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Abstract

Background. Several studies have reported the presence of Epstein—Barr virus (EBV) in prostate car-
cinoma tissues and have investigated how EBV might contribute to prostate cancer (PCa) development.
To the best of our knowledge, no comprehensive systematic review and meta-analysis have been performed
to: 1) estimate the pooled prevalence of EBV in PCa, particularly in samples with high and low Gleason
scores; and 2) examine the association between EBV and PCa aggressiveness, measured using high-grade
and/or Gleason scores.

Objectives. This study aimed to achieve 2 primary objectives: 1) to estimate the pooled prevalence of EBV
in PCa; and 2) to determine the association between EBV infection and cancer aggressiveness, specifically
in relation to moderate-to-high Gleason scores (7 and above).

Materials and methods. PubMed, Embase, and Google Scholar were systematically searched forrelevant
observational studies on EBV and PCa from database inception through December 31, 2024. The quality
of the studies was assessed using the JBI criteria based on study design. A meta-analysis was conducted
using 9 and 4 studies, respectively, to estimate the pooled EBV prevalence and the association between EBV
infection and Gleason scores, along with 95% confidence and prediction intervals.

Results. Atotal of 9 studies were included in the analysis. The pooled EBV prevalence among 927 PCa samples
was estimated at 33% (95% confidence interval (95% CI): 16—52%; > = 94.17%), while EBV prevalence
in PCa samples with moderate-to-high (>7) and low (6) Gleason scores was 59% (95% CI: 21-92%;
I”=90.86%) and 34% (95% CI: 15-56%; I’ = 0.00%), respectively. Similarly, EBV presence in PCa samples
was associated with increased odds of moderate-to-high Gleason scores (odds ratio (OR) = 2.38, 95% CI:
1.82-3.13,17=0.00%, p = 0.002).

Conclusions. This study highlights EBV as a possible risk factor for aggressive prostate cancer (PCa). Ad-
ditional research is necessary to explore how EBV proteins contribute to P(a development.
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Highlights

(59%) compared to low-grade tumors (34%).

» EBV detected in prostate cancer: Meta-analysis shows Epstein—Barr virus (EBV) present in ~33% of prostate cancer
(PCa) cases, supporting a potential viral role in tumor biology.
+ Higher EBV prevalence in aggressive PCa: EBV was more frequently detected in tumors with Gleason scores >7

+ Association with tumor aggressiveness: EBV infection was significantly linked to increased odds of moderate-to-
high Gleason scores (OR = 2.38), suggesting a role in PCa progression.

+ Emerging viral biomarker potential: Findings highlight EBV as a possible risk factor and biomarker for aggressive
prostate cancer, warranting further mechanistic and clinical research.

Introduction

Globally, prostate cancer (PCa) ranks as the 2"¢ most fre-
quently diagnosed cancer and the 5™ leading cause of death
among men aged 55-65 years.!~® In 2020, it accounted for
approx. 43% of all cancers diagnosed in men, alongside lung
and colorectal cancers.* Based on GLOBOCAN 2020 data,
PCaaccounted for about 1.4 million new male cancer cases,
representing 15% of all cancers diagnosed in men.?

To support prognostic and treatment decisions, the In-
ternational Society of Urological Pathology (ISUP) and
the World Health Organization (WHO) adopted the Glea-
son grading system, combined with serum prostate-specific
antigen (PSA) levels, as the standard method for assessing
prostate adenocarcinoma.®~® The Gleason grading system
is based on histological tissue patterns, ranging from Glea-
son 1 to Gleason 5, with Gleason 1 indicating the most
differentiated histopathological pattern and a favorable
prognosis, while Gleason 5 signifies the least differentiated
tumor and a poor prognosis.’

A typical Gleason score consists of 2 numbers — the pri-
mary and secondary grades — assigned to different regions
of the tumor. These 2 numbers are combined to produce
a final score between 6 and 10. For example, a score of 3
+ 3 = 6 means the tumor is entirely composed of grade 3
features, while a score of 5 + 5 = 10 indicates the tumor
is entirely grade 5.°

The oncogenesis of PCa can be attributed to various ge-
netic, environmental, and acquired factors. Several viruses
have been demonstrated to infect prostate tissue, including
cytomegalovirus (CMV), herpes simplex virus 2 (HSV-2),
human papillomavirus (HPV), Kaposi’s sarcoma-associated
herpesvirus (KSHV), and Epstein—Barr virus (EBV), which
are notably associated with the progression of PCa.10-12

Several studies have reported varying prevalence rates
of EBV in prostate carcinoma tissues and have investigated
how EBV might contribute to PCa development. Addition-
ally, analysis of the EBV latency profile has shown that EBV
exhibits an “II/III-like” latency pattern in PCa tissues.!?

