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Purpose

To develop a combined diagnostic model integrating the subclassification of the 2022 version of the American College of Radiology (ACR) Ovarian-Adnexal Reporting and Data System (O-RADS) with carbohydrate antigen 125 (CA125) and to validate whether the combined model can offer superior diagnostic efficacy than O-RADS alone in assessing adnexal malignancy risk.





Methods

A retrospective analysis was performed on 593 patients with adnexal masses (AMs), and the pathological and clinical data were included. According to the large differences in malignancy risk indices for different image features in O-RADS category 4, the lesions were categorized into groups A and B. A new diagnostic criterion was developed. Lesions identified as category 1, 2, 3, or 4A with a CA125 level below 35 U/ml were classified as benign. Lesions identified as category 4A with a CA125 level more than or equal to 35 U/ml and lesions with a category of 4B and 5 were classified as malignant. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), accuracy, and area under the curve (AUC) of O-RADS (v2022), CA125, and the combined model in the diagnosis of AMs were calculated and compared.





Results

The sensitivity, specificity, PPV, NPV, accuracy, and AUCs of the combined model were 92.4%, 96.5%, 80.2%, 98.8%, 94.1%, and 0.945, respectively. The specificity, PPV, accuracy, and AUC of the combined model were significantly higher than those of O-RADS alone (all P < 0.01). In addition, both models had acceptable sensitivity and NPV, but there were no significant differences among them (P > 0.05).





Conclusion

The combined model integrating O-RADS subclassification with CA125 could improve the specificity and PPV in diagnosing malignant AMs. It could be a valuable tool in the clinical application of risk stratification of AMs.
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Introduction

Adnexal masses (AMs) are commonly found in women, with a reported incidence ranging from 6% to 17% (1, 2). Accurate assessment of AMs as benign or malignant is crucial in individual management. AMs suspected to be malignant should be referred immediately to a specialized oncology center for appropriate treatment (3–5). Conversely, AMs that are considered benign require a different management: if the patient has obvious or intolerable clinical symptoms related to the mass, surgical excision may be beneficial (6). However, if the patient has no obvious clinical symptoms, surgical treatment may be costly and carry the risk of complications. In such cases, conservative treatment may be a preferable option (7).

Ultrasound (US) is the primary imaging modality for the preoperative assessment of the malignancy of AMs, providing essential information for the clinical management of patients. It is widely believed that the subjective assessment by US experts is the most accurate (3), but the number of experts is limited. Therefore, a series of ultrasound-based diagnostic models have been developed to aid in diagnosing malignant AMs and have been externally validated (8–12). However, variability among ultrasound reports is also an issue, as it somewhat limits the effectiveness of ultrasound assessment and impacts patients’ clinical management (13). In 2020, the American College of Radiology (ACR) published the Ovarian-Adnexal Reporting and Data System (O-RADS) (12), which introduced standardized lexicons to unify descriptors and reduce ambiguity in US reports. The O-RADS categorizes AMs into six categories, ranging from 0 to 5, covering all risk levels from normal to highly malignant, and offers corresponding management strategies to standardize clinical management. O-RADS is more sensitive than other risk stratification systems, but its specificity is rather not outstanding (14–17). The ACR released an updated version of O-RADS, adding new descriptors to the original, including “bilocular” for cystic lesions, “acoustic shadowing” for smooth solid lesions, and additional descriptors for classic benign lesions, aiming to further improve the diagnostic specificity for low-risk lesions (18). However, effective clinical validation for the O-RADS (v2022) is still lacking. Furthermore, the malignancy rate for O-RADS 4 lesions ranges from 10% to 50%, a broad range that hinders the precise clinical management of these lesions. For O-RADS 4 lesions, the guidelines suggest that MRI can be chosen for further evaluation. However, there are still some lesions that can be misclassified due to a misunderstanding of the dictionary definition of solid tissue (19). Cao et al. (20) have explored the subclassification of O-RADS 4 category lesions, considering that this approach could improve both specificity and accuracy. However, no studies have yet demonstrated whether the combination of subclassification and O-RADS (v2022) can further enhance diagnostic performance and optimize risk stratification.

Tumor biomarkers are pivotal in detecting ovarian cancer, complementing the limitations of conventional imaging approaches and providing adequate clinical diagnostic information. Carbohydrate antigen 125 (CA125) has emerged as the most promising marker for screening and monitoring ovarian cancer (21). Although elevated levels of CA125 are also detected in physiologic and benign conditions such as endometriosis (22), inflammations, and pregnancy (23), which decreases its specificity, CA125 remains superior to most novel biomarkers in postmenopausal women, including human epididymis protein 4 (HE4) (24). HE4 is considered the most valuable tumor biomarker for ovarian cancer, second only to CA125, offering good specificity (25). However, HE4 is rarely expressed in mucinous epithelial and germinal cancers, resulting in insufficient diagnostic sensitivity (26). Moreover, HE4 levels may be raised by smoking and reduced by taking oral contraception. Therefore, HE4 values in these individuals should be interpreted with caution (27, 28). Studies have highlighted that the combined use of CA125 and HE4 exhibits certain value in diagnosing ovarian cancer, which led to the creation of the ROMA algorithm. ROMA integrates CA125, HE4, and the patient’s menopausal status to provide a more accurate prediction of ovarian tumors. However, studies are divided on the diagnostic efficacy of ROMA (29, 30). Some scholars (31) question its superiority, especially when compared to the standalone use of CA125, as ROMA and HE4 have not shown significant advantages. Further analysis shows that in postmenopausal women, CA125’s diagnostic efficacy seems to surpass that of HE4. This has led the author to conclude that HE4 and ROMA might not significantly enhance the diagnosis of ovarian cancer. Furthermore, some literature reports that combining the O-RADS system with tumor markers (like CA125) may enhance diagnostic accuracy (32, 33). However, it is important to note that these studies primarily focus on combining all O-RADS categories with CA125, while the O-RADS 4 lesions, which are most prone to false-positive diagnoses, receive inadequate attention. Therefore, it is necessary to explore how to optimize combined diagnostic strategies to enhance the diagnostic efficacy for ovarian cancer, especially for O-RADS categories with wide risk ranges.

