BIOHORIZONS

JOURNAL OF BIOMEDICAL AND HEALTH SCIENCES

VOLUME 1

ORAL MEDICINE & CRANIOFACIAL SCIENCES

Oral and Craniofacial Sciences

Biomedical research and clinical evidence

ISAIS SCIENTIFIC PUBLISHING INAUGURAL VOLUME



B BIOHORIZONS

JOURNAL OF BIOMEDICAL AND HEALTH SCIENCES

Contents

Volume 1 - 2026

Systematic review and meta-analysis

Human papillomