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Abstract 
Ovarian clear cell carcinoma (OCCC) is a distinct subtype of epithelial ovarian 
cancer, characterized by a propensity for early metastasis, resistance to plati-
num-based chemotherapy, and poor prognosis. It is closely associated with 
endometriosis, with more than 50% of cases concurrent with endometriosis. 
Ovarian endometrioma (OMA) is the most common manifestation of endo-
metriosis; among OMAs, atypical ovarian endometrioma (AE) exhibits fea-
tures such as thickened cyst walls, papillary projections, and irregular septa-
tions, which overlap with the ultrasound findings of some early-stage OCCC, 
posing considerable challenges in preoperative differential diagnosis. Trans-
vaginal ultrasound, as the first-line imaging modality for ovarian lesions, plays 
an irreplaceable role in distinguishing benign from malignant lesions. How-
ever, conventional two-dimensional and color Doppler ultrasound relies heav-
ily on the subjective judgment of the examiner, with limited capacity to differ-
entiate atypical lesions. In recent years, emerging technologies including con-
trast-enhanced ultrasound, elastography, radiomics, and artificial intelligence 
have developed rapidly, extracting diagnostic information from multiple di-
mensions—such as microcirculatory perfusion, tissue stiffness, and quantita-
tive texture features—that are difficult to discern by the naked eye. Moreover, 
multimodal combined diagnostic strategies have significantly improved the 
differential diagnostic performance for OCCC and AE. This article systemati-
cally reviews the research progress in the ultrasound differential diagnosis of 
OCCC and AE from the perspectives of clinicopathological features, conven-
tional ultrasound findings, applications of new ultrasound technologies, and 
multimodal combined diagnosis, and summarizes the existing problems and 
future perspectives, aiming to provide a reference for accurate noninvasive 
preoperative differentiation and individualized patient management. 
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1. Introduction 

Ovarian cancer is one of the most common malignant tumors in women, and its 
mortality rate has long ranked first among gynecological malignancies, largely be-
cause most patients are diagnosed at an advanced stage and effective early screen-
ing methods are lacking. According to the 2026 American Cancer Statistics Re-
port, there were approximately 20,000 new cases of ovarian cancer [1]; data from 
the National Cancer Center of China in 2022 also showed 61,100 new cases of 
ovarian cancer [2]. Ovarian clear cell carcinoma (OCCC) is a special subtype of 
epithelial ovarian cancer, with an incidence second only to high-grade serous car-
cinoma. Asia is a high-incidence region for OCCC, particularly Japan, where it 
accounts for as much as 25% of cases, with a trend of increasing incidence and 
younger onset [3]; the underlying cause remains unclear and may be related to the 
rising incidence of endometriosis. Compared with other subtypes of ovarian can-
cer, OCCC has unique clinicopathological features: relatively young age at onset, 
a high proportion of early-stage patients, a tendency to complicate with thrombo-
embolism, susceptibility to platinum-based chemotherapy drug resistance in ad-
vanced-stage patients, high recurrence rate, and poor prognosis. The 5-year over-
all survival rate is approximately 80% - 89% for FIGO stage I-II patients, but drops 
to approximately 52% for stage III-IV patients [4]-[7]. Therefore, early and accu-
rate identification of OCCC is crucial for improving patient prognosis. 

Endometriosis is an estrogen-dependent chronic inflammatory disease, with a 
prevalence of 5% - 15% in women of reproductive age [8]. Ovarian endometrioma 
(OMA) is its most common manifestation; the typical ultrasound appearance is 
uniform ground-glass echogenicity within the cyst, a thin and smooth cyst wall, 
and no obvious solid components or blood flow. However, approximately 20% of 
OMAs may exhibit atypical features, including focal thickening of the cyst wall, 
irregular septations, inner wall papillary projections, and heterogeneous intra-
cystic echogenicity, with the incidence significantly increasing in women over 45 
years of age. Such endometriomas with atypical features are termed atypical ovar-
ian endometriomas (AE). Their ultrasound findings overlap with those of some 
early-stage OCCC, creating certain difficulties in differential diagnosis. This may 
lead to OCCC being misdiagnosed as AE, thereby delaying the timing of radical 
surgery; conversely, if a benign AE is diagnosed as OCCC and subjected to sur-
gery, the patient’s fertility and quality of life may be impaired. 

Multiple studies have shown that endometriosis is associated with an increased 
risk of ovarian cancer, with a malignant transformation risk of approximately 
0.5% - 1.0% [9]. This increased risk may stem from the impact of endometriosis 
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on the reproductive system, as patients with endometriosis often suffer from in-
fertility, which is a recognized risk factor for ovarian cancer. Moreover, the risk of 
ovarian cancer in patients with endometriosis increases with longer follow-up du-
ration; among study subjects followed for ≥10 years, the risk of ovarian cancer 
increased to 2.5 times the baseline level. In addition, patients with ovarian endo-
metriosis have a higher incidence of ovarian cancer; for women with OMA fol-
lowed for more than 10 years, the risk of ovarian cancer is increased 4.2-fold [10]. 
Currently, commonly used differential methods in clinical practice include serum 
tumor markers, conventional ultrasound, contrast-enhanced ultrasound, and 
MRI. Serum markers such as CA125 and HE4 show overlapping elevations in both 
conditions, with low specificity when used alone; MRI offers high soft-tissue res-
olution but is costly and time-consuming. Transvaginal ultrasound has the ad-
vantages of being noninvasive, convenient, repeatable, and low-cost, making it the 
first-line method for preoperative evaluation of ovarian lesions. However, con-
ventional ultrasound relies on the subjective judgment of the examiner, with lim-
ited ability to differentiate atypical lesions. 

In recent years, domestic and international scholars have conducted extensive 
research on the ultrasound differential diagnosis of OCCC and AE. New technol-
ogies such as contrast-enhanced ultrasound, elastography, radiomics, and artifi-
cial intelligence have been gradually applied in clinical practice, and multimodal 
combined diagnostic strategies have shown promising prospects. However, a 
standardized and unified diagnostic workflow has not yet been established, and 
research specifically targeting the differential diagnosis of OCCC and AE remains 
very limited. This article reviews the research progress in the ultrasound differen-
tial diagnosis of OCCC and AE, analyzing the current applications of conventional 
ultrasound, new ultrasound technologies, and multimodal combined diagnosis 
based on the clinicopathological foundation, to provide a theoretical basis for pre-
cise clinical diagnosis and scientific research. 

This review was primarily based on literature searches in the PubMed and 
CNKI (China National Knowledge Infrastructure) databases. Search terms in-
cluded “endometriosis,” “atypical endometriosis,” “ovarian cancer,” “ovarian 
clear cell carcinoma,” “endometriosis-associated ovarian cancer,” “ultrasonogra-
phy,” and “radiomics.” Studies were selected based on their relevance to the ultra-
sound differential diagnosis of ovarian clear cell carcinoma and atypical ovarian 
endometrioma. Articles published within the past 15 years were prioritized, and 
early classic literature was also included when necessary. The reference lists of 
retrieved articles were additionally screened to identify other relevant studies. 

2. Pathological and Clinical Features of Ovarian Clear Cell 
Carcinoma and Atypical Ovarian Endometrioma 

2.1. Pathogenetic Association and Histological Differences 

Endometriosis is characterized by ectopic implantation or metaplastic prolifera-
tion of endometrial cells, coupled with persistent ectopic growth and inflamma-
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tion resulting from impaired immune function. Histopathological examination 
requires the presence of at least two of the following features: endometrioid 
glands, endometrioid stroma, or evidence of chronic hemorrhage [11]. Histolog-
ically, atypical endometriosis was first proposed by Czernobilsky and Morris in 
1979 [12], defined as the presence of cytological and structural abnormalities in 
the epithelium of endometriotic cysts without stromal invasion, characterized by 
cytological atypia (nuclear stratification, hyperchromasia, and pleomorphism) 
and architectural atypia (simple or complex hyperplasia). Approximately 0.7% - 
2.5% of atypical endometriosis may undergo malignant transformation [13]; 
among these, architectural atypia is primarily associated with ovarian cancer, and 
its Ki-67 expression is significantly higher than that of cytological atypia [14]. 
However, the pathological diagnostic criteria for AE have not yet been standard-
ized, and clinical detection rates vary widely (0.8% - 8.8%) [13] [15], with clini-
cians having insufficient awareness of its malignant transformation risk. 

Among all subtypes of ovarian cancer, clear cell carcinoma has the closest asso-
ciation with endometriosis [16]. The WHO defines OCCC as a malignant ovarian 
tumor composed of clear, eosinophilic, and hobnail cells arranged in tubulocystic, 
papillary, and solid patterns. Grossly, it typically presents as a unilateral, large (3 
- 30 cm in diameter, most commonly 13 - 15 cm) cystic-solid mass, with white, 
yellow, or brown polypoid nodules visible on the inner cyst wall; the cyst wall 
shows a typical chocolate-brown color and is often associated with endometriotic 
lesions [17]. Microscopically, the histopathology mainly manifests as three cell 
types: the clear cell type, rich in glycogen with clear cytoplasm, which constitutes 
the main body of solid nodules and is the typical cell of OCCC; the hobnail cell 
type, with nuclei protruding toward the glandular lumen and scant cytoplasm, 
showing characteristic hobnail morphology, which is the hallmark pathological 
cell of OCCC and the key morphological feature for pathological diagnosis; and 
the eosinophilic cell type, with eosinophilic and red-stained cytoplasm, abundant 
mitochondria, and often intermingled with clear cells [18]. 

