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Abstract

Introduction: Frozen section diagnoses of borderline ovarian tumors are not always
straightforward and a borderline frozen section diagnosis with suspicious features of in-
vasive carcinoma (reported as “at least borderline” or synonymous descriptions) presents
us with the dilemma of whether or not to perform a full surgical staging procedure. By
performing a systematic review and meta-analysis, the prevalence of straightforward bor-
derline and “at least borderline” frozen section diagnoses, as well as proportion of patients
with a final diagnosis of invasive carcinoma in these cases, were assessed and compared,
as quantification of this dilemma may help us with the issue of this clinical decision.
Material and methods: PubMed, EMBASE and Cochrane library databases were
searched and studies discussing “at least borderline” frozen section diagnoses were
included in the review. Numbers of specific frozen section diagnoses and subsequent
final histological diagnoses were extracted and pooled analysis was performed to
compare the proportion of patients diagnosed with invasive carcinoma following bor-
derline and “at least borderline” frozen section diagnoses, presented as risk ratio and
risk difference with 95% confidence intervals (95% Cl).

Results: Of 4940 screened records, eight studies were considered eligible for quanti-
tative analysis. A total of 921 women was identified and 230 (25.0%) of these women
were diagnosed with “at least borderline” ovarian tumor at the time of frozen section.
Final histological diagnoses were reported in five studies, including 61 women with
an “at least borderline” diagnosis and 290 women with a straightforward borderline
frozen section diagnosis. Twenty-five of 61 women (41.0%) of the “at least borderline”
group had invasive cancer at final diagnosis, compared with 28 of 290 women (9.7%)
of the straightforward borderline frozen section group (risk difference -0.34, 95% Cl
-0.53 to —-0.15; relative risk 0.25, 95% Cl 0.13-0.50).

Conclusions: Women diagnosed with “at least borderline” frozen section diagnoses

were found to have a higher chance of carcinoma upon final diagnosis when compared

Abbreviations: Cl, confidence interval.
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1 | INTRODUCTION

Women with clinical early-stage ovarian cancer need a full surgical
staging which involves taking samples from defined areas within
the abdominal cavity, omentectomy, next to pelvic and para-aortic
retroperitoneal lymph node dissection, to decide whether further
(systemic) adjuvant treatment is required and to provide an indica-
tion of prognosis. In the case of borderline ovarian tumor diagnosis,
adequate staging includes careful inspection of the peritoneum,
peritoneal washing, peritoneal staging biopsies (pelvic peritoneum,
paracolic gutters, diaphragm [4-6 biopsies]) and omentectomy (at
least infracolic).! Surgeons will decide whether to perform a full
surgical staging procedure based on the results of rapid histologi-
cal analysis on the ovarian mass during surgery, known as ‘frozen
section’. However, even for the well-trained gynecopathologist, this
is often a real challenge, as is illustrated by the fact that 21% of
borderline ovarian tumors (synonymous with “atypical proliferative
tumor”) diagnosed at frozen section examination turned out to be
invasive cancer at the final pathology.z*3 Borderline ovarian tumors
are composed of mild to moderately atypical epithelial cells that
show proliferation greater than that seen in benign tumors, but less
than carcinomas. Although usually absent in borderline ovarian tu-
mors, one or more foci of stromal invasion of <5 mm in the largest
linear area might be present and should be classified and treated as
borderline ovarian tumor. Serous borderline tumors account for ap-
proximately 50% of all borderline tumors and mucinous borderline
tumors for approximately 40%.3*

In addition to a suboptimal accuracy rate of frozen section diag-
nosis of borderline ovarian tumors, another difficulty may be that it
is not always possible for the pathologist to report a frozen section
diagnosis as a borderline ovarian tumor or an invasive carcinoma
according to the World Health Organization criteria.® Therefore, an
intermediate diagnosis, further denoted as “at least borderline”, is
suggested in cases of borderline ovarian tumors showing equivocal
or suspicious features for invasive carcinoma.® This situation is a di-
lemma for the surgeon because one has to decide whether to await
the final diagnosis on the paraffin section with the risk of a second
procedure if the final diagnosis shows invasive cancer, or to perform
a full staging procedure with a risk of overtreatment if the final diag-
nosis turns out to be a borderline ovarian tumor.

