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Background: Epidemiological evidence on the relationship between benign ovarian
tumors and ovarian cancer risk has been controversial; therefore, this systematic review
and meta-analysis evaluated this association.

Methods: The PubMed and Web of Knowledge databases were searched for eligible
studies published up to April 30, 2020. The study-specific risk estimates were pooled
using a random-effects model.

Results: Ten articles (two cohorts, seven case-control studies, and one pooled analysis
of eight case-control studies) with 10331 ovarian cancer patients were included. Benign
ovarian tumors were associated with an increased risk of ovarian cancer (pooled relative
risk [RR]=1.39, 95% confidence interval [CI]: 1.01–1.90), with high heterogeneity among
studies. The pooled RR was 2.02 (95%CI: 1.32–3.11) for two cohort studies, which was
higher than the pooled result of eight case-control studies (pooled RR: 1.15; 95%CI:
0.92–1.44). When stratifying by histological type, the pooled RRs were 1.53 (95% CI:
0.37–6.29) and 3.62 (95%CI: 0.81–16.20) for serous and mucinous tumors, respectively.
The pooled RRs were 1.61 (95%CI: 0.65–3.95) and 1.54 (95%CI: 1.29–1.84) for the
associations of ovarian cyst with invasive and borderline cancers, respectively.

Conclusions: Benign ovarian tumors were associated with an increased risk of ovarian
cancer. Due to the high heterogeneity among the studies and the risks of bias, more
studies are warranted to confirm these findings.

Keywords: benign ovarian tumors, epidemiological study, meta-analysis, ovarian cancer, incidence risk
INTRODUCTION

Ovarian cancer is one of the most common gynecologic cancers and also has the highest mortality
rate (1, 2). Due to the lack of specific symptoms in the early stage, most ovarian cancers are
diagnosed at advanced stages, with a 5-year survival rate of 20–30% (3, 4). Therefore, it is important
to identify risk factors and develop systematic prevention and early detection strategies to reduce the
risk of ovarian cancer.
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Benign ovarian tumors may be precursors and etiological risk
factors for ovarian cancer. While numerous epidemiological
studies have investigated the association between benign
ovarian tumors and ovarian cancer risk, the results have been
inconsistent (5–14). Two large cohort studies based on the
Danish Cancer Register indicated that benign ovarian tumors
may be associated with a long-term increased risk of both
mucinous and borderline ovarian cancers (7, 8). A population-
based case-control study in a Chinese population reported an
odds ratio of 12.00 (95% confidence interval [CI]: 2.50–57.70) for
ovarian cancer among women with a prior ovarian cyst (14).
However, other studies did not observe a statistically significant
association. A pooled analysis of eight case-control studies with
5207 cases and 7705 controls in multiple countries suggested that
ovarian cysts may not be associated with the risk of ovarian
cancer (9).

Since the relationship between benign ovarian tumors and
ovarian cancer risk remains unclear, this systematic review and
meta-analysis aimed to assess the association based on the most
recent epidemiological evidence.
MATERIALS AND METHODS

Because this was a study-level systematic review and meta-
analysis of observational studies and did not involve the
collection and analysis of any individual-level data, ethical
approval was not sought for this study. This systematic review
was conducted using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines (15)
(Supplementary Table S1).

Literature Search and Study Selection
A comprehensive literature search of the PubMed and Web of
Knowledge databases for publications indexed through April
2020 was performed using the following keywords: ((benign
gynecologic conditions) OR (benign ovarian tumors) OR
(ovarian cyst) OR (benign cyst)) AND ((ovarian) OR (ovary))
AND ((cancer) OR (neoplasm) OR (carcinoma) OR (tumor)).
We also manually searched the reference lists of the relevant
publications to identify additional studies. The inclusion criteria
for the eligible studies were (1): observational studies (cohort,
case-control, or cross-sectional) (2); studies that reported benign
ovarian tumors as the exposure of interest and ovarian cancer
risk as the outcome of interest; and (3) studies that provided
useful risk estimates with 95% CIs, standard errors, or necessary
data to calculate them. The exclusion criteria were (1): animal
studies, letters, comments, conference abstracts, and grey
literature (2); studies that did not report useful data; and (3)
studies that were not published in English.

