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Background: Borderline ovarian tumors (BTs) must be recognized during the surgery by intraoperative
consultation (IOC) to guide surgical treatment; however, this diagnosis can be imprecise. Therefore, this
study aimed to evaluate the diagnostic accuracy of IOC for the diagnosis of BT.

Methods: A retrospective cohort study was carried out including all women diagnosed with a pelvic tumor
consecutively surgically treated from 2005 to 2015 with IOC. We calculated the sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and likelihood ratios (LR) for the IOC and
BTs.

Results: A total of 758 patients were enrolled, the median age was 44 years, the median tumor size was
11.8 cm, and the median CA-125 levels were 45.65 U/pL. After IOC, 458 (64.1%) cases were diagnosed as
benign, 111 (14.7%) as BT, and 161 (21.2%) as malignant. The definitive diagnosis was a benign tumor in
448 (59.1%) cases, BT in 110 (14.5%), and 200 (26.4%) cases were malignant. The diagnostic accuracy of
the IOC for BT diagnosis was 89.8% (sensitivity =65.5%, specificity =93.9%). The diagnosis performance
of IOC for the diagnosis between BT and benign tumors (n=546) had a sensitivity of 69.9%, a specificity of
98.4%, and a diagnostic accuracy of 84%; meanwhile for the diagnosis between BT and malignant tumors
(n=242) IOC had a sensitivity of 92.3%, a specificity of 81.7%, and a diagnostic accuracy of 87%.
Conclusions: For practitioners, knowing the accuracy and limitations of the IOC for BT enables the

better selection of cases to perform a complete staging surgery.
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Introduction BT occurs in young women, they have a good prognosis

and the treatment is a surgery similar to that described

Borderline ovarian tumors (BTs) represent between for ovarian carcinoma; but fertility-sparing surgery can

10% to 20% of epithelial neoplasms of the ovary and are be offered without affecting oncologic outcomes (2). The
characterized by COI]lplCX structures with mild CytOlOgiC&l diagnosis of this neoplasm is impossjble prior to surgery,
atypia and the absence of stromal infiltration (1). When so it is necessary to diagnose it during surgery using an
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intraoperative consultation (I0C).

The IOC is a pathologic evaluation of the ovarian tumor
during surgery; it consists of observing any combination
of the macroscopic features of the specimen, cytological
examination, and interpretation of frozen sections. In a
Cochrane systematic review, the authors compared the
IOC and final reports and found that when the IOC
diagnosis is a BT, it is less accurate (inadequate sampling
and interpretation error); for example, 21% of patients with
IOC diagnoses of BT had a diagnosis of cancer in the final
report (3).

Several studies have evaluated the accuracy of the IOC
in BT diagnosis with varying results, with the sensitivity
ranging between values of 30% to 61%, a specificity of
90% to 94%, and diagnostic accuracies between 69.5% and
76.8% (4-6).

Errors in the IOC diagnosis are typically due to the type
of epithelium, inadequate sampling, technical problems in
the preparation of slides, inappropriate interpretation, and
the experience of the pathologist (7).

Because it is impossible to diagnose BT preoperatively
using radiological imaging and/or tumor markers, the
surgeon depends on real-time integration of these data,
the age of the patient, and a reliable pathologist to reach
a diagnosis during the IOC and determine the necessary
extent of the surgery, so as not to over- or under-treat
patients with pelvic tumors. For example, a false-negative
diagnosis could cause that the patient will not be adequately
staged, so the patient will probably require repeat surgery;
on the contrary, a false positive in a young patient will
cause a series of unnecessary surgical procedures that will
compromise her reproductive and hormonal function.

In this study, we evaluated the diagnostic accuracy of
the IOC in the diagnosis of BT at a high-volume center.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-3932).

Methods

A retrospective cohort study was carried out. All women
>18 years with a diagnosis of pelvic tumor treated with
surgery with IOC in ovarian tumors in our hospital
consecutively from 2005 to 2015, were selected.

Patients for whom the following data were complete
and available were included in the present study: clinical
information, IOC report, final histopathological report,
pre-surgery tumor marker profile, and preoperative images.
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The specific variables collected were age, radiological
features of the tumor (size, presence of septa, the complexity
of the lesion, and the presence of free fluid in the cavity),
and CA125 level. Cases were categorized as benign, BT, or
carcinoma.