Thus, this study aimed to develop a combined diagnostic model that integrated the subclassification of O-RADS (v2022) with CA125 and to ascertain whether the combined approach can offer superior diagnostic efficacy compared to using O-RADS (v2022) alone in assessing adnexal malignancy risk.





Materials and methods




Patients

The retrospective single-center study was approved by the First People’s Hospital of Lianyungang Ethics Committee. Informed consent was waived. From February 2020 to October 2021, patients with AMs who received surgery and had determined pathological results were collected. The inclusion criteria were as follows: i) patients diagnosed with AM on US, ii) patients who underwent CA125 examination before surgery, and iii) patients with no prior history of ovariectomy or chemotherapy. The exclusion criteria were as follows: i) an interval greater than 30 days between US and surgery, ii) patients with uncertain pathological results, iii) patients who are pregnant, and iv) patients with ascites due to other diseases.





US examination

All the enrolled patients underwent transvaginal US by experienced radiologists. If the mass was too large to be entirely evaluated, transabdominal US was additionally performed. The US equipment included LOGIQ E9 (GE Healthcare, Milwaukee, WI, USA) and Voluson E10 (GE Healthcare, Milwaukee, WI, USA). An RIC5-9-D probe (GE Healthcare, Milwaukee, WI, USA) and a C1-6-D probe were used.





Retrospective images analysis

Clinical and pathological information was collected from electronic medical records. All US images were independently reviewed by two radiologists with at least 5 years of experience in gynecological US who were blinded to the pathologic results. If there was a disagreement between the two radiologists, all images were discussed in detail until a consensus was reached. If a patient had more than one AM, the one with the most complex US morphology was enrolled. According to the descriptor terms of the O-RADS (v2022) (18, 34), the following characteristics were acquired for each AM: maximum diameters of the lesion, size of the solid component, external contour, number of locules, internal margin or walls, acoustic shadowing, number and size of papillary projections (pps), vascularity, ascites, and peritoneal nodules. Previous studies (20, 35) have shown that diagnostic accuracy improves when considering O-RADS 4 to 5 as indicative of malignancy. Therefore, in this study, masses categorized as O-RADS 1 to 3 were designated as benign, while those classified as O-RADS 4 to 5 were classified as malignant. Borderline tumors were considered malignant. The level of serum CA125 was measured within 14 days before surgery. CA125 ≥35 U/ml was considered positive (21).





Diagnostic criteria of O-RADS (v2022) subclassification combined with CA125

In this study, for the combined model, O-RADS 4 was firstly subclassified into two groups: categories 4A and 4B. Bi- or multilocular cysts without solid components (any color score) and unilocular cysts <4 pps (any color score) or with solid components (any color score) were defined as category 4A. Bi- or multilocular cysts with solid components (color score 1–2) and smooth solid lesions (color score 2–3) were defined as category 4B. For the combined model, O-RADS categories 1, 2, 3, and 4A with CA125 <35 U/ml were defined as benign masses. O-RADS category 4A with CA125 ≥35 U/ml, O-RADS 4B, and O-RADS 5 were defined as malignant masses.





Statistical analysis

The sample size of this study was 593 cases. SPSS (version 26.0; IBM, Armonk, NY, USA) and MedCalc (version 19.0; MedCalc software) software were used for the statistical analyses. Continuous variables were expressed as mean ± standard deviation and compared by independent samples t-test. Categorical variables were expressed as frequencies and percentages, and comparisons between the two groups were made using the chi-square test. Accuracy, specificity, sensitivity, positive predictive value (PPV), and negative predictive value (NPV) were calculated to compare the diagnostic performance of the combined model with O-RADS (v2022) or CA125 alone in differentiating benign and malignant AMs. The McNemar’s test was used to compare the differences between the two methods. The area under the curve (AUC) was compared by the Delong method. P <0.05 was considered significant.






Results




Participant and lesion characteristics

A total of 593 lesions in 593 patients were included in this study. There were 514 (86.7%) benign lesions and 79 (13.3%) malignant lesions. The flowchart of patient selection is shown in Figure 1. The clinical baseline characteristics and CA125 levels are shown in Table 1. In comparison to benign tumors, malignant tumors were more commonly found in older postmenopausal women (P < 0.01).




Figure 1 | Flowchart shows the patient selection with adnexal mass. US, ultrasound.




Table 1 | General characteristics of the patients with adnexal masses (n = 593).