Data Extraction
We used a pre-specified reporting form to extract the following
data from each publication: first author, year of publication,
study location, study design, sample size, exposure and
assessment method, outcome and assessment methods, risk
Frontiers in Oncology | www.frontiersin.org 2
estimates with 95% CIs, and covariates included for
adjustment in multivariable models. If multiple estimates were
provided, priority was given to the multivariable-adjusted risk
estimates, which were adjusted for the most potential
confounding factors.

Study Quality Assessment
Two authors independently evaluated study quality using a nine-
point system based on the Newcastle-Ottawa quality assessment
scale (16). The cohort studies were assessed based on
population selection, group comparability, and outcome
assessment. Case-control studies were assessed based on the
selection of cases and controls, comparability of cases and
controls, and exposure ascertainment.

Statistical Analysis
We used relative risk (RR) as a measure of the association
between benign ovarian tumors and ovarian cancer risk. The
risk estimates were summarized using a random-effects model
when significant heterogeneity was observed (17). Heterogeneity
among studies was assessed using the I2 statistic, with I2 >50%
indicating a heterogeneous result (18). We conducted subgroup
analyses stratified by study design, geographic location, exposure
assessment method, histological subtype, and invasiveness. We
also performed a sensitivity analysis of the influence of individual
studies on the summary estimate by repeating the meta-analysis
after excluding one study at a time.

Publication bias was assessed by funnel plot and Begg’s and
Egger’s tests (19, 20). When significant publication bias was
detected, the trim-and-fill method was used to adjust for bias
(21). The statistical analyses were conducted using Stata version
14.0 (StataCorp LP, College Station, Texas).
RESULTS

Study Characteristics
Our systematic literature search yielded 3799 records, the flow
diagram of which is presented in Figure 1. After removing
duplicates and screening the titles and abstracts, 28 articles
were assessed for eligibility by full-text review. After a full-text
review, ten studies (5–14) were finally included in this meta-
analysis (Table 1).

Two studies were cohort studies (7, 8) and eight were case-
control studies (5, 6, 9–14). Ness et al. (9) used pooled data from
eight case-control studies conducted between 1989 and 1999 (9).
Five studies were conducted in Europe, three in North America,
one in Asia, and one in multiple countries (the United States,
Denmark, Canada, and Australia). To assess the exposure of
benign ovarian tumors, six studies collected this information
using self-reported approaches, while four studies collected this
information by clinical diagnosis. Two studies reported results
on serous tumors and three studies reported results on mucinous
tumors. All studies scored more than seven stars in the study
quality assessments, suggesting relatively high study quality
(Supplementary Tables S2, S3).
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Associations Between Benign Ovarian
Tumors and Ovarian Cancer Risk
The risk estimates for the association of benign ovarian tumors
with the risk of ovarian cancer varied from 0.69 (95%CI: 0.41–
1.13) in Parazzini et al. (11) to 12.00 (95%CI: 2.50–57.70) in Shu
et al. (1989) (14) study. Four studies reported significantly
increased risks of ovarian cancer associated with benign
ovarian tumors; however, other studies did not observe a
statistically significant association. After pooling the risk
estimates from the 10 studies, benign ovarian tumors were
associated with an increased risk of ovarian cancer (pooled
RR=1.39, 95%CI: 1.01–1.90), with high heterogeneity among
studies (I2 = 95.5%) (Figure 2). In the sensitivity analyses, we
recalculated the pooled RRs by sequentially excluding one study.
The study-specific RRs ranged from 1.23 (95% CI: 0.98–1.54) to
1.49 (95% CI: 1.08–2.05) after omission of the studies by Park
et al. (12) and Dal Masso et al. (6), respectively.

