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Abstract. Ovarian cancer (OC) presents a global health chal‑
lenge, with well‑documented genetic aspects. However, to 
the best of our knowledge, the role of human papillomavirus 
(HPV) types 16 and 18 in OC remains unclear. The present 
meta‑analysis assessed the prevalence of HPV in OC across 
43 studies and included a comparative meta‑analysis of 19 
case‑control studies to determine the association of HPV 
with OC risk. Subgroup analyses were performed based on 
geographic regions and histopathological types to explore 
heterogeneity, and publication bias was evaluated using funnel 
plots and statistical tests of asymmetry. The pooled prevalence 
of HPV was found to be 10% (95% CI, 5‑18) and 7% (95% CI, 
3‑15) specifically for HPV 16/18. Case‑control studies indi‑
cated an odds ratio (OR) of 4.92 (95% CI, 1.96‑12.53) for HPV 
16/18, with higher pooled prevalence rates of 17% for all HPV 
genotypes and 13% for HPV 16/18. Notably, Asian countries 
exhibited the highest HPV prevalence and OR in OC. These 
findings support the involvement of HPV, particularly HPV 16 
and 18, in increasing the risk of OC, emphasizing the need 

for further research to confirm these associations and explore 
potential mechanisms.

Introduction

Ovarian cancer (OC) presents a significant global health 
challenge, with >300,000 new cases and 200,000 deaths 
reported worldwide in 2020  (1). Despite advancements in 
medical research, there are still no effective tools for general 
population screening, which complicates early detection. This 
challenge is reflected economically, as the cost of treatment 
per patient with OC remains the highest among all cancer 
types, with initial treatment costs in the first year amounting to 
approximately USD 80,000, and potentially increasing to USD 
100,000 in the final year (2). Cost‑effective strategies for early 
detection and prevention of OC have thus been a significant 
focus of research over the last decade.

This disease often remains undetected until the advanced 
stages due to its elusive symptoms, leading to late diagnoses and 
less effective treatments (3,4). Currently, CA125 and HE4 are 
the only approved biomarkers for use in epithelial OC (EOC); 
however, these markers are not sufficient for early detection. 
To mitigate the limitations of single serum biomarkers in 
EOC, multivariate index assays have been developed, particu‑
larly for the pre‑surgical evaluation of adnexal masses. The 
Risk of Malignancy Algorithm, which integrates menopausal 
status, CA125, and HE4 concentrations, is used to diagnose 
women with a pelvic mass. Furthermore, microRNAs have 
shown remarkable potential in EOC prediction, though further 
work is needed before they can be utilized as reliable clinical 
biomarkers (5).

Among OC types, EOC is particularly known for its 
invasive nature and predominance. However, it is impor‑
tant to note that 10% of OC cases are non‑epithelial, 
including germ cell tumors, sex cord‑stromal tumors, and 
some extremely rare tumors such as small cell carcinomas. 
Germ cell tumors, for instance, differ significantly from 
EOCs, with earlier age of incidence, faster growth rates, 
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unilateral localization in 95% of cases, and generally better 
prognosis (6).

EOC encompasses a spectrum of histologic subtypes, 
including serous, mucinous, endometrioid, clear cell, or 
combinations of these subtypes (7). These subtypes exhibit 
unique molecular profiles, contributing to the differences 
in causes, epidemiology, treatments, and prognoses  (8). 
Specifically, Type I EOCs are generally indolent and geneti‑
cally stable tumors that typically arise from precursor lesions 
such as endometriosis or borderline tumors with low malignant 
potential. In contrast, Type II EOCs are biologically aggres‑
sive tumors from their outset, with a tendency to metastasize 
from small‑volume primary lesions. High‑grade serous OC, 
following the Type II pathway, is often associated with p53 and 
BRCA mutations (9).