Similarly, other studies examining the link between EBV
and PCa have found that patients with a history of infec-
tious mononucleosis (caused by EBV) exhibit a significant

trend toward an increased risk of developing PCa.'* Fur-
thermore, EBV infection- and latency-related gene expres-
sion has been associated with the survival of precancerous
cells with anti-apoptotic properties, which may promote
PCa progression. 115

One study analyzing PCa tissues with and without EBV
revealed significantly higher primary and total Gleason
scores in tissues infected with EBV.13

Objectives

To the best of our knowledge, no comprehensive sys-
tematic review and meta-analysis have been conducted
to: 1) estimate the pooled prevalence of EBV in PCa, par-
ticularly in samples with high and low Gleason scores; and
2) examine the relationship between EBV infection and
PCa aggressiveness, assessed through high-grade and/or
Gleason scores. An earlier study by Jafari-Sales et al.!® ex-
amined the presence of EBV in PCa; however, its scope was
limited, focusing only on the percentage of EBV-positive
PCa samples and the prevalence of EBV in PCa by region.
It did not evaluate the relationship between EBV status and
clinicopathological parameters, including tumor grade.

In contrast, the present study applies formal meta-an-
alytic methods to quantify the pooled prevalence of EBV
in PCa and to evaluate its association with Gleason grade
as a marker of tumor aggressiveness.

Methodology

This study was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines for reporting system-
atic reviews and meta-analyses (Fig. 1).I” The study used
the PICO framework, where the Population (P) was PCa pa-
tients, the Exposure (E) was PCa samples with EBV infection,
the Comparison (C) was PCa samples without EBV infection,
and the Outcome (O) was increased PCa aggressiveness.!8

The study protocol was registered in the PROSPERO
database (registration No. CRD42024594565).
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Search strategy

For this systematic review and meta-analysis, a compre-
hensive search was conducted in the PubMed, Embase,
and Google Scholar (for gray literature) databases using
the keywords “EBV,” “prostate cancer,” and “progression,”
or “aggressiveness” (Table 1) to identify articles from da-
tabase inception through December 31, 2024.

The Google Scholar search was limited to the first
200 results (approx. 20 pages). Additionally, references
from the shortlisted articles and the articles citing them
were reviewed to identify any missed citations. The search
was performed without language restrictions, including
articles in all languages and from all regions.

Eligibility criteria and selection of studies
This study included only original observational research
(cross-sectional, case-control, and cohort studies) that re-

ported data on PCa, EBV presence or absence, and cancer

Table 1. Search strategy

Database |

PubMed

(‘epstein-barr virus'OR ‘ebv’ OR ‘epstein-barr’) AND (‘prostate cancer’ OR ‘prostate cancer’ OR ‘prostatic neoplasms’' OR ‘prostate
carcinoma’) AND (incidence’ OR ‘severity’ OR ‘progression’ OR ‘prognosis’ OR ‘aggressiveness’) (‘epstein-barr virus' OR ‘ebv’ OR ‘epstein-
barr’) AND (‘prostate cancer’ OR ‘prostate cancer’ OR ‘prostatic neoplasms’ OR ‘prostate carcinoma’) AND (incidence’OR ‘severity’ OR

‘progression’ OR ‘prognosis’ OR ‘aggressiveness’)

aggressiveness (e.g., Gleason scores). Studies lacking any
of these data were excluded. Similarly, narrative reviews, sys-
tematic reviews, meta-analyses, case reports, and similar pub-
lications were also excluded. Articles from PubMed, Embase,
and Google Scholar were imported into EndNote X7 (Clari-
vate Analytics, Philadelphia, USA), where duplicates were
removed. The titles and abstracts of the remaining articles
were manually screened, and those that did not meet the eli-
gibility criteria were excluded. Full texts were then retrieved,
and articles without full text were also excluded (Fig. 1).

The final set of studies was used for data extraction. Two
authors (S.H.A. and Z.0.) performed the search and data
extraction, resolving disagreements through discussion with
a 3" author (R.B.) and reaching mutual agreement.

Critical appraisal of studies
Since the studies included in our analyses were either

cross-sectional or case-control, the Joanna Briggs Insti-
tute (JBI) checklist for cross-sectional and case-control

Search string

(lepstein-barr virus'/exp OR ‘epstein-barr virus'OR ‘ebv’/exp OR ‘ebv’ OR ‘epstein-barr’) AND (‘prostate cancer’/exp OR ‘prostate cancer’

OR ‘prostatic neoplasms'/exp OR ‘prostatic neoplasms’'OR ‘prostate carcinoma'/exp OR ‘prostate carcinoma’) AND (incidence’/exp OR

incidence OR 'severity'/exp OR severity OR ‘progression’/exp OR progression OR ‘prognosis’/exp OR prognosis OR ‘aggressiveness'’/exp
OR aggressiveness)

Embase

(“Epstein-Barr virus”"OR EBV) AND (“prostate cancer” OR “prostatic neoplasms” OR “prostate carcinoma”) AND (incidence OR severity OR

Cee I dIBE progression OR prognosis OR aggressiveness)

[ Identification of studies via datab and registers J [ Identification of studies via other methods J
§ | | Records identified from: Records removed before
§ Medline via PubMed scroening: v Records identified from:
2 =55 : o . _
S1| Emvasein=142) Dupiicate records Google Schatar (- 200)
E removed (n = 46) 9 B
Records screened Records excluded
(n=151) (n =136)
o Reports sought for Reports not retrieved Reports sought for Duplicate records
£ retrieval (n = 15) n=1) retrieval (n = 153) removed (n =47)
] !
3
Reports assessed for Reports excluded: Reports assessed for
eligibility (n = 14) Does not meet eligibility and included in ”| Reports excluded:
eligibility criteria (n = 5) final analysis (n = 1) Did not meet the
Study based on same inclusion criteria (n = 152)
samples but did
— differentanalysis (n = 1)
) Fig. 1. PRISMA (Preferred
e Studies included in the review (n = 9): 8 from databases Reporting Items for
2 grt]d; from IGZ°Z'? ?:ho'a; veis: booled | Systematic reviews
e Studiesincluded in the meta-analysis: pooled prevalence -
2 estimation (n = 9) and Meta /-\nalxses)
£ e Studies included in the meta-analysis: EBV association flowchart showing
with Gleason’s score (n =4); 5 did not have Gleason’s screening and selection
J score data of studies




studies was used to appraise the shortlisted studies.!*20
The JBI checklist assesses the methodological quality and
risk of bias for each study, using 8 domains/questions
for cross-sectional studies and 10 domains/questions for
case-control studies. In our analysis, studies scoring above
70% were classified as high-quality, whereas those scor-
ing between 50% and 70% were designated as medium
quality.2!

Data extraction

From the selected studies, data on study authors, study
dates, design, location, sample types, total samples (cancer
and control), total cancer samples, total control samples,
and EBV status in both cancer and control samples (when
available) were extracted. Additionally, since Gleason
scores were the only marker of cancer aggressiveness re-
ported across all included studies, data on Gleason scores
in cancer and control samples, with and without EBV, were
also extracted and recorded. The data were then organized
in a Microsoft Excel 2013 (Microsoft Corp., Redmond,
USA) spreadsheet for further analysis.

Study outcomes

This study aimed to achieve 2 primary outcomes:
1) to estimate the pooled prevalence of EBV in PCa; and
2) to determine the association between EBV infection and
cancer aggressiveness, specifically in relation to moderate-
to-high Gleason scores (7 and above).

Data synthesis

In this meta-analysis, EBV prevalence was defined
as the proportion of PCa samples that tested positive for
EBV divided by the total number of PCa samples. The prev-
alence was expressed as a percentage. All meta-analysis
results were presented in a forest plot.

Next, the study estimated the association between EBV
status and the presence of: 1) moderate-to-high Gleason
scores; and 2) low Gleason scores in PCa tissues. For these
analyses, pooled odds were calculated by combining stud-
ies with EBV status and Gleason score data. A continuity
correction (treatment arm continuity correction) was ap-
plied to address studies with zero cells in 2 x 2 tables.

For all analyses, a random-effects model with restricted
maximum likelihood (REML) was used to account for het-
erogeneity between studies. The 95% confidence interval
(95% CI) was estimated using the Knapp—Hartung adjust-
ment for standard errors (SEs). Similarly, the 95% predic-
tion interval was calculated to estimate the range of EBV
prevalence or odds ratio (OR) in PCa if new studies are
conducted under similar conditions.??

The OR, 95% CI, and 95% prediction interval were es-
timated as described above. In all analyses, study het-
erogeneity was assessed using the tau-squared value (%),
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I2 statistic, and Cochran’s Q test. Since the total number
of studies in the meta-analyses was fewer than 10, publica-
tion bias was not assessed.??

The subgroup analysis was conducted to estimate
the pooled EBV prevalence in PCa tissues: 1) with mod-
erate-to-high Gleason scores; 2) with low Gleason scores;
and 3) in normal prostate tissues. To assess the influence
of individual studies on the overall results of the meta-
analysis, an omit-one-study (OOS)?* sensitivity analysis
was performed using the statistical parameters described
above. The meta-analysis was performed using Stata v. 19.0
(StataCorp, College Station, USA). In all analyses, p < 0.05
was considered statistically significant.

Results
Study selection

A total of 197 records (55 from PubMed and 142 from
Embase) were retrieved. Of these, 46 duplicate records
were excluded, and the titles and abstracts of 151 studies
were further screened.

Of the 151 studies, 14 full-text articles were obtained,
while the others were excluded due to irrelevance or un-
availability of full texts (Fig. 1). After full-text screening,
6 studies were excluded: 5 did not meet the inclusion crite-
ria, and 1 used the same samples but performed a different
analysis. Additionally, a search of gray literature using
Google Scholar yielded 200 records, of which 199 were
excluded because they were duplicates, did not meet the in-
clusion criteria, or used the same samples but with differ-
ent analyses. In total, 9 studies?®~33 meeting the eligibility
criteria were selected for further analysis.

Study characteristics

Of the 9 selected studies, 4 were cross-sectional and
5 were case-control (Table 2).2>-33 The critical appraisal
of cross-sectional studies showed that 3 studies scored 75%
and 1 scored 62.5%, indicating moderate to high method-
ological quality and a potentially low risk of bias (Table 2).
Similarly, the appraisal of case-control studies showed that
3 studies were of high quality (score 70%), while 2 were
of moderate quality (score 60%), indicating a generally
low risk of bias across these studies (Table 2). The pub-
lication dates of the 9 selected studies?*33 ranged from
2002 to 2024. The studies were conducted in Pakistan,
China, the USA, Iraq, Morocco, Iran, Poland, and Australia
(Table 3).25-33 Four studies included fresh prostate tumor
and/or normal samples; 3 used formalin-fixed paraffin-
embedded tissue; and 2 only mentioned prostate or normal
samples without indicating whether they were fresh or fro-
zen (Table 3). Similarly, 6 studies used polymerase chain
reaction (PCR), 2 used immunohistochemistry (IHC), and
1 analyzed RNA sequencing data to detect EBV in PCa
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Table 2. Critical appraisal of the shortlisted studies based on the Joanna Briggs Institute (JBI) tool for cross-sectional and case-control studies. The upper
and lower sections of the table present cross-sectional and case-control studies, respectively. Q1-Q8 for cross-sectional studies and Q1-Q10 for case-
control studies represent the questions used in the JBI tool to assess study quality and risk of bias (see table footnote). A maximum of 1 point can be
awarded for each question. The second-to-last (sum) and final (%) columns display the total scores and the overall percentage achieved by each study

Q9 Q10 Sum

Whitaker et al. Cross- 1 0 1 1

(2013)% sectional

Mezher and Auda case- 0 0 1 1

(2017)% control

Sikora etal. (20247 ¢ 1 1 1 1
control

Sfanos et al. Cross- 1 . 1 1

(2008)%8 sectional

Nahand et al. case- 0 1 1 1

(2021)% control

Grinstein et al. case-

2002)3%° control 0 0 ! !

Chen and Wei Cross- 1 . 1 1

(2015)% sectional

Mharrizch etal. case- 0 0 1 1

(2024) control

Ahmed et al. Cross- 1 . 1 1

(2022)* sectional

0 1 1 = = 5 62.5
1 0 1 1 0 6 60
0 0 1 1 1 7 70
0 1 1 - - 6 75
0 0 1 1 1 7 70
0 0 1 1 1 6 60
0 1 1 = = 6 75
1 0 1 1 1 7 70
0 1 1 = = 6 75

Questions for cross-sectional studies:

1) Were the criteria for inclusion in the sample clearly defined?

2) Were the study subjects and the setting described in detail?

3) Was the exposure measured in a valid and reliable manner?

4) Were objective, standard criteria used to measure the condition?
5) Were confounding factors identified?

6) Were strategies to address confounding factors stated?

7) Were the outcomes measured in a valid and reliable manner?

8) Was appropriate statistical analysis used?

Questions for case-control studies:

1) Were the groups comparable other than the presence of disease in cases or the absence of disease in controls?

2) Were cases and controls appropriately matched?

3) Were the same criteria used to identify cases and controls?

4) Was exposure measured in a standard, valid, and reliable manner?
5) Was exposure measured in the same way for cases and controls?
6) Were confounding factors identified?

7) Were strategies to address confounding factors stated?

8) Were outcomes assessed in a standard, valid, and reliable manner for cases and controls?

9) Was the exposure period of interest long enough to be meaningful?
10) Was appropriate statistical analysis used?

samples (Table 3). In total, 927 samples were analyzed.
Overall, EBV was detected in PCa samples at varying per-
centages (Table 3). About half of the studies found EBV-
positive PCa linked to higher Gleason scores, indicating
more aggressive cancer (Table 3).

Epstein-Barr virus prevalence in prostate
cancer samples

Epstein-Barr virus prevalence across all prostate
cancer samples

Of the 9 studies examining EBV presence in PCa sam-
ples, the pooled prevalence was estimated at 33% (95% CI:
16-52%; Fig. 2). Measures of heterogeneity indicated

high variability among studies (t? = 0.23; 12 = 94.17%;
p < 0.001). The 95% prediction interval for the overall
prevalence ranged from 0% to 88.9%, indicating that
future studies are likely to report prevalence estimates
within this range.

