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INTRODUCTION:
Ovarian cancer is the sixth most common cancer in women with a high 
mortality rate. Estimation of serum markers and image analysis is 
mandatory for a preoperative diagnosis; however, it lacks specicity 

1-4and sensitivity . Ovarian epithelial tumors of mucinous and 
borderline categories in general have high false negative FS diagnosis, 
as heterogeneity in these tumors is  well-known and tissue sampling on 

5,6frozen sections is limited . Intraoperative FS evaluation is crucial  in 
determining the extent of surgery in benign, borderline and malignant 

4neoplasms particularly in patients requiring fertility preservation . In 
addition, the ovaries being a common site for metastasis (accounting 
for up to 15% of ovarian malignancies in Western countries) and 
categorizing ovarian mucinous neoplasms as primary or metastatic is 

7,8of paramount importance . Whenever possible, the frozen section 
diagnosis should be specic as for the favored primary tumor site, 
Mullerian or metastatic, especially in patients with a clinical history of 
or suspicion for another primary.

MATERIALS AND METHODS:
one hundred and seventy cases of ovarian frozen sections during the 
period of 2017 and 2018 were retrospectively analyzed at our institute. 
The FS diagnosis was compared with nal HPE diagnosis to evaluate 
the accuracy, sensitivity, specicity and positive and negative 
predictive values. The specimens were grossly examined   for size, 
colour, laterality and capsular integrity after noting the age and clinical 
ndings. On cutting open the proportion of solid, papillary and cystic 
areas were identied and the contents noted. Imprint /scrape smears 
were taken from representative areas. Two to three bits for frozen 
analysis were taken routinely and additional bits in tumors showing 
variegated appearence and extensive necrosis. Tissue sections of 0.5 to 
1mm thickness were freeze dried in a cryostat using optimal cutting 

temperature compound (OCT). 1-2 microns thick sections were taken 
at -20 degree, stained using toluidine blue and rapid Haematoxylin and 
Eosin (around 10 minutes for the entire procedure). The specimen was 
then placed in 10% buffered neutral formalin for routine processing. 
The results of frozen sections were compared with parafn tissue 
sections. 

RESULTS:
The epithelial neoplasms of serous and mucinous type were classied 
as benign, borderline and malignant. Mucinous neoplasms were 
further classied as primary or metastatic. The non-epithelial benign 
and malignant group of neoplasms included germ cell and sex cord 
stromal tumors. The non-neoplastic entities included inammatory 
lesions, endometriosis and those masses which had undergone torsion 
without discernible lining.

Of the 170 cases of ovarian neoplasms sent for frozen, 74 cases 
(43.52%) were reported as benign which composed of 56 cases of 
neoplastic and 18 cases of non-neoplastic lesions like torsion, 
inammation and endometriosis (Table1). There were 27 cases 
(15.88%) of borderline and 69 cases (40.58%) of malignant ovarian 
neoplasms.

Final histopathology diagnosis on parafn sections revealed 73 cases 
(42.94%) of benign neoplasms and non-neoplastic lesions. Of the non-
neoplastic lesions three were endometriosis, and the remaining 9 
showed torsion with inammation including two cases of 
granulomatous inammation (Table 1). The borderline category 
included 20 cases (11.76%) of serous and mucinous neoplasms (Table 
2). Total malignant neoplasms reported on nal histopathology was 
77(45.29%) (Table 3).
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ABSTRACT
Introduction: Intraoperative assessment   of ovarian neoplasms on Frozen section (FS) as epithelial and non-epithelial types is crucial for 
appropriate surgical management.  Accurate categorization is important as treatment plan includes cystectomy for benign tumors, extensive 
staging procedures for ovarian carcinomas and oophorectomy or limited surgical staging for borderline tumors especially in younger patients to 
preserve fertility. 
Objectives: To study the accuracy of ovarian FS interpretation with reference to nal histopathological (HPE) diagnosis on parafn embedded 
sections after analyzing by morphology and immunohistochemistry (IHC) wherever necessary.
Materials and Methods: A retrospective analysis of 170 cases of FS study on ovarian masses during the period of two years (2017, 2018) was done 
at a tertiary oncology center. 
Results: Of the total 170 cases on frozen, 74 cases were benign, 27 cases borderline and 69 cases malignant. On nal HPE 73 cases were benign, 20 
cases borderline and 77 cases malignant neoplasms. The sensitivity and specicity were 95.89%, 95.87% in benign tumors, 80%, 92.66% in 
borderline and 88.3%, 98.92% in malignant tumors respectively. The positive and negative predictive values were 94.59%, 96.87% in benign 
lesions, 59.25%, 97.20% in borderline, 98.55%, and 91.08% in malignant neoplasms respectively.
Conclusions: In our study there was a good concordance between frozen and nal histopathology in the diagnosis of benign and malignant ovarian 
neoplasms.  Ovarian FS study is a reliable tool for intraoperative decision making regarding the extent of surgery.
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Table I : Benign Neoplasms/ non neoplastic lesions

Table -2 : Borderline neoplasms

Table 3 : Malignant Neoplasms

The sensitivity and specicity were 95.89%, 95.87% in benign ovarian 
neoplasms, 80%, 92.66% in borderline neoplasms, 88.3%, 98.92% in 
malignant neoplasms respectively. The positive and negative 
predictive values were 94.59%, 96.87% in benign neoplasms/lesions, 
59.25%, 97.20% in borderline neoplasms, 98.55%, 91.08% in 
malignant ovarian neoplasms respectively (Table4).

Table 4: Results

DISCUSSION: 
According to WHO, ovarian neoplasms are classied as surface 
epithelial neoplasms (65%), germ cell (15%), sex cord stromal (10%), 
metastasis (5%) and miscellaneous based on most probable tissue of 
origin. Surface epithelial tumors which form the bulk are categorized 
by cell type as serous, mucinous, endometrioid etc. which are further 
classied as benign, borderline and malignant neoplasms. Most 

9.malignant tumors (90%) are of surface epithelial type   Annual 
incidence rates of ovarian cancer range from <5/1,00,000 women in 
The Gambia, Brazil, Thailand, Algeria and India to >13/1,00,000 in the 

2United Kingdom, United states, Germany and Scandinavia .

Surgery (total hysterectomy, bilateral salpingo-oophorectomy, 
omentectomy, retroperitoneal lymph node dissection and peritoneal 
biopsies) is the primary modality of treatment in ovarian carcinoma. 
However, in young women who wish to conceive, fertility sparing 
surgery is preferred. Hence accurate categorization is needed on frozen 
section to choose appropriate surgery. Borderline ovarian neoplasms 
may pose diagnostic difculties when invasion is questionable on 
frozen sections due to limited sampling. Hence the term with atleast 
borderline features should be used. Similarly, mucinous ovarian 
neoplasms have to be categorized as primary or metastatic as treatment 
protocol for both differs. However, a denitive diagnosis may not 
always be possible. If the tumor is bilateral and there is a suspicion of 
metastasis on frozen section the surgeon has to be informed and the 
diagnosis deferred to parafn section study.

 In the present study 170 cases of ovarian masses sent for frozen at our 
institute between 2017 and 2018 were analyzed retrospectively. There 
were 74 cases of benign lesions /neoplasms, 27 borderline and 69 cases 
of malignant neoplasms on FS which included both primary and 
metastatic. The age range was 17 -75 years with a median age of 46 

years.

Of the benign tumors on frozen, surface epithelial tumors of the serous 
type were the most common with 34 cases followed by eight cases of 
benign mucinous neoplasms. One case of benign mucinous neoplasm 
was associated with Brenner tumor. The non-epithelial benign 
neoplasms included eight cases of mature teratoma and six cases of sex 
cord stromal tumors, ve of which were brothecoma and one 
sclerosing stromal tumor. The benign lesions included two cases of 
endometriosis, two granulomatous inammation and 14 cases of 
ovarian cyst which showed only inammation and hemorrhage.