In subgroup analysis stratified by study design, the pooled RR
was 2.02 (95%CI: 1.32-3.11) for two cohort studies, which was
higher than the pooled result of eight case-control studies
(pooled RR: 1.15; 95%CI: 0.92–1.44). When stratifying by
histological type, the pooled RRs were 1.53 (95% CI: 0.37–6.29)
and 3.62 (95%CI: 0.81–16.20) for serous and mucinous tumors,
respectively. The pooled RRs were 1.61 (95%CI: 0.65–3.95) and
1.54 (95%CI: 1.29–1.84) for the associations of ovarian cyst with
invasive and borderline cancers, respectively. When stratified by
study location, the pooled RRs were 1.20 (95%CI: 1.04–1.39) and
Frontiers in Oncology | www.frontiersin.org 3
1.30 (95%CI: 0.86–1.98) in North America and European
countries. One small case-control study conducted in Asia
reported an RR of 12.00 (95%CI: 1.04–1.63) (Table 2).

Publication bias was possible (Egger’s test: P=0.026; Begg’s
test: P=0.325). (Supplementary Figure S1). The results after
applying the trim-and-fill method to adjust for bias showed a
pooled RR consistent with the main result.
DISCUSSION

This is the first systematic review and meta-analysis to
summarize the epidemiological evidence of the association
between benign ovarian tumors and the risk of ovarian cancer.
In this study, a 39% increased risk of ovarian cancer was
associated with a history of benign ovarian tumors. The
direction of the association was consistent in most subgroups
and the results were robust in the sensitivity analysis.

The biological mechanisms by which benign ovarian tumors
may transform into malignant tumors are unknown; however,
the area at which the epithelium transitions from the ovarian to
tubal may be highly susceptible to neoplastic changes (22). The
results of animal studies have indicated that the ovarian surface
epithelium is the precursor tissue for ovarian neoplasms, which
are more susceptible to malignant transformation upon exposure
to certain stimulants (23). Furthermore, genetic risk factors such
as KRAS and p53 mutations may play important roles in the
FIGURE 1 | Flow diagram of study selection.
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transition from benign ovarian tumors to ovarian cancer
(24, 25).

The results of the present study indicated that the associations
may vary by histological type, with a higher risk of mucinous
Frontiers in Oncology | www.frontiersin.org 4
ovarian cancer. Consistent with our results, a nationwide cohort
study reported that women with benign ovarian tumors were at an
increased risk of mucinous ovarian cancer, with both solid and
cystic benign ovarian tumors associated with an increased risk (8).
TABLE 1 | Characteristics of studies included in the meta-analysis.

Study Location Study

design

No. of

cases

No. of

controls/

size of

cohort

Exposure &

assessment

Outcome &

assessment

Risk estimates (95%

confidence interval)

Confounders adjustments

Guleria

et al. (8)

Denmark Cohort

study

507 158221 Benign

ovarian

tumors;

Solid tumors,

Cystic

tumors;

& Clinically

diagnosed

Ovarian cancer

Serous/

Mucinous/

Endometrioid/

Clear-cell

& Clinically

diagnosed

All benign tumors: 2.51

(2.38–2.64);

Solid tumors: 2.07

(1.92–2.24);

Cystic tumors: 3.10

(2.88–3.34)

N/A

Guleria

et al. (7)

Denmark Cohort

study

216 139466 Benign

ovarian

tumors; Solid

tumors;

Cystic

tumors; &

Clinically

diagnosed

Borderline

ovarian tumor

Serous/

Mucinous

& Clinically

diagnosed

All benign ovarian

tumors: 1.62 (1.43–

1.82);

Solid tumors: 1.78

(1.50–2.09); Cystic

tumors: 1.46 (1.21–

1.75)

N/A

Park

et al. (12)

USA Case–

control

study

600 752 Ovarian cyst

& Self-

reported

Ovarian cancer

& Clinically

diagnosed

Overall: 1.18 (0.83-

1.69);

Serous: 1.16 (0.76-

1.75)

Non-serous: 1.13

(0.68-1.90)

