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Abstract. Observational studies have suggested an association 
between human papillomavirus (HPV) infection and the risk 
of prostate cancer (PCa). However, the association between 
HPV infection and the risk of PCa remains unclear. The aim 
of the present meta-analysis study was to investigate whether 
HPV serves a role in increasing the risk of PCa. Relevant 
previous studies up to May 2015 were searched in PubMed, 
Web of Science, Cochrane library, Chinese National Knowledge 
Infrastructure, China Wan Fang database and China Biomedical 
Literature Database. A random‑effects model or fixed‑effects 
model was employed to determine odds ratios (ORs) with 95% 
confidence intervals (CIs), when appropriate. Heterogeneity 
was evaluated using Q and I2 statistical analysis. A total of 
24 case-control studies involving 971 patients and 1,085 controls 
were investigated to estimate the association between HPV 
infection and PCa risk. The pooled estimate for OR was 2.27 
(95% CI, 1.40-3.69). Stratified pooled analyses were subse-
quently performed according to the HPV detection methods, 
geographical regions, publication years and types of tissue. 
Sensitivity analysis based on various exclusion criteria main-
tained the significance with respect to PCa individually. Little 
evidence of publication bias was observed. The meta-analysis 
suggested that HPV infection is associated with increasing risk 
of PCa, which indicated a potential pathogenetic link between 
HPV and PCa.

Introduction

Prostate cancer (PCa) is the most frequently diagnosed 
malignancy and the second cause of cancer-associated mortality 
in the USA. Until 2015, there were 220,800 estimated new 

PCa cases, accounting for ~one-quarter of all new diagnoses 
and 27,540 estimated mortalities in the USA (1). The incidence 
and mortality rates of PCa account for the second largest 
proportion of cancer in males worldwide. In 2012, ~1.1 million 
cases worldwide were diagnosed with PCa and 307,000 males 
succumb annually to the disease (2). The scale of the PCa popu-
lation represents an economic burden on health care systems. 
Family history, advanced age, testosterone, African-American 
ethnicity, diet and environmental exposure are considered 
to influence the development of PCa (3). Sutcliffe et al (4) 
proposed that the sexually transmitted diseases (STDs) may 
serve an important role in the initiation of PCa. Viral infection 
may induce chronic and recurrent inflammation of the prostate, 
and we hypothesize that inflammation of the prostate induced 
by STDs may increase the risk of PCa. Additionally, HPV 
has been recognized as the main etiological factor in cervical 
cancer (5). The E6/E7 oncoproteins of HPV types 16 and 18 
have been reported to immortalize prostate epithelial cells (6).

HPV is a small, non-enveloped DNA virus with a circular, 
double-stranded DNA genome of ~8 kb in size, for which >140 
HPV genotypes have been recognized and fully sequenced (7). 
HPV is one of the most common STDs worldwide (8). Nearly 
all sexually active individuals may be infected by HPV at 
some point during their lifetime (9). McNicol and Dodd (10) 
first detected HPV DNA in prostatic tissues using polymerase 
chain reaction (PCR) in 1990. To date, a growing number of 
studies have been conducted to investigate the association 
between HPV infection and PCa, as summarized in a previous 
review by Ramezani et al (11). However, the association 
between HPV infection and PCa has not been assessed clearly. 
The present study performed a meta-analysis to investigate the 
association between HPV infection and PCa risk.

Materials and methods

Search strategy. Electronic databases, including PubMed 
(https://www.ncbi.nlm.nih.gov/pubmed/), Web of Science 
(http://login.webofknowledge.com/), Cochrane library 
(http://www.cochranelibrary.com/), Chinese National 
Knowledge Infrastructure (http://www.cnki.net/), China Wan 
Fang database (http://www.wanfangdata.com.cn/) and China 
Biomedical Literature Database (http://www.sinomed.ac.cn/), 
were searched for relevant clinical articles published up 
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until May 14, 2015. Research studies were selected using the 
following keywords: ‘Prostate’, ‘HPV’ and ‘human papil-
lomavirus’. Furthermore, reference lists of reviews or studies 
identified in the literature search were hand-searched for 
additional studies. There were no publication date restrictions.

Study selection and inclusion criteria. A published study 
was included in the present study if it met the following 
requirements: i) A case-control study; ii) conducted on human 
subjects and written in English or Chinese; iii) no restrictions 
placed on patients' nationality, ethnicity or age; and iv) histo-
logical diagnosis of cases and controls were established. When 
duplicated studies were identified, only the study published 
first or the study that provided more detailed information was 
included (10,12-14).