Statistical analysis

Descriptive statistics were used to summarize the general
characteristics of the sample. We used the Kolmogorov-
Smirnov test on the numerical variables to test for normal
distribution. Median and interquartile ranges were used to
represent numerical variables. For nominal variables, we
used values and percentages. Sensitivity (Se), specificity
(Sp), positive predictive value (PPV), negative predictive
value (NPV), and likelihood ratios (LR) were calculated
to assess the diagnostic accuracy of IOC. We performed
the calculations using contingency tables and applying the
following definitions: (I) Se is defined as the probability that
a test is positive when the patient has the disease, calculated
using the formula: Se = (true positives)/(true positives + false
negatives); (II) Sp is defined as the probability of having a
negative result when the patient does not have the disease,
calculated with the formula: Sp = (true negatives)/(true
negatives + false negatives); (III) PPV is the probability
of having the disease when the test is positive, calculated
with the formula: PPV = (true positives)/(true positives +
false positives); (IV) NPV is the probability of not having
the disease when the test is negative, calculated with the
formula: NPV = (true negatives)/(true negatives + false
negatives); (V) LR is the ratio between the possibility of
observing a result in patients with the disease in question
versus the possibility of this result in patients without the
disease, calculated by the formula: LR (+) = (Se)/(1-Sp),
and the LR (=) = (1-Se)/(Sp). The LR is particularly helpful
when making clinical decisions based on a diagnostic test
because it is inherent to the test and independent of disease
prevalence.

Moreover, the proportion of discordant studies that
led to the modification of the medical decision (over- and
under-treatment) was measured. For statistical analysis, we
used STATA software version 14 (StataCorp LLC., College
Station, TX, USA). For all tests, a P value <0.05 was
considered reflective of statistical significance.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by our institutional ethics and research committee
(Register Rev/0058/19). Being a retroSpective study, our
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Table 1 General features of 758 patients with ovarian lesions who
underwent surgery + IOC [2005-2015, National Cancer Institute
(Mexico)]

Characteristic Values

Age (years), median (interquartile range) 44 (35.0-53.0)

Size by radiology (cm), median
(interquartile range)

11.8 (7.5-17.0)

Radiology features, n (%)

Simple cyst 122 (16.18)
Complex cyst 601 (79.71)
Solid tumor 31 (4.11)
Septa 301 (39.32)
Ascitis, n (%) 130 (17.24)

Seric level of CA125 (U/pL), median
(interquartile range)

45.65 (15.45-140.5)

10C diagnosis, n (%)

Benign 486 (64.1)
Borderline tumor 111 (14.7)
Malignant tumor 148 (19.5)
Metastatic neoplasm 13(1.7)
Final histopathology report, n (%)

Benign 448 (59.1)
Borderline tumor 110 (14.5)
Malignant tumor 184 (24.3)
Metastatic neoplasm 16 (2.11)

Table 2 Case comparison between frozen section diagnosis and
final diagnosis

Final diagnosis

IOC diagnosis Benign Borderline Malignant
(n=448) (n=110) (n=200)
Benign (n=486) 445 6 35
Borderline (n=111) 1 72 38
Malignant (n=161) 2 32 127

research did not impoSe any risk for the patients and their
management, and preServes their confidentiality; it was thus

not necessary to obtain an informed conSent letter.
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Results

We reviewed 758 records of patients operated at our
institution with a diagnosis of a pelvic tumor from 2005
to 2015. No cases with IOC were deferred. Tubles 1,2
summarize the general characteristics of the patients.
Despite the same percentage of BT being diagnosed in
the IOC as in the final report, these were not the same
cases, given the concordance rate of 64.8% (72/111). Of
the discordant cases diagnosed as a BT in the IOC, 27%
(30/111) were carcinomas, 6.3% were benign, and 1.8%
were metastatic in the final histopathological report. With
BT as the expected diagnosis, there was a 5.1% false-
negative rate, meaning that they were misdiagnosed in the
IOC (benign or carcinoma) and were reported as a BT in
the final report.

Sensitivity and specificity analyses included not only
evaluating the IOC for the diagnosis of BT but also
analyzing its diagnostic utility compared with the diagnosis
of a benign or malignant neoplasm (7zble 3). The diagnostic
accuracy of the IOC for BT was 89.8%.

Analyzing the clinical characteristics of BT versus benign
tumors and carcinomas revealed differences in tumor size
and marker level (CA-125) between BT and the benign
tumors (Tables 4,5). The diagnoses of false positives in the
1IOC were analyzed, and we found that metastatic mucinous
adenocarcinoma and mucinous adenocarcinomas of the
ovary were the main sources of this discordance (1uble 6).

Misdiagnosis led to inadequate treatment for 1.1% of the
patients. False-positive cases were those had a BT report in
the IOC and underwent staging surgery, with the definitive
diagnosis of benign tumors. There was sub-treatment
or incomplete treatment in 5.1% of cases. In 27% of the
patients with a false-positive diagnosis, the final report was
carcinoma. Then, patients were adequately treated since
the international guidelines recommended that patients
with BT undergo the same staging surgery as patients with

carcinoma.

Discussion

In our series, 14.6% of pelvic tumors were diagnosed
as a BT in the final histopathological report. The IOC
diagnosis had high precision, close to 90%; however,
27% of the tumors diagnosed as BT during the IOC were
carcinomas in the final report, which is much higher than
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Table 3 Diagnostic utility of IOC
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Overall diagnosis of ovarian

Statistical
atistical measure tumors (n=758)

Diagnosis between borderline and

benign tumors (n=546)

Diagnosis between borderline and

malignant tumors (n=242)

Sensibility 65.45
Specificity 93.98
LR+ 10.88
LR- 0.37

AUC (95% Cl) 0.79 (0.77-0.82)

69.90 92.31
98.42 81.71
44.23 5.05
0.31 0.09

0.84 (0.79-0.89)

0.87 (0.83-0.91)

LR, likelihood ratio; AUC, area under the curve.

Table 4 Comparison between radiological findings and tumor markers between ovarian borderline tumors and ovarian benign tumors

Characteristic Benign (n=448) Borderline (n=108) P
Age (years), median (interquartile range) 43 (35.0-51.0) 44 (33.0-54.0) 0.31
Size by radiology (cm), median (interquartile range) 9.5 (6.5-14) 16 (11.0-24.0) <0.01
Radiology features, n (%) 0.03

Simple cyst 80 (17.86) 28 (25.93)

Complex cyst 357 (79.69) 78 (72.22)

Solid tumor 11 (2.46) 2(1.85)
Septa, n (%) 176 (39.29) 51 (47.22) 0.13
Ascitis, n (%) 48 (10.71) 28 (25.93) <0.01
Seric level of CA125, median (Interquartile range) 22.1 (9.7-71.9) 106 (41.7-353) <0.001

Table 5 Comparison between radiological findings and tumor markers between ovarian borderline tumors and ovarian malignant tumors

Characteristic Malignant (n=182) Borderline (n=108) P
Age (years), median (interquartile range) 49 (39.5-56) 44 (33.0-54.0) 0.15
Size by radiology (cm), median (interquartile range) 15(11.0-19.0) 16 (11.0-24.0) 0.02
Radiology features, n (%) <0.01

Simple cyst 12 (6.59) 28 (25.93)

Complex cyst 154 (84.62) 78 (72.22)

Solid tumor 16 (8.79) 2 (1.85)
Septa, n (%) 68 (37.36) 51 (47.22) 0.10
Ascitis, n (%) 48 (26.37) 28 (25.93) 0.93
Seric level of CA125, median (interquartile range) 107 (49.4-272.5) 106 (41.7-353) 0.86

that reported in a Cochrane review (21%). These results
are likely associated with the medical team because a large
proportion of the IOC cases are evaluated by pathologists in

training and pathologists specializing in non-gynecological

© Annals of Translational Medicine. All rights reserved.

areas who have less experience with this type of neoplasms
(3,8). In our statistical analysis, we found that the IOC is
useful for the diagnosis of BT (LR+ 10.8); however, its

utility increased when used to differentiate a BT from a
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Table 6 Final diagnosis of discordant cases (n=39) diagnosed during the IOC as BTs by the pathologist

Final diagnosis

Number of cases (%)

Cause of discrepance

Mucinous carcinoma

Low-grade serous carcinoma

Endometrioid carcinoma

Clear cell carcinoma

Serous cystadenofibroma (extensive necrosis)
Metastasis, appendix mucinous neoplasm
High-grade serous carcinoma

Low-grade seromucinous carcinoma

Mixed endometrioid/clear cell carcinoma
Intraepithelial mucinous carcinoma
Metastasis, gastric signet ring cell carcinoma
Endometriosic cyst