Results of the O-RADS (v2022) classification

In the evaluated 593 masses, 417 (70.3%) were categorized as O-RADS 2, 56 (9.4%) were categorized as O-RADS 3, 82 (13.8%) were categorized as O-RADS 4 (43 were 4A and 39 were 4B), and 38 (6.4%) were categorized as O-RADS 5. The O-RADS categories and histologic diagnosis are summarized in Table 2. There were five malignancies classified as O-RADS 2 or O-RADS 3 lesions. Three false-negative cases were unilocular cysts including two cysts classified as O-RADS 2 and one cyst with a diameter >10 cm classified as O-RADS 3. Histology showed that one case was a cystic adult granulosa cell tumor and two cases were borderline serous cystadenoma. Two false-negative cases were bilocular cysts that showed homogeneous hypoechoes with a diameter >10 cm and were diagnosed as typical ovarian endometrioma which was classified as O-RADS 3. Histology showed that these two cases were borderline serous cystadenoma.


Table 2 | The O-RADS(v2022) classification according to specific histologic diagnosis of 593 adnexal masses.







Classification of the O-RADS (v2022) subclassification combined with CA125

The subcategories of O-RADS 4 lesions included 1) bilocular cyst without a solid component, irregular, any size, and any color score; 2) multilocular cyst without a solid component (a. smooth, ≥10 cm, color score <4; b. smooth, any size, color score 4; c. irregular, any size, any color score); 3) unilocular cyst with a solid component, <4 pps or a solid component not considered a pp, any size; 4) bi- or multilocular cyst with a solid component, any size, color score 1–2; and 5) solid lesion, non-shadowing, smooth, any size, color score 2–3, presenting different malignancy rates, which were 16.7% (1 out of 6 lesions), 22.7% (5 out of 22 lesions), 20% (3 out of 15 lesions), 66.7% (20 out of 30 lesions), and 88.9% (8 out of 9 lesions), respectively. After the subclassification, it was evident that the malignancy rate for category 4B was significantly higher at 71.8%, compared to 20.9% for category 4A (Table 3). This substantial difference indicated more effective risk stratification (P < 0.01).


Table 3 | Image characteristics of the 593 lesions.



After the adjustment using O-RADS combined with CA125, within the category of O-RADS 4 lesions, 28 lesions were accurately classified as benign and 1 malignant lesion was incorrectly classified as benign (Table 4).


Table 4 | Comparison of the assessment results of O-RADS 4 lesions between O-RADS (v2022) alone and O-RADS (v2022) combined with the CA125 model.







Diagnostic performance of the CA125, O-RADS (v2022), and O-RADS (v2022) subclassification combined with CA125

The AUC values of CA125 alone, O-RADS (v2022) alone, and O-RADS (v2022) subclassification combined with CA125 were 0.719, 0.924, and 0.945, respectively (Figure 2). The sensitivity, specificity, accuracy, PPV, and NPV of the three are shown in Table 5. The specificity, PPV, accuracy, and AUC of the O-RADS subclassification combined with CA125 were considerably higher than those of O-RADS alone (P < 0.01). In addition, both models had good sensitivity and NPV, but there were no remarkable differences between them (P > 0.05).




Figure 2 | ROC curve for CA125, O-RADS (v2022), and O-RADS (v2022) combined with CA125. ROC, receiver operating characteristic; CA125, carbohydrate antigen 125; O-RADS, Ovarian-Adnexal Reporting and Data System; v, version.




Table 5 | Diagnostic efficacy of CA125, O-RADS (v2022), and O-RADS (v2022) combined with CA125.








Discussion

The ACR O-RADS offers a precision risk stratification system, and its diagnostic power for AMs has been confirmed in various studies (16, 35, 36). However, despite the high sensitivity, its specificity for identifying benign and malignant lesions is moderate (20, 37). This moderate specificity could lead to overtreatment in clinical settings (14, 17, 35). Therefore, in this study, we developed and evaluated a diagnostic model that integrated O-RADS and CA125 for AM classification. It revealed that O-RADS combined with the CA125 model exhibited superior diagnostic performance compared to O-RADS alone, with an AUC of 0.945 versus 0.924 (P = 0.009). Moreover, it improved the diagnostic specificity and PPV and retained a high sensitivity and NPV. To the best of our knowledge, our study is the first to subclassify O-RADS 4 lesions using the updated O-RADS (v2022) and to integrate this with CA125 levels to assess its efficacy in differentiating between benign and malignant AMs.

The O-RADS (v2022) has been demonstrated to improve the diagnostic specificity for AMs. A study by Su et al. showed that O-RADS (v2022) had higher accuracy (89.4% vs. 84.4%) and specificity (86.1% vs. 79.5%) than O-RADS version 1 (v1). In our study, the specificity of O-RADS (v2022) was 91.1%, which was slightly higher than the 86.1% in Na Su’s study (38). The difference may be due to the varying proportions of cystadenomas in the two studies (26% vs. 14%). Cystadenomas were often characterized by either unilocular cysts with solid elements or multilocular cysts lacking solid components (large size, high color score, or irregular surface) on US. These lesions are typically categorized as O-RADS 4. When > O-RADS 3 is used as a predictor of malignancy, the lesions are often classified in the malignant category, which reduces diagnostic specificity. The relatively low prevalence of cystadenomas in this study might explain their higher specificity.

In this study, 94.6% (53/56) of the benign tumors in O-RADS 3 and 97.3% (37/38) of the malignant tumors in O-RADS 5 exhibited excellent specificity. In addition, 28 benign lesions in O-RADS 4 were accurately identified using the combined diagnostic model, significantly improving the diagnostic specificity. These 28 lesions included 6 serous cystadenomas (unilocular solid masses, color score 1–2) and 11 mucinous cystadenomas (multilocular cysts without solid components, 8 cases with a maximum diameter >10 cm, 3 cases with irregular inner walls). According to the O-RADS classification criteria, these lesions are mostly categorized as O-RADS 4. Patients with these lesions might be advised to undergo an MRI or be referred to an ultrasound specialist for further evaluation and be referred to a gynecologic oncologist for management. However, our combined diagnostic approach correctly classified these nodules as benign, saving patients both time and cost by avoiding the need for MRI or reassessment by ultrasound specialists. Additionally, it aids clinicians in making clinical decisions regarding follow-up timing (if surgery is not chosen), selection of surgical strategies (considering open surgery if malignancy is suspected), and the waiting time for surgery.