Data extraction. All data were extracted independently and 
crosschecked by two authors. The following information 
was obtained from each study: First author, year of publica-
tion, geographical region, type of tissue [paraffin‑embedded 
fixed tissue (PET) or fresh frozen tissue (FF)], HPV detection 
method, HPV subtypes and the numbers of cases/controls and 
HPV-positive cases/controls. Disagreements were resolved by 
discussion and consent with a third author.

Quality assessment. The Newcastle-Ottawa Scale (NOS) 
was used to assess the quality of individual studies (15). A 
maximum of 9 points was assigned to each study, 4 for selec-
tion, 2 for comparability and 3 for exposure. Scores of 0‑3, 
4-6 and 7-9 were regarded as low, moderate and high quality, 
respectively (16).

Statistical analysis. A meta-analysis of the association between 
HPV infection and the risk of PCa was performed, and odds 
ratios (ORs) with 95% confidence intervals (CIs) were used 
as a common measure across studies. Heterogeneity among 
studies was examined using Cochran's Q test (P<0.10 indicated 
a high level of statistical heterogeneity) and the I2 statistic 
(values of 25, 50 and 75% corresponding to low, moderate and 
high degrees of heterogeneity, respectively) was additionally 
calculated (17). The random-effects model (DerSimonian 
and Laird method) (18) took into account when heterogeneity 
was present among studies. Otherwise, a fixed‑effects model 
(Mantel-Haenszel method) (19) was applied. Stratified pooled 
analyses were subsequently performed according to the HPV 
detection method, geographical region, publication year and 
type of tissue. To evaluate the effect of one single study on 
the overall risk of PCa, sensitivity analyses were performed by 
sequential omission of individual studies and the robustness of 
the pooled estimate was tested. For each pooled analysis, the 
publication bias was determined from a Begg's (20) funnel plot 
and Egger's (21) test for the overall study. All analyses were 
performed using STATA, version 12.0 (Stata Corp LP, College 
Station, TX, USA). P<0.05 (two‑tailed) was considered to 
indicate a statistically significant difference.

Results

Eligible studies. A total of 348 relevant citations were 
identified at the initial search stage. Following the removal 

of the duplicates (n=63), 238 studies were excluded based on 
titles and abstracts review, mainly as they were not relevant 
to the present analysis. From a full‑text review of potentially 
relevant papers (n=47), 23 studies were excluded based on the 
following reasons: A total of 4 studies (10,12-14) included the 
same data as previous articles (22,23), 7 studies lacked a control 
group (24-30) and 2 studies did not offer the pathological 
tissue information (31,32); others used bladder cancer 
cells (33), PCa cells (34) or expressed prostate secretion as the 
experiment material (35). The last 2 studies were unavailable 
for analysis (36,37). Finally, 24 papers (6,22,23,38-58) were 
included in the meta-analysis. The papers included were 
published between February, 1990 and January, 2015. A 
detailed flowchart of the selection process is presented in 
Fig. 1.

Study characteristics. The characteristics of all included 
studies are presented in Table I. These studies were 
published between 1990 and 2015 and comprised 
971 PCa cases in total. The majority of the studies 
originated from Asia (n=8) (38,40,43-45,48,51,56), 
Europe (n=7) (22,39,42,47,50,53,55) and North America 
(n=5) (23,49,52,54,57), and the remaining studies originated 
from South America (n=1) (46) and Oceania (n=2) (6,41). For 
the type of PCa or BPH tissue, half of the included studies used 
formalin‑fixed PET (38-42,44,46,48,52,56,57) whereas the 

Figure 1. Flow-chart of the studies selected.
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others use frozen sections (6,22,23,43,47,49-51,53-55). A total 
of 2,056 cases were included in the 24 studies investigating the 
association between HPV infection and risk of PCa (971 were 

in the case group and 1,085 were in the control group). Within 
the eligible studies, the prevalence of HPV DNA in PCa varied 
from 0% (45,48-50,58) to 75% (55).

Figure 2. Forest plot presenting the association of human papillomavirus infection with the risk of prostate cancer. OR, odds ratio; CI, confidence interval; 
ID, identity.

Figure 3. Sensitivity analysis for individual studies on the summary effect. CI, confidence interval; SE, standard error.
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Study quality. Table II demonstrated the quality of the included 
studies. NOS scores ranged from 6-8.

