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Aim

To retrospectively investigate the pre-operative clinical factors and ultrasonographic features that influence the accuracy of the intraoperative frozen section (IFS) of ovarian tumors.



Patients and methods

Women with ovarian tumors that underwent IFS in one tertiary medical center were recruited from January 2010 to December 2018. Demographic and clinical data of these women were retrieved from medical records in the hospital’s centralized database.



Results

A total of 903 ovarian tumors were enrolled, including 237 (26.2%) benign, 150 (16.6%) borderline tumor, and 516 (57.2%) malignant. The overall accuracy of IFS among all specimens was 89.9%. The sensitivities of IFS in diagnosing borderline tumors (82.0%) and malignant tumors (88.2%) were lower than in diagnosing benign tumors (98.7%, p <0.001, Z-test). The specificity of diagnosing malignant tumors (99.7%) was significantly higher than that of diagnosing benign tumors (94.7%, p <0.001, Z-test). The group with discordant IFS and final paraffin pathology (FPP) had younger age (47.2 ± 14.0 vs. 51.5 ± 11.8 years, p = 0.013, Mann–Whitney U test), and higher percentage of early-stage disease (85.2% vs. 65.1%, p = 0.001, chi-square test) and mucinous (39.3% vs. 3.3%) and endometrioid histologic types (34.4% vs. 20.2%) than the concordant group (all by chi-square test). Menopause (OR 0.34, 95% CI 0.15–0.76, p = 0.009), multicystic tumor in ultrasound (OR 2.14, 95% CI 1.14–4.01, p = 0.018), and ascites existence (OR 0.33, 95% CI 0.14–0.82, p = 0.016) were factors related to the discordant IFS by multivariate analysis.



Conclusions

IFS has good accuracy in the diagnosis of ovarian tumors. We recommend more frozen tissue sampling for sonographic multicystic tumors in premenopausal women to improve the accuracy of IFS.
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Introduction

Ovarian tumors are common gynecologic problems occurring in females of all ages. In the United States, it is estimated that there is a 5 to 10% lifetime risk for women undergoing surgery for a suspected ovarian neoplasm (1, 2). Among ovarian tumors, those that are benign account for the majority (around 60%), followed by the 20–30% that are malignant and <10% that are borderline tumor (3). The incidence of ovarian cancer has increased over the last 30 years in Taiwan, with the latest incidence being 1,521 per 100,000 women (4). The histological distribution of malignant tumors in Taiwan differs from that in Western countries, with fewer serous type and more clear cell type tumors (4).

The components of benign ovarian tumors are variable and include epithelial, germ cell, and sex-cord stromal tumors; endometrioma; ovarian abscesses; and functional ovarian cysts. Borderline tumors account for a minor proportion of ovarian tumors. They mainly originate from epithelial cells (5). Malignant ovarian tumors include epithelial, germ cell, and sex-cord stromal tumors, and the other rare histologic types such as sarcoma (6). In current clinical management, the surgical treatment of benign tumors includes tumor excision (cystectomy) or oophorectomy (7). For the management of borderline tumors, surgical approaches including hysterectomy, bilateral salpingo-oophorectomy, omentectomy, and pelvic and para-aortic lymphadenectomy are recommended. A fertility-sparing approach is a common alternative, particularly for those who desire to preserve fertility (5). However, for the management of ovarian cancer, surgery usually involves hysterectomy, bilateral salpingo-oophorectomy, omentectomy, and pelvic and para-aortic lymphadenectomy (8). Because the treatment strategies and prognoses are much different for benign, borderline, and malignant ovarian tumors, accurate diagnosis is important.