Although most US features of O-RADS 4A typically suggest benign conditions, exclusively relying on US may result in overlooking malignant cases. The integration of CA125 into the diagnostic process can potentially mitigate the risk of false negatives arising from subclassification. A previous study showed that combining US with biomarkers significantly enhanced the accuracy of predicting ovarian cancer (39). In our study, six cases initially subclassified as O-RADS 4A were accurately identified as malignant owing to elevated CA125 levels. These included five cases of multicystic lesions without solid components (comprising three mucinous cystadenocarcinomas and two high-grade serous carcinomas) and one case of a unilocular cyst with a solid component identified as clear cell carcinoma. A previous study showed that CA125 is elevated in approximately 57.6% of clear cell carcinoma cases (40). Although CA125 levels are usually not high in primary ovarian mucinous carcinoma, it is important to note that approximately 80% of ovarian mucinous carcinomas are actually metastatic. In cases of metastatic ovarian cancer, CA125 levels tend to be significantly elevated (41). For metastatic ovarian mucinous carcinoma, the primary site is most commonly the gastrointestinal tract (42). Tumors originating from the intestines often present as multilocular cysts or multilocular-solid on ultrasound (43). In our study, all three cases of mucinous cancers were identified as metastatic. Two of these cases had their origins in the appendix, while the third originated from the colon. On US, each lesion appeared as a multilocular cyst and was associated with elevated CA125 levels. There was a risk of misclassifying these lesions as benign if we only depended on US characteristics. However, our adoption of a combined diagnostic strategy was pivotal in accurately recognizing them as malignant. This method played a crucial role in preventing diagnostic oversights and preserving the sensitivity of our diagnostic procedures.

There was a false-negative case that was incorrectly diagnosed as a benign lesion when using the combined diagnosis in the current study. This particular case presented as an unilocular cyst with a solid papillary projection in US. It was histopathologically identified as serous borderline ovarian cancer (SBOT). A study showed that SBOTs typically appear as either unilocular-solid or multilocular-solid cysts (44). Although the positivity rate and average serum level of CA125 generally increase with the progression of stages, a normal serum CA125 level does not rule out the presence of BOT (45). In this instance, the misdiagnosis as benign was influenced by the case being at clinical stage IC with normal CA125 levels. Among the six SBOT cases categorized in O-RADS 4, this was the only case presenting as a unilocular cyst with a solid pp. The other five cases, which displayed multilocular masses with solid lesions, were correctly diagnosed. This indicates that the current diagnostic model has limitations, particularly in the early detection of SBOTs that are ultrasonically present as unilocular with solid characteristics or with <4 pps.

In this study, approximately 14% of AMs were classified as O-RADS 4, with a risk between 10% and 50%. This is similar to the proportion of uncertain masses evaluated by IOTA (46), making it still challenging to determine the malignancy of the masses. We attempted to subclassify the O-RADS 4 lesions, categorizing masses with ultrasound features more indicative of benign nature as 4A, with a malignant risk of 20.9%. The other lesions in O-RADS 4, excluding 4A, were classified as 4B, with a malignant risk of 71.8%. After combining CA125 based on the subclassification, the malignant risks of the two groups were 3.45% and 67.9%, respectively. The combined diagnosis had specificity, PPV, and AUC of 96.5%, 80.2%, and 0.945, respectively. The combined diagnosis improved the diagnostic specificity of O-RADS, which can optimize the intermediate-risk stratification and may be very helpful in deciding surgical strategies and waiting time for surgery.

In a study by Cao (20), O-RADS 4 lesions were further classified into 4A and 4B. Category 4A included multilocular cysts and smooth solid masses, with a malignancy risk rate of 17.02%. Category 4B included unilocular or multilocular cysts with a solid component, and these had a higher malignancy risk rate of 42.57%. Notably, the accuracy significantly increased when the cutoff value was set above 4A. This finding, along with ours, suggested that further stratification and downgrading of O-RADS category 4 lesions can enhance diagnostic accuracy. However, it is important to note that the basis for classification may slightly vary due to the different pathological types of cases included in these studies.

For O-RADS 4 lesions, especially those that are solid or cystic with solid components, MRI is considered for further evaluation of the nature of the lesions. Compared to ultrasound, multiparametric MRI can more accurately characterize the liquid and solid components of AMs, showing good specificity (47). However, MRI needs to be implemented in centers with the necessary software conditions, which remains a challenge for most medical institutions. In addition to requiring a sufficiently long learning curve, radiologists also need to undergo specialized training in O-RADS MRI. Thomassin-Naggara et al. (19) have highlighted several common errors in O-RADS MRI evaluation and analyzed the reasons. In a retrospective study of 1,502 lesions, 139 (approximately 9.2%) were misclassified, mainly due to a misunderstanding of the definition of solid tissue in the lexicon. This error directly reduces the value of MRI in the reassessment of O-RADS 4 lesions. In comparison, our study results show that the combined model improves the diagnostic specificity of O-RADS 4 lesions, providing a new approach for the clinical diagnosis of AMs, which is expected to be further validated in future studies.

The current study has some limitations. Firstly, it was a retrospective study and all analyses were based on static images, which might impact diagnostic accuracy. Secondly, we chose to assess only CA125 in combination with O-RADS due to its common use in clinical settings. Thirdly, the absence of subgroup analyses for premenopausal and postmenopausal patients may impact the generalizability of our results. Fourthly, the limited sample size and the single-center nature of our study may restrict the generalizability of our findings. We will conduct a multicenter prospective study to further validate the use and accuracy of the O-RADS plus CA125 model.

In conclusion, our study demonstrated that the combination of O-RADS and CA125 offers higher diagnostic accuracy and specificity compared to using O-RADS alone. It could be a valuable approach to the risk stratification of AMs for clinical application.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by The First People’s Hospital of Lianyungang ethics committee. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

R-KP: Writing – original draft, Conceptualization, Data curation, Methodology. S-QZ: Data curation, Writing – review & editing. X-YZ: Data curation, Writing – review & editing. TX: Data curation, Writing – review & editing. X-WC: Conceptualization, Methodology, Resources, Supervision, Writing – review & editing. RL: Supervision, Writing – review & editing. MY: Supervision, Writing – review & editing, Conceptualization. BZ: Conceptualization, Methodology, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was financially supported by Lianyungang Maternal and Child Health Research Project (NO. F202303).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





References

1. Borgfeldt, C, and Andolf, E. Transvaginal sonographic ovarian findings in a random sample of women 25-40 years old. Ultrasound Obstet Gynecol. (1999) 13:345–50. doi: 10.1046/j.1469-0705.1999.13050345.x

2. Pavlik, EJ, Ueland, FR, Miller, RW, Ubellacker, JM, DeSimone, CP, Elder, J, et al. Frequency and disposition of ovarian abnormalities followed with serial transvaginal ultrasonography. Obstet Gynecol. (2013) 122:210–7. doi: 10.1097/AOG.0b013e318298def5

3. American College of Obstetricians and Gynecologists’ Committee on Practice Bulletins—Gynecology. Practice bulletin no. 174: evaluation and management of adnexal masses. Obstet Gynecol. (2016) 128:e210–26. doi: 10.1097/AOG.0000000000001768

4. Querleu, D, Planchamp, F, Chiva, L, Fotopoulou, C, Barton, D, Cibula, D, et al. European society of gynaecological oncology (ESGO) guidelines for ovarian cancer surgery. Int J Gynecol Cancer. (2017) 27:1534–42. doi: 10.1097/IGC.0000000000001041

5. Dodge, JE, Covens, AL, Lacchetti, C, Elit, LM, Le, T, Devries-Aboud, M, et al. Management of a suspicious adnexal mass: a clinical practice guideline. Curr Oncol. (2012) 19:e244–257. doi: 10.3747/co.19.980

6. Woo, YL, Kyrgiou, M, Bryant, A, Everett, T, and Dickinson, HO. Centralisation of services for gynaecological cancers - a Cochrane systematic review. Gynecol Oncol. (2012) 126:286–90. doi: 10.1016/j.ygyno.2012.04.012

7. Froyman, W, Landolfo, C, De Cock, B, Wynants, L, Sladkevicius, P, Testa, AC, et al. Risk of complications in patients with conservatively managed ovarian tumours (IOTA5): a 2-year interim analysis of a multicentre, prospective, cohort study. Lancet Oncol. (2019) 20:448–58. doi: 10.1016/S1470-2045(18)30837-4

8. Timmerman, D, Testa, AC, Bourne, T, Ferrazzi, E, Ameye, L, Konstantinovic, ML, et al. Logistic regression model to distinguish between the benign and Malignant adnexal mass before surgery: a multicenter study by the International Ovarian Tumor Analysis Group. J Clin Oncol. (2005) 23:8794–801. doi: 10.1200/JCO.2005.01.7632

9. Amor, F, Vaccaro, H, Alcázar, JL, León, M, Craig, JM, and Martinez, J. Gynecologic imaging reporting and data system: a new proposal for classifying adnexal masses on the basis of sonographic findings. J Ultrasound Med. (2009) 28:285–91. doi: 10.7863/jum.2009.28.3.285

10. Van Calster, B, Van Hoorde, K, Valentin, L, Testa, AC, Fischerova, D, Van Holsbeke, C, et al. Evaluating the risk of ovarian cancer before surgery using the ADNEX model to differentiate between benign, borderline, early and advanced stage invasive, and secondary metastatic tumours: prospective multicentre diagnostic study. BMJ. (2014) 349:g5920. doi: 10.1136/bmj.g5920

11. Timmerman, D, Van Calster, B, Testa, A, Savelli, L, Fischerova, D, Froyman, W, et al. Predicting the risk of Malignancy in adnexal masses based on the Simple Rules from the International Ovarian Tumor Analysis group. Am J Obstet Gynecol. (2016) 214:424–37. doi: 10.1016/j.ajog.2016.01.007

12. Andreotti, RF, Timmerman, D, Strachowski, LM, Froyman, W, Benacerraf, BR, Bennett, GL, et al. O-RADS US risk stratification and management system: A consensus guideline from the ACR ovarian-adnexal reporting and data system committee. Radiology. (2020) 294:168–85. doi: 10.1148/radiol.2019191150

