for 
oncology or not), maximum diameter of lesion, proportion of 
solid tissue, more than 10 cyst locules, number of papillary 
projections, acoustic shadows, and ascites. The ADNEX mod-
el is the first risk model that differentiates between benign 
and four types of malignant ovarian tumors and predicts the 
classification of adnexal masses into five tumor categories: 
benign, borderline, stage I ovarian cancer, stage II-IV ovarian 

cancer, and secondary ovarian metastasis [2,6]. The predic-
tion, which focuses not only on the presence of malignancy 
but also the degree of malignancy, can inform decisions 
regarding the type of surgery. Benign ovarian masses can be 
managed conservatively or with surgical intervention [7,8]. 
Borderline ovarian tumors are associated with remarkable 
survival, almost 100% within 10 years [9]. Additionally, less 
aggressive surgical treatment should be considered than that 
for invasive tumors, and fertility-sparing procedures are espe-
cially important for reproductive age women [10,11]. Among 
malignant ovarian tumors, early stage ovarian cancer may 
be managed less invasively than advanced-stage disease. For 
example, patients with early stage ovarian cancer may un-
dergo laparoscopic exploration instead of laparotomy [12,13]. 
Women with ovarian metastasis need to be treated depend-
ing on the type of the primary origin of the tumor, and they 
require specific diagnostic and therapeutic management 
[14,15].

In terms of ovarian tumors, there can be racial differences, 
and studies among European women have validated the 
ADNEX model; however, as far as we know, there have been 
no previous studies on Asian women in general and Korean 
women in particular. Therefore, the aim of this study was 
to compare the performance of the ADNEX model with the 
subjective assessment (SA) of gynecologists in differentiating 
between benign and malignant adnexal masses in Korean 
women.

Materials and methods

This retrospective diagnostic accuracy study was conducted 
with prospectively collected data from patients with adnexal 
pathology who underwent transvaginal sonography or 
transrectal sonography from August 2016 to August 2017 
and who underwent adnexal surgery by three gynecologic 
surgeons (S.R.L., K.J., and H.S.M) with confirmed pathology 
from Ewha Womans University Mokdong Hospital. The pres-
ence of a malignancy was determined by both SA and the 
ADNEX model (malignancy risk >10%). Ultrasound examina-
tions were performed using a WS80A instrument (Samsung 
Medison Company, Seoul, Korea) with a VR5-9 probe. All 
preoperative pelvic sonographic images were reviewed by a 
single gynecologic surgeon (S.R.L.) with a personal history 
of more than 16 years of gynecologic sonographic examina-
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tion in a tertiary center. Surgical pathologic diagnosis was 
the clinical reference standard. A total of 390 consecutive 
patients who underwent preoperative ultrasound examina-
tion for adnexal masses and had surgically proven pathologic 
results were initially included in the sample. The exclusion 
criteria were age below 13 years and malignancy from other 
(i.e., nongynecologic) origins, such as metastatic or perito-
neal cancer. A total of 353 consecutive cases, 292 (82.72%) 
premenopausal and 61 (17.28%) postmenopausal women, 
were included in this analysis. The pathological distribution 
of tumors was 340 (96.3%) benign and 13 (3.7%) malignant 
tumors. We calculated the ADNEX model using the formula 
provided on the ADNEX webpage (http://www.iotagroup.
org/adnexmodel/) and used a cutoff of 10% to estimate the 
risk of malignancy. We compared the under the curve (AUC) 
between the SA and ADNEX models using DeLong’s test. 
All computations were performed with R, a language and 
environment for statistical computation (R Foundation for 
Statistical Computing, Vienna, Austria) [16]. All tests were 
considered significant at the 0.05 level. This study protocol 
was approved by the Institutional Review Board (approval no. 
EUMC 2021-03-009).

Results

Overall, the mean age and standard deviation (SD) of the 
patients was 38.5±14.0 years. The mean tumor maximal 
diameter was 66.0±38.0 mm, and the mean CA-125 level 
was 53.5±118.2 IU/mL. The mean age and SD of patients for 
whom the risk of malignancy was >10% in the ADNEX mod-
el was 40.6±16.8 years. Among these patients, the mean 
tumor maximal diameter was 91.8±55.5 mm and the mean 

CA-125 level was 119.2±239.0 IU/mL. The mean age and 
SD of patients for whom the risk of malignancy was ≤10% 
in the ADNEX model was 35.6±12.0 years, the mean tumor 
maximal diameter was 59.0±28.6 mm, and the mean CA-
125 level was 36.3±44.8 IU/mL (Table 1).