On nal histopathology, there were 36 benign serous neoplasms, 11 
mucinous neoplasms, eight mature teratoma and six sex cord stromal 
tumors of predominantly brothecoma group, three endometriosis, 
two tuberculosis and seven showed features of torsion and 
inammation. Thirty-three cases of benign serous neoplasm on frozen 
were concordant on nal histopathology.

With adequate sampling three benign mucinous tumors on frozen 
turned out to be borderline on nal HPE. One benign serous neoplasm 
showed a mural nodule with malignant features. Two cases of torsion 
on frozen showed features of serous neoplasm on nal histopathology 
which were still considered concordant.

Sixteen of twenty-seven borderline neoplasms (59.25%) of serous and 
mucinous type (Table 2) were concordant on nal histopathology 
which included nine and seven cases each of serous and mucinous 
neoplasms of borderline category. Of the 11 discordant cases reported 
on frozen section as borderline two cases turned out to be benign 
serous neoplasm, one benign mucinous neoplasm, two serous 
carcinoma, two mucinous carcinoma, three metastatic tumours and 
one clear cell adenocarcinoma on nal histopathology. The highest 
discrepancy (underdiagnosis and overdiagnosis) in this category was 
due to inadequate sampling. Most studies and WHO 2014 advocate 
that >10% borderline histology within a cystadenoma or 
cystadenobroma qualies as borderline ovarian tumors (BOT). In 
contrast < 10% borderline histology are designated “cystadenoma/ 

9-12.broma with focal epithelial proliferation.  Limited sampling on FS 
is the main reason for errors in reporting borderline tumors.

Sixty eight of sixty-nine (98.55%) malignant tumours diagnosed on FS 
were concordant on nal histopathology. One malignant mucinous 
tumor on frozen   showed borderline  features on nal HPE. Serous 
and other non-mucinous carcinoma accounted for 25 cases on FS. 
Final HPE revealed 30 cases of this subtype which included 8 cases 
upgraded from borderl ine tumors.  0f  the 23 mucinous 
adenocarcinomas reported,19 were primary and 4 metastatic. In 
metastatic cases the primary sites included low grade appendiceal 
mucinous neoplasm (one case), stomach (two cases) and colon (one 
case).

The 7 poorly differentiated malignant neoplasms reported on FS 
turned out to be Mullerian carcinosarcoma (2) Granulosa cell tumor (2) 
high grade serous carcinoma (1), metastatic melanoma (1) and 
endometrioid variant of yolk sac tumor (1) on nal HPE and IHC. All 9 
cases of malignant germ cell neoplasms and 9 cases of Granulosa cell 
tumor reported on frozen was concordant on nal HPE.

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

FROZEN HISTOPATHOLOGY
Serous 34 36
Mucinous 08 11
Teratoma 08 08
Sex cord Stromal tumor 06 06
Endometriosis 02 03
Torsion and Inflammatory 16 9
Total 74 73

FROZEN Histopathology
Serous 13 12
Mucinous 14 8
Total 27 20

Frozen Histopathology
Serous and non-mucinous 25 30
Mucinous 19 23
 Mullerian carcinosarcoma 0 02
Germ cell tumors 09 10
Granulosa cell tumor 09 11
Metastatic melanoma 0 01
Poorly differentiated malignant tumors 07 0
Total 69 77

Type Sensitivity Specificity Positive 
predictive 
value

Negative 
predictive 
value

Benign 
neoplasms and 
lesions

95.89% 95.87% 94.59% 96.87%

Borderline  
neoplasms

80% 92.66% 59.25% 97.20%

Malignant 
neoplasms

88.31% 98.92% 98.55% 91.08%

Analysed frozen cases.
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Of the 16 cases of bilateral ovarian neoplasms, 11 were of serous type 
(7 serous carcinoma,1 benign serous and 2 borderline serous 
neoplasm) and the remaining 5 were metastatic (4 mucinous and 1 
melanoma) described previously. 