To evaluate the effect of individual studies, an OOS
sensitivity analysis was performed, showing prevalence
estimates ranging from 30.9% to 38.6%. The overlap-
ping 95% ClIs indicated that no individual study signifi-
cantly influenced the pooled prevalence (Supplementary
Table 1). Publication bias could not be assessed because
fewer than 10 studies were included in the meta-anal-
ysis. To investigate potential sources of heterogeneity
(I2 > 75%), we conducted several prespecified subgroup
analyses based on clinical characteristics and method-
ological factors. Studies were categorized by geographic
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Fig. 2. Forest plot showing pooled Epstein—Barr virus (EBV) in prostate cancer (PCa) samples. The figure shows the number of PCa samples with EBV
(number of successes), the total sample, the proportion of EBV with a 95% confidence interval (95% Cl) for each study, and the weight of each study
contributed to the overall analysis. Blue squares and lines also show the proportion and 95% Cl. The overall proportion and 95% Cl are indicated with

a green diamond and a green line, respectively. The figure also shows values for the heterogeneity tests and details of the parameters used to perform

the meta-analysis

region (Western, Middle East/Africa, or East Asia), de-
tection method (PCR, IHC, RNA-Seq), tumor grade
(high Gleason grade and mixed/low grade), sample type
(fresh, frozen vs formalin-fixed and paraffin-embedded
(FFPE) and study design (case-control and cross-sec-
tional). The between-group variance was assessed us-
ing Cochran’s Q test (Qb), with a p < 0.050 indicating
a statistically significant difference between subgroups
(Table 4). Subgroup analysis showed that geographic re-
gion was a significant driver of this variation (p = 0.013),
with the highest prevalence observed in the Middle East
and Africa (40.7%; 12 = 94.64%) and the lowest in East
Asia (7%). Furthermore, the detection method signifi-
cantly influenced the reported prevalence (p = 0.040),
with PCR-based studies reporting a much higher pooled
estimate (42.6%; I2 = 95.56%) than IHC or RNA-Seq. No-
tably, heterogeneity decreased to 77.97% within the IHC
subgroup. However, the estimates should be interpreted
with caution due to the small number of studies in each
analysis. No significant differences were observed when
subgrouping by Gleason grade (p = 0.456), sample type
(p = 0.090), or study design (p = 0.265). The OOS sensi-
tivity analysis showed that the pooled prevalence esti-
mates were not influenced by any individual study across
the subgroups (Supplementary Table 2).

Epstein—Barr virus prevalence in prostate cancer
samples with moderate-to-high (7 and above) and low
(6) Gleason scores

This subgroup analysis was conducted using 5 and 4 stud-
ies, respectively, as the remaining studies lacked Gleason
score data. The pooled EBV prevalence in PCa samples
with moderate-to-high (7 and above) Gleason scores was
estimated at 59% (95% CI: 21-92%; Supplementary Fig. 1).
The heterogeneity measures indicated substantial inter-
study variability (12 = 0.28; I2 = 90.86%; Q = 0.000). The 95%
prediction interval for pooled prevalence ranged from 0%
to 100%. The OOS sensitivity analysis indicated that EBV
prevalence ranged from 49.2% to 64.1% in PCa samples
with moderate-to-high Gleason scores, with overlapping
95% Cls (Supplementary Table 4), suggesting that no indi-
vidual study disproportionately influenced the pooled EBV
prevalence. A subgroup analysis was performed due to high
heterogeneity in the pooled prevalence across samples with
moderate-to-high (7 or above) Gleason scores. The studies
were categorized based on geographic region (Western,
Middle East/Africa, or East Asia), detection method (PCR
vs IHC/RNA-Seq), tumor grade (high Gleason grade/as-
sociated vs mixed/low grade), sample type (fresh/frozen vs
FFPE), and study design (case-control vs cross-sectional)
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Table 4. Subgroup analyses to identify the source of heterogeneity in the pooled prevalence estimates

Number o A .
Subgroup category of studies Pooled prevalence (95% Cl) ‘ 12 [%] p-value (Qb)
Western 4 35.3% (12.7-57.8%) 97.55
fe‘;?gr:aph'c ME/Africa 4 40.7% (18.9 ~62.4%) 94,64 0013*
East Asia 1 7.0% (0.00-20.6%) -
PCR 6 42.6% (25.7-59.4%) 95.56
Detection IHC 2 15% (7.0-22.0%) 77.97 0.040%
method
RNA-Seq 1 7% (1.0-31.0%) -
low/NR 5 29.5% (9.0-49.9%) 94.45
Gleason grade 0456
high grade/association 4 40.8% (19.2-62.5%) 94.91
fresh 4 31% (1.0-61.0%) 97.40
Sample type frozen 2 50% (43.0-58.0%) 0.00 0.090
FFPE 3 29% (7.0-50.0%) 87.15
cross-sectional 4 25.6% (2.7-48.4%) 96.18
Study design 0.265
case-control 5 42.1% (24.1-60.1%) 91.77

ME — Middle East; PCR — polymerase chain reaction; IHC — immunohistochemistry; RNA-seq — RNA sequencing; FFPE — formalin-fixed paraffin-embedded tissue.

(Supplementary Table 3). The analysis indicated possible
differences in EBV prevalence across geographic regions
(p = 0.030), with a pooled prevalence of 46% (I*> = 94.2%)
in the Middle East and Africa. Sample type also signifi-
cantly influenced prevalence (p < 0.001), with FFPE show-
ing a pooled prevalence of 35% (I = 97.12%). No significant
differences were observed by detection method (p = 0.120).

These results should be interpreted cautiously because
many subgroups included only a single study, which does
not constitute a true pooled estimate, and heterogeneity
was high in some subgroups (I up to 97%). Conversely,
the difference attributable to study design was more ro-
bust (p < 0.001), with case-control studies showing a much
higher prevalence (64%; I> = 80.52%) than cross-sectional
studies (34%; I2 = 0.00%).

Similarly, the pooled EBV prevalence in PCa samples
with low (6) Gleason scores was estimated at 34% (95% CI:
15-56%; Supplementary Fig. 1), with no evidence of in-
ter-study heterogeneity (1* = 0.00; I? = 0.00%; Q = 0.26).
The 95% prediction interval for pooled prevalence ranged
from 9.2% to 63.8%. It is important to note that, since only
4 studies were included in this meta-analysis, publication
bias could not be assessed.

Epstein-Barr virus prevalence
in normal prostate samples

This subgroup analysis was conducted using 5 stud-
ies that analyzed the presence of EBV in normal pros-
tate samples. The pooled EBV prevalence was estimated
at 17% (95% CI: 6—39%; Supplementary Fig. 1), with low
inter-study heterogeneity (1> = 0.27; I2 = 37.08%; Q = 0.17).
The 95% prediction interval for pooled prevalence ranged
from 0% to 88.9%. It is important to note that, since only
5 studies were included in this meta-analysis, publication
bias could not be assessed.

Association of EBV with prostate cancer
aggressiveness

Next, the association between EBV and PCa aggressive-
ness was examined. Only 4 studies were included in this
analysis, as the study by Mezher and Auda?® lacked data
on Gleason scores in EBV-negative PCa samples.

The results suggested that the presence of EBV in PCa
samples was associated with higher odds of moderate-
to-high Gleason scores (summary OR: 2.38, 95% CI:
1.82-3.13; p = 0.002; Fig. 3). Measures of heterogeneity did
not indicate inter-study variability (t2 = 0.00; 12 = 0.00%;
Q = 0.97), likely due to the limited number of studies.
The 95% prediction interval for the overall OR ranged
from 1.65 to 3.44.

Additionally, the association between EBV and low
Gleason scores was examined. The results indicated that
EBV presence in PCa samples was associated with lower
odds of low (6) Gleason scores (summary OR: 0.42, 95% CI:
0.32—-0.55; p = 0.002; Supplementary Fig. 2). Heterogeneity
measures did not suggest inter-study variability (t? = 0.00;
12 = 0.00%; Q = 0.97). The 95% prediction interval for
the pooled OR ranged from 0.29 to 0.61. It is important
to note that, since only 4 studies were included in this
meta-analysis, publication bias could not be assessed.

Discussion

This systematic review and meta-analysis aimed to es-
timate the pooled prevalence of EBV in PCa tissues and
to explore the potential link between EBV infection and
PCa aggressiveness. Epstein—Barr virus has previously
been associated with several cancers, most notably na-
sopharyngeal and gastric carcinomas,3* where chronic
EBV infection, together with host and environmental
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Fig. 3. Forest plot showing odds of moderate-to-high Gleason and Epstein—Barr virus (EBV) status of the prostate cancer (PCa) samples. The figure shows
the number of PCa samples with moderate to high Gleason’s score (7 or higher) and EBV-positive or -negative status, the odds ratios (ORs) with 95%
confidence intervals (95% Cls) for each study, and the weight of each study in the overall analysis. Blue squares and lines also show the ORs and 95% Cl.
The summary (overall) OR and 95% Cl are indicated with green diamonds and lines, respectively. The figure also shows the results of the heterogeneity

tests and the details of the parameters used in the meta-analysis

factors, contributes to cancer progression.3>3¢ Within this
broader oncogenic context, the present findings provide
quantitative evidence that EBV is commonly identified
in PCa tissues, thereby emphasizing the need for further
research into its role in prostate tumor biology and disease
progression.