Molecular pathological studies have further revealed the association between 
the two conditions. Inactivation of the ARID1A tumor suppressor gene is the in-
itiating core event in the malignant transformation of endometriosis, and its mu-
tation rate in atypical endometriosis and OCCC is significantly higher than that 
in typical endometriosis. Wiegand et al. [19] found that 46% of OCCC cases har-
bored ARID1A mutations, and that this mutation and loss of BAF250a protein ex-
pression were present in both the tumor and the surrounding atypical endometrial 
tissue, but not in distant normal endometrium, suggesting that ARID1A mutation 
is a key event in the early transformation of endometrial lesions to ovarian cancer; 
studies by Ayhan and Xiao et al. [20] [21] have also confirmed this conclusion. 

Meanwhile, the “retrograde menstruation—iron overload—oxidative stress—
proliferative signal activation” axis also constitutes a core driver of malignant 
transformation in endometriosis. Retrograde menstruation causes repeated bleed-
ing from ectopic endometrium; macrophages in the peritoneal cavity phagocytose 
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and degrade large numbers of red blood cells, releasing excessive free iron that 
leads to peritoneal iron overload. Iron overload generates large amounts of reac-
tive oxygen species (ROS) through pathways such as the Fenton reaction, causing 
persistent oxidative stress, which in turn leads to cellular damage and an increased 
risk of DNA mutations, and activates the NF-κB and ERK/MAPK pathways, con-
ferring a proliferative advantage on ectopic cells [22]. In addition, activating mu-
tations of PIK3CA, MET gene amplification, RASSF methylation, and loss of 
PTEN and KRAS collectively drive abnormal cellular proliferation and malignant 
transformation [23]-[27]. 

2.2. Differences in Clinical Features and Their Value in 
Differential Diagnosis 

OCCC is a special subtype of ovarian cancer, and its clinical features also differ 
from those of other subtypes. The mean age at onset of OCCC is 53.5 - 56 years; 
most cases are unilateral; approximately 60% - 70% are diagnosed at FIGO stage 
I-II; the mean tumor diameter is 10 - 15 cm; and OCCC is often associated with 
endometriosis [5] [28]-[31]. In addition, patients with OCCC have a higher inci-
dence of venous thromboembolism (VTE), twice that of other ovarian cancer sub-
types; approximately 10% are accompanied by paraneoplastic syndromes; and se-
rum CA125 is mostly mildly to moderately elevated [32]. Clinical stage is the most 
important prognostic factor; the 5-year overall survival rates for stages I, II, III, 
and IV are 88%, 70%, 33%, and 0%, respectively, and platinum resistance in ad-
vanced disease is the main cause of poor prognosis [33]. Liver metastasis is a 
unique high-risk prognostic factor for OCCC, distinct from high-grade serous 
carcinoma [34]. 

In contrast, in the study by So KA et al. [15], patients with AE had a mean age 
of 34.8 years, a mean cyst diameter of 7.2 cm, and were mostly unilateral. Risk 
factors for malignant transformation of endometriosis include advanced age (40 - 
60 years), cyst diameter > 9 cm, postmenopausal status, and long-term estrogen 
exposure [35] [36]. The following clinical situations should raise suspicion of ma-
lignant transformation: age ≥ 45 years, postmenopausal status, disease duration 
of endometriosis ≥ 10 years, change in pain rhythm (dysmenorrhea transitioning 
to chronic pelvic pain), cyst diameter ≥ 8 cm, imaging findings suggesting solid 
or papillary structures with abundant low-resistance blood flow, and concurrent 
endometrial lesions [37]. These clinical features themselves serve as important 
clues for differential diagnosis and should be incorporated into a comprehensive 
assessment system. 

Differences in Serum Tumor Markers 
Serum tumor markers are also among the important features for the differential 
diagnosis of the two conditions. CA125 has high sensitivity but low specificity, 
and may be elevated in endometriosis, pelvic inflammatory disease, and even dur-
ing menstruation [38]. HE4 has superior specificity to CA125 (93% vs. 78%), is 
not affected by the menstrual cycle, and is elevated in approximately 69% of pa-
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tients with clear cell carcinoma [39]-[41]; urinary HE4 can serve as a supplement 
to serum testing and may help identify patients with primary platinum resistance 
[42]. The combined detection of CA125 and HE4 constitutes the ROMA (Risk of 
Ovarian Malignancy Algorithm) index; a study by Suri et al. [43] showed that 
ROMA is the best diagnostic marker for epithelial ovarian cancer in postmeno-
pausal women, whereas HE4 is the best predictive indicator in premenopausal 
women. 

Smac is a pro-apoptotic protein. Dobrzycka et al. [44] first detected its levels in 
the serum of patients with ovarian cancer in 2015, and its levels were negatively 
correlated with tumor stage and pathological grade. A study by Xu XR et al. [45] 
showed that serum Smac in OCCC was significantly lower than in benign endo-
metriosis; the sensitivity of Smac alone reached 91.67%, and the specificity of HE4 
reached 98.75%. The three-marker combination (Smac + HE4 + CA125) had the 
highest sensitivity (98.33%) but lower specificity (75%), while the combination of 
Smac and HE4 offered a relatively better balance of sensitivity and specificity. A 
study by Xu T et al. [46] demonstrated that HE4 > 59.7 pmol/L and CA19-9 > 8.5 
U/mL are independent risk factors for malignant transformation of endometrio-
sis, with the combined detection achieving a sensitivity of 72.73% and specificity 
of 78.41%. In addition, an elevated neutrophil-to-lymphocyte ratio (NLR) is an 
independent predictor of poor prognosis in OCCC [47]. 

Current serum marker assays offer some assistance in the differential diagnosis 
of OCCC and AE, but they also have limitations. CA125 may be elevated in both 
conditions, with limited discriminatory capacity; HE4 has relatively high specific-
ity but insufficient sensitivity; Smac, as an emerging marker, has high sensitivity, 
but related studies have small sample sizes and lack multicenter validation. In real 
clinical scenarios, one should not rely solely on serum markers, but rather inte-
grate them with ultrasound findings and clinical features into a combined model, 
which is also one of the multimodal diagnostic strategies. A comparison of the 
clinical and pathological features of OCCC and is atypical ovarian endometrioma 
presented in Table 1. 
 

Table 1. Comparison of clinicopathological features between OCCC and atypical ovarian endometrioma. 

Feature Dimension Atypical Ovarian Endometrioma (AE) Ovarian Clear Cell Carcinoma (OCCC) 

Age at onset Mean 34.8 years, predominantly reproductive age 
Mean 53.5 - 56 years, predominantly 
perimenopausal 

Cyst/mass diameter Mean 7.2 cm, mostly < 8 cm Mean 10 - 15 cm, frequently > 10 cm 

Laterality Predominantly unilateral (55.1% right-sided) Predominantly unilateral (84% - >90%) 

Serum CA125 Mild-to-moderate elevation, menstruation-related Mild-to-moderate elevation 

Serum HE4 Mostly normal or mildly elevated Elevated in ~69%, relatively high specificity 

Serum Smac Near normal levels 
Significantly decreased, inversely correlated with 
stage 

VTE incidence No significant elevation 11% - 42%, twice that of other subtypes 

FIGO stage Benign lesion, no staging 60% - 70% at stages I-II 
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3. Current Status of Conventional Ultrasound Differential 
Diagnosis 

3.1. Conventional Ultrasound Features 

Transvaginal ultrasound (TVU) is the first-line imaging modality for ovarian le-
sions, with diagnostic sensitivity and specificity both approaching 90% [48]. The 
typical ultrasound features of OMA include a unilocular cyst, ground-glass echo-
genicity within the cyst, positive tenderness on probe compression, and rare pa-
pillary projections or solid components [49] [50]. In contrast, AE presents with 
atypical features such as multilocular cysts, thickened cyst walls, papillary projec-
tions on the cyst wall, and cystic-solid lesions [49] [50]. 

An analysis of ultrasound features in 152 cases of OCCC by Pozzati et al. [31] 
showed: 84.2% were unilateral; the median maximum tumor diameter was 117 
mm; solid components were visible in all lesions (median solid nodule diameter 
69 mm); 34.9% were unilocular cystic-solid, 41.4% multilocular cystic-solid, and 
23.7% solid masses; papillary projections were visible in 38.2% (of which 51.7% 
had >3 projections and 91.1% showed detectable blood flow); and cyst fluid was 
most commonly hypoechoic (43.5%). Among these, patients with OCCC patho-
logically confirmed to have arisen from malignant transformation of endometri-
osis were younger (median 47.5 years vs. 55.0 years) and more frequently showed 
ground-glass echogenicity (50.0% vs. 16.5%). 

A comparative study of 63 cases of AE and 57 cases of OCCC by Huang KJ et 
al. [51] showed that patients with OCCC were older (53.11 ± 9.28 years vs. 39.33 
± 7.04 years), had larger cyst diameters (12.68 ± 4.60 cm vs. 7.81 ± 2.81 cm), larger 
solid components (4.82 ± 3.53 cm vs. 0.93 ± 1.74 cm), and more frequent disap-
pearance of ground-glass echogenicity (68.4% vs. 6.3%). Multivariate analysis 
showed that age > 47.5 years, cyst diameter > 11.55 cm, solid component > 1.37 
cm, and disappearance of ground-glass echogenicity were independent factors 
suggestive of malignancy. 

Among the above ultrasound features, the disappearance of ground-glass echo-
genicity is a noteworthy sign. Some studies have speculated that locally expressed 
degradative enzymes within endometriotic cysts gradually break down the cyst 
fluid, while periodic bleeding replenishes the cyst contents, maintaining the typi-
cal ground-glass echogenicity; after perimenopause, fresh bleeding decreases, and 
the typical ground-glass echogenicity may disappear [52] [53]. After adjusting for 
age, the disappearance of ground-glass echogenicity in individuals under 45 years 
of age may be an important indicator for differentiating AE from OCCC [51]. 
From a pathological perspective, the cystic-solid structure of OCCC corresponds 
to solid echogenic areas within a cystic mass on ultrasound; the cyst fluid appears 
chocolate-like due to old hemorrhage, explaining the fine punctate or mixed echo-
genicity on ultrasound; tumor cells rich in glycogen arranged in solid sheets con-
stitute the main body of solid nodules, and abundant eosinophilic hyaline material 
in the stroma may form sclerotic hyaline nodules, which may appear as hyperech-
oic spots or calcification-like echoes within solid areas on ultrasound; papillary 
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projections and hobnail cells protruding into the lumen form intracystic wall nod-
ules visible on ultrasound [18]. The main conventional ultrasonographic features 
differentiating OCCC from atypical ovarian endometrioma are shown in Table 2. 

Ultrasound is an important modality for the differential diagnosis of OCCC and 
AE, with cyst size, solid component diameter, and changes in ground-glass echo-
genicity being the main differentiating features. However, these signs are not ab-
solute and may overlap between patients with OCCC and AE, particularly in per-
imenopausal women, where the disappearance of ground-glass echogenicity may 
merely reflect changes in cyst fluid composition rather than malignant transfor-
mation. Therefore, ultrasound should serve as a screening tool, and atypical cases 
require further evaluation in combination with new ultrasound technologies and 
MRI. 
 

Table 2. Key conventional ultrasonic features for differentiating OCCC from atypical ovarian endometrioma. 

Ultrasonic Feature 
Atypical Ovarian 
Endometrioma (AE) 

Ovarian Clear Cell Carcinoma 
(OCCC) 

Diagnostic Value 

Cyst diameter Mostly < 8 cm, mean 7.2 cm Mostly > 10 cm, median 11.7 cm High, threshold 11.55 cm 

Solid component Rare, mean 0.93 cm Invariably present, mean 4.82 cm High, threshold 1.37 cm 

Ground-glass echogenicity Mostly present Mostly absent Moderate-high, age-adjusted 

Papillary projections Rare, mostly avascular 
Visible in 38.2%, vascular in 
91.1% 

High 

Cyst fluid echogenicity 
Homogeneous 
hypoechoic/ground-glass 

Predominantly hypoechoic, may 
be heterogeneous 

Moderate 

Number of locules Mostly ≤ 4 
Unilocular or multilocular 
cystic-solid 

Low 

Ascites Rare Complicated in 21.1% Moderate 

Probe tenderness Common Not prominent Moderate 

3.2. Color Doppler Ultrasound Features 

Color Doppler ultrasound can further improve the differential diagnostic perfor-
mance for the two conditions by assessing the microcirculatory perfusion and he-
modynamic features of lesions. Blood flow signals in AE lesions are mostly con-
fined to the cyst wall or septations, presenting as scant punctate or linear signals, 
and solid components are mostly avascular; in contrast, blood flow in OCCC le-
sions is predominantly distributed within solid components and wall nodules, 
manifesting as relatively abundant linear blood flow signals, consistent with tu-
mor neovascularization. 

Regarding hemodynamic parameters, OCCC lesions are mostly low-resistance, 
with a resistive index (RI) mostly < 0.4, whereas AE lesions mostly have an RI > 
0.6. However, RI may be influenced by factors such as tumor size, lesion location, 
and measurement technique, limiting its differential diagnostic value. In addition, 
power Doppler ultrasound is more sensitive in detecting low-velocity blood flow 
and can identify neovascularization within small solid components, offering sup-
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plementary value. Overall, the septations and intracystic solid components of AE 
cysts are mostly avascular or show only scant blood flow signals; the presence of 
vascularized solid papillary structures is highly suggestive of malignancy. Further-
more, Doppler interpretation is substantially influenced by operator experience, 
equipment performance, and parameter settings. In clinical differential diagnosis, 
caution should also be exercised with benign lesions such as decidualized endo-
metriomas during pregnancy, which may also show hypervascular solid projec-
tions internally and can be easily confused with malignant lesions [50]. 

4. Applications of New Ultrasound Technologies in 
Differential Diagnosis 

4.1. Ultrasound Radiomics and Artificial Intelligence 
4.1.1. Technical Principles and Basic Workflow 
In recent years, with the rapid development of the integration of artificial intelli-
gence technology and medical imaging, radiomics has emerged as a new field and 
research hotspot in quantitative assessment techniques for precision medical im-
aging. The concept of radiomics was first proposed by the American scholar Gil-
lies [54] in 2010, and Lambin [55] further refined its definition in 2012. It refers 
to a technology that uses computers to extract a large number of quantitative fea-
tures carried in medical images through high-throughput processing and obtains 
information reflecting the underlying pathophysiology of lesions through ma-
chine learning analysis [54] [55]. Ultrasound radiomics applies radiomics meth-
ods to ultrasound images, extracting quantitative features such as morphology, 
texture, and wavelet transform from grayscale ultrasound, and capturing subtle 
image structures and intrinsic relationships that are difficult to observe with the 
naked eye [56] [57]. Its basic workflow comprises five main steps: medical image 
acquisition, region of interest (ROI) segmentation, feature extraction, feature se-
lection, and model construction and validation. Under the supervised learning 
framework, commonly used feature selection methods include LASSO regression 
and mRMR, and classifiers include support vector machines (SVM), random for-
ests, logistic regression, and convolutional neural networks (CNN) [58] [59]. 

4.1.2. Diagnostic Performance of Radiomics Based on Grayscale 
Ultrasound 

In a large-sample study of 6809 pathologically confirmed cases of endometriosis 
by Chao et al. [60], a gradient boosting decision tree was used to construct a pre-
diction model, achieving an AUC of 0.942 in the test set, with a sensitivity of 86.8% 
and specificity of 86.7%, significantly outperforming the traditional logistic re-
gression model (AUC = 0.891); moreover, the AUC remained at 0.876 in a pro-
spective dataset. In a benign-malignant prediction model for adnexal masses de-
veloped by Moro et al. [61] based on 2428 patients, the clinical-radiomics com-
bined model constructed using the XGBoost algorithm achieved the best diagnos-
tic performance, with a validation set AUC of 0.89, sensitivity of 0.83, and speci-
ficity of 0.81. 
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Miao et al. [62] used the ConvNeXt deep learning algorithm to differentiate 
OMA from benign mucinous cystadenoma, enrolling 184 patients; the test set 
AUC reached 0.90, with sensitivity and specificity both at 90%, and decision curve 
analysis (DCA) confirmed its clinical utility. Liu et al. [63] developed a machine 
learning model to differentiate OMA from benign teratoma; the logistic regres-
sion model achieved an AUC of 0.981, accuracy of 94.8%, and sensitivity of 95.5%; 
a nomogram model integrating clinical and radiomics features achieved an AUC 
of 0.987. The diagnostic performance of this radiomics model was comparable to 
that of senior physicians and superior to that of junior physicians; moreover, after 
using it for assisted diagnosis, the performance of junior physicians significantly 
improved. The above studies have all confirmed the excellent performance of ul-
trasound radiomics in the differential diagnosis of gynecological diseases. 

4.1.3. Prediction Models Combining Radiomics with Clinical Features 
Prediction models combining radiomics with clinical features have also demon-
strated certain value in the early identification of OCCC. The study by Moro et al. 
[61] showed that the clinical-radiomics combined model (AUC 0.89) outper-
formed the radiomics-only model, confirming the value of multimodal infor-
mation fusion. The nomogram model by Liu et al. [63] (AUC 0.987) also outper-
formed the radiomics-only model. When imaging data are combined with clinical, 
genomic, and pathological information, the predictive performance of these mod-
els is significantly enhanced. This also applies to the differentiation of OCCC and 
AE; integrating clinical features such as age, cyst size, and serum markers with 
ultrasound radiomics features holds promise for constructing more accurate early 
malignant transformation risk prediction models. 