It may be important for the surgeon to know how many of the
women with an “at least borderline” diagnosis have a final diagno-
sis of carcinoma in order to justify the decision of performing full

with women with a straightforward borderline frozen section diagnosis (41.0% vs 9.7%).
Especially in the serous subtype, and after preoperative consent, full staging during ini-

tial surgery might be considered in these cases to prevent a second surgical procedure.

borderline tumors of the ovary, frozen section, operative surgical procedure, ovarian cancer,

Key message

Just over 40% of women diagnosed with “at least bor-
derline” at frozen section were found to have carcinomas
upon final diagnosis; full staging at the time of initial sur-
gery might be considered in these cases, especially in the

serous subtype.

staging at the time of initial surgery. Although the accuracy of bor-
derline ovarian tumor frozen section analysis has been the subject of
many studies, only a few of these studies reported on the accuracy
of “at least borderline” frozen section results. Therefore, the aim of
this systematic review was (i) to assess the prevalence of “at least
borderline” frozen section results and (i) to investigate discordance
rates between the frozen section and final histological diagnoses in
women with borderline ovarian tumor diagnoses at frozen section,
with special interest in the number of women diagnosed with inva-
sive carcinoma at paraffin section analysis.

2 | MATERIAL AND METHODS

2.1 | Eligibility criteria

A protocol was defined prior to the search, including the population
criteria, comparisons and the outcomes of interest. Our systematic
review was carried out following the suggestions from the Preferred
Reporting Items for Systematic Reviews and Meta-examinations
(PRISMA) statement, during the process of evidence acquisition and
synthesis.”® Irrespective of the study design, all studies that have
discussed the use of qualifying terms in the case of frozen section
results that could not rule out invasive carcinoma, were considered
eligible for the systematic review. Studies involving frozen section
evaluation of only non-ovarian tissue and studies not reported in
English were not included in the review.

2.2 | Information sources and literature search

A comprehensive search of PubMed (MEDLINE, including Epub
Ahead of Print and In-Process & Other Non-Indexed Citations),
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EMBASE, the Cochrane Central Register of Controlled Trials and
the Cochrane Database of Systematic Reviews was conducted
from its earliest inception to 10 December 2020, by using a
carefully composed search string: (“intraoperative” OR “intra-
operative” OR “frozen section” OR “frozen sections” OR “fresh”)
AND (“ovarian” OR “Ovary” OR “adnexal”) AND (“tumor” OR “tu-
mour” OR “tumors” OR “tumours” OR “neoplasm” OR “adnexal
mass”). Results from these databases were supplemented by
hand-searching the reference lists of recent systematic reviews

on similar topics.

2.3 | Study selection and data collection process

Two reviewers independently reviewed all citations for eligibility in
two stages (titles/abstracts and full-text). Following selection of the
eligible studies, data regarding study characteristics (author, year of
publication, study design, study period, sample size, inclusion and
exclusion criteria) and patient characteristics (age, histology), as
well as data regarding the outcomes of interest, were extracted. As
this definition might be used differently in the studies, articles were
included for quantitative (meta-)analysis in case the prevalence of
both borderline and “at least borderline” frozen section diagnoses
were reported as separate categories (whether or not in relation to
the final histological diagnosis), whereas it was likely in these studies
that “at least borderline” was only reported in cases of borderline
frozen sections showing equivocal or suspicious features for inva-
sive carcinoma. Women with a “rule out borderline” (maximum bor-
derline) frozen section diagnosis were counted as (straightforward)
borderline frozen section diagnosis. Women with a benign or ma-
lignant frozen section diagnoses were not included in quantitative

analysis.

2.4 | Methodological quality and risk of
bias assessment

Assessment of methodological quality of observational studies
was performed using the Newcastle-Ottawa Quality Assessment
Scale and overall quality assessment of the included studies was
conducted using the Grading of Recommendations, Assessment,

Development, and Evaluation (GRADE) guidelines.”*°

2.5 | Synthesis of results and statistical analysis

For each of the studies included in the quantitative analysis, the
numbers of borderline and “at least borderline” frozen section
diagnoses and, if known, the numbers of invasive carcinomas
as a final histopathologic diagnosis, were presented. The meta-
analysis was performed using the Cochrane Review software
(REVIEW MANAGER version 5.4 for Windows) and the data was
pooled using the Der Simonian-Laird random-effects model. Risk

ratios and risk differences were calculated and presented to-
gether with 95% confidence intervals (95% Cl) and the I? test was
used to describe the percentage of variation across studies that
is due to heterogeneity rather than chance (low level heterogene-
ity <50%, moderate 50%-75%, high >75%). Due to the inherent
heterogeneity between the studies, the random-effects model
was chosen.

3 | RESULTS

3.1 | Evidence acquisition

The Cochrane Library, PubMed (MEDLINE) and EMBASE search re-
sulted in the identification of 4939 studies, and one study was identi-
fied using another source. Of these, 126 evaluated the use of frozen
section technique in ovarian neoplasms (Figure 1). Twenty-one stud-
ies discussed the use of qualifying terms in the case of frozen section
results that could not rule out invasive carcinoma.®'3® Eleven of
these actually reported on numbers of women with such frozen sec-
tion diagnoses, using “at least borderline”11:121416,22.23,25-28.30 1o
study by Robinson et al was excluded from quantitative analysis be-
cause it was unclear whether the qualifying terms used in 11 women
indicated a suspicion of a borderline ovarian tumor or invasive car-
cinoma (eg “suggestive of”).}! The studies by Nili et al?® and Yoshida
et al*® were also excluded from quantitative analysis because only
the number of women with an “at least borderline” frozen section
diagnosis prior to a permanent diagnosis of invasive carcinoma were

reported.

3.2 | Summary of included studies and patients

Characteristics of each of the studies that were included in the
quantitative analysis are shown in Table 1 and the main results re-
garding the final study population are shown in Table 2 and Figure 2.
In total, 921 women were identified, of which 691 (75.0%) were di-
agnosed with borderline and 230 (25.0%) with “at least borderline”
on frozen section evaluation. Ismiil et aI,16 Ureyen et al®® and Gokcu
et al*® did not report on paraffin section diagnoses in relation to the
frozen section diagnoses and were therefore not included in the
pooled meta-analysis of the proportion of discordance (invasive car-
cinoma as final diagnosis). Overall, 15.1% of women (53/351) were
diagnosed with invasive carcinoma on paraffin section evaluation. In
each of the studies, proportions of women diagnosed with invasive
carcinoma on paraffin section evaluation were higher in the “at least
borderline” frozen section diagnosis group. Twenty-eight of 290
(9.7%) borderline frozen section diagnoses and 25 of 61 (41.0%) of
“at least borderline” frozen section diagnoses were diagnosed with
invasive carcinoma on paraffin section evaluation, which is a com-
bined risk difference of -0.34 (95% CI -0.53 to -0.15) and a relative
risk of 0.25 (95% CI 0.13-0.50) in favor of a borderline ovarian tumor

diagnosis.



DE DECKER ET AL.

FIGURE 1 Study design

Identification

Records identified through Records identified through

database searching: n=4939

other sources: n=1

Screening

|

Records screened after removing duplicates: n=3152

Eligibility

Records excluded based on titles and
abstracts: n=3026

Full-text articles assessed for eligibility: n=126

Included

Full-text articles excluded (not reporting

on "at least borderline" frozen section
results): n=105

A

A 4

quantitative (meta-)analysis

Studies included in the review: n=21, of which 8 included in the

TABLE 1 Characteristics of the studies included in the quantitative meta-analysis

Study, year of Study Handling of histology
publication Study design period Hospital type Pathologists’ level slides within study Risk of bias
Menzin et al'? Retrospective, 1986-1993 University Junior, senior and Central review of all Moderate
single-center hospital senior gynecologic slides by gynecologic
pathologists pathology team
Kayikcioglu Retrospective, 1992-1997 Tertiary care Level of pathologists not No central review of High
et al* single-center teaching described slides.
hospital
Ismiil et al*® Retrospective, 1999-2005  Tertiary care Both gynecologic and No central review of High
single-center teaching surgical pathologists slides.
hospital
Basaran et al?? Retrospective, 2007-2012 Tertiary care Senior pathologist Slide review of Moderate
single-center teaching (frozen section) and discrepant cases.
hospital gynecologic pathologist
(permanent diagnosis)
Ureyen et al?® Retrospective, 1990-2012 Tertiary care Pathologists experienced in  No central review of Moderate/
single-center teaching gynecologic pathology slides. high
hospital (the same for both
frozen section and final
pathology)
Gokcu et al?® Retrospective, 1998-2014 Secondary and Level of pathologist not No central review of High
multicenter tertiary care described slides
hospitals
Huang et al?” Retrospective, 2005-2015 University Frozen and paraffin section  No central review of Moderate
systematic hospital slides by two different slides
review and senior pathologists
meta-analysis (>5 years of experience)
Huang et al?® Retrospective, 2003-2015 University Non-gynecologic Re-review of discordant Moderate
single-center hospital and gynecologic cases by a gynecologic

pathologists

pathologist
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TABLE 2 Results of the systematic review of literature. Distribution of borderline and “at least borderline” frozen section results and subsequent paraffin section diagnoses, as well as risk

differences, risk ratios and pooled analysis

Risk ratio
M-H,

Of which carcinoma

At least borderline
frozen section
diagnoses

Of which carcinoma

Borderline

Total

Confidence
interval

Confidence
interval

Risk difference
M-H, random

on paraffin section

evaluation

on paraffin section

evaluation

frozen section
diagnoses®

no. of

Study, year of
publication

random

patients®

0.47 0.19-1.17

0.23

-0.49 t0 0.05

-0.22
-0.44

7 (41.2%)

17 (35.4%)
7 (23.3%)

6 (19.4%)

31 (64.6%)
23 (76.7%)
40 (52.6%)
47 (97.9%)

48

Menzin et al*?

0.07-0.78

-0.83to -0.05

4 (57.1%)

3(13.0%)

30
76

Kayikcioglu et al**

Not estimable

0.18

Not estimable
-0.87

36 (47.4%) Unknown

1(2.1%)

Unknown
6(12.8%)

Ismiil et al*®

0.06-0.53

-1.48to -0.26

1(100.0%)

Basaran et al??

Not estimable

Not estimable

Unknown

16 (12.7%)

Unknown

110 (87.3%)
251 (68.2%)
131 (90.3%)
58 (72.5%)

126
368
145
80

921

Ureyen et al?®

Not estimable

0.43
0.04

Not estimable

-0.12
-0.44

117 (31.8%) Unknown
3(21.4%)

14 (9.7%)

Unknown
12 (9.2%)
1(1.7%)

Gokcu et al?’

0.14-1.34

-0.34t0 0.10

Huang et al?’

0.01-0.28

-0.65to -0.23

10 (45.5%)

22 (27.5%)

Huang et al?®

230 (25.0%) 25/61 (41.0%)

28/290 (9.7%)

691 (75.0%)

Total

0.13-0.50

0.25

-0.53to -0.15

-0.34

Combined

I =40%; P=0.16

I>=52%; P=0.08

Heterogeneity

*Women with a rule out borderline, borderline or at least borderline frozen section diagnosis.

PRule out borderline were added to the borderline frozen section diagnoses.