Our analysis estimated a pooled prevalence of EBV in
PCa tissue at 33% (95% CI: 16—52%). Substantial hetero-
geneity was observed (I = 94.1%), indicating considerable
variation across studies, which may be attributed to dif-
ferences in study location, detection methods, sample
type, or study precision.?” However, sensitivity analysis
(OOS) yielded pooled prevalence estimates within a nar-
row range (30—39%), with overlapping 95% Cls, suggesting
that no individual study significantly influenced the over-
all estimate.?633

Although PCa is not typically considered to be driven
by EBV, the grade-dependent enrichment observed in this
study is consistent with patterns reported in other EBV-
associated epithelial cancers. The EBV-PCa relationship
remains poorly characterized. Unlike in lymphoid and
other epithelial cancers, studies have reported a wide range
of EBV prevalence in PCa tissues (8—64%),2°~33 with only
1 study noting a higher prevalence of EBV in prostate
tissue than in matched peripheral blood samples from
the same patients.3? One important yet unresolved ques-
tion in this field is how EBV infects PCa tissues. Several
mechanisms have been proposed for EBV entry into epi-
thelial cells. Current evidence supports a model where
viral entry occurs via fusion of the viral envelope with
the host cell membrane, mediated primarily by EBV gly-
coproteins gB and the gH/gL complex.38 In epithelial cells,

gH/gL interacts with integrins such as avp5, avfp6, and
avp8, facilitating membrane fusion and viral entry.>® Given
that prostate epithelial cells express integrins, including
avp6 and avfB8, particularly in malignant or inflamma-
tory states, it is biologically plausible that these cells are
permissive to EBV entry.%0

In established EBV-associated malignancies, EBV posi-
tivity is consistently associated with higher-grade tumors,
altered differentiation patterns, and adverse pathological
features, suggesting a relationship between viral presence
and aggressive disease phenotypes.* In PCa, tumor aggres-
siveness is commonly assessed using the Gleason grading
system.*?

Our analysis showed a higher pooled prevalence of EBV
in PCa tissues with moderate-to-high Gleason scores (59%,
95% CI: 21-92%) compared to low Gleason score tumors
(34%, 95% CI: 15—56%) and normal prostate samples (17%,
95% CI: 6—-39%). Our analysis further demonstrated that
EBV detection rates increase across tumor grades, support-
ing a grade-dependent relationship rather than a uniform
distribution of viral presence across PCa subtypes.

Among the studies included in the meta-analysis, higher
EBV viral loads and antibody titers were reported in pa-
tients with higher Gleason scores,?®% providing additional
support for the pattern identified in our analysis. These
findings, combined with the pooled ORs from our study,
suggest that EBV detection in PCa may be linked to more
aggressive tumors rather than representing incidental
background infection.?%%°

In EBV-related cancers, such as nasopharyngeal carci-
noma, viral persistence is associated with aggressive tumor
behavior.*! However, these findings should be interpreted
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with caution because the pooled OR was based on unadjusted
estimates, as adjusted ORs were inconsistently reported.
The observed association may also be influenced by con-
founders such as small sample sizes, differences in EBV de-
tection methods, and variability in diagnostic criteria.

Emerging molecular evidence provides a plausible bio-
logical explanation for the observed EBV enrichment
in higher-grade PCa, as identified in this meta-analysis.
A study examining EBV latency in PCa tissue identified
a latency II/I1I-like profile, consistent with expression
patterns associated with oncogenic activity in other EBV-
related epithelial malignancies.

Additionally, 1 study demonstrated that EBV-positive
PCa tissues exhibit higher expression levels of vimentin,
a key marker of epithelial-mesenchymal transition, al-
tered expression of several oncomiRs (including miR-146b,
miR-183-3p, miR-196a, and miR-126) and oncogenes (such
as AR, CDH1, and CDC20), as well as reduced CD3* lym-
phocytic infiltration, implying a more aggressive and
immunosuppressive tumor microenvironment.!® Fur-
thermore, a clinical study found that patients with EBV-
positive PCa exhibited higher EBV antibody levels and
viral loads, which correlated with higher Gleason scores.*
Experimental evidence from prostate and other epithelial
tissues suggests that EBV latent gene expression may sup-
port the survival of premalignant cells, thereby promoting
genomic instability and disease progression.44°

EBV/HPV co-infection has also been shown to contribute
to PCa development by increasing the expression of anti-
apoptotic molecules such as survivin and Bcl-2, inflamma-
tory mediators including nuclear factor kappa B (NF-«B),
tumor necrosis factor alpha (TNF-a), interleukin (IL)-6,
IL-17, reactive oxygen species (ROS), and anti-anoikis fac-
tors such as N-cadherin and Twist.25,* The EBV/HPV
co-infection has further been shown to promote chronic
inflammation and facilitate immune evasion, creating
a microenvironment that supports cell proliferation, an-
giogenesis, metastasis, and resistance to apoptosis.?