Age, study site, marital status, education, body mass index, parity, tubal ligation,

duration of oral contraceptive use, family history of breast or ovarian cancer, talc use,

endometriosis, fibroid, pelvic inflammatory disease

Rossing

et al. (13)

USA Case–

control

study

812 1313 Ovarian cyst

& Self-

reported

Ovarian cancer

Borderline/

Invasive

Serous/

Mucinous/

Endometrioid/

Clear-cell

& Clinically

diagnosed

All tumors: 1.1 (0.8,

1.3)

Invasive tumors: 1.0

(0.7-1.3)

Borderline tumors: 1.3

(0.9, 1.8)

Age, year of diagnosis/reference date, county of residence, number of full term births,

duration of hormonal contraception

Borgfeldt

et al. (5)

Sweden Case–

control

study

N/A N/A Ovarian cysts

Functional

ovarian cysts

& Clinically

diagnosed

Ovarian cancer

& Clinically

diagnosed

Ovarian cyst: 0.86

(0.67-1.10);

Functional cyst: 1.24

(0.81-1.89)

N/A

Ness

et al. (9)

USA,

Denmark,

Australia,

Canada

Case–

control

study

5207 7705 Ovarian cysts

& Self-

reported

Ovarian cancer

& Clinically

diagnosed

1.92 (0.83-4.46) Age, gravidity, race, education, history of ovarian cancer, tubal ligation, duration of

oral contraceptive use, research site, and different infertility type

Dal Maso

et al. (6)

Italy Case–

control

study

1031 2311 Ovarian cysts

& Self-

reported

Ovarian cancer

Serous/

Mucinous/

Endometrioid

& Clinically

diagnosed

1.3 (0.9-1.8) Age, parity, oral contraceptive use

Ness

et al. (10)

USA Case–

control

study

758 1362 Ovarian cysts

& Self-

reported

Ovarian cancer

& Clinically

diagnosed

1.3 (1.1-1.7) Age, number of pregnancies, race, family history of ovarian cancer, oral contraceptive

use, tubal ligation, hysterectomy, breast-feeding

Parazzini

et al. (11)

Italy Case–

control

study

971 2758 Ovarian cysts

& Clinically

diagnosed

Ovarian cancer

& Clinically

diagnosed

0.69 (0.41-1.13) Age, education, parity, menopausal status, diabetes, thyroid disease, severe

overweight, hypertension, cholelithiasis, hyperlipidaemia, benign female conditions,

uterine leiomyomas, benign breast disease, previous breast biopsies

Shu et al.

(14)

China Case–

control

study

229 229 Ovarian cysts

& Self-

reported

Ovarian cancer

& Clinically

diagnosed

12.0 (2.5-57.7) Age, education, number of livebirths, age at menarche
ICD, International Classification of Diseases; N/A, not available.
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Women with benign ovarian tumors have increased risks for
subsequent borderline ovarian tumors, including both serous and
mucinous histological types of ovarian tumors (7). In a small case-
control study of 215 women with borderline ovarian tumors and
1313 control women, Rossing et al. reported that women with
ovarian cysts were at a higher risk of borderline mucinous tumors
but not borderline serous tumors (13). Thus, our findings add to the
knowledge that different histological types of ovarian cancer might
have varied etiologies (26) and suggest that benign ovarian tumors
might be precursors of mucinous ovarian cancer. The underlying
reasons for such a specific association may be partly explained by a
shared environmental and genetic etiology between benign ovarian
Frontiers in Oncology | www.frontiersin.org 5
tumors and mucinous ovarian cancer (27). For example, tobacco
smoking and obesity are shared risk factors for both benign ovarian
tumors, specifically mucinous ovarian cancer (13, 28, 29). In
contrast, current evidence fails to identify common risk factors for
both benign ovarian tumors and any of the other histological types
of ovarian cancer (30, 31). Furthermore, some genetic mutations,
such as KRAS mutations, are more likely to occur in mucinous
benign ovarian tumors and mucinous ovarian cancers (32). Taken
together, compared to other histological types of ovarian cancer,
mucinous ovarian cancer may be more likely to have a shared
etiology with benign ovarian tumors, which may explain the
findings of the present study.
FIGURE 2 | Forest plot for the association between benign ovarian tumors and risk of ovarian cancer.
TABLE 2 | Associations of ovarian cysts with ovarian cancer risk stratified by subgroups.