Existing research on ultrasound radiomics in gynecological diseases has estab-
lished a certain foundation, but studies directly targeting the specific differential 
diagnosis of OCCC and AE remain very limited. Most studies simply include 
OCCC within the broad category of ovarian malignant tumors, failing to capture 
its unique radiomics features. As a special subtype of ovarian cancer, OCCC has 
certain unique clinical features, and its radiomics features may also differ from 
those of other types of ovarian cancer. Future studies specifically focusing on the 
radiomics of OCCC and AE are needed. 

4.2. Ultrasound Elastography and Contrast-Enhanced Ultrasound 
4.2.1. Elastography 
The concept of ultrasound elastography was first proposed by Ophir et al. [64] in 
1991, inspired by clinical palpation. It utilizes differences in stiffness among bio-
logical tissues for coded imaging and elasticity measurement. Common modalities 
include strain elastography (SE), acoustic radiation force impulse imaging (ARFI), 
and shear wave elastography (SWE) [65]. Among these, SWE is the most widely 
used. It generates transverse shear waves by transmitting excitation acoustic 
beams from the probe; utilizing the Mach cone effect, shear waves propagate faster 
in stiffer tissues and slower in softer tissues, allowing color coding based on tissue 
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stiffness. Young’s modulus values can also be directly calculated using the Young’s 
modulus formula to reflect tissue stiffness [66] [67]. 

Herek et al. [68] investigated the diagnostic value of transabdominal ultrasound 
elastography for ovarian lesions, showing that ovarian endometriomas and com-
plex cystic lesions tend to be stiff with high strain ratios; malignant lesions are 
mostly soft with very low strain ratios; and benign tumors have moderate stiffness, 
overall stiffer than malignant lesions. A transvaginal elastography study by Ciledag 
et al. [69] also showed that OMA overall presents as stiff due to old intracystic 
hemorrhage and fibrous deposition; simple physiological cysts are extremely soft; 
and complex cystic malignant lesions, due to intracystic solid papillary and infil-
trative components, mostly have elastic stiffness between that of simple cysts and 
OMA. 

The combination of elastography and conventional ultrasound can improve 
differential diagnostic performance, particularly offering supplementary value in 
determining the benign or malignant nature of solid components. Within the 
solid components of OCCC, tumor cells are loosely arranged with stromal edema, 
resulting in soft texture; in contrast, the cyst walls and septations of AE show in-
creased stiffness due to long-term hemorrhagic organization and fibrous tissue 
proliferation. This difference in stiffness endows ultrasound elastography with 
certain value in the differential diagnosis of OCCC and AE. 

4.2.2. Contrast-Enhanced Ultrasound 
Contrast-enhanced ultrasound (CEUS) is a noninvasive imaging technique that 
applies acoustic contrast agents on the basis of conventional ultrasound and iden-
tifies masses by observing microvascular perfusion patterns. CEUS examination 
includes the assessment of parameters such as tumor enhancement pattern (ho-
mogeneous/heterogeneous), degree of enhancement (hypo-/iso-/hyperenhance-
ment), vascular morphology (presence of coarse, disorganized, and irregular ves-
sels within the lesion), and contrast agent washout time. 

Generally, there are marked differences in CEUS enhancement patterns be-
tween benign and malignant lesions: malignant lesions show fast-in and fast-out 
enhancement, heterogeneous enhancement, and visible disorganized neovascular 
features, whereas benign lesions mostly show homogeneous enhancement with-
out abnormal perfusion. Benign ovarian tumors typically show ring enhancement 
at the cyst wall and papillary projections, whereas ovarian cancer manifests as 
rapid and heterogeneous enhancement. The solid portions of OCCC are rich in 
vessels, but abundant hyaline material deposition in the stroma may form hypo-
vascular fibrotic areas, which on contrast imaging may manifest as heterogeneous 
hypoenhancement or a differential pattern of fast-in and slow-out [18]. 

A CEUS study of benign, borderline, and malignant ovarian epithelial tumors 
by Wang et al. [70] showed that the benign group was characterized by late en-
hancement, low enhancement, and synchronous washout, with overall homoge-
neous mild enhancement; the borderline group was characterized by late enhance-
ment, low enhancement, and early washout, with relatively intact capsules; the 
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malignant group manifested as early enhancement, high enhancement, and early 
washout, with overall heterogeneous high enhancement, abundant coarse and dis-
organized vessels visible within solid areas, and radial enhancement of contrast 
agent extending outward from the interior of the lesion. A study by Tian Cai et al. 
[71] found that the combination of IOTA (International Ovarian Tumor Analy-
sis) simple rules with CEUS significantly improved the diagnostic value for ad-
nexal masses compared with IOTA rules alone. 

CEUS has important supplementary value in the identification of small solid 
components and early malignant transformation lesions. For small nodules that 
cannot be clearly identified by two-dimensional and color Doppler ultrasound, 
CEUS can detect low-velocity blood flow and display the microvascular perfusion 
pattern within solid components, providing key information for the identification 
of early malignant transformation. 

5. Research Progress in Multimodal Combined Diagnosis 

Currently, multimodal approaches represent a trend in clinical diagnosis and have 
also demonstrated good differential diagnostic capacity in gynecological diseases, 
particularly when imaging features are combined with clinical, genomic, and 
pathological information, significantly enhancing disease prediction perfor-
mance. 

For example, the combination of ultrasound with serum tumor markers such 
as CA125, HE4, and Smac is currently the most commonly used multimodal di-
agnostic mode in clinical practice. The ROMA index is a risk assessment model 
combining CA125 and HE4; a study by Suri et al.43 showed that ROMA is the best 
diagnostic marker for epithelial ovarian cancer in postmenopausal women. The 
combination of ultrasound and serum markers can compensate for the limitations 
of single modalities and improve the ability to differentiate atypical lesions. How-
ever, there is currently a lack of an ultrasound-serum combined scoring system 
specifically designed for the differentiation of OCCC and AE. 

Integrating clinical features such as age, duration of endometriosis, changes in 
cyst size, and changes in pain rhythm with ultrasound findings to construct ma-
lignant transformation risk prediction models is also an important direction for 
multimodal diagnosis. In a large-sample study by Chao et al. [60] enrolling 6809 
patients with endometriosis, a machine learning model integrating clinical fea-
tures and ultrasound parameters achieved an AUC of 0.942, significantly outper-
forming the traditional ultrasound logistic regression model. This approach fully 
leverages the supplementary value of clinical information and is particularly suit-
able for risk stratification in populations at higher surgical risk, such as women of 
reproductive age. 

The combination of ultrasound radiomics with clinical features is currently the 
core research direction. The clinical-radiomics combined model constructed by 
Moro et al. [61] (AUC 0.89) outperformed the radiomics-only model; the nomo-
gram model by Liu et al. [63] (AUC 0.987) also confirmed the value of fusing clin-

https://doi.org/10.4236/jbm.2026.1410007


L. P. Liu, J. X. Wang 
 

 

DOI: 10.4236/jbm.2026.1410007 104 Journal of Biosciences and Medicines 
 

ical features with radiomics. When imaging data are combined with clinical, ge-
nomic, and pathological information, the predictive performance of these models 
is significantly enhanced. For the differentiation of OCCC and AE, integrating 
grayscale ultrasound radiomics features, CEUS perfusion parameters, and elas-
tography stiffness values with clinical features such as age and serum markers to 
construct a multidimensional combined model holds promise for achieving opti-
mal differential diagnostic performance. 

Multimodal combined diagnosis with radiomics is an inevitable trend in cur-
rent development, but it still faces several challenges. First, there is substantial data 
heterogeneity across modalities; different equipment, parameters, and contrast 
agent dosages can all affect feature extraction, and there is currently a lack of 
standardized data preprocessing and normalization workflows. Second, high fea-
ture dimensionality and small sample sizes easily lead to overfitting, necessitating 
the introduction of strategies such as feature selection, dimensionality reduction, 
and cross-validation. Third, model validation is insufficient; most studies have 
only performed internal validation, lacking multicenter external validation and 
prospective clinical validation. Therefore, establishing standardized multimodal 
data acquisition protocols, conducting large-sample multicenter studies, and de-
veloping interpretable AI models are key to promoting the clinical translation of 
multimodal diagnosis. 

6. Existing Problems and Challenges 

In the differential diagnosis of AE and OCCC, the two conditions may overlap in 
aspects such as thickened cyst walls, papillary projections, and increased blood 
flow signals, posing certain difficulties for conventional ultrasound differentia-
tion. Moreover, conventional ultrasound diagnosis is highly dependent on the ex-
perience and technical proficiency of the examiner, and some primary hospitals 
have insufficient ability to recognize atypical features, leading to high rates of 
missed diagnosis and misdiagnosis. For patients of reproductive age with fertility 
desires, balancing malignant transformation risk screening with fertility preserva-
tion also imposes higher demands on precise preoperative diagnosis. 

Second, in the application of new ultrasound technologies, radiomics research 
has not yet established unified standards in image preprocessing, ROI segmenta-
tion, feature extraction, and algorithm selection, making it difficult to directly 
compare results across different studies. Different ultrasound equipment, probe 
frequencies, and gain settings can all affect image quality and feature extraction, 
limiting the generalizability of models across different centers. Furthermore, due 
to the relatively low incidence of OCCC, clinical studies are mostly single-center 
and small-sample in design, and there is a marked imbalance in the number of 
OCCC and AE cases, which easily leads to model overfitting and low generaliza-
bility. Most studies are retrospective in design, subject to selection bias, and lack 
validation from large-sample prospective multicenter studies. The data imbalance 
problem may also lead to insufficient model recognition capacity for the minority 
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class (OCCC), affecting the safety of clinical application. 
Currently, most radiomics and artificial intelligence research remains at the la-

boratory stage, lacking multicenter, prospective, and external validation studies, 
making it difficult for diagnostic models to be directly applied in routine clinical 
work. The insufficient interpretability of models makes it difficult for clinicians to 
understand the diagnostic basis, affecting trust and acceptance. In addition, radi-
omics analysis requires dedicated software and computational resources, which 
are difficult to implement in primary hospitals, limiting the popularization and 
promotion of the technology. 

Finally, radiomics features are mostly mathematical quantitative parameters, 
and research on their association with tumor pathological molecular mechanisms 
and biological behavior is insufficient, making it difficult to explain the diagnostic 
basis of models and limiting clinical acceptance. Which texture features corre-
spond to chromatin remodeling caused by ARID1A mutations, and which gray-
scale features reflect the degree of stromal hyalinization, remain to be elucidated. 
Establishing the correspondence among imaging features, pathological morphol-
ogy, and molecular alterations is the key to moving radiomics from a “black box” 
toward interpretability. 

7. Conclusion and Perspectives 

Due to the overlap in ultrasound features between OCCC and AE, accurate pre-
operative differentiation remains a clinically urgent problem. Based on the clini-
copathological foundation, this article systematically reviews the application pro-
gress of conventional ultrasound, color Doppler ultrasound, ultrasound radiomics 
and artificial intelligence, elastography, contrast-enhanced ultrasound, and mul-
timodal combined diagnosis in the differentiation of the two conditions. Conven-
tional two-dimensional and color Doppler ultrasound is the first-line method for 
the differential diagnosis of OCCC and AE; features centered on cyst diameter, 
solid component size, ground-glass echogenicity, and blood flow characteristics 
have key differential value. Contrast-enhanced ultrasound and elastography also 
provide supplementary information from the perspectives of perfusion and stiff-
ness, respectively, while new technologies such as ultrasound radiomics and arti-
ficial intelligence quantitatively extract tumor heterogeneity features. Finally, 
multimodal combined diagnostic strategies have shown excellent application pro-
spects, providing new avenues for noninvasive and accurate preoperative differ-
entiation of OCCC and AE. 

In the future, it is necessary to further establish a standardized AE ultrasound 
feature assessment system and risk stratification criteria for malignant transfor-
mation of endometriosis, conduct multicenter, large-sample prospective studies, 
promote the clinical translation of AI models, develop integrated prediction mod-
els incorporating multidimensional indicators, and simultaneously establish 
standardized follow-up protocols for patients of reproductive age, ultimately 
achieving early screening, precise diagnosis, and individualized treatment of ma-
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lignant transformation of endometriosis. The biological basis of radiomics fea-
tures should be explored. By integrating pathological, molecular biological, and 
genomic data, the associations between radiomics features and the tumor micro-
environment, molecular subtypes, and prognosis should be analyzed, establishing 
the correspondence among imaging features, pathological morphology, and mo-
lecular alterations, and realizing the transition from imaging diagnosis to imag-
ing-based precise subtyping. 

Author Contributions 

Conceptualization, Liping Liu and Jiaxin Wang; methodology, Jiaxin Wang;; for-
mal analysis, Jiaxin Wang; investigation, Jiaxin Wang; resources, Liping Liu; data 
curation, Jiaxin Wang; writing—original draft preparation, Jiaxin Wang; writ-
ing—review and editing, Liping Liu; visualization, Jiaxin Wang; supervision, 
Liping Liu; project administration, Liping Liu and Jiaxin Wang; funding acquisi-
tion, Liping Liu.  

All authors have read and agreed to the published version of the manuscript.  

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Scott, C.L., Banerjee, S., Joly, F., Lee, J., Mukhopadhyay, A., Tan, D.S., et al. (2026) 

Ovarian Cancer. Nature Reviews Disease Primers, 12, Article No. 10.  
https://doi.org/10.1038/s41572-026-00686-x 

[2] Han, B., Zheng, R., Zeng, H., Wang, S., Sun, K., Chen, R., et al. (2024) Cancer Inci-
dence and Mortality in China, 2022. Journal of the National Cancer Center, 4, 47-53.  
https://doi.org/10.1016/j.jncc.2024.01.006 

[3] Machida, H., Matsuo, K., Yamagami, W., Ebina, Y., Kobayashi, Y., Tabata, T., et al. 
(2019) Trends and Characteristics of Epithelial Ovarian Cancer in Japan between 
2002 and 2015: A JSGO-JSOG Joint Study. Gynecologic Oncology, 153, 589-596.  
https://doi.org/10.1016/j.ygyno.2019.03.243 

[4] Lee, H.Y., Hong, J.H., Byun, J.H., Kim, H., Baek, S.K., Kim, J.Y., et al. (2020) Clinical 
Characteristics of Clear Cell Ovarian Cancer: A Retrospective Multicenter Experience 
of 308 Patients in South Korea. Cancer Research and Treatment, 52, 277-283.  
https://doi.org/10.4143/crt.2019.292 

[5] Tang, H., Liu, Y., Wang, X., Guan, L., Chen, W., Jiang, H., et al. (2018) Clear Cell 
Carcinoma of the Ovary: Clinicopathologic Features and Outcomes in a Chinese Co-
hort. Medicine, 97, e10881. https://doi.org/10.1097/md.0000000000010881 

[6] Matsuo, K., Hasegawa, K., Yoshino, K., Murakami, R., Hisamatsu, T., Stone, R.L., et 
al. (2015) Venous Thromboembolism, Interleukin-6 and Survival Outcomes in Pa-
tients with Advanced Ovarian Clear Cell Carcinoma. European Journal of Cancer, 
51, 1978-1988. https://doi.org/10.1016/j.ejca.2015.07.012 

[7] Chan, J.K., Teoh, D., Hu, J.M., Shin, J.Y., Osann, K. and Kapp, D.S. (2008) Do Clear 
Cell Ovarian Carcinomas Have Poorer Prognosis Compared to Other Epithelial Cell 
Types? A Study of 1411 Clear Cell Ovarian Cancers. Gynecologic Oncology, 109, 370-
376. https://doi.org/10.1016/j.ygyno.2008.02.006 

https://doi.org/10.4236/jbm.2026.1410007
https://doi.org/10.1038/s41572-026-00686-x
https://doi.org/10.1016/j.jncc.2024.01.006
https://doi.org/10.1016/j.ygyno.2019.03.243
https://doi.org/10.4143/crt.2019.292
https://doi.org/10.1097/md.0000000000010881
https://doi.org/10.1016/j.ejca.2015.07.012
https://doi.org/10.1016/j.ygyno.2008.02.006


L. P. Liu, J. X. Wang 
 

 

DOI: 10.4236/jbm.2026.1410007 107 Journal of Biosciences and Medicines 
 

[8] Viganò, P., Parazzini, F., Somigliana, E. and Vercellini, P. (2004) Endometriosis: Ep-
idemiology and Aetiological Factors. Best Practice & Research Clinical Obstetrics & 
Gynaecology, 18, 177-200. https://doi.org/10.1016/j.bpobgyn.2004.01.007 

[9] Nezhat, C., Vu, M., Vang, N., Ganjoo, K., Karam, A., Folkins, A., et al. (2019) Endo-
metriosis Malignant Transformation Review: Rhabdomyosarcoma Arising from an 
Endometrioma. JSLS: Journal of the Society of Laparoendoscopic Surgeons, 23, 
e2019.00038. https://doi.org/10.4293/jsls.2019.00038 

[10] Brinton, L.A., Gridley, G., Persson, I., Baron, J. and Bergqvist, A. (1997) Cancer Risk 
after a Hospital Discharge Diagnosis of Endometriosis. American Journal of Obstet-
rics and Gynecology, 176, 572-579. https://doi.org/10.1016/s0002-9378(97)70550-7 