13. Le, T, Fayadh, RA, Menard, C, Hicks-Boucher, W, Faught, W, Hopkins, L, et al. Variations in ultrasound reporting on patients referred for investigation of ovarian masses. J Obstet Gynaecol Can. (2008) 30:902–6. doi: 10.1016/S1701-2163(16)32970-X

14. Guo, Y, Zhao, B, Zhou, S, Wen, L, Liu, J, Fu, Y, et al. A comparison of the diagnostic performance of the O-RADS, RMI4, IOTA LR2, and IOTA SR systems by senior and junior doctors. Ultrasonography. (2022) 41:511–8. doi: 10.14366/usg.21237

15. Lee, S, Lee, JE, Hwang, JA, and Shin, H. O-RADS US: A systematic review and meta-analysis of category-specific Malignancy rates. Radiology. (2023) 308:e223269. doi: 10.1148/radiol.223269

16. Vara, J, Manzour, N, Chacón, E, López-Picazo, A, Linares, M, Pascual, MÁ, et al. Ovarian adnexal reporting data system (O-RADS) for classifying adnexal masses: A systematic review and meta-analysis. Cancers (Basel). (2022) 14:3151. doi: 10.3390/cancers14133151

17. Hack, K, Gandhi, N, Bouchard-Fortier, G, Chawla, TP, Ferguson, SE, Li, S, et al. External validation of O-RADS US risk stratification and management system. Radiology. (2022) 304:114–20. doi: 10.1148/radiol.211868

18. Strachowski, LM, Jha, P, Phillips, CH, Porter, MMB, Froyman, W, Glanc, P, et al. O-RADS US v2022: an update from the american college of radiology’s ovarian-adnexal reporting and data system US committee. Radiology (2023) 308(3):e230685. doi: 10.1148/radiol.230685

19. Thomassin-Naggara, I, Belghitti, M, Milon, A, Abdel Wahab, C, Sadowski, E, Rockall, AG, et al. O-RADS MRI score: analysis of misclassified cases in a prospective multicentric European cohort. Eur Radiol. (2021) 31:9588–99. doi: 10.1007/s00330-021-08054-x

20. Cao, L, Wei, M, Liu, Y, Fu, J, Zhang, H, Huang, J, et al. Validation of American College of Radiology Ovarian-Adnexal Reporting and Data System Ultrasound (O-RADS US): Analysis on 1054 adnexal masses. Gynecol Oncol. (2021) 162:107–12. doi: 10.1016/j.ygyno.2021.04.031

21. Charkhchi, P, Cybulski, C, Gronwald, J, Wong, FO, Narod, SA, and Akbari, MR. CA125 and ovarian cancer: A comprehensive review. Cancers (Basel). (2020) 12:3730. doi: 10.3390/cancers12123730

22. Barbieri, RL. CA-125 in patients with endometriosis. Fertil Steril. (1986) 45:767–9. doi: 10.1016/S0015-0282(16)49389-1

23. Duffy, MJ, Bonfrer, JM, Kulpa, J, Rustin, GJS, Soletormos, G, Torre, GC, et al. CA125 in ovarian cancer: European Group on Tumor Markers guidelines for clinical use. Int J Gynecol Cancer. (2005) 15:679–91. doi: 10.1111/j.1525-1438.2005.00130.x

24. Cramer, DW, Bast, RC, Berg, CD, Diamandis, EP, Godwin, AK, Hartge, P, et al. Ovarian cancer biomarker performance in prostate, lung, colorectal, and ovarian cancer screening trial specimens. Cancer Prev Res (Phila). (2011) 4:365–74. doi: 10.1158/1940-6207.CAPR-10-0195

25. Lugano, R, Ramachandran, M, and Dimberg, A. Tumor angiogenesis: causes, consequences, challenges and opportunities. Cell Mol Life Sci. (2020) 77:1745–70. doi: 10.1007/s00018-019-03351-7

26. Chudecka-Głaz, A, Strojna, A, Michalczyk, K, Wieder-Huszla, S, Safranow, K, Skwirczyńska, E, et al. Evaluation of he4 use in the diagnosis of ovarian cancer: first and second recurrence, and an analysis of HE4 concentration during second- and third-line chemotherapy. Diagnostics (Basel). (2023) 13:452. doi: 10.3390/diagnostics13030452

27. Fortner, RT, Vitonis, AF, Schock, H, Hüsing, A, Johnson, T, Fichorova, RN, et al. Correlates of circulating ovarian cancer early detection markers and their contribution to discrimination of early detection models: results from the EPIC cohort. J Ovarian Res. (2017) 10:20. doi: 10.1186/s13048-017-0315-6

28. Ferraro, S, Schiumarini, D, and Panteghini, M. Human epididymis protein 4: factors of variation. Clin Chim Acta. (2015) 438:171–7. doi: 10.1016/j.cca.2014.08.020

29. Moore, RG, McMeekin, DS, Brown, AK, DiSilvestro, P, Miller, MC, Allard, WJ, et al. A novel multiple marker bioassay utilizing HE4 and CA125 for the prediction of ovarian cancer in patients with a pelvic mass. Gynecol Oncol. (2009) 112:40–6. doi: 10.1016/j.ygyno.2008.08.031

30. Al Musalhi, K, Al Kindi, M, Al Aisary, F, Ramadhan, F, Al Rawahi, T, Al Hatali, K, et al. Evaluation of HE4, CA-125, risk of ovarian Malignancy algorithm (ROMA) and risk of Malignancy index (RMI) in the preoperative assessment of patients with adnexal mass. Oman Med J. (2016) 31:336–44. doi: 10.5001/omj.2016.68