Taken together, it is biologically plausible that the ex-
pression of EBV latent proteins in prostate tissue could
contribute to tumor progression and higher Gleason
grades,?”31-33 although direct evidence supporting this
mechanism in PCa remains limited.

Limitations of the study

We acknowledge limitations regarding the generaliz-
ability and quality of evidence in our analysis. First, this
meta-analysis considered only the Gleason score as an in-
dicator of PCa progression. While the Gleason score
is a significant marker, other factors, such as PSA levels
and dysregulation of tumor suppressors or oncogenes, also
influence tumor aggressiveness. However, since most exist-
ing studies focused solely on the Gleason score, we used
it as the primary marker. Second, this study included
only 9 and 4 studies, which may limit the generalizability
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and statistical robustness of the findings and increase
uncertainty around the pooled results. Additionally, be-
cause the meta-analysis included <10 studies, publication
bias could not be assessed.?? Due to the limited number
of published studies in this area, the results may also be
affected by publication bias arising from the geographical
clustering of the papers,*”*8 which could result in an over-
representation of data from specific regions, reflecting
local epidemiological trends, healthcare access, and di-
agnostic methods rather than providing a global view.
This ultimately restricts the applicability of the findings
and highlights the need for larger, multi-regional studies
to confirm EBV infection in PCa across diverse popula-
tions. The presence of confounders, discussed above, may
affect the reliability of the analysis and increase the risk
of bias and study heterogeneity. Therefore, the findings
should be interpreted with caution.

Conclusions

This study provides support for a potential link between
EBV infection and PCa aggressiveness and highlights
the need for further research into underlying mechanisms.
Future research should focus on the following key areas:
1) conducting statistically robust epidemiological stud-
ies with large sample sizes to determine the prevalence
of EBV in PCa tissues and its association with tumor ag-
gressiveness; 2) investigating the localization of EBV within
PCa tissues; 3) examining how EBV genes and proteins,
particularly latency-associated proteins, influence tumor
progression; and 4) exploring the potential of EBV infec-
tion as a prognostic biomarker for aggressive PCa. A deeper
understanding of these mechanisms may improve our
knowledge of the complex processes underlying prostate
carcinogenesis and may also have therapeutic implications.

Supplementary data

The supplementary files are available at https://doi.
org/10.5281/zenodo.19183381. The package contains
the following files:

Supplementary Table 1. OOS sensitivity analysis assess-
ing the effect of omitting each included study on pooled
EBYV prevalence. Each row presents the omitted study,
the proportion, the 95% CI, and the heterogeneity measure
(I?) for EBV in PCa tissues after exclusion.

Supplementary Table 2. OOS sensitivity analysis assess-
ing the effect of omitting each included study on pooled
EBV prevalence across subgroups. Each row presents
the omitted study, the proportion, and the 95% CI for EBV
in PCa tissues after exclusion.

Supplementary Table 3. Subgroups based on high Glea-
son grade (Gleason 7 and above).

Supplementary Table 4. OOS sensitivity analysis assess-
ing the effect of omitting each included study on pooled
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EBV prevalence in PCa samples with moderate-to-high
Gleason scores (7 and above). Each row presents the omit-
ted study, the proportion, and the 95% CI for EBV in PCa
tissues after exclusion.

Supplementary Fig. 1. Forest plots of pooled EBV preva-
lence in prostate tissue, stratified by Gleason grade and
normal controls. A. PCa with moderate-to-high Gleason
scores (>7); B. PCa with low Gleason scores (<6); C. normal
prostate samples. For each study, the number of EBV-pos-
itive samples, total sample size, and study-specific preva-
lence with 95% Cls are shown. Study weights are indicated
by square size, and horizontal lines represent 95% Cls.
The pooled prevalence estimate is shown as a diamond.
Heterogeneity statistics and meta-analytic parameters are
reported within each panel.

Supplementary Fig. 2. Forest plot showing the associa-
tion between low Gleason score and EBV status in PCa
samples. The figure displays the number of PCa samples
with low (6) Gleason scores, their EBV-positive and EBV-
negative status, the ORs with 95% Cls for each study,
and the contribution weight of each study to the overall
analysis. Blue squares and lines represent the ORs and
their 95% CIs. The overall (summary) OR and 95% CI
are indicated by green diamonds and lines, respectively.
The figure also includes heterogeneity statistics and details
of the meta-analytic parameters.
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