Characteristics No. of studies RR (95%CI) I2 (%) P value *

Study design 0.072
Cohort study 2 2.02 (1.32-3.11) 97.7
Case-control study 8 1.15 (0.92-1.44) 66.4

Geographic location 0.369
North America 3 1.20 (1.04-1.39) 0.0
Europe 5 1.30 (0.86-1.98) 97.0
Asia 1 12.00 (2.50-57.70) N/A

Exposure assessment 0.778
Clinically diagnosed 4 1.30 (0.81-2.08) 97.6
Self-reported 6 1.30 (1.04-1.63) 51.5

Histological types 0.803
Serous 4 1.53 (0.37-6.29) 99.7
Mucinous 3 3.62 (0.81-16.20) 99.4
Others 3 1.05 (0.72-1.53) 64.4

Invasiveness 0.845
Invasive 2 1.61 (0.65-3.95) 97.0
Borderline 2 1.54 (1.29-1.84) 27.6
M
ay 2022 | Volume 12 | Artic
CI, confidence interval; N/A, not available; RR, relative risk.
*P value for heterogeneity between groups.
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Our study has several strengths. First, to our knowledge, this
is the first systematic review meta-analysis to comprehensively
summarize the association between benign ovarian tumors and
ovarian cancer risk. Second, our study had a large sample size of
10,331 ovarian patients, which provided sufficient statistical
power to detect even a modest association. Third, the
histological types of ovarian cancer were considered when
evaluating the association between benign ovarian tumors and
ovarian cancer. Finally, our study has important clinical
implications by suggesting that benign ovarian tumors might
be precursors to mucinous ovarian cancer and providing a
theoretical basis for clinical decision-making and ovarian
cancer prevention and treatment. However, this study has
some limitations. First, most of the included studies had case-
control designs, which increases the risk for selection and recall
biases (33), especially for patients whose exposure status was
collected based on self-reports. Nevertheless, the results were
similar between the self-reported and clinical diagnosis/
ascertainment subgroups in the subgroup analysis stratified by
exposure assessment methods. Second, residual confounding
may distort the association between benign ovarian tumors
and ovarian cancer; we were unable to address these problems
due to confounding inherent in the original studies. Third,
detection bias was possible as women with benign ovarian
tumors tend to undergo more regular and extensive physical
examinations; thus, they are more likely to have an early
diagnosis of ovarian cancer. Of note, a Danish cohort study,
after excluding the first year of follow-up from the analyses
(when the likelihood of detection bias was highest), reported that
the increased risk for ovarian tumors persisted for up to 9 years
compared to that of the general female population (7). Fourth,
high heterogeneity was detected across the included studies. The
heterogeneity may come from various sources, such as study
design, study population, and exposure assessment methods.
Subgroup analysis and meta-regression to explore the potential
sources of heterogeneity showed a tendency for slight
attenuation of the heterogeneity in several subgroup analyses.
Finally, the possibility of publication bias cannot be excluded.
Although the overall results did not change materially after
Frontiers in Oncology | www.frontiersin.org 6
adjusting for the trim-and-fill method, the summary risk
estimates should be interpreted with caution.
CONCLUSIONS

The results of this study suggest that benign ovarian tumors are
associated with an increased risk of developing ovarian cancer.
Due to the high heterogeneity among the studies and the risk of
bias, more studies are warranted to confirm our findings. As
benign ovarian tumors and ovarian cancer share some
environmental and genetic etiologies, benign ovarian tumors
may be premalignant. Therefore, potential prevention and
treatment initiatives, such as more accurate screening strategies
and ovarian surgery after diagnosis, should be encouraged to
reduce the future risk of ovarian cancer.
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