Meta‑analysis results. According to the results of the 
heterogeneity test, there was moderate heterogeneity 
between the included studies (Q test, P=0.022; I2=43.0%). A 
random-effects model was selected to evaluate the pooled OR 
(Fig. 2). The pooled OR of HPV infection was 2.27 (95% CI, 
1.40-3.69) in PCa compared with the control, indicating a 
significant association between HPV infection and PCa. To 
investigate the sources of heterogeneity, a random-effects 
meta-regression analysis was performed, including the 
following variables: HPV DNA detection method, geographical 
region, publication year and type of tissue. Table III presents 
the results of the meta-regression for these variables. No 
statistical significance was identified regarding the differences 
for the various subgroups and the P-values for publication 
years, geographical regions and types of tissue were 0.53, 0.08 
and 0.21, respectively. A significantly increased PCa risk was 
revealed in HPV infection when HPV DNA was detected by 
PCR-based methods (OR, 2.27; 95% CI, 1.40-3.69); however, 
no significance was identified by non‑PCR methods. Using 
non-PCR-based methods, the result was negative in the cases 
and the controls. When the ORs were pooled by region, 
heterogeneity was present in Oceania (P=0.018; I2=82.8%). 
A statically significant association was observed between 
HPV and PCa in Asia (OR, 2.96; 95% CI, 1.56-5.64) and 
Europe (OR, 2.29; 95% CI, 1.17‑4.47); however, no significant 
difference was demonstrated in North America (OR, 1.05; 
95% CI, 0.47-2.36) or Oceania (OR, 1.84; 95% CI, 0.09-38.64). 
Notably, a significantly increased risk was revealed in 
publications since the year 2000 (OR, 2.65; 95% CI, 1.47-4.85) 
and there was no significant difference prior to the year 2000 
(OR, 1.92; 95% CI, 0.85-4.35). Similarly, an increased PCa 
risk when HPV infection was present in formalin‑fixed PET 
samples was demonstrated (OR, 2.98; 95% CI, 1.68-5.30), but 
not in fresh frozen tissue (OR, 1.62; 95% CI, 0.75-3.74).

In order to evaluate the influence of each study on the 
pooled OR, individual studies were sequentially removed from 
the meta-analysis. Fig. 3 presents the results of the sensitivity 
analysis. The pooled ORs were stable and demonstrated 
statistical significance using the fixed‑effects model, prior to 

and following deletion of any signal study. Together, the data 
indicated that the results of this meta-analysis were reliable 
and were not overly affected by one of the 24 studies. The 
funnel plot did not reveal evidence of asymmetry (Fig. 4), and 
Egger's and Begg's tests indicated that there was no evidence 
of publication bias (P=0.183 and P=0.135, respectively).

Discussion

HPV is one of the most commonly diagnosed sexually 
transmitted infections (STIs) worldwide (59). McNicol and 
Dodd (10) were the first to detect HPV DNA in prostatic 
tissue using PCR analysis in 1990. To date, a growing number 
of studies have been conducted to investigate the association 
between HPV infection and PCa risk, but results of these 
studies have often been controversial (11). Generally, HPV 
infection results in inflammation (60). A previous early study 
expounded that inflammation is a critical component of tumor 
progression (61). In the majority of cases, HPV infections are 
often asymptomatic or self-limited; however, a small number of 
cases result in a serious burden (62). At present, the majority of 
studies have focused on female HPV infection (63). However, 
men can be infected by HPV which is associated with a variety 
of cancer subtypes, including anal, penile and oral cancer (64). 
Men serve a key role in spreading HPV to male and female 
sexual partners (65). A previous study reported a higher rate of 
PCa in men with a history of exposure to gonorrhea, HPV or 
any STD (66).

HPV has been established as the main etiological factor in 
cervical cancer (5) and the association between HPV infection 
and other types of cancer, including oropharynx (67), breast 
cancer (68), head and neck cancer (69) and bladder cancer (70), 
has been studied. Grulich and Vajdic (71) demonstrated that 
HPV infection induced a marked increase in the prevalence of 
cervical cancer in immune-compromised patients but not in the 
prevalence of PCa. The role of HPV may be different in these 
two types of cancer. Vieira et al (72) suggested that HPV E6 may 
induce repression of apolipoprotein B mRNA editing enzyme 
catalytic subunit 3B (APOBEC3B; A3B) gene transcription by 
functional inactivation of p53 in HPV-positive cervical cancer. 
Conversely, a previous study indicated that A3B overexpression 
existed not only in PCa, but also in normal prostate tissues (73), 
which suggested that there may be a nonsense mutation of A3B 
in normal prostate tissues. Suzuki et al (51) indicated that 
p53 gene mutation or the presence of HPV E6 was involved 
in the development of PCa, but there was no association 
between p53 mutation and HPV DNA integration. Similarly, 
Leiros et al (46) revealed that p53 codon 72 allelic frequen-
cies were not observed in prostate hyperplasia and PCa with 
or without HPV infection. Another previous study (43) demon-
strated a similar conclusion. Furthermore, Cantalupo et al (74) 
investigated The Cancer Genome Atlas database, and revealed 
a robust expression level of HPV18 genes in cervical cancer 
tissue samples. They also identified HPV18 transcripts in colon, 
rectum and normal kidney tissue samples; however, the HPV18 
gene expression level was lower compared with that in cervical 
cancer tissues. The present study also demonstrated that HPVs 
detected in PCa were found at low levels in certain patients. 
Overall, HPV may serve various roles in the development of 
cervical and PCa, and further high quality studies are required.

Figure 4. Begg's funnel plot with pseudo 95% confidence interval of publi-
cation bias on the association between human papillomavirus infection and 
prostate cancer risk. OR, odds ratio.



YIN et al:  HUMAN PAPILLOMAVIRUS AND PROSTATE CANCER: A META-ANALYSIS1862

In a meta-analysis study published in 2011, Lin et al (75) 
concluded that the causal role of HPV in prostate cancer 
remained doubtful, as the pooled results of DNA detection 
method and serologic assays (antibody) were negative; 
however, no statistical significance was observed in serological 
assays. The result was positive when the analysis was limited 
to HPV detection of type 16 infection in PCa tissues (75). 
Serological testing has the following limitations: i) Antibody 
cross-reactivity; ii) it is difficult to establish a temporal 
association between infection and cancer; iii) numerous 
individuals could be infected by HPV throughout their 
lifetime, so the control group may be positive; iv) based on a 
number of etiological studies, it is commonly agreed that HPV 
does not induce a generalized viremia; and v) only persistent 
infections induce pathological alterations and serological 
detection indicates HPV exposure rather than the exact site 
of infection (76). As a result, studies that used peripheral 
blood cells and serology were excluded in the present 
meta-analysis. A similar study by Bae (77) was published in 
Epidemiology and Health on February 11, 2015, applying a 
‘snowballing search strategy’ to search relevant studies from 
published papers (75,78). Although this method saved energy, 
studies should be identified again, as different studies have 
varying inclusion criteria. Additionally, numerous problems 
remain unsolved: Firstly, whether the risk of PCa with HPV 
infection varies in different histological types; and secondly, 
the varied specificity and sensitivity in various HPV DNA 
detection methods may affect the risk estimation between 
HPV infection and PCa. Thus, the present study evaluated the 
association between PCa and HPV infection by considering 
the heterogeneity of the major associated parameters, including 
detection method, study region and histological type.

Certain factors may contribute to the variability of results 
with regard to evaluating the association of HPV infection and 
PCa. In the present meta‑analysis study, stratified analyses 
were performed according to geographical region, publication 
year, HPV detection method and type of tissue. The results 
showed that there were no differences in HPV detection 
method, geographical region, publication year or type of 
tissue. The present study suggested a moderate geographical 
variation in HPV prevalence and association strengths with 
PCa. A moderate variation of the pooled OR results for various 
geographical regions was demonstrated and heterogeneity was 
present in Oceania (P=0.018; I2=82.8%), this may be due to the 
difference resulting from genetic background, environmental 
risk factors, including smoking, sexual behavior and other 
ethnic and cultural differences, as well as other unknown 
sources. A previous study reported the worldwide prevalence 
of cervical HPV DNA and also revealed a higher HPV detec-
tion rate in Asia and Europe, followed by America (including 
South American and North American) (79). This analysis 
suggested that the risks of PCa with HPV infection increased 
significantly in Asia and Europe, but not in North America 
and Oceania. The increase is regionally consistent with the 
association between bladder cancer and HPV infection (70).

In the present meta-analysis, the studies that used 
PCR-based methods to detect HPV DNA demonstrated a 
higher sensitivity compared with non-PCR-based methods. 
This statement could be certified by two specific studies, which 
employed non-PCR-based methods to detect HPV DNA and 

obtained negative results in the cases and the controls (45,58). 
For the PCR-based methods with variation in the types of 
HPV primers used, type‑specific primers may be more sensi-
tive to detect 200 bp shorter HPV DNA sequences compared 
with consensus primers to amplify 450-bp fragments. The 
variations in the sensitivity of HPV detection may be due to 
the differences in amplification efficiency between various 
types of HPV primers. Therefore, it is possible that the detec-
tion rates of HPV using HPV type‑specific PCR primers may 
be higher compared with those using other PCR primers. A 
similar phenomenon was reported in bladder and ovarian 
cancer (70,80). This premise is supported by the findings in the 
present study.

With regard to the publication year, study size was similar 
prior to and following the year 2000. A significantly increased 
risk was demonstrated following 2000 (OR, 2.65; 95% CI, 
1.47-4.85) and no significant difference was found prior 
to 2000 (OR, 1.92; 95% CI, 0.85-4.35). With the development 
of science and technology, the detection method is becoming 
increasingly sensitive (81). Publication year is a crude evalua-
tion, but this information was not available in previous studies.

Half of the included studies used PET to detect HPV DNA. 
PET and FF were used for pathological and molecular diag-
nosis. FF is considered to have the highest quality; however, it is 
a challenge to isolate highly degraded and cross-linked nucleic 
acids from FF PET samples for molecular analysis, mainly 
due to DNA degradation in PET (82). Long DNA fragments 
are difficult to amplify by consensus primers from PET and 
type-special primers may be more sensitive for detecting HPV 
DNA sequences (83). However, the present study revealed that 
samples from PET had a higher point estimate of OR compared 
with those from FF samples. This phenomenon may primarily 
be due to the fact that PET is more easily contaminated than 
FF. Previous early studies reported that HPV DNA existed on 
fomites and various medical surfaces (84,85). Future studies 
should investigate the association between HPV and PCa, in 
which the aforementioned factors should be taken into account 
to acquire a more realistic result.

Numerous potential limitations should be acknowledged 
in the present meta-analysis. Firstly, PCa is multifactorial in 
etiology, the present meta-analysis was unable to analyze family 
history, diet, smoking or age, which were also risk factors of 
PCa, as few of these factors were recorded in the studies that 
were included. Secondly, a number of limitations also appeared 
in the detection method of HPV in prostatic tissue: i) Due to the 
high sensitivity of PCR, contaminated specimens may induce a 
false positive result, particularly in the earliest studies. Future 
studies should avoid contamination and record the quality 
control measures. ii) DNA detection could only determine the 
current infection status, if a pathogen infected a tissue using 
a hit-and-run mechanism (86), it may not be detected at the 
time of analysis. iii) The results may vary depending on the 
location of the tissue sampling. Finally, for the control group of 
the included studies, only one study mentioned that the partial 
normal prostate sample was obtained from autopsy (56) and the 
majority of the remaining studies included patients with benign 
prostate hyperplasia (BHP). BHP is the enlargement of the 
prostate gland by increased tissue mass in the transition zone of 
the prostate, a prevalent, chronic and progressive disease (87). 
Preliminary works reported that 11-44% of BHP progressed to 
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PCa within 7 years (88-90). HPV infection was also identified 
in the BHP tissue samples of the included studies. The present 
study acknowledged that transrectal ultrasound-guided biopsy 
of the prostate and identification by pathological examination 
were not 100% sensitive, and that cases of PCa may have 
been missed. It was not possible to obtain completely normal 
prostate tissues. Prostate‑specific antigen (PSA) testing offered 
the doctor an opportunity to screen asymptomatic patients; 
increased levels of serum PSA may indicate PCa. PSA moni-
toring should be undertaken in a monitoring period could assist 
in identifying PCa and BHP.

A lack of publication bias suggested that such an asso-
ciation is not an artifact of unpublished negative studies. 
Furthermore, the association between HPV infection and 
risk of PCa persists, and remains statistically significant in 
sensitivity analyses based on various exclusion criteria, which 
indicated that the results of the present study are robust.

The overall results of the present meta-analysis provided 
evidence that HPV infection significantly increased the 
risk of PCa. Tissue-based methods (such as PCR, in situ 
hybridization and immunohistochemistry) and serological 
assays (such as enzyme-linked immunosorbent assays and 
immunofluorescence detection) are basic approaches applied 
in current research. Further novel laboratory techniques 
should be performed to confirm the present findings, and the 
pathogenesis and prognostic role of HPV in PCa requires 
further investigation, which may lead to a novel horizon. The 
HPV vaccine, which has already been applied against cervical 
cancer, may be a novel approach to prevent PCa.
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