Ovarian tumors often represent a diagnostic challenge, first because of the vague symptoms and presentation (8). There are some clinical tools that help to differentiate the nature of ovarian tumors before surgery, including serum tumor markers and imaging studies such as ultrasonography, computer-assisted tomography (CAT), magnetic resonance imaging (MRI), and positron emission tomography (PET) (8). CA-125 is a non-specific tumor marker but is the most commonly used marker in ovarian tumors, CA-125 is not useful in differentiating ovarian benign or malignant tumors, due to its low sensitivity and specificity. Its levels can increase due to other kinds of malignancies (e.g. breast, lung, colon, and pancreatic cancer) and benign diseases (e.g. endometriosis, pelvic inflammatory disease, and ovarian cysts) (8).

Gynecologic ultrasound plays an important role in the initial evaluation of an ovarian tumor. Ultrasound relies on morphologic features to distinguish between benign and malignant lesions. Some predictive models to differentiate ovarian benign and malignant tumors have been developed (7). The risk-of-malignancy index is one such scoring system currently recommended by many national guidelines (9). Another model, the International Ovarian Tumor Analysis (IOTA) simple ultrasound-based rules (“simple rules”) has also shown good accuracy (10). However, these tools have their limitations, such as operator-dependent performance (11). The IOTA rules have high sensitivity and specificity according to expert subjective impressions, but worse accuracy when assessed using objective, calculated tools (12).

Needle aspiration and image-guided core biopsy are widely used for a variety of the other non-ovarian tumors, such as breast cancer, without adverse impact on prognosis (13). However, needle aspiration or core biopsy is less common clinical practice in the diagnosis of ovarian tumors, because these two procedures pose the risk of spillage and possible upstaging of malignant lesions (13, 14).

The more specific the extent of operation performed, the more benefit the patient receives, with less morbidity. In addition to the pre-operative imaging study and tumor markers, intraoperative frozen section (IFS) as diagnostic tool can aid procedural decision-making. IFS has been developed for more than 100 years and was first demonstrated by Wilson (15). It has become routine practice in the treatment of complex ovarian tumors during surgery. The good accuracy of IFS, from 90 to 99%, has been proven in many studies (16–18). Although IFS can provide very important and helpful information for clinical practice during surgery, it still does not provide exactly the same results as the final paraffin pathology. Only a limited number of studies have evaluated clinical preoperative characteristics and imaging features as factors influencing the accuracy of IFS.

Here we aimed to retrospectively investigate the concordance between IFS and final paraffin pathology (FPP) and factors that might influence discordancy between them. We propose pre-operative clinical factors and ultrasonographic features that can be used to predict the risk of discordancy of IFS and FPP in order to improve the accuracy of the IFS of ovarian tumors.



Materials and Methods


Patient Population and Data Collection

Women with adnexal (ovarian) tumors that underwent intraoperative frozen section (IFS) in one tertiary medical center were recruited from January 2010 to December 2018. This study protocol was approved by the Institutional Review Board of the hospital. Demographic and clinical data of these women were retrieved from medical records in the hospital’s centralized database. These data included the age at diagnosis, parity, menopausal status, co-morbidity, operative method, level of pre-operative tumor markers, and pre-operative ultrasound characters, International Federation of Obstetrics and Gynecologic stage, tumor histology and grade, type of surgery, and types and cycles of chemotherapy. Tumor markers including CA-125 (IU/ml), CA19-9 (IU/ml), CEA (ng/ml), and alpha-fetal protein (αFP) (ng/ml) from sera were also assayed and recorded before surgery. A transvaginal and/or transabdominal ultrasound was also performed before surgery. The selection of ultrasound characters was according to the IOTA rules (10).

Patients whose specimens for the final pathology analysis were not of ovarian origin were excluded. The FPP of all ovarian tumors was also retrieved. The tumors were classified histologically according the World Health Organization (WHO) classification of ovarian neoplasms in 2009, 2014 and 2020 (19–22), and the stage of each malignant tumor was based on the FIGO (International Federation of Gynecology and Obstetrics) staging system (21). Each ovarian tumor of this study would be classified into one of three categories—benign, borderline or malignant according to WHO ovarian tumor classification (22). The malignant tumors included epithelial tumors, sex-cord stromal tumors, germ cell tumors or other rare malignancies. The borderline tumors included different histologic types of epithelial borderline tumors. The benign lesions included all benign tumors and other non-tumor lesions such as corpus luteum cyst.

The specimens for IFS were analyzed by the pathologist in the laboratory in an unfixed state right after the surgeon removed them from the patients. At least two sections of all specimens were designated for frozen pathology analysis by the pathologist. The IFS of these ovarian tumors only reported benign, borderline, or malignant tumors without definite histologic type. The reports of paraffin pathology included benign, borderline, and malignant tumors together with their respective histologic type. We defined the concordant result when the reports of IFS and FPP were the same (benign, borderline or malignancy). Otherwise was defined as discordant result.



Statistical Analysis

Using standard statistical formulas, we calculated the overall accuracy, sensitivity, and specificity with the 95% confidence interval (CI) between IFS and FPP. These were calculated for the three categories—benign, borderline, and malignant. If the results of IFS and final paraffin pathology were the same, they were defined as concordant, and otherwise as discordant. The proportional Z test, one-way ANOVA, chi-square test, Kruskal–Wallis test, and Mann–Whitney U test were used for statistical analysis. The factors contributing to discordancy between IFS and FPP among the malignant tumors were further analyzed by univariate and multivariate Cox logistic regression analysis. A p value less than 0.05 was regarded as statistically significant. Statistical analyses were all performed using SPSS 22.0 for Windows (IBM, Armonk, New York, NY).




Results


Patients’ Characteristics From Intraoperative Frozen Section

A total of 903 patients were enrolled. The basic characteristics of the 903 women with ovarian tumors that underwent frozen pathology are shown in Table 1. The mean age was 49.5 ± 13.4 years old (range 7–88). There were 464 (51.4%) women menopause. The majority of the women (97.3%) underwent laparotomy. The median pre-operative CA-125 value of the 903 women was 94.9 IU/ml (32.5–423.7, 25th–75th percentiles).


Table 1 | Basic characteristics of the 903 women with ovarian tumors that underwent frozen pathology.





Ovarian Malignant Tumors Accounted for the Majority of Intraoperative Frozen Pathology Diagnoses

There were 237 (26.2%) benign ovarian tumors, 150 (16.6%) ovarian borderline tumors, and 516 (57.2%) ovarian malignant tumors. As shown in Table 2, 699 (77.4%) of 903 tumors were of epithelial origin, followed by 66 (7.0%) sex-cord stromal tumors and 51 (5.6%) germ cell tumors. Endometrioma, tubo-ovarian abscess, hemorrhagic cyst, and corpus luteum accounted for 8.4% (n = 76) of the 903 tumors. There were two specimens that the IFS failed to classify into benign, borderline, or malignant. We classified these two cases as undetermined.


Table 2 | Final paraffin pathologic characteristics of the 903 ovarian tumors.



As shown in Table 2, there were 19 (37.3%) malignant germ cell tumors; 21 (31.2%) ovarian malignant sex-cord stromal tumors, including 19 granulosa cell tumors; two Sertoli–Leydig cell tumors; and 466 (65.6%) epithelial ovarian tumors. Among the malignant ovarian tumors, 69.8% (127/181) were serous, 18.1% (39/215) were mucinous, 98.3% (113/115) were endometrioid, and 99.4% (166/167) had clear cell histology of epithelial origin.



Intraoperative Frozen Section Had Better Sensitivity for Benign Ovarian Tumors and Higher Specificity for Malignant Ovarian Tumors

We further evaluated the accuracy of IFS. Table 3 shows the comparison of IFS and FPP of all 903 ovarian tumors. There were 812 concordant and 89 discordant pairs. The overall accuracy of IFS among all specimens was 89.9%. Two cases were not determined as benign, borderline, or malignant via IFS; one was a benign mature teratoma and one was a malignant clear cell carcinoma.


Table 3 | Comparison of the intraoperative frozen pathology and final paraffin pathology of the 903 ovarian tumors.



All results regarding the accuracy, sensitivity, and specificity of IFS are shown in Table 4. The diagnostic accuracy, sensitivity, and specificity were 95.8, 98.7, and 94.7%, respectively, for benign ovarian tumors. The diagnostic accuracy, sensitivity, and specificity of IFS were 91.1, 82.0, and 93.0% for ovarian borderline tumors. The diagnostic accuracy, sensitivity, and specificity of frozen sections were 93.1, 88.2, and 99.7% for malignancy. The sensitivities in diagnosing borderline tumors and malignant tumors were significantly lower than in diagnosing benign tumors. In contrast, the specificity of IFS in diagnosing malignant tumors was significantly higher than in diagnosing benign tumors.


Table 4 | The diagnostic performance of intraoperative frozen pathology.





The Group With Discordant IFS and FPP Differed From the Concordant Group in Their Clinical and Histopathologic Characteristics

We further analyzed the clinical and histopathological characteristics of concordant and discordant IFS and FPP in 516 malignant tumors. As shown in Table 5, the discordant group had younger age (47.2 ± 14.0 vs. 51.5 ± 11.8 years, p = 0.013, Mann–Whitney U test), a lower percentage of menopause (31.1% vs. 56.9%, p <0.001, chi-square test), and a higher percentage of early-stage tumors (85.2% vs. 65.1%, p = 0.001, chi-square test) than the concordant group. In addition, the discordant and concordant groups had different percentages of various histological types (p <0.001, Mann–Whitney U test). The discordant group had a higher percentage of mucinous (39.3% vs. 3.3%) and endometrioid (34.4% vs. 20.2%) types, as well as lower percentages of serous (6.6% vs. 27%) and clear cell (6.6% vs. 35.6%) types as compared with the concordant group. More than 50% (24/39) of the mucinous malignant tumors could not be correctly diagnosed by IFS, and a relatively high percentage (18.6%) of endometrioid malignant tumors were not correctly diagnosed by IFS. In contrast, only 3.1% (4/127) of serous and 2.4% of (4/166) clear cell malignant tumors were not diagnosed using IFS. The other factors, including parity, pre-operative tumor markers, CA-125, and tumor size did not differ between these two groups.


Table 5 | Patient demographics and clinical and histopathological characteristics of concordant and discordant intraoperative frozen and final paraffin pathologies of 516 women and their malignant ovarian tumors.



Our results indicate that early-stage tumors in young pre-menopausal women, as well as mucinous and endometrioid malignant ovarian tumors, had higher incidences of discordancy between IFS and FPP.



Factors Contributing to the Discordancy of IFS and FPP of Malignant Ovarian Tumors Identified by Use of a Cox Logistic Regression Analysis

Finally, we evaluated factors that could influence the discordance of IFS and FPP diagnoses of malignant ovarian tumors, using Cox logistic regression analysis. As shown in Table 6, menopause (OR 0.36, 95% CI 0.20–0.63, p <0.001), multicystic tumor on ultrasound (OR 2.27, 95% CI 1.22–4.23, p = 0.010), and ascites (OR 0.39, 95% CI 0.16–0.94, p = 0.032) were factors related to the discordant IFS by univariate analysis. These three factors were also identified as independent factors related to the discordant IFS in multivariate regression analysis (menopause, OR 0.34 95% CI 0.15–0.76, p = 0.009; multicystic lesion on ultrasound, OR 2.14, 95% CI 1.14–4.01, p = 0.018; ascites, OR 0.33, 95% CI 0.14–0.82, p = 0.016).


Table 6 | Logistic regression analysis of clinical factors for discordancy between intra-operative frozen and final paraffin pathologies of 516 ovarian malignant tumors.