31. Van Gorp, T, Cadron, I, Despierre, E, Daemen, A, Leunen, K, Amant, F, et al. HE4 and CA125 as a diagnostic test in ovarian cancer: prospective validation of the Risk of Ovarian Malignancy Algorithm. Br J Cancer. (2011) 104:863–70. doi: 10.1038/sj.bjc.6606092

32. Wang, R, Li, X, Li, S, Fang, S, Zhao, C, Yang, H, et al. Clinical value of O-RADS combined with serum CA125 and HE4 for the diagnosis of ovarian tumours. Acta Radiol. (2023) 64:821–8. doi: 10.1177/02841851221087376

33. Xie, WT, Wang, YQ, Xiang, ZS, Du, ZS, Huang, SX, Chen, YJ, et al. Efficacy of IOTA simple rules, O-RADS, and CA125 to distinguish benign and Malignant adnexal masses. J Ovarian Res. (2022) 15:15. doi: 10.1186/s13048-022-00947-9

34. Andreotti, RF, Timmerman, D, Benacerraf, BR, Bennett, GL, Bourne, T, Brown, DL, et al. Ovarian-adnexal reporting lexicon for ultrasound: A white paper of the ACR ovarian-adnexal reporting and data system committee. J Am Coll Radiol. (2018) 15:1415–29. doi: 10.1016/j.jacr.2018.07.004

35. Basha, MAA, Metwally, MI, Gamil, SA, Khater, HM, Aly, SA, El Sammak, AA, et al. Comparison of O-RADS, GI-RADS, and IOTA simple rules regarding Malignancy rate, validity, and reliability for diagnosis of adnexal masses. Eur Radiol. (2021) 31:674–84. doi: 10.1007/s00330-020-07143-7

36. Timmerman, S, Valentin, L, Ceusters, J, Testa, AC, Landolfo, C, Sladkevicius, P, et al. External validation of the ovarian-adnexal reporting and data system (O-RADS) lexicon and the international ovarian tumor analysis 2-step strategy to stratify ovarian tumors into O-RADS risk groups. JAMA Oncol. (2023) 9:225–33. doi: 10.1001/jamaoncol.2022.5969

37. Jha, P, Gupta, A, Baran, TM, Maturen, KE, Patel-Lippmann, K, Zafar, HM, et al. Diagnostic performance of the ovarian-adnexal reporting and data system (O-RADS) ultrasound risk score in women in the United States. JAMA Netw Open. (2022) 5:e2216370. doi: 10.1001/jamanetworkopen.2022.16370

38. Su, N, Yang, Y, Liu, Z, Gao, L, Dai, Q, Li, J, et al. Validation of the diagnostic efficacy of O-RADS in adnexal masses. Sci Rep. (2023) 13:15667. doi: 10.1038/s41598-023-42836-1

39. Chen, Y-N, Ma, F, Zhang, Y, Chen, L, Li, C-Y, and Gong, S-P. Ultrasound features improve diagnostic performance of ovarian cancer predictors in distinguishing benign and Malignant ovarian tumors. Curr Med Sci. (2020) 40:184–91. doi: 10.1007/s11596-020-2163-7

40. Zhu, C, Xu, Z, Zhang, T, Qian, L, Xiao, W, Wei, H, et al. Updates of pathogenesis, diagnostic and therapeutic perspectives for ovarian clear cell carcinoma. J Cancer. (2021) 12:2295–316. doi: 10.7150/jca.53395

41. Kubeček, O, Laco, J, Špaček, J, Petera, J, Kopecký, J, Kubečková, A, et al. The pathogenesis, diagnosis, and management of metastatic tumors to the ovary: a comprehensive review. Clin Exp Metastasis. (2017) 34:295–307. doi: 10.1007/s10585-017-9856-8

42. Seidman, JD, Kurman, RJ, and Ronnett, BM. Primary and metastatic mucinous adenocarcinomas in the ovaries: incidence in routine practice with a new approach to improve intraoperative diagnosis. Am J Surg Pathol. (2003) 27:985–93. doi: 10.1097/00000478-200307000-00014

43. Testa, AC, Ferrandina, G, Timmerman, D, Savelli, L, Ludovisi, M, Van Holsbeke, C, et al. Imaging in gynecological disease (1): ultrasound features of metastases in the ovaries differ depending on the origin of the primary tumor. Ultrasound Obstet Gynecol. (2007) 29:505–11. doi: 10.1002/uog.4020

44. Moro, F, Baima Poma, C, Zannoni, GF, Vidal Urbinati, A, Pasciuto, T, Ludovisi, M, et al. Imaging in gynecological disease (12): clinical and ultrasound features of invasive and non-invasive Malignant serous ovarian tumors. Ultrasound Obstet Gynecol. (2017) 50:788–99. doi: 10.1002/uog.17414

45. Tamakoshi, K, Kikkawa, F, Shibata, K, Tomoda, K, Obata, NH, Wakahara, F, et al. Clinical value of CA125, CA19-9, CEA, CA72-4, and TPA in borderline ovarian tumor. Gynecol Oncol. (1996) 62:67–72. doi: 10.1006/gyno.1996.0191

46. Alcázar, JL, Pascual, MA, Graupera, B, Aubá, M, Errasti, T, Olartecoechea, B, et al. External validation of IOTA simple descriptors and simple rules for classifying adnexal masses. Ultrasound Obstet Gynecol. (2016) 48:397–402. doi: 10.1002/uog.15854