3.3 | Methodological quality and risk of
bias assessment

Using the Newcastle-Ottawa Quality Assessment Scale and
GRADE criteria, the overall quality of existing evidence was con-
sidered “low”. There was a moderate to high risk of bias (selection,
allocation/misclassification) within and across studies due to ret-
rospective designs, incomplete reporting of outcome data (three
studies not reporting on paraffin section diagnoses), absence
of central review of pathology slides in most of the studies and
because most of the studies did not specify the exact (cyto- and
histologic) criteria for using “rule out borderline” or “at least bor-
derline” as a frozen section result (Table 1). Heterogeneity of the
studies was considered low to moderate (I? of 40% [risk ratio] and
52% [risk difference]).

4 | DISCUSSION

On a regular basis, it is hard for the pathologist to report a frozen
section diagnosis as a borderline ovarian tumor or an invasive carci-
noma according to the World Health Organization criteria because
of features that are suspicious but not convincing enough to speak
of invasive carcinoma, and sometimes “at least borderline” is used.>®
To quantify this, and to explore the possible implications for clinical
practice, we performed a systematic review and meta-analysis of the
literature. First, it has been shown that 25% of borderline ovarian
tumor frozen section diagnoses are reported as “at least borderline”.
Secondly, in just over 40% of these women, permanent histology
evaluation shows invasive carcinoma, which is considerably higher
than in the case of both the straightforward borderline frozen sec-
tion diagnoses in this study (approximately 10%) and borderline fro-
zen section diagnoses in the Cochrane review by Ratnavelu et al?
(21% invasive carcinoma).

Because of the considerable chance of a final diagnosis of carci-
noma following a frozen section diagnosis of “at least borderline”, full
surgical staging at the initial surgery in these cases might be consid-
ered. This strategy may avoid incomplete staging and the subsequent
indication for adjuvant chemotherapy or a second surgical staging
procedure with all its (possible) consequences when final diagnosis
shows cancer.®¥%2 On the other hand, this might expose women to
the risks of surgical overtreatment, which might lead to lymphocysts
or lymphedema following a lymph node sampling, should the final
diagnosis show a borderline ovarian tumor. Furthermore, it is im-
portant to point out that one should avoid unnecessary removal of
a healthy ovary, as preservation of at least (a part of) one ovary is
the standard management in young women with a borderline ovar-
ian tumor, whereas bilateral salpingo-oophorectomy is the standard
management of borderline ovarian tumors in menopausal women.?
The aforementioned potential risks and benefits of performing addi-
tional staging procedures at the time of initial surgery should be dis-
cussed with the patient upfront as part of shared decision-making.
Of course, other factors may influence the decision to perform a full
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FIGURE 2 Representation of the final
study population following quantitative
meta-analysis

Number of included patients:
n=921

I
! }

At least borderline frozen
section diagnosis: n=230
(25.0%)

Borderline frozen section
diagnosis: n=691 (75.0%)

Paraffin section
diagnosis unknown:
n=169

Paraffin section
diagnosis unknown:
n=401

Paraffin section diagnosis
known: n=290

[ [
! } ! }

Paraffin section diagnosis
known: n=61

Paraffin section
diagnosis
borderline:

n= 262 (90.3%)

Paraffin section
diagnosis
carcinoma:
n= 28 (9.7%)

Paraffin section
diagnosis
borderline:
n= 36 (59.0%)

Paraffin section
diagnosis
carcinoma:
n=25 (41.0%)

surgical staging procedure at the time of the initial surgery, such as
patient characteristics (eg age or wish for fertility-sparing surgery),
possibility for a second procedure with minimal invasive surgery paid
by insurance, and other factors such as macroscopic appearance of
the tumor and preoperative CA-125 levels.%3

A considerable number of surgeons do not perform a lymph node
sampling in cases of suspected FIGO stage | mucinous carcinoma
with an expansile growth pattern because the prevalence of pos-
itive lymph nodes is low (0.9%-2.6%). It is important to note that
mucinous carcinomas with an infiltrative growth pattern present
more frequently at an advanced stage, thus lymph node sampling for
this subgroup should not be omitted. Mucinous carcinomas with an
infiltrative growth pattern can be more easily distinguished from a
mucinous borderline tumor at frozen section analysis than can those
with an expansile growth pattern.33438 Unfortunately, the included
studies did not have information about the number of serous vs mu-
cinous subtypes of the “at least borderline” cases, and consequently
also not about infiltrative vs expansile growth pattern in the case of
amucinous carcinoma. However, one would expect that the majority
of the mucinous “at least borderline” cases would be related to the
mucinous expansile growth pattern carcinomas, as especially in this
group it is difficult to distinguish a borderline ovarian tumor from
invasive carcinoma. Thus, one should be reluctant to perform full
surgical staging at the time of the initial surgery when frozen section
evaluation shows a mucinous borderline tumor with features sus-
picious of mucinous carcinoma (with an expansile growth pattern).