The sensitivity and specificity AUC comparison with De-
Long’s method was not significant (P=0.10). This means 
that the ADNEX model (AUC=0.92) is comparable to the SA 
model (AUC=0.79). In terms of sensitivity and specificity for 

Table 1. Descriptive information about the patient characteristics and ultrasound features according to malignant risk of ADNEX model

Malignancy risk of ADNEX model

>10% ≤10% Total

Age (yr) 40.6±16.8 35.6±12.0 38.5±14.0

CA-125 (IU/mL) 119.2±239.0 36.3±44.8 53.5±118.2

The maximal diameter of tumor (mm) 91.8±55.5 59.0±28.6 66.0±38.0

Largest solid part (mm) 30.5±20.7 8.1±3.8 24.0±20.5

Number of papillary projections 2.5±0.7 0 2.5±0.7

Data are presented as mean±standard deviation.
ADNEX, Assessment of Different NEoplasias in the adnexa; CA-125, cancer antigen 125.

Fig. 1. The area under the receiver operating curve (AUC) com-
parison between the Assessment of Different NEoplasias in the 
adneXa (ADNEX) model (red line) and a subjective assessment 
(SA) (black line) in differentiation between benign and malignant 
adnexal masses in Korean women. 
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the group in which the ADNEX model malignancy risk was 
>10%, the sensitivity and specificity of SA and the ADNEX 
model were 83.5% and 97.0% and 90.0% and 82.0%, 
respectively (Fig. 1). Comparison of the ADNEX model with 
respect to menopausal status revealed that the predictive va-
lidity was not different. For premenopausal women, the AUC 
comparison was not significant (P=0.12), and the sensitivity 
and specificity for the group in which the ADNEX model ma-
lignancy risk was >10% were 83% and 83%, respectively. 
For postmenopausal women, the AUC comparison was not 
significant (P=0.60), and the sensitivity and specificity for 
the group in which the ADNEX model malignancy risk was 
>10% were 100% and 76%, respectively (Fig. 2).

Discussion

This study showed that the ADNEX model results in an excel-
lent differentiation between benign and malignant adnexal 
masses, with an AUC of 0.92, with a similar sensitivity and 
specificity as SA. Studies on the external validation of the 
ADNEX model have reported a similar good performance 
[17-21]. A prospective multicenter study was performed in 
24 ultrasound centers in 10 countries that included many 
patients (n=5,909) [2]. The authors reported that the AUC of 

the ADNEX model for classic discrimination between benign 
and malignant tumors was 0.94 (95% confidence interval 
[CI], 0.93-0.95) [2]. A Dutch study including 326 patients 
(128 premenopausal and 198 postmenopausal women) con-
cluded that the ADNEX model, with an AUC of 0.93 (95% 
CI, 0.89-0.95), had good overall performance in comparison 
with other ultrasonographic scoring methods, simple rules, 
logistic regression model 2, and RMI [18].

A study evaluating the ADNEX model in 93 French post-
menopausal women concluded that the ADNEX model can 
increase the utilization of pelvic ultrasound and distinguish 
malignant cysts from ovarian tumors [19]. Recent articles 
concluded that the ADNEX model can be used to improve 
surgical strategy [2,20]. Accurate prediction of ovarian tu-
mors between four types of ovarian malignancy—borderline, 
stage I, stage II-IV, and metastasis from malignancies of other 
organs—can improve triage and management decisions. 
Therefore, the ADNEX model can help in planning the most 
appropriate surgical approach, minimally invasive surgery or 
explo-laparotomy.