Our results indicate that menopause and the existence of ascites were two associated factors for correct IFS diagnosis, whereas a multicystic lesion detected by ultrasound was a risk factor for wrong diagnosis from IFS.




Discussion

Tumor markers and imaging studies are two preoperative assessment tools used to evaluate the nature of ovarian tumors. However, tumor markers can be elevated in many clinical situations, including benign and malignant conditions, and this results in lower specificity. Imaging studies include sonography, computer-assisted tomography, magnetic resonance imaging, and positron emission tomography. Gynecologic ultrasound helps differentiate ovarian tumors according to their morphology and echogenicity. Color Doppler ultrasound can provide more information with which to detect malignant tumors, by measuring intra-tumoral blood flow (10). Ultrasound is personnel dependent, and it is difficult to distinguish borderline tumors from malignant tumors even with the help of color Doppler ultrasound (23). The other imaging tools have good predictive rates in cancer staging but can be of limited use in differentiating the origins of ovarian tumors, especially in early stages (24). Most important is that these tools do not provide an exact diagnosis of benign, borderline, or malignant tumors, because of their macroscopic view. However, the microscopic view provided by IFS can offer a more concrete diagnosis and evidence that together aid the surgeon in planning the rest of the operation.

Surgeons depend on the results of intraoperative frozen pathology for decision making in dealing with ovarian neoplasia. Making a correct diagnosis of an ovarian tumor before surgery remains problematic. Ovarian tumors, unlike other malignancies, are seldom diagnosed via needle or punch biopsy, for several reasons. The greatest concern about ovarian tumor biopsy is that this procedure may result in tumor leakage or rupture, with subsequent intraperitoneal spreading of cancer cells if the tumor is malignant (13). Uncertain diagnoses can lead to the assumption of ovarian malignancy and thus create a risk of unnecessary surgery that can harm patients. Inadequate primary surgery can lead to a second operation and subsequent delay in treatment. Intraoperative frozen pathology improves decision making and management during the operation, avoiding unnecessary or delayed surgery (25). There are several indications for IFS including the tissue type, benign or malignant nature of the tissue, type of malignancy, determination of surgical margins, positivity of lymph nodes, and presence of malignant implants and/or metastases in other tissues or organ (26).

IFS showed excellent sensitivity and specificity in diagnosing ovarian malignancy. Many studies have evaluated the performance of IFS in single institutes, as in our study (16, 17, 27–29). The sensitivity in diagnosing malignant ovarian tumors ranged from 76 to 96%, with almost 100% specificity in diagnosing malignant tumors (16–18, 27). The meta-analysis by Cochrane Reviews revealed that IFS for the diagnosis of early-stage ovarian cancer has an average sensitivity of 90.0% (95% CI 87.6 to 92.0%) and specificity of 99.5% (95% CI 99.2 to 99.7%) (29). The diagnostic performance of this study was comparable to those of prior studies (16–18).

Histologic type was a confounding factor influencing the accuracy of IFS (28, 30). IFS is relatively inaccurate in diagnosing mucinous and borderline tumors (18). The sensitivity and specificity of IFS for borderline tumors were the lowest compared with those for benign and malignant ovarian tumors. The highest discordancy occurred when the IFS diagnosis was borderline tumors while the paraffin pathology indicated malignancy. The reported diagnostic performance of IFS for borderline tumors varies from study to study, with generally poor performance (31). The lowest accuracy and sensitivity of IFS in the diagnosis of borderline tumors was in the misdiagnosis of malignant tumors as borderline tumors. One of the reasons for this was the pathologist’s conservative attitude in reporting the IFS results. For borderline tumor, we also compared pre-operative clinical factors between the concordant and discordant groups of the borderline tumor, but none differed significantly between these two groups (data not shown).