[11] Koninckx, P.R., Ussia, A., Adamyan, L., Wattiez, A., Gomel, V. and Martin, D.C. 
(2019) Pathogenesis of Endometriosis: The Genetic/Epigenetic Theory. Fertility and 
Sterility, 111, 327-340. https://doi.org/10.1016/j.fertnstert.2018.10.013 

[12] Tanase, Y., Furukawa, N., Kobayashi, H. and Matsumoto, T. (2013) Malignant Trans-
formation from Endometriosis to Atypical Endometriosis and Finally to Endometri-
oid Adenocarcinoma within 10 Years. Case Reports in Oncology, 6, 480-484.  
https://doi.org/10.1159/000355282 

[13] Ñiguez Sevilla, I., Machado Linde, F., Marín Sánchez, M.d.P., Arense, J.J., Torroba, 
A., Nieto Díaz, A., et al. (2019) Prognostic Importance of Atypical Endometriosis 
with Architectural Hyperplasia versus Cytologic Atypia in Endometriosis-Associated 
Ovarian Cancer. Journal of Gynecologic Oncology, 30, e63.  
https://doi.org/10.3802/jgo.2019.30.e63 

[14] Lenz, J., Chvatal, R., Fiala, L., Konecna, P. and Lenz, D. (2021) Comparative Immuno-
histochemical Study of Deep Infiltrating Endometriosis, Lymph Node Endometriosis 
and Atypical Ovarian Endometriosis Including Description of a Perineural Invasion. 
Biomedical Papers, 165, 69-79. https://doi.org/10.5507/bp.2020.006 

[15] So, K.A., Hong, S.R., Kim, N.R., Yang, E.J., Shim, S., Lee, S.J., et al. (2021) Association 
between Atypical Endometriosis and Ovarian Malignancies in the Real World. Jour-
nal of Ovarian Research, 14, Article No. 110.  
https://doi.org/10.1186/s13048-021-00865-2 

[16] Sun, Y. and Liu, G. (2021) Endometriosis-Associated Ovarian Clear Cell Carcinoma: 
A Special Entity? Journal of Cancer, 12, 6773-6786. https://doi.org/10.7150/jca.61107 

[17] Zhang, G.N., et al. (2022) Chinese Expert Consensus on Clinical Diagnosis and Treat-
ment of Ovarian Clear Cell Carcinoma (2022 Edition). Chinese Journal of Practical 
Gynecology and Obstetrics, 38, 515-523. 

[18] Kato, N. (2020) Pathology of Clear Cell Carcinoma of the Ovary: A Basic View Based 
on Cultured Cells and Modern View from Comprehensive Approaches. Pathology 
International, 70, 591-601. https://doi.org/10.1111/pin.12954 

[19] Wiegand, K.C., et al. (2010) ARID1A Mutations in Endometriosis-Associated Ovar-
ian Carcinomas. The New England Journal of Medicine, 363, 1532-1543. 

[20] Ayhan, A., Mao, T., Seckin, T., Wu, C., Guan, B., Ogawa, H., et al. (2012) Loss of 
ARID1A Expression Is an Early Molecular Event in Tumor Progression from Ovarian 
Endometriotic Cyst to Clear Cell and Endometrioid Carcinoma. International Jour-
nal of Gynecological Cancer, 22, 1310-1315.  
https://doi.org/10.1097/igc.0b013e31826b5dcc 

[21] Xiao, W., Awadallah, A. and Xin, W. (2012) Loss of ARID1A/BAF250a Expression in 
Ovarian Endometriosis and Clear Cell Carcinoma. International Journal of Clinical 
and Experimental Pathology, 5, 642-650. 

https://doi.org/10.4236/jbm.2026.1410007
https://doi.org/10.1016/j.bpobgyn.2004.01.007
https://doi.org/10.4293/jsls.2019.00038
https://doi.org/10.1016/s0002-9378(97)70550-7
https://doi.org/10.1016/j.fertnstert.2018.10.013
https://doi.org/10.1159/000355282
https://doi.org/10.3802/jgo.2019.30.e63
https://doi.org/10.5507/bp.2020.006
https://doi.org/10.1186/s13048-021-00865-2
https://doi.org/10.7150/jca.61107
https://doi.org/10.1111/pin.12954
https://doi.org/10.1097/igc.0b013e31826b5dcc


L. P. Liu, J. X. Wang 
 

 

DOI: 10.4236/jbm.2026.1410007 108 Journal of Biosciences and Medicines 
 

[22] Giannini, A., Massimello, F., Caretto, M., Cosimi, G., Mannella, P., Luisi, S., et al. 
(2024) Factors in Malignant Transformation of Ovarian Endometriosis: A Narrative 
Review. Gynecological Endocrinology, 40, Article ID: 2409911.  
https://doi.org/10.1080/09513590.2024.2409911 

[23] Sachdeva, M. and Tan, D.S.P. (2026) Molecular Profile and Targeted Therapies for 
Ovarian Clear Cell Ovarian Cancer. Therapeutic Advances in Medical Oncology, 18.  
https://doi.org/10.1177/17588359261425693 

[24] Yamashita, Y., Akatsuka, S., Shinjo, K., Yatabe, Y., Kobayashi, H., Seko, H., et al. 
(2013) Met Is the Most Frequently Amplified Gene in Endometriosis-Associated 
Ovarian Clear Cell Adenocarcinoma and Correlates with Worsened Prognosis. PLOS 
ONE, 8, e57724. https://doi.org/10.1371/journal.pone.0057724 

[25] Ren, F., Wang, D., Li, T., Chen, Y. and Li, Y. (2014) Identification of Differentially 
Methylated Genes in the Malignant Transformation of Ovarian Endometriosis. Jour-
nal of Ovarian Research, 7, Article No. 73. https://doi.org/10.1186/1757-2215-7-73 

[26] Yamamoto, S., Tsuda, H., Takano, M., Iwaya, K., Tamai, S. and Matsubara, O. (2011) 
PIK3CA Mutation Is an Early Event in the Development of Endometriosis-Associ-
ated Ovarian Clear Cell Adenocarcinoma. The Journal of Pathology, 225, 189-194.  
https://doi.org/10.1002/path.2940 

[27] Amemiya, S., Sekizawa, A., Otsuka, J., Tachikawa, T., Saito, H. and Okai, T. (2004) 
Malignant Transformation of Endometriosis and Genetic Alterations of K-Ras and 
Microsatellite Instability. International Journal of Gynecology & Obstetrics, 86, 371-
376. https://doi.org/10.1016/j.ijgo.2004.04.036 

[28] Takahashi, K., Takenaka, M., Kawabata, A., Yanaihara, N. and Okamoto, A. (2020) 
Rethinking of Treatment Strategies and Clinical Management in Ovarian Clear Cell 
Carcinoma. International Journal of Clinical Oncology, 25, 425-431.  
https://doi.org/10.1007/s10147-020-01625-w 

[29] Shi, M., et al. (2002) Clinical Characteristics of Clear Cell Carcinoma of the Ovary. 
Chinese Journal of Obstetrics and Gynecology, 37, 161-163. 

[30] Cohen, J.G., Prendergast, E., Geddings, J.E., Walts, A.E., Agadjanian, H., Hisada, Y., 
et al. (2017) Evaluation of Venous Thrombosis and Tissue Factor in Epithelial Ovar-
ian Cancer. Gynecologic Oncology, 146, 146-152.  
https://doi.org/10.1016/j.ygyno.2017.04.021 

[31] Pozzati, F., Moro, F., Pasciuto, T., Gallo, C., Ciccarone, F., Franchi, D., et al. (2018) 
Imaging in Gynecological Disease (14): Clinical and Ultrasound Characteristics of 
Ovarian Clear Cell Carcinoma. Ultrasound in Obstetrics & Gynecology, 52, 792-800.  
https://doi.org/10.1002/uog.19171 

[32] Bai, H., Sha, G., Xiao, M., Gao, H., Cao, D., Yang, J., et al. (2016) The Prognostic 
Value of Pretreatment CA-125 Levels and CA-125 Normalization in Ovarian Clear 
Cell Carcinoma: A Two-Academic-Institute Study. Oncotarget, 7, 15566-15576.  
https://doi.org/10.18632/oncotarget.7216 

[33] Takano, M., Kikuchi, Y., Yaegashi, N., Kuzuya, K., Ueki, M., Tsuda, H., et al. (2006) 
Clear Cell Carcinoma of the Ovary: A Retrospective Multicentre Experience of 254 
Patients with Complete Surgical Staging. British Journal of Cancer, 94, 1369-1374.  
https://doi.org/10.1038/sj.bjc.6603116 

[34] Liu, T., Gao, Y., Li, S. and Xu, S. (2024) Exploration and Prognostic Analysis of Two 
Types of High-Risk Ovarian Cancers: Clear Cell vs. Serous Carcinoma: A Population-
Based Study. Journal of Ovarian Research, 17, Article No. 119.  
https://doi.org/10.1186/s13048-024-01435-y 

[35] Ioannidou, A., Sakellariou, M., Sarli, V., Panagopoulos, P. and Machairiotis, N. 