Mucinous cysteadenofibroma

8 (20.51) Sampling

7 (17.95) Sampling

7 (17.95) Frozen section artifact

4 (10.25) Sampling

4(10.25) Sampling

2(5.13) Abscence of clinical information
1(2.56) Sampling

1 (2.56) Sampling

1 (2.56) Sampling

1 (2.56) Sampling

1 (2.56) Abscence of clinical information
1(2.56) Interpretation

1 (2.56) Interpretation

benign one (LR+ 44.23). In contrast, its value decreased
when diagnosing a BT by ruling out carcinoma (LR+
5.05), because the morphological characteristics of BT and
carcinomas are identical, and ruling out stromal invasion
hinges on the sampling experience of the pathologist (1).

In our series, we observed that the most pronounced
discrepancies between the IOC and the final report were
in mucinous tumors (benign, carcinomas, or metastasic),
which is consistent with the literature. There are reports
that ovarian mucinous neoplasms decrease the sensitivity
and specificity of the IOC due to tumor heterogeneity
(9,10) However, there was also considerable disagreement
in the diagnosis of low-grade serous tumors, because up to
20% of serous BT may contain foci or areas that obviously
cannot be evaluated during the IOC due to size and limited
sampling (11). The discrepancy between the diagnosis of
serous tumors (i.e., serous BT and serous carcinoma) and
endometrioid carcinoma (in particularly high-grade ones)
can be explained because sometimes serous neoplasms
display a glandular pattern and endometrioid carcinomas
can show a papillary pattern, pseudopapillary growth, solid
nests, and marked pleomorphism that require additional
studies (e.g., immunohistochemical) to establish the
difference (12).

Overtreatment and inadequate treatment were observed
in 1.1% of the cases. Very few patients had a BT identified
in the IOC that the later staging surgery revealed to be

© Annals of Translational Medicine. All rights reserved.

a benign or metastatic tumor for the final report; this
percentage was tiny and, as such, we consider it acceptable.
The sub-treatment of patients with false negatives
accounted for 5.1% of all our cases, mainly because the
10C diagnosis was a benign tumor in 79.4% of cases or a
metastatic tumor found upon definitive diagnosis to be a BT.
The 27% for whom the final report included a carcinoma
diagnosis were adequately treated since the international
guidelines recommended that patients with BT undergo the
same staging surgery as patients with carcinoma; however,
this is unlikely to be a fertility-sparing surgery (13).

Diagnosing BT is crucial because this determines
the immediate treatment course of patients and enables
avoiding Sub- or overtreatment, and can offer fertility-
preserving procedures to candidate patients without
affecting their survival. Our population had few cases of
fertility-sparing surgery. Potential explanations of this are
that our patients are typically not young, the median age
of the first pregnancy in our country is adolescent age and,
before 2010, this option was very rarely offered in our
service.

To date, findings from ultrasound or tomography (e.g.,
the presence of septa, vascularity, resistance, pulsatility
index, and velocimetry) have been described, but not yet
proven useful (14). Prediction models combining tumor
markers, patient age, and ultrasonographic findings have
been developed, but continue to fall short of success (15).
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In the present study, we found that tumor size (measured
in the imaging study) varied between BTs and the benign
tumors and carcinomas. BTs were more massive than
carcinomas because of their slow and indolent growth.
The carcinomas presented more frequently in the imaging
analysis as complex or solid adnexal lesions. On the other
hand, there was no difference in the age of presentation
between BTS, carcinomas, and benign tumors, despite the
fact that the median age of diagnosis for ovarian cancer
is 61 years old (13). In the present series, the median age
of patients with carcinomas was 49 years compared with
BT’ median of 44 years. Our findings suggest that age and
ultrasound findings are of little value in the diagnosis of
this pathology.

This study has the limitations of being retrospective;
however, the sample size was large, with complete data that
allowed us to perform a comprehensive analysis. Another
strength is that a second pathology review was included
when necessary and obtained accurate results. This is
the first study to extend this type of analysis to a specific
population of Mexico. Working in a National Reference
Center allow us to make recommendations for sample
handling, and proposing training programs to pathologists
specializing in pelvic neoplasms.

Conclusions

The IOC represents a challenge for any pathologist, and
pelvic lesions are no exception. For the practitioners,
knowing the accuracy and limitations of the IOC for BT
will allow them to best select cases after talking to the
patients to make a well-informed joint decision and consider
those who will eventually provide a conservative or more
radical treatment.
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