Cancer stage was another factor that influenced the accuracy of IFS. There were more early-stage malignancies misdiagnosed by IFS than advanced staged malignancies. Clinical manifestations such as extra-ovarian spreading and intra-abdominal metastasis can provide more information for pathologists in the diagnosis of IFS (32). Early-stage malignancies and borderline tumors share gross morphological features. In this survey, more than 80% of the malignancies having discordant IFS and paraffin pathology were early-stage tumors. More malignant mucinous tumors in early stages were also found a confounding factor that influenced the IFS diagnosis.

Age was another confounding factor of the accuracy of IFS. The group with discordant IFS and FPP had younger age and lower percentage of menopause than the group with concordant results. Multivariate analysis identified menopausal status as an independent confounding factor affecting the discordancy of IFS and FPP. This was not revealed by prior IFS studies (16, 17, 33). Our explanation is that several correlations were noted between menopausal status and cancer stage or histologic type. There were 72.3% pre-menopausal patients with early-stage ovarian malignancy, in contrast to 63.1% menopausal patients (p = 0.03, chi-square test).

Preoperative clinical manifestation and sonographic features can help improve the accuracy of diagnosis using IFS. Our study also focused on clinical characteristics of ovarian tumors with discordancy of IFS and PPF has met an unmet clinical need. Prior studies have not identified any clinical or imaging features as risk factors for discordant IFS and paraffin pathology results (16, 17, 33). A multicystic lesion by preoperative sonography is an independent risk factor for IFS discrepancy in malignant tumors. We recommend increasing the number of sections examined in IFS when diagnosing multicystic tumors, in order to avoid and lower the rate of discordant IFS and FPP. Cimic et al. have also recommended using cytology to improve the accuracy of IFS (34). The presence of ascites by sonography reduced the risk of discordant IFS and FPP diagnoses of malignant ovarian tumors in this study. Ascites always occurred in advanced disease, so the presence of ascites in pre-operative sonography became an associated factor for the accuracy of IFP.

There were three cases in which the IFS showed more advanced results than the FPP. Two were cases in which IFS revealed mucinous borderline tumors while their FPP diagnosis was mucinous benign cystadenoma. These two cases had histologic features of borderline tumor in the IFS samplings. However, these features of borderline tumor accounted for less than 10% of the whole tumor area in paraffin sections (20). Thus, the pathologist changed the diagnosis of borderline tumor to benign cystadenoma. The IFS of the third case first revealed low-grade serous carcinoma and the FPP was changed to micropapillary serous borderline tumor, also called non-invasive low-grade serous carcinoma (20, 35). The low-grade serous carcinoma and micropapillary serous borderline tumor belong to the same spectrum of ovarian tumors, and it is difficult to differentiate them by IFS.

This study has several advantages. First, the pathologists’ experience and individual performance can influence the accuracy of IFS. Here, more than 90% of the IFS was reported by three well-experienced gynecologic pathologists in order to lower the individual bias of IFS. The diagnostic performance was comparable with that of prior studies (16, 18, 29). Second, our study provided a relatively large case number for analysis. Only one prior study recruited over 1,000 patients, and the other studies have analyzed fewer than 500 patients (18, 29). Moreover, we identified three pre-operative features—menopause, multicystic tumor, and ascites by ultrasonography—that help to reduce the discordancy between IFS and FPP.



Conclusion

Our study demonstrated that IFS has good accuracy in distinguishing among benign, borderline, and malignant ovarian tumors. The discordancy of IFS was higher in younger, pre-menopausal patients, and for early-stage ovarian malignancies, especially the mucinous histologic type. Multicystic tumor in sonography was an independent risk factor of discordancy of IFS for malignant tumors. In contrast, menopause and ascites detected by sonography protected against discordancy. We recommend examining more frozen tissue samples for sonographic multicystic tumors in premenopausal women in order to avoid the wrong IFS diagnosis and to minimize the inappropriate surgical treatment of women with ovarian tumors.
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