https://doi.org/10.4236/jbm.2026.1410007
https://doi.org/10.1080/09513590.2024.2409911
https://doi.org/10.1177/17588359261425693
https://doi.org/10.1371/journal.pone.0057724
https://doi.org/10.1186/1757-2215-7-73
https://doi.org/10.1002/path.2940
https://doi.org/10.1016/j.ijgo.2004.04.036
https://doi.org/10.1007/s10147-020-01625-w
https://doi.org/10.1016/j.ygyno.2017.04.021
https://doi.org/10.1002/uog.19171
https://doi.org/10.18632/oncotarget.7216
https://doi.org/10.1038/sj.bjc.6603116
https://doi.org/10.1186/s13048-024-01435-y


L. P. Liu, J. X. Wang 
 

 

DOI: 10.4236/jbm.2026.1410007 109 Journal of Biosciences and Medicines 
 

(2025) New Evidence about Malignant Transformation of Endometriosis—A Sys-
tematic Review. Journal of Clinical Medicine, 14, Article No. 2975.  
https://doi.org/10.3390/jcm14092975 

[36] Kobayashi, H., Sumimoto, K., Moniwa, N., Imai, M., Takakura, K., Kuromaki, T., et 
al. (2007) Risk of Developing Ovarian Cancer among Women with Ovarian Endo-
metrioma: A Cohort Study in Shizuoka, Japan. International Journal of Gynecologi-
cal Cancer, 17, 37-43. https://doi.org/10.1111/j.1525-1438.2006.00754.x 

[37] Zhang, G.F., et al. (2021) Guidelines for the Diagnosis and Treatment of Endometri-
osis (3rd Edition). The Chinese Journal of Obstetrics and Gynecology, 56, 812-824. 

[38] Karimi-Zarchi, M., Dehshiri-Zadeh, N., Sekhavat, L. and Nosouhi, F. (2016) Corre-
lation of CA-125 Serum Level and Clinico-Pathological Characteristic of Patients 
with Endometriosis. International Journal of Reproductive BioMedicine, 14, 713-718.  
https://doi.org/10.29252/ijrm.14.11.713 

[39] Hanžek, A., Siatka, C. and Duc, A.E. (2024) Diagnostic Role of Urine Human Epidi-
dymis Protein 4 in Ovarian Cancer. Biochemia Medica, 34, Article ID: 030502.  
https://doi.org/10.11613/bm.2024.030502 

[40] Scaletta, G., Plotti, F., Luvero, D., Capriglione, S., Montera, R., Miranda, A., et al. 
(2017) The Role of Novel Biomarker HE4 in the Diagnosis, Prognosis and Follow-Up 
of Ovarian Cancer: A Systematic Review. Expert Review of Anticancer Therapy, 17, 
827-839. https://doi.org/10.1080/14737140.2017.1360138 

[41] Blackman, A., Mitchell, J., Rowswell-Turner, R., Singh, R., Kim, K.K., Eklund, E., et 
al. (2021) Analysis of Serum HE4 Levels in Various Histologic Subtypes of Epithelial 
Ovarian Cancer and Other Malignant Tumors. Tumor Biology, 43, 355-365.  
https://doi.org/10.3233/tub-211546 

[42] Liao, J.B., Yip, Y.Y., Swisher, E.M., Agnew, K., Hellstrom, K.E. and Hellstrom, I. 
(2015) Detection of the HE4 Protein in Urine as a Biomarker for Ovarian Neoplasms: 
Clinical Correlates. Gynecologic Oncology, 137, 430-435.  
https://doi.org/10.1016/j.ygyno.2015.03.044 

[43] Suri, A., Perumal, V., Ammalli, P., Suryan, V. and Bansal, S.K. (2021) Diagnostic 
Measures Comparison for Ovarian Malignancy Risk in Epithelial Ovarian Cancer Pa-
tients: A Meta-Analysis. Scientific Reports, 11, Article No. 17308.  
https://doi.org/10.1038/s41598-021-96552-9 

[44] Dobrzycka, B., Mackowiak-Matejczyk, B., Terlikowska, K.M., Kulesza-Bronczyk, B., 
Kinalski, M. and Terlikowski, S.J. (2015) Prognostic Significance of Pretreatment 
VEGF, Survivin, and Smac/DIABLO Serum Levels in Patients with Serous Ovarian 
Carcinoma. Tumor Biology, 36, 4157-4165.  
https://doi.org/10.1007/s13277-015-3050-x 

[45] Xu, X., Wang, X., Zhang, H., Liu, M. and Chen, Q. (2018) The Clinical Significance 
of the Combined Detection of Serum Smac, HE4 and CA125 in Endometriosis-Asso-
ciated Ovarian Cancer. Cancer Biomarkers, 21, 471-477.  
https://doi.org/10.3233/cbm-170720 

[46] Xu, T., Zhang, L., Jiang, Y., Wan, Y., Zhou, S., Sun, G., et al. (2023) Clinical Charac-
teristics and Serum CA19-9 Combined with HE4 Are Valuable in Diagnosing Endo-
metriosis-associated Ovarian Cancer. International Journal of Gynecology & Obstet-
rics, 162, 472-478. https://doi.org/10.1002/ijgo.14695 

[47] Yoshida, K., Yoshikawa, N., Shirakawa, A., Niimi, K., Suzuki, S., Kajiyama, H., et al. 
(2019) Prognostic Value of Neutrophil-to-Lymphocyte Ratio in Early-Stage Ovarian 
Clear-Cell Carcinoma. Journal of Gynecologic Oncology, 30, e85.  
https://doi.org/10.3802/jgo.2019.30.e85 

https://doi.org/10.4236/jbm.2026.1410007
https://doi.org/10.3390/jcm14092975
https://doi.org/10.1111/j.1525-1438.2006.00754.x
https://doi.org/10.29252/ijrm.14.11.713
https://doi.org/10.11613/bm.2024.030502
https://doi.org/10.1080/14737140.2017.1360138
https://doi.org/10.3233/tub-211546
https://doi.org/10.1016/j.ygyno.2015.03.044
https://doi.org/10.1038/s41598-021-96552-9
https://doi.org/10.1007/s13277-015-3050-x
https://doi.org/10.3233/cbm-170720
https://doi.org/10.1002/ijgo.14695
https://doi.org/10.3802/jgo.2019.30.e85


L. P. Liu, J. X. Wang 
 

 

DOI: 10.4236/jbm.2026.1410007 110 Journal of Biosciences and Medicines 
 

[48] Milad, M.P. and Cohen, L. (1999) Preoperative Ultrasound Assessment of Adnexal 
Masses in Premenopausal Women. International Journal of Gynecology & Obstetrics, 
66, 137-141. https://doi.org/10.1016/s0020-7292(99)00063-6 

[49] Exacoustos, C., Manganaro, L. and Zupi, E. (2014) Imaging for the Evaluation of En-
dometriosis and Adenomyosis. Best Practice & Research Clinical Obstetrics & Gy-
naecology, 28, 655-681. https://doi.org/10.1016/j.bpobgyn.2014.04.010 

[50] Van Holsbeke, C., Van Calster, B., Guerriero, S., Savelli, L., Paladini, D., Lissoni, A.A., 
et al. (2010) Endometriomas: Their Ultrasound Characteristics. Ultrasound in Ob-
stetrics & Gynecology, 35, 730-740. https://doi.org/10.1002/uog.7668 

[51] Huang, K., Li, Y., Wu, C., Chang, W., Wei, L. and Sheu, B. (2022) Sonographic Fea-
tures Differentiating Early-Stage Ovarian Clear Cell Carcinoma from Endometrioma 
with Atypical Features. Journal of Ovarian Research, 15, Article No. 84.  
https://doi.org/10.1186/s13048-022-01019-8 

[52] Guerriero, S., Van Calster, B., Somigliana, E., Ajossa, S., Froyman, W., De Cock, B., 
et al. (2016) Age-Related Differences in the Sonographic Characteristics of Endome-
triomas. Human Reproduction, 31, 1723-1731.  
https://doi.org/10.1093/humrep/dew113 

[53] Sanchez, A.M., Viganò, P., Somigliana, E., Panina-Bordignon, P., Vercellini, P. and 
Candiani, M. (2014) The Distinguishing Cellular and Molecular Features of the En-
dometriotic Ovarian Cyst: From Pathophysiology to the Potential Endometrioma-
Mediated Damage to the Ovary. Human Reproduction Update, 20, 217-230.  
https://doi.org/10.1093/humupd/dmt053 

[54] Gillies, R.J., Anderson, A.R., Gatenby, R.A. and Morse, D.L. (2010) The Biology Un-
derlying Molecular Imaging in Oncology: From Genome to Anatome and Back 
Again. Clinical Radiology, 65, 517-521. https://doi.org/10.1016/j.crad.2010.04.005 

[55] Lambin, P., Rios-Velazquez, E., Leijenaar, R., Carvalho, S., van Stiphout, R.G.P.M., 
Granton, P., et al. (2012) Radiomics: Extracting More Information from Medical Im-
ages Using Advanced Feature Analysis. European Journal of Cancer, 48, 441-446.  
https://doi.org/10.1016/j.ejca.2011.11.036 