47. Rizzo, S, Cozzi, A, Dolciami, M, Del Grande, F, Scarano, AL, Papadia, A, et al. O-RADS MRI: A systematic review and meta-analysis of diagnostic performance and category-wise Malignancy rates. Radiology. (2023) 307:e220795. doi: 10.1148/radiol.220795




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Pan, Zhang, Zhang, Xu, Cui, Li, Yu and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-14-1369900-g001.jpg
Eligible patients with
adnexal masses at US and
histopathological results
(n=621)

Exclusion (n=13)
- Pregnancy (n=8)
- History of malignant tumors of the ovary (n=3)
- Previous treatment before US (n=2)

Patients assessed (n=608)

Exclusion (n=15)
- Uncertain histopathological results (n=7)

- the interval between the US and surgery is greater
than 30 days (n=8)

Patients for statistical
analysis (n=593)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Clinical value of ACR O-RADS combined with CA125 in the risk stratification of adnexal masses

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients

          



          		

            US examination

          



          		

            Retrospective images analysis

          



          		

            Diagnostic criteria of O-RADS (v2022) subclassification combined with CA125

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Participant and lesion characteristics

          



          		

            Results of the O-RADS (v2022) classification

          



          		

            Classification of the O-RADS (v2022) subclassification combined with CA125

          



          		

            Diagnostic performance of the CA125, O-RADS (v2022), and O-RADS (v2022) subclassification combined with CA125

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
O-RADS (v2022) classification

Histologic diagnosis

3

Benign adnexal masses 415 53 34 11 1 514
Follicular cyst 6 1 0 0 0 7
Corpus luteum 23 2 1 0 0 25
Simple cyst 24 4 2 0 0 30
Endometrioma 167 8 2 0 ‘ 1 178
Mature teratoma 82 5 6 3 0 96
Hydrosalpinx 20 0 1 1 0 22
Mesosalpinx cyst 34 1 0 0 0 35
Pelvic inflammatory disease 27 2 2 0 0 31
Serous cystadenoma 16 10 6 3 0 35
Mucinous cystadenoma 12 13 11 0 0 36
Ovarian theca-fibroma 3 6 1 1 0 11
Other benign adnexal masses = 1 L 3 3 0 8

Malignant adnexal masses 2 3 9 28 | 37 79
Serous cystadenocarcinoma 0 0 2 8 19 29
Mucinous 0 0 2 0 0 2

cystadenocarcinoma
Borderline tumor ‘ 1 3 I 2 g 3 18
Germ cell tumor 0 0 0 2 ‘ 1 3
Sex cord-stromal tumor 1 0 1 0 ‘ 2 4
Endometrioid carcinoma 0 0 0 0 3 3
Clear cell tumor 0 0 2 4 0 6
Metastatic cancer 0 0 0 3 7 10
Other malignant 0 0 I 0 2 2 4

adnexal masses

Total 417 56 43 39 38 593

O-RADS, Ovarian-Adnexal Reporting and Data System; v, version.





OEBPS/Images/table4.jpg
Malignant Total Malignant

rate
(100%)
O-RADS (v2022) 4 45 37 82
4A 34 9 43 20.9
4B 11 28 39 71.8

O-RADS (v2022)
subclassification
+ CA125

O-RADS 4 45 37 82

4A + CA125 <35 28 1 29 3.45
U/ml

4A + CA125 235 17 36 53 67.9
U/ml, 4B

O-RADS, Ovarian-Adnexal Reporting and Data System; v, version; CA125, carbohydrate
antigen 125.





OEBPS/Images/fonc.2024.1369900_cover.jpg
& frontiers | Frontiers in Oncology

Clinical value of ACR O-RADS combined
with CA125 in the risk stratification of
adnexal masses





OEBPS/Images/table3.jpg
O-RADS (v2022) categories and lexicon descriptors

tal Malignant rate (100%)

Categories ~ Lexicon descriptors

2 415 2 417 0.48
Simple cyst (<10 cm) 34 2 36
Unilocular, smooth, non-simple cyst/bilocular, smooth cyst (<10 cm) 80 0 80
Typical benign ovarian lesion (<10 cm) 278 0 278
Typical benign extraovarian lesion (any size) 23 0 23

3 53 3 56 5.36
Typical benign ovarian lesion (210 cm) 8 2 11

7 Uni- or bilocular, smooth (=10 cm) 5 1 5

Unilocular, irregular (any size) 5 0 5
Multilocular, smooth, <10 cm, CS <4 22 0 22
Solid lesion, + shadowing, Smooth, any size, CS 1 7 0 7
Solid lesion, shadowing, smooth, any size, CS 2-3 6 0 6

4 45 37 82 45.12
Bilocular cyst without a solid component, irregular, any size, any CS 5 1 6

" Multilocular cyst without a solid component 17 5 22 209
Unilocular cyst with a solid component, <4 pps or solid component not 12 3 15
considered a pp, any size
Bi- or multilocular cyst with a solid component, any size, CS 1-2 10 20 30

4B 71.8
Solid lesion, non-shadowing, smooth, any size, CS 2-3 1 8 9

5 1 37 38 97.37
Unilocular cyst 24 pps, any size, any CS 0 2 2
Bi- or multilocular cyst with a solid component, any size, CS 3-4 1 1 2
Solid lesion, + shadowing, smooth, any size, CS 4 0 10 10
Solid lesion, irregular, any size, any CS 0 16 16
Ascites and/or peritoneal nodules 0 8 8
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