Genetic and molecular pathway alterations play signifi‑
cant roles in OC initiation and development. For instance, 
serous OCs often exhibit BRCA1/2 and TP53 mutations and 
is involved in the amplification of G1/S‑specific cyclin‑E 
or defective homologous recombination DNA repair path‑
ways  (10), whereas non‑serous OCs are associated with 
mutations in genes involved in pathways such as AT‑rich 
interactive domain‑containing protein, phosphatidylinositol 
3‑kinase (PI3K), K‑Ras/B‑Raf, Wnt, or protein phosphatase 
2A (11). Within this context, it is critical to note that the PI3K 
pathway plays a pivotal role in chemoresistance and preser‑
vation of genomic stability, as it is implicated in numerous 
processes of DNA replication and cell cycle regulation. 
Inhibition of the PI3K pathway may lead to genomic insta‑
bility and mitotic catastrophe through decreased activity of the 
spindle assembly checkpoint protein Aurora kinase B, conse‑
quently increasing the occurrence of lagging chromosomes 
during prometaphase  (12). Moreover, emerging evidence 
suggests that high‑grade serous OC, closely connected to the 
fimbriated ends of the fallopian tubes, may originate from the 
precursor lesions in the fallopian tubes rather than from the 
ovary itself (3,11,13,14).

In addition to genetic factors, chronic inflammation is 
emerging as a key risk factor in EOC development. Persistent 
infections that affect the female reproductive organs can trigger 
a pro‑inflammatory response, exacerbate DNA damage, and 
contribute to cancer initiation (15‑17). In line with this, the 
prolonged exposure of ovarian epithelial cells to inflammatory 
mediators, such as pro‑inflammatory cytokines, chemokines, 
and hormones, may lead to DNA damage through oxida‑
tive stress and cause genetic and epigenetic alterations (18). 
However, the role of environmental factors in EOC initiation 
and progression, particularly viral infections, is still being 
investigated.

High‑risk HPV (HR‑HPV) plays a crucial role in the devel‑
opment of cervical cancer and head and neck squamous cell 
carcinoma (19,20). HR‑HPV carries E6 and E7 oncoproteins 
that can inactivate tumor suppressors such as p53, which may 
be related to OC development (21,22). Therefore, researchers 
have also been attracted to the potential role of HPV in EOC. 
However, recent studies have yielded mixed results regarding 
the presence of HPV in EOC, with some studies confirming its 
presence, whereas others negating it. Notably, among HR‑HPV 
types, HPV 16 and/or 18 (HPV 16/18) are most frequently 
associated with advanced‑stage disease, while the others have 

not been. Despite two meta‑analyses that have explored the 
link between HPV and EOC, a specific focus on HPV 16/18 
in OC has yet to be reported (23,24). To address this gap and 
provide an updated perspective, emphasizing on HPV 16/18 
investigation, this meta‑analysis was conducted to deepen our 
understanding of this connection.

Materials and methods

Searching protocol and data collection. The meta‑analysis 
followed the PRISMA criteria. Two researchers, TML and 
HDNT, independently conducted a systematic literature 
search covering the period from 1987 to August 2023. 
Searches were conducted in PubMed (on October 6, 2023), 
Embase (on October 8, 2023), and Web of Science (on 
October 8, 2023), using the following search terms with 
detailed Boolean logic: ((Human papillomavirus) OR (HPV)) 
AND ((ovarian malignancies) OR (ovarian neoplasm) OR 
(ovarian cancer)).

The initial search yielded 364 records in PubMed, 420 in 
Embase, and 350 in Web of Science, totaling 1,134 records. To 
ensure reproducibility, the search process was independently 
verified by both researchers. After eliminating duplicates, 
all abstracts (n=701) were independently reviewed to exclude 
studies irrelevant to the topic or lacking sufficient data on the 
association between HPV and OC. Subsequently, 646 papers 
were excluded based on abstract reviews. Full‑text copies of 
potentially relevant papers were obtained and independently 
reviewed (n=55). In total, 43 papers met the inclusion criteria 
for the meta‑analysis  (25‑67). Data from these identified 
studies were extracted independently, and any disagreements 
regarding inclusion or exclusion were resolved through 
discussion. Recorded data included the first author's details, 
publication country, publication year, detection method, 
histological type, specimen type, sample size, HPV genotype, 
and number of HPV‑positive and HPV‑negative OCs, as well 
as HPV‑positive and HPV‑negative ovarian benign tumors or 
normal ovaries.

To be eligible for inclusion in this meta‑analysis, studies 
must meet the following criteria: (1) they were observational 
studies published between 1987 and August 2023 and provided 
data on the association between HPV and OC, (2) ovarian 
tissues were used in the study to identify HPV genotypes, 
and (3) they were written in English and published as full, 
peer‑reviewed articles. The exclusion criteria were as follows: 
(1) studies not meeting the inclusion criteria and (2) studies 
conducted solely on animals.

Statistical analysis. In this analysis, the pooled preva‑
lence was estimated using both fixed‑ and random‑effect 
models, based on the data from the included studies (68). 
Forest plots were used to display the prevalence for all the 
studies sorted by their publication year (69). The prevalence 
derived from individual studies and pooled proportions were 
presented with 95% confidence intervals (CIs). In addition, 
for case‑control studies, the pooled odds ratio (OR) was 
computed for the presence of HPV in OC cases, along with 
the corresponding 95% CI. Both random‑ and fixed‑effect 
models were employed for this analysis. The overall hetero‑
geneity among the included studies was assessed using the I2 
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statistic, with I2 values >50% and/or P‑value <0.05 indicating 
significant heterogeneity  (70,71). To explore the potential 
sources of heterogeneity, subgroup analysis was conducted 
using meta‑regression. This analysis included variables of 
geographic region.

To evaluate publication bias, a funnel plot, which illustrated 
the association between the logarithm of HPV prevalence 
and standard error, was generated (68,72). In the compara‑
tive (case‑control) meta‑analysis, potential asymmetry was 
examined using two methods: Egger's regression test and the 
Begg and Mazumdar adjusted rank correlation test (73,74). 
For the proportional meta‑analysis, Peter's test, which is 
based on precision‑effect estimates with standard errors, was 
employed (75). Statistical significance was defined as P‑values 
<0.05.

Analyses were conducted using R v4.3.1 (R Core Team 
2023) with packages including ‘meta,’ ‘metasens,’ and 
‘metafor’ (69,72,76‑78).

Results

Study description. This meta‑analysis included 43 studies to 
investigate the prevalence of HPV in OC tumor tissue. The 
study selection process is illustrated in Fig. 1, and details of the 
additional study are available in Table I.

The analysis included a total of 2,754 patients from 43 
selected studies (Tables I and SI). Of these studies, 21 were 
conducted in Asia, and the remaining 22 were carried out in 
other regions (Europe=13, North America=7, and Africa=2). 
Among the selected papers, 19 of 43 were case‑control 
studies that involved normal ovarian or benign ovarian 
tumor tissues in the control group. These studies used 
formalin‑fixed paraffin‑embedded samples (n=30), frozen 
sections (n=11), and fresh tissues (n=4). These studies (n=36) 

predominantly used HPV detection methods based on poly‑
merase chain reaction. Furthermore, 17 of 43 selected studies 
focused specifically only on the detection of HPV 16/18 in 
the analysis.

Table I. Overview of the included studies.

	 No. of patients
	---------------------------------------------------------------------------------------------------------------------------
		  No. of included	 Serous	 Serous	 Case	 Case	 Control	 Control
Variable 1	 Variable 2	 studies	 POS	 total	 POS	 total	 POS	 total

Country	 Africa	 2	 6	 53	 18	 170	 0	 0
	 Asia	 21	 45	 563	 426	 1,691	 32	 677
	 Europe	 13	 35	 425	 102	 763	 47	 252
	 North America	 7	 0	 30	 9	 130	 0	 35
Method	 PCR	 36	 58	 947	 483	 2,498	 68	 871
	 IHC	 1	 3	 26	 3	 31	 0	 18
	 PCR/IHC	 1	 9	 53	 9	 53	 0	 0
	 ISH	 2	 15	 24	 41	 90	 11	 62
	 PCR/ISH	 2	 1	 6	 17	 31	 0	 8
	 PCR/Southern blot	 1	 0	 15	 2	 51	 0	 5
Sample type	 FFPE	 29	 46	 768	 466	 2,218	 77	 805
	 FFPE, frozen tissue	 1	 7	 14	 10	 17	 0	 0
	 Frozen tissue	 9	 27	 132	 69	 287	 2	 137
	 Fresh tissue	 4	 6	 157	 10	 232	 0	 22

FFPE, formalin‑fixed paraffin‑embedded; IHC, Immunohistochemistry; ISH, in situ hybridization; POS, positive.

Figure 1. Preferred Reporting Items for Systematic reviews and Meta-
Analyses flowchart. HPV, human papillomavirus.

https://www.spandidos-publications.com/10.3892/ol.2024.14689
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Prevalence of HPV in OC and subgroups. Forest plots of the 
43 studies (Fig. 2) show the prevalence of HPV in OC. The 
pooled prevalence of all HPV genotypes and HPV 16/18 in 
OC were 20 and 17% (fixed‑effect model) and 10 and 7% 
(random‑effect model), respectively. To gain deeper insights 
into the relationship between HPV and OC, we conducted 
more subgroup meta‑regression analyses, including histologic 
types and ethnic groups.

Regarding histopathological types, serous OC, on the one 
hand, exhibited a significantly higher prevalence of HPV 16/18 
positivity, approximately doubling that of non‑serous OC (4% 
vs. 2%) as indicated by a random‑effect model (Table II). On 
the other hand, positivity prevalence for all HPV genotypes 
was 6 and 5% in serous and non‑serous OC, respectively 
(Table II).

When considering the effect of regional factors on HPV 
prevalence, variations in HPV status were observed across 
geographic regions. Although the test for subgroup difference 
using a meta‑regression model did not yield statistical signifi‑
cance, Asian countries showed a considerably higher HPV 
prevalence in OC than European countries. Specifically, the 
prevalence of HPV across all genotypes in Asian countries was 
20% compared with 5% in European countries. Moreover, the 
HPV 16/18 positivity was 14% in Asian countries compared 
with 5% in European countries (Table II; Figs. S1 and S2).

Unfortunately, owing to the limited number of studies from 
other regions (only two studies from Africa and seven from 
North America), a meta‑regression could not be conducted. 

Nonetheless, these figures remain notably higher than the 
HPV prevalence in the control group, which stands at 3 and 
2% for all HPV genotypes and HPV 16/18, respectively, as 
determined by the random‑effect model (Table SII).

HPV status in the case‑control analysis. In our case‑control 
analysis, 19 studies, including 1,071 OC samples in contrast 
to 906 samples of normal or benign ovarian tissues, were 
obtained. The study by Li  et  al  (55) was excluded from 
our analysis because it used blood as a control sample 
instead of ovarian tissues. The control groups in the 
selected studies ranged from women without ovarian 
diseases [Shokouh  et  al  (29); Paradowska  et  al  (31); 
Zhang et al (36); Shanmughapriya et al (42); Alavi et al (43); 
Konidaris  et  al  (49); Ip  et  al  (56); Trottier  et  al  (61); 
Lai  et  al  (63); Leake  et  al  (67)], benign ovarian tumors 
[Grabarek et al (25); Farzaneh et al (34); Dadashi et al (35); 
Mahmood  et  al  (38); Idahl  et  al  (45); Kuscu  et  al  (51); 
Quirk et al (50); Wu et al (54)], or adjacent normal ovarian 
tissues [Al‑Shabanah et al (40)].

The findings of our case‑control analysis regarding all 
HPV genotypes are presented in Fig. 3. In our investigation, 
a significant risk associated with OC was found in the context 
of HPV infection, reflected in fixed‑ and random‑effect size 
ORs of 4.44 (95% CI, 3.27‑6.02) and 4.43 (95% CI, 2.06‑9.56), 
respectively. Importantly, owing to the high level of heteroge‑
neity indicated by a sample I2 of 80% and P‑value of <0.01, the 
random model should be considered a more appropriate choice 

Figure 2. Forest plot. HPV prevalence in ovarian cancer. (A) All HPV genotypes and (B) HPV 16/18. HPV, human papillomavirus; HPV 16/18, HPV 16 and/
or 18.
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for our case‑control analysis. In addition, our analysis using 
the random‑effect model revealed that the pooled proportion 
of all HPV genotypes in the case group was 18%.

In light of exploring the sources of heterogeneity, a subgroup 
analysis was conducted by considering HPV 16/18 and different 
regions. When examining the subgroup related to HPV 16/18, 

Table II. HPV prevalence in selected studies and subgroups.

	 No. of patients	 Pooled HPV prevalence
	--------------------------------------	---------------------------------------------------------------- 
	 No. of included	 Summed 	 Summed 	 Fixed effect	 Random effects 		  P‑value
Variable	 studies	 events	 total	 model (95% CI)	 model (95% CI)	 I2	 (Cochrane Q‑test)

Ovarian cancer (all cases)							     
  HPV 16/18	 41	 401	 2,394	 0.17 (0.15‑0.18)	 0.07 (0.03‑0.15)	 86.8	 <0.0001
  All genotypes	 43	 555	 2,754	 0.20 (0.19‑0.22)	 0.10 (0.05‑0.18)	 83.8	 <0.0001
Ovarian cancer by
pathological types							     
  HPV 16/18							     
    Serous	 25	 75	 791	 0.09 (0.08‑0.12)	 0.04 (0.01‑0.13)	 72.9	 <0.0001
    Non‑serous	 23	 38	 434	 0.09 (0.06‑0.12)	 0.02 (0.01‑0.12)	 12.5	 <0.0001
  HPV (all genotypes)							     
    Serous	 26	 86	 791	 0.11 (0.09‑0.13)	 0.06 (0.02‑0.16)	 74.5	 <0.0001
    Non‑serous	 24	 47	 459	 0.10 (0.08‑0.13)	 0.05 (0.01‑0.16)	 24.0	 <0.0001
Subgroup by region							     
  HPV 16/18							     
    Asia	 20	 287	 1,381	 0.21 (0.19‑0.23)	 0.14 (0.07‑0.26)	 88.6	 <0.0001
    Europe	 12	 90	 713	 0.13 (0.10‑0.15)	 0.05 (0.01‑0.26)	 88.5	 <0.0001
  HPV (all genotypes)							     
    Asia	 21	 426	 1,691	 0.25 (0.23‑0.27)	 0.20 (0.12‑0.32)	 83.3	 <0.0001
    Europe	 13	 102	 763	 0.13 (0.11‑0.16)	 0.05 (0.01‑0.26)	 88.0	 <0.0001

HPV, human papillomavirus; HPV 16/18, HPV 16 and/or 18.

Figure 3. Forest plot. Comparative analysis of human papillomavirus positivity (any genotype) in the ovarian cancer and control groups. Data are presented 
as pooled ORs with 95% CIs. OR, odds ratio.

https://www.spandidos-publications.com/10.3892/ol.2024.14689
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HPV 16/18 was strongly linked to a heightened risk. Both the 
fixed‑ and random‑effect models produced ORs of 6.30 and 
4.92 (Fig. 4), respectively, which were higher than those of all 
HPV genotypes (4.44 and 4.43), respectively. As anticipated, the 
pooled prevalence of HPV 16/18 in the case group was consider‑
ably high, reaching 13% when using the random‑effect model.

As heterogeneity persisted after subgrouping by HPV 
16/18 (I2=73%, P‑value <0.01), further subgrouping by 
regions was conducted. Due to the limited sample size from 
North America and Africa, patients were categorized into 
Asian (n=12 studies) and non‑Asian (n=8 studies) groups. 
Heterogeneity decreased to less than 67% in Asian subgroups 
(Table III). HPV infection, particularly HPV 16/18, emerged 
as a more substantial risk factor for OC among Asian women 
compared to those from other regions (Asia vs. non‑Asia: 4.75 
vs. 4.13 for all HPV genotypes, and 5.12 vs. 4.40 for HPV 

16/18). Despite the observed trend, the test for differences was 
not statistically significant.

Publication bias. In our meta‑analysis, publication bias 
was assessed using funnel plots and tests for asymmetry 
(Figs. 5 and 6; Tables SIII and SIV). Accordingly, the selected 
studies that were used to investigate the prevalence of all HPV 
genotypes and HPV 16/18 in OC displayed no substantial indi‑
cations of significant asymmetry. Moreover, the results from 
Begg's, Egger's, and Peter's tests collectively confirmed the 
absence of significant publication bias.

Discussion

HR‑HPV is a well‑known etiological factor in anogenital 
and oropharyngeal cancers (79‑82). Recently, interest in the 

Figure 4. Forest plot. Comparative analysis of human papillomavirus 16 and/or 18 statuses in ovarian cancer and control groups. Data are presented as pooled 
ORs with 95% CIs. OR, odds ratio.

Table III. Regional subgroup analysis: Asian vs. non‑Asian countries.

	 Case group	 Control group
	-------------------------------------	---------------------------------------	   Random effects	 P‑value	 P‑value
	 No. of	 Summed	 Summed	 Summed	 Summed	 model OR	 (meta‑		  (Cochrane
Subgroups	 studies	 events	 total	 events	 total	 (95% CI)	 regression)	 I2	 Q‑test)

HPV (all genotypes)									       
  Asia	 12	 202	 422	 32	 176	 4.75 (2.15‑10.49)	 0.91	 60.2	 0.0051
  Non‑Asia	 7	 69	 228	 47	 279	 4.13 (0.42‑40.90)		  94.2	 <0.0001
HPV 16/18									       
  Asia	 12	 154	 843	 21	 627	 5.12 (1.74‑15.06)	 0.90	 66.9	 0.0013
  Non‑Asia	 7	 59	 228	 19	 279	 4.40 (0.52‑37.19)		  88.5	 0.0002

Pooled odds ratios and 95% CIs for random effects models. HPV, human papillomavirus; HPV 16/18, HPV 16 and/or 18; OR, odds ratio.
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prevalence of HPV, particularly HPV 16/18, and its potential 
role in OC has grown. HPV may reach EOC through: (1) 
anatomical continuity with endocervical glands, where the 
endometrium and fallopian tubes extend from the endocer‑
vical glands, allowing infection to spread. The fallopian 
tube's fimbriae are close to the ovarian surface  (27); 2) 
sperm‑mediated transmission, where sperm facilitate this by 
absorbing HPV DNA and transmitting the virus to reproduc‑
tive system cells, and also serve as virus carriers during their 
passage through the endocervical canal, potentially reaching 
the ovarian cortex after ovulation (83).

In the context of HPV infection, integration into the human 
genome produces oncoproteins such as E6 and E7, crucial in 
initiating cancer, including EOC. E6 degrades p53, suppressing 
viral DNA synthesis and enhancing telomerase activity to 
evade senescence  (21), while E7 disrupts retinoblastoma 
protein function, overriding p21‑mediated growth arrest and 
increasing p16 for cell immortalization (22,84). Remarkably, 
over half of EOCs exhibit p53 and RB pathway mutations, 
with serous carcinomas representing 40% of cases (85). HPV 
infection leads to the emergence of HPV‑related lesions over 
time. Interestingly, the precursor lesions for EOC, including 
serous tubal intraepithelial carcinoma and p53 signature, 
are widely accepted to originate within the fallopian tubes 
at the fimbriated end because of their proximity to these 
structures (10). Naturally, while some lesions transition into 
a quiescent state, others continue to proliferate, contributing 

to cancer development through genomic instability, telomere 
maintenance, and immune cell responses (10,11,13).

Given these considerations, HPV prevalence in OC may 
exhibit a substantial effect, akin to what has been observed 
in cervical cancer. In line with this, our meta‑analysis, 
which consolidated data from 43 studies involving a total of 
2,754 patients, unveiled a significant correlation between the 
prevalence of HPV (specifically HPV 16/18) and the risk of OC.

In our proportional meta‑analysis, the overall pooled HPV 
prevalence was approximately 20% for all genotypes and 17% 
for the high‑risk genotypes HPV 16/18 using a fixed‑effect 
model. However, when employing the random‑effect model, 
lower prevalence, with all HPV genotypes at 10% and HPV 
16/18 at 7%, was obtained. In studies designed as case‑control 
investigations, a higher pooled prevalence of HPV for all 
genotypes was found at 17% and HPV 16/18 at 13% using the 
random‑effect model. Owing to the substantial heterogeneity 
across the studies, the random‑effect model was considered 
more appropriate.

In addition, our meta‑analysis considered variations in HPV 
prevalence among different regions. Asian countries exhibited 
higher HPV prevalence in OC than European countries. This 
regional disparity may be due to differences in healthcare 
practices, genetic factors, or environmental influences. The 
limited number of studies from Africa and North America 
prevented a comprehensive regional analysis, highlighting 
the need for more research in these regions to understand the 
disparities better.

This study further substantiated the role of HPV in OC 
risk through a comparative analysis. Accordingly, HPV 
16/18 demonstrated a stronger association with OC than all 
HPV genotypes, particularly in Asian countries (with respec‑
tive ORs of 5.12 (95%  CI, 1.74‑15.06) and 4.75 (95%  CI, 
2.15‑10.49)). This finding emphasized the importance of 
recognizing specific HPV genotypes that may carry a higher 
risk for OC development and the role of geographical and host 
genetic factors in influencing susceptibility to HPV infection.

In compar ison to two exist ing meta‑analyses, 
Cherif et al (23) analyzed 29 studies involving 2,280 OC cases 
and reported a pooled HPV proportion of 15.9% (95% CI, 
11‑22), while Ibragimova et al (24) included 14 case‑control 
studies with 1,163 ovarian tumor samples and 738 normal 
ovarian tissue samples, showing a relative risk of 2.68 (95% CI, 
1.97‑3.64). Despite similarities in search strategy with the 
previous study (23), our study's larger and more recent dataset 
(43 studies vs. 29 studies, 2,754 patients vs. 2,280 patients) 
allows for more comprehensive subgroup analyses, revealing 
significant variations in HPV 16/18 prevalence across histologic 
types and ethnic groups. This approach offers a deeper under‑
standing of HPV's impact on OC, addressing gaps in previous 
research. We observed a similar OC risk related to HPV infec‑
tion with a random‑effects size OR of 4.43, but a lower pooled 
prevalence of HPV (10%). However, the HPV proportion in 
case‑control studies was comparable (17% vs. 15.9%). In the 
case of HPV 16/18, these two meta‑analyses calculated the 
proportion among HPV‑positive studies, which differed from 
our approach of calculating HPV 16/18 prevalence across all 
studies. Our approach not only allows us to better demonstrate 
the predominance of HPV 16/18 among HPV genotypes in OC 
but also to mitigate the potential bias that arises from certain 

Figure 5. Contour‑enhanced funnel plot. Evaluation of publication bias 
across all 43 included studies.

Figure 6. Contour‑enhanced funnel plot. Evaluation of publication bias in 
Asian studies providing human papillomavirus 16 and/or 18 status.

https://www.spandidos-publications.com/10.3892/ol.2024.14689
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studies focusing solely on HPV 16/18, which can inflate the 
proportion of these two genotypes. As expected, this study 
effectively highlighted the association of HPV 16/18 in OC. 
Although the prevalence of HPV 16/18 (7%) was lower than 
that of all HPV genotypes (10%), the OR for HPV 16/18 was 
higher than that for all HPV genotypes (4.92 vs. 4.43).

The prevalence of HPV 16/18 in OC (7.0%) was lower than 
that of HPV 16/18 in women with uterine cervical lesions. 
According to the latest data from the ICO/IARC Information 
Centre on HPV and Cancer (2023), the worldwide incidence 
rates of HPV are 3.9, 25.8, 51.9, and 69.4% in normal cytology, 
low‑grade lesions, high‑grade lesions, and cervical cancer, 
respectively (86). This difference may arise from variations in 
sample type, as our data exclusively assessed the presence of 
HPV in OC tissue.

Publication bias is a potential concern in meta‑analyses. 
However, the lack of significant asymmetry in the funnel plot 
and the results of Begg's, Egger's, and Peter's tests suggest that 
publication bias is not a significant issue in this study, thereby 
strengthening the credibility of the findings.

This study has several limitations. Firstly, the data avail‑
ability was limited to regions outside Asia and Europe, which 
may restrict the comprehensiveness of our meta‑analysis. 
Secondly, we only included studies published in English, 
potentially excluding important findings from non‑English 
literature. Moreover, the absence of data on high‑grade serous 
OC, especially in case‑control studies, highlights a significant 
knowledge gap regarding HPV's role in this particular subtype. 
Additionally, further research, including well‑designed and 
multi‑ethnic epidemiological studies or prospective cohort 
studies, can provide stronger evidence of the causal relation‑
ship and underlying mechanisms between HPV and ovarian 
cancer.

In conclusion, this meta‑analysis provides evidence of a 
significant association between HPV infection and OC risk, 
particularly in Asian countries. The high prevalence of HPV, 
particularly HPV 16/18, in OC cases highlights the imperative 
need for further in‑depth research to elucidate the underlying 
mechanisms governing this association. Furthermore, a 
comprehensive understanding of the role and intricate inter‑
play between HPV infections and this cancer can be crucial 
for early detection and prevention efforts.
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