Few studies have reported a lack of usefulness of the AD-
NEX model. One study suggested that the ADNEX model 
has limitations in predicting ovarian tumor types [17]. The 
Dutch study also mentioned that SA by an expert, a single 
ultrasonographer with more than 10 years of experience in 

Fig. 2. The area under the receiver operating curve (AUC) comparison between the Assessment of Different NEoplasias in the adneXa 
(ADNEX) model (red line) and a subjective assessment (SA) (black line) in differentiation between benign and malignant adnexal masses 
in Korean (A) premenopausal women and (B) postmenopausal women. 
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gynecological ultrasonography (level 3 examiner), remains 
superior to the ADNEX model, and the advantage of the 
ADNEX model as a polytomous model needs to be proven 
in future studies [18]. A prospective study including 610 
patients from 3 countries concluded that the ADNEX model 
can be useful even in the absence of CA-125 levels [20]. The 
authors reported that the diagnostic performance of ADNEX 
in differentiating between benign and malignant masses was 
0.937 (95% CI, 0.915-0.954) when CA-125 was included 
and 0.925 (95% CI, 0.902-0.943) when CA-125 was exclud-
ed [20]. This can be a useful advantage of the ADNEX model 
considering that the CA-125 level can only be obtained sev-
eral hours after a blood test, a relatively invasive procedure. 
Conversely, we can predict the malignancy of adnexal masses 
as soon as the ADNEX model is applied, without delay or in-
vasive procedures.

This study has several strengths. First, to the best of our 
knowledge, this is the first study to compare SA with the 
ADNEX model among Asian women. Second, the relatively 
short study period of 13 months precludes intrapersonal 
variation in sonographic experiences. Third, the number of 
patients was relatively large among studies on the ADNEX 
model, except for the original diagnostic multicenter study 
[2].

However, this study also had limitations that should be 
considered. First, most patients were premenopausal wom-
en, and the proportion of postmenopausal women, who 
have a higher prevalence of malignant adnexal tumors, was 
less than 20%. Second, the proportion of malignant ovar-
ian tumors was low (3.7%), considering that this study was 
performed by one oncologic surgeon and two reproductive 
endocrinologic surgeons in a tertiary gynecologic oncology 
center. The general malignancy rate in a previous report was 
27% [2]. Moreover, this study was conducted in a third-
level center, while the previous study was performed in both 
second- and third-level hospitals. However, most gynecologic 
oncology centers in South Korea perform gynecologic surger-
ies for both benign and malignant conditions. Therefore, the 
low proportion of malignancy can be an advantage when 
generalizing this study’s results to private clinics, which are 
more prevalent than tertiary centers. One of the purposes of 
developing the ADNEX model was to help make decisions 
with an evidence-based adjunct, even by the hands of non-
expert ultrasound examiners. This can also be useful for less 
developed countries with few experts in ultrasonography. 

However, each country’s referral system is different. There-
fore, the variable “type of center,” defined as a tertiary refer-
ral center with a specific gynecology oncology unit, must be 
interpreted differently in each medical system.

The proportion of borderline and malignant tumors in our 
study was comparable to that in a study of postmenopausal 
women, with 3.2% malignancies and 1.1% borderline ma-
lignancies [19]. Third, this study only compared differentia-
tion between benign and malignant adnexal masses, and we 
did not include the differentiation among borderline malig-
nancies, stage I ovarian cancer, stage II-IV ovarian cancer, or 
metastatic cancers. Although the polytomous approach to 
adnexal tumor diagnosis is a novel component of the ADNEX 
model, previous reports raised questions about the clinical 
utility of discriminating stages I and II-IV. The final diagnosis 
and postoperative treatment plan should be based on the 
pathologic diagnosis and proven prognostic factors. Fur-
thermore, a study including 327 patients in 2 countries also 
reported only moderate accuracy in the prediction of ovarian 
tumor types (sensitivity, 64.2%; specificity, 74.0%) in addi-
tion to a very high accuracy in differentiating malignant and 
benign adnexal tumors (sensitivity 79.9%, specificity 81.3%) 
[21].

We must keep in mind that prior to the application of the 
ADNEX model, physicians should be well trained in basic 
gynecologic sonographic findings. Only under this condi-
tion can nonexpert ultrasound examiners obtain an accurate 
prediction of adnexal tumors using the ADNEX model. The 
reason for this is that six out of the nine components of the 
ADNEX model are sonographic predictors that are relatively 
subjective. In conclusion, the ADNEX model offers excellent 
discrimination of benign and malignant ovarian tumors with 
similar sensitivity and specificity to SA by experienced gyne-
cologists. Gynecologists can be assisted to conduct manage-
ment plan decisions with the use of the ADNEX model in 
both premenopausal and postmenopausal women.
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