[56] Abdollahi, H., Chin, E., Clark, H., Hyde, D.E., Thomas, S., Wu, J., et al. (2022) Radi-
omics-Guided Radiation Therapy: Opportunities and Challenges. Physics in Medi-
cine & Biology, 67, 12TR02. https://doi.org/10.1088/1361-6560/ac6fab 

[57] Liu, Z., Wang, S., Dong, D., Wei, J., Fang, C., Zhou, X., et al. (2019) The Applications 
of Radiomics in Precision Diagnosis and Treatment of Oncology: Opportunities and 
Challenges. Theranostics, 9, 1303-1322. https://doi.org/10.7150/thno.30309 

[58] Shrestha, P., Shrestha, B., Shrestha, J. and Chen, J. (2025) Current Status and Future 
Potential of Machine Learning in Diagnostic Imaging of Endometriosis: A Literature 
Review. Journal of Nepal Medical Association, 63, 205-211.  
https://doi.org/10.31729/jnma.8897 

[59] Shrestha, P., Poudyal, B., Yadollahi, S., E. Wright, D., V. Gregory, A., D. Warner, J., 
et al. (2022) A Systematic Review on the Use of Artificial Intelligence in Gynecologic 
Imaging—Background, State of the Art, and Future Directions. Gynecologic Oncol-
ogy, 166, 596-605. https://doi.org/10.1016/j.ygyno.2022.07.024 

[60] Chao, X., Wang, S., Lang, J., Leng, J. and Fan, Q. (2022) The Application of Risk 
Models Based on Machine Learning to Predict Endometriosis-Associated Ovarian 
Cancer in Patients with Endometriosis. Acta Obstetricia et Gynecologica Scandina-
vica, 101, 1440-1449. https://doi.org/10.1111/aogs.14462 

[61] Moro, F., Ciancia, M., Berardino, S.d., Baldassari, G., Mascilini, F., Ciccarone, F., et 
al. (2026) Developing and Validating Ultrasound-Based Machine-Learning Models 

https://doi.org/10.4236/jbm.2026.1410007
https://doi.org/10.1016/s0020-7292(99)00063-6
https://doi.org/10.1016/j.bpobgyn.2014.04.010
https://doi.org/10.1002/uog.7668
https://doi.org/10.1186/s13048-022-01019-8
https://doi.org/10.1093/humrep/dew113
https://doi.org/10.1093/humupd/dmt053
https://doi.org/10.1016/j.crad.2010.04.005
https://doi.org/10.1016/j.ejca.2011.11.036
https://doi.org/10.1088/1361-6560/ac6fab
https://doi.org/10.7150/thno.30309
https://doi.org/10.31729/jnma.8897
https://doi.org/10.1016/j.ygyno.2022.07.024
https://doi.org/10.1111/aogs.14462


L. P. Liu, J. X. Wang 
 

 

DOI: 10.4236/jbm.2026.1410007 111 Journal of Biosciences and Medicines 
 

Incorporating Radiomics Features to Predict Malignancy in Adnexal Masses. Ultra-
sound in Obstetrics & Gynecology, 67, 519-529. https://doi.org/10.1002/uog.70203 

[62] Miao, K., Lv, Q., Zhang, L., Zhao, N. and Dong, X. (2024) Discriminative Diagnosis 
of Ovarian Endometriosis Cysts and Benign Mucinous Cystadenomas Based on the 
ConvNeXt Algorithm. European Journal of Obstetrics & Gynecology and Reproduc-
tive Biology, 298, 135-139. https://doi.org/10.1016/j.ejogrb.2024.05.010 

[63] Liu, L., Cai, W., Zhou, C., Tian, H., Wu, B., Zhang, J., et al. (2024) Ultrasound Radi-
omics-Based Artificial Intelligence Model to Assist in the Differential Diagnosis of 
Ovarian Endometrioma and Ovarian Dermoid Cyst. Frontiers in Medicine, 11, Arti-
cle ID: 1362588. https://doi.org/10.3389/fmed.2024.1362588 

[64] Ophir, J., Moriya, T. and Yazdi, Y. (1991) A Single Transducer Transaxial Compres-
sion Technique for the Estimation of Sound Speed in Biological Tissues. Ultrasonic 
Imaging, 13, 269-279. https://doi.org/10.1177/016173469101300304 

[65] Qu, X.X., Song, Y., Zhang, Y.H. and Qing, H.M. (2019) Value of Ultrasonic Elas-
tography and Conventional Ultrasonography in the Differential Diagnosis of Non-
Mass-Like Breast Lesions. Ultrasound in Medicine & Biology, 45, 1358-1366.  
https://doi.org/10.1016/j.ultrasmedbio.2019.01.020 

[66] Shao, Y., Hashemi, H.S., Gordon, P., Warren, L., Wang, J., Rohling, R., et al. (2022) 
Breast Cancer Detection Using Multimodal Time Series Features from Ultrasound 
Shear Wave Absolute Vibro-Elastography. IEEE Journal of Biomedical and Health 
Informatics, 26, 704-714. https://doi.org/10.1109/jbhi.2021.3103676 

[67] Tay, I.W.M., Sim, L.S., Moey, T.H.L., Tan, K.P.P., Lai, L.M.S. and Leong, L.C.H. 
(2022) Shear Wave versus Strain Elastography of Breast Lesions—The Value of In-
corporating Boundary Tissue Assessment. Clinical Imaging, 82, 228-233.  
https://doi.org/10.1016/j.clinimag.2021.11.030 

[68] Herek, D., Karabulut, A. and Agladioglu, K. (2016) Usefulness of Transabdominal 
Real-Time Sonoelastography in the Evaluation of Ovarian Lesions: Preliminary Re-
sults. The British Journal of Radiology, 89, Article ID: 20160173.  
https://doi.org/10.1259/bjr.20160173 

[69] Ciledag, N., Arda, K., Aktas, E. and Aribas, B.K. (2013) A Pilot Study on Real-Time 
Transvaginal Ultrasonographic Elastography of Cystic Ovarian Lesions. Indian Jour-
nal of Medical Research, 137, 1089-1092. 

[70] Wang, R., Liu, H., Tang, J. and Geng, J. (2024) The Application Value of Two-Di-
mensional Ultrasound Combined with Contrast-Enhanced Ultrasound in the Differ-
ential Diagnosis of Benign, Borderline, and Malignant Ovarian Epithelial Tumors. 
Journal of Ovarian Research, 17, Article No. 191.  
https://doi.org/10.1186/s13048-024-01514-0 

[71] Tian, C., Han, Y., Shi, Z., Li, Y., Xie, L., Liu, X., et al. (2025) Diagnostic Value of the 
International Ovarian Tumor Analysis Simple Rules Combined with Contrast-En-
hanced Ultrasound for Adnexal Masses. International Journal of Gynecological Can-
cer, 35, Article ID: 100049. https://doi.org/10.1016/j.ijgc.2024.100049 

https://doi.org/10.4236/jbm.2026.1410007
https://doi.org/10.1002/uog.70203
https://doi.org/10.1016/j.ejogrb.2024.05.010
https://doi.org/10.3389/fmed.2024.1362588
https://doi.org/10.1177/016173469101300304
https://doi.org/10.1016/j.ultrasmedbio.2019.01.020
https://doi.org/10.1109/jbhi.2021.3103676
https://doi.org/10.1016/j.clinimag.2021.11.030
https://doi.org/10.1259/bjr.20160173
https://doi.org/10.1186/s13048-024-01514-0
https://doi.org/10.1016/j.ijgc.2024.100049

	Advances in Ultrasonic Differential Diagnosis between Ovarian Clear Cell Carcinoma and Atypical Ovarian Endometrioma
	Abstract
	Keywords
	1. Introduction
	2. Pathological and Clinical Features of Ovarian Clear Cell Carcinoma and Atypical Ovarian Endometrioma
	2.1. Pathogenetic Association and Histological Differences
	2.2. Differences in Clinical Features and Their Value in Differential Diagnosis
	Differences in Serum Tumor Markers


	3. Current Status of Conventional Ultrasound Differential Diagnosis
	3.1. Conventional Ultrasound Features
	3.2. Color Doppler Ultrasound Features

	4. Applications of New Ultrasound Technologies in Differential Diagnosis
	4.1. Ultrasound Radiomics and Artificial Intelligence
	4.1.1. Technical Principles and Basic Workflow
	4.1.2. Diagnostic Performance of Radiomics Based on Grayscale Ultrasound
	4.1.3. Prediction Models Combining Radiomics with Clinical Features

	4.2. Ultrasound Elastography and Contrast-Enhanced Ultrasound
	4.2.1. Elastography
	4.2.2. Contrast-Enhanced Ultrasound


	5. Research Progress in Multimodal Combined Diagnosis
	6. Existing Problems and Challenges
	7. Conclusion and Perspectives
	Author Contributions
	Conflicts of Interest
	References