The present study has some limitations. Given the nature of the
included studies regarding the study designs, patient populations
and definitions of when to use qualifying terms to specify a fro-
zen section diagnosis, there is a high risk of bias within and across
studies. In our meta-analysis we selected only those studies where
both borderline and “at least borderline” diagnoses were included as

separate frozen section diagnostic categories, so that the latter cat-
egory was only used in cases of tumors suspected of being invasive
carcinoma, which made heterogeneity less likely. However, most of
the studies did not specify the exact (cyto- and histologic) criteria
for using “at least borderline” as a frozen section result, which might
have contributed to the differences between the studies with re-
spect to the proportion of women with borderline and “at least bor-
derline” results at frozen section, as well as the proportion of women
diagnosed with borderline ovarian tumor or invasive carcinoma on
paraffin section evaluation. Furthermore, a large span of time was
covered by the studies included in the pooled analysis, so diagnostic
criteria might have changed over time, which also might have con-
tributed to heterogeneity of the data. However, despite these fac-
tors, the heterogeneity with respect to the outcome of interest was
not considered to be high, given the calculated I? percentages.

5 | CONCLUSION

In conclusion, just over 40% of women diagnosed with “at least bor-
derline” at the time of frozen section were found to have carcinomas
upon final diagnosis on paraffin sections. Full staging at the time of
initial surgery might be considered in these cases after preoperative
consent in order to prevent a second procedure in a considerable
number of women, especially in the serous subtype. One should be
reluctant to perform full surgical staging at the time of the initial
surgery when frozen section evaluation shows a mucinous border-
line tumor with features suspicious of mucinous carcinoma with an
expansile growth pattern, as the prevalence of women with posi-
tive lymph nodes is low in the case of mucinous carcinoma with an
expansile growth pattern. Future studies may provide more de-
tailed information concerning the methodology of sampling by the
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pathologist and also criteria that used qualifying terms such as ‘at
least borderline’ or ‘suggestive of’, so that more studies could be in-
cluded in future meta-analyses. Furthermore, it could be evaluated
whether improvement of sampling protocols during frozen section
examination, as well as finding more differentiating criteria, leading
to specific training of pathologists with respect to discrimination of
these tumor categories, could improve the reporting of frozen sec-

tion diagnostics.

ACKNOWLEDGMENTS
Special thanks go to Henk G. ter Brugge for his help and support
during the research project.

CONFLICT OF INTEREST

None.

ORCID

Koen De Decker "= https://orcid.org/0000-0002-2430-6501

REFERENCES

1. Colombo N, Sessa C, Bois AD et al. ESMO-ESGO consensus con-
ference recommendations on ovarian cancer: pathology and mo-
lecular biology, early and advanced stages, borderline tumours and
recurrent disease. Int J Gynecol Cancer. 2019;29(4):728-760.

2. Ratnavelu NDG, Brown AP, Mallett S, et al. Intraoperative fro-
zen section analysis for the diagnosis of early stage ovarian can-
cer in suspicious pelvic masses. Cochrane Database Syst Rev.
2016;(3):CD010360.

3. Kurman RJ. Blaustein's Pathology of the Female Genital Tract. New
York: Springer, Berlin; 2019.

4. Hauptmann S, Friedrich K, Redline R, Avril S. Ovarian borderline
tumors in the 2014 WHO classification: evolving concepts and di-
agnostic criteria. Virchows Arch. 2017;470:125-142.