Being a tertiary cancer centre, malignant ovarian neoplasms formed 
the major bulk of frozen, with a sensitivity and specicity of 88.31% 
and 98.92% respectively.

The three pearls of intraoperative consultation are the patient's clinical 
history, macroscopic examination, and histomorphologic 
interpretation. The most important gross parameters of ovarian 
epithelial tumors are size, laterality (unilateral versus bilateral), the 
appearance of capsular status and cut surface (cystic versus solid). 
Malignant ovarian epithelial tumors usually are heterogeneous on cut 
surface with solid areas, at least partially, and often show a soft, eshy 

3areas with necrosis and hemorrhage .

Ovarian metastases with mucinous differentiation arise most 
frequently from appendiceal primary tumors, in particular low grade 
appendiceal mucinous neoplasms (LAMN). Consequently, most 
treatment guidelines recommend routine appendectomy in cases of 
MBT or mucinous carcinoma even if the vermiform appendix appears 
unremarkable intraoperatively. The second most common mimics of 
mucinous borderline tumors (MBT) are metastatic mucinous 

13
carcinomas of pancreaticobiliary origin .

In our study the sensitivity and specicity were 95.89%, 95.87% in 
benign tumors 80%, 92.66% in borderline and 88.3%, 98.92% in 
malignant tumors respectively. Similarly in a study by Atif Ali Hashmi 
the sensitivity and specicity was 100 % and 97% for benign, 83% and 

4-16 99% for borderline and 96% and 100% for malignant tumors. In a 
study by F. Mohammed et al the sensitivity for FS diagnosis was 100% 
for benign, 72.7% for borderline and 88.4% for malignant category, 

16 whereas the specicity was 97.3%, 97.9%, and 100.0%, respectively.
In our study the sensitivity in benign  tumors was 95.89% which is in 
par with other studies of high sensitivity ranging from 92.8% - 100% 
(Ivanov et al 2005;  Ilvan et al 2005;  Suprasert et al 2008, Arshad et al 
2018). In our study the sensitivity and specicity in borderline 
neoplasms was 80% and 92.66 % respectively. Similarly, a few other 
studies also reported low sensitivity values for borderline tumor 
(Ivanov et al 2005;  Ilvan et al 2005; Suprasert et al 2008; Tempfer et al 

17-212007) and Arshad et al 76.2% and 88.7% .  In our study malignant 
neoplasms showed a sensitivity and specicity of 88.3% and 98.92% 
respectively similar to a recent Cochrane Database publication that 
reviewed 38 retrospective studies  reported that the average sensitivity 
in detecting malignant tumor by FS was 90.0% with most studies 
typically reporting a range of 71% to 100%, and average specicity 

14ranging from 96% to 100% (Ratnavelu et al 2016) . In a study by 
Tempfer et al, the sensitivity of detecting malignant ovarian tumor was 
69.2% and the specicity was 100%, reecting that FS examination 
was highly specic in diagnosing ovarian malignancy although the 
sensitivity was slightly lower as compared to other studies (Tempfer et 

20al 2007; Oz et al., 2014) .

Frozen section reporting and studies revealed that the accuracy of 
frozen section reporting for ovarian tumors varied among different 
institutions and the sensitivity and specicity was lowest for 
borderline neoplasms.

CONCLUSION:
An accurate intraoperative frozen section evaluation of ovarian 
neoplasms is crucial in making surgical decisions, more so in young 
patients to preserve fertility. Evaluating borderline neoplasms still 
pose a diagnostic challenge to practicing pathologists. The clinician 
should be aware of limitations of borderline tumors in frozen section 
reporting. Relevant clinical details, representative tumor sampling is 
essential in making an accurate frozen section diagnosis of ovarian 
neoplasms.
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