5. Kurman RJ. International Agency for Research on Cancer, WHO classifi-
cation of tumours of female reproductive organs. Lyon: IARC; 2014.

6. Buza N. Frozen section diagnosis of ovarian epithelial tumors: diag-
nostic pearls and pitfalls. Arch Pathol Lab Med. 2019;143:47-64.

7. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement.
BMJ. 2009;339:b2535.

8. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate healthcare interventions: explanation and elaboration.
BMJ. 2009;339:b2700.

9. Wells G, Shea B, O’Connell D, et al. The Newcastle-Ottawa scale
(NOS) for assessing the quality of nonrandomised studies in meta-
analyses. 2000. http://www.ohri.ca/programs/clinical_epidemiolo
gy/oxford.asp.

10. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consen-
sus on rating quality of evidence and strength of recommendations.
BMJ. 2008;336:924-926.

11. Robinson WR, Curtin JP, Morrow CP. Operative staging and con-
servative surgery in the management of low malignant potential
ovarian tumors. Int J Gynecol Cancer. 1992;2:113-118.

12. Menzin AW, Rubin SC, Noumoff JS, LiVolsi VA. The accuracy of a
frozen section diagnosis of borderline ovarian malignancy. Gynecol
Oncol. 1995;59:183-185.

13. Usubutun A, Altinok G, Kucukali T. The value of intraoperative
consultation (frozen section) in the diagnosis of ovarian neoplasms.
Acta Obstet Gynecol Scand. 1998;77:1013-1016.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kayikcioglu F, Pata O, Cengiz S, et al. Accuracy of frozen section
diagnosis in borderline ovarian malignancy. Gynecol Obstet Invest.
2000;49:187-189.

Baker P, Oliva E. A practical approach to intraoperative consul-
tation in gynecological pathology. Int J Gynecol Pathol. 2008;27:
353-365.

Ismiil N, Ghorab Z, Nofech-Mozes S, et al. Intraoperative consul-
tation in gynecologic pathology: a 6-year audit at a tertiary care
medical center. Int J Gynecol Cancer. 2009;19:152-157.

Stewart CJ, Brennan BA, Koay E, Naran A, Ruba S. Value of cytol-
ogy in the intraoperative assessment of ovarian tumors: a review
of 402 cases and comparison with frozen section diagnosis. Cancer
Cytopathol. 2010;118:127-136.

Akrivos N, Thomakos N, Sotiropoulou M, Rodolakis A, Antsaklis A.
Intraoperative consultation in ovarian pathology. Gynecol Obstet
Invest. 2010;70:193-199.

Bige O, Demir A, Saygili U, Gode F, Uslu T, Koyuncuoglu M. Frozen
section diagnoses of 578 ovarian tumors made by pathologists with
and without expertise on gynecologic pathology. Gynecol Oncol.
2011;123:43-46.

Shih KK, Garg K, Soslow RA, Chi DS, Abu-Rustum NR, Barakat RR.
Accuracy of frozen section diagnosis of ovarian borderline tumor.
Gynecol Oncol. 2011;123:517-521.

Heatley MK. A systematic review of papers examining the use of
intraoperative frozen section in predicting the final diagnosis of
ovarian lesions. Int J Gynecol Pathol. 2012;31:111-115.

Basaran D, Salman MC, Calis P, et al. Diagnostic accuracy of intra-
operative consultation (frozen section) in borderline ovarian tu-
mours and factors associated with misdiagnosis. J Obstet Gynaecol.
2014,34:429-434.

Ureyen |, Turan T, Cirik DA, et al. Frozen section in borderline
ovarian tumors: is it reliable? Eur J Obstet Gynecol Reprod Biol.
2014;181:115-118.

Hashmi AA, Naz S, Edhi MM, et al. Accuracy of intraoperative
frozen section for the evaluation of ovarian neoplasms: an insti-
tutional experience. World J Surg Oncol. 2016;14:91. 10.1186/
$12957-016-0849-x.

Gokcu M, Gungorduk K, Asicioglu O, et al. Borderline ovarian tu-
mors: clinical characteristics, management, and outcomes - a mul-
ticenter study. J Ovarian Res. 2016;9:66-1.

Nili F, Soleimani V, Jahanbin B. Diagnostic accuracy of intra-
operative frozen section and causes of error in ovarian epithe-
lial tumors: an institutional experience. Middle East J Cancer.
2017;8:155-160.

Huang Z, Li LI, Li CC, et al. Diagnostic accuracy of frozen section
analysis of borderline ovarian tumors: a meta-analysis with empha-
sis on misdiagnosis factors. J Cancer. 2018;9:2817-2824.

Huang M, Schlumbrecht M, Hunter T, Nadji M, Pinto A. Utility of
frozen section in the evaluation of borderline ovarian tumors: a sin-
gle institution experience. J Gynecol Obstet. 2019;7:41-45.

Kung FY, Tsang AK, Yu EL. Intraoperative frozen section analysis
of ovarian tumors: a 11-year review of accuracy with clinicopath-
ological correlation in a Hong Kong Regional hospital. Int J Gynecol
Cancer. 2019;29:772-778.

Yoshida H, Tanaka H, Tsukada T, et al. Diagnostic discordance in
intraoperative frozen section diagnosis of ovarian tumors: a litera-
ture review and analysis of 871 cases treated at a Japanese cancer
center. Int J Surg Pathol. 2021;29:30-38.

Oncoline - Cancer Clinical practice guidelines. Epithelial ovarian
cancer [internet]. Comprehensive Cancer Centre the Netherlands
[cited December 2020]. Available from: https://www.oncoline.nl/
ovariumcarcinoom.

Lawrie TA, Winter-Roach BA, Heus P, Kitchener HC. Adjuvant
(post-surgery) chemotherapy for early stage epithelial ovarian can-
cer. Cochrane Database Syst Rev. 2015;(1):CD004706.


https://orcid.org/0000-0002-2430-6501
https://orcid.org/0000-0002-2430-6501
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.oncoline.nl/ovariumcarcinoom
https://www.oncoline.nl/ovariumcarcinoom

33.

34.

35.

36.

37.

DE DECKER ET AL.

Berek JS, Crum C, Friedlander M. Cancer of the ovary, fallopian tube,
and peritoneum. Int J Gynaecol Obstet. 2015;131(Suppl 2):5111-22.
Baal J, Van de Vijver KK, Coffelt SB, et al. Incidence of lymph
node metastases in clinical early-stage mucinous and seromu-
cinous ovarian carcinoma: a retrospective cohort study. BJOG.
2017;124:486-494.

Kleppe M, Wang T, Van Gorp T, Slangen BF, Kruse AJ, Kruitwagen
RF. Lymph node metastasis in stages | and Il ovarian cancer: a re-
view. Gynecol Oncol. 2011;123:610-614.

Nasioudis D, Chapman-Davis E, Witkin SS, Holcomb K. Prognostic
significance of lymphadenectomy and prevalence of lymph node
metastasis in clinically-apparent stage | endometrioid and muci-
nous ovarian carcinoma. Gynecol Oncol. 2017;144:414-419.

Morice P, Gouy S, Leary A. Mucinous ovarian carcinoma. N Engl J
Med. 2019;380:1256-1266.

38.

Kleppe M, van der Aa MA, Van Gorp T, Slangen BF, Kruitwagen
RF. The impact of lymph node dissection and adjuvant chemother-
apy on survival: a nationwide cohort study of patients with clinical
early-stage ovarian cancer. Eur J Cancer. 2016;66:83-90.

How to cite this article: De Decker K, Jaroch KH, Edens MA, et
al. Frozen section diagnosis of borderline ovarian tumors with
suspicious features of invasive cancer is a devil’s dilemma for
the surgeon: A systematic review and meta-analysis. Acta
Obstet Gynecol Scand. 2021;100:1369-1376. https://doi.
org/10.1111/a0gs.14105



https://doi.org/10.1111/aogs.14105
https://doi.org/10.1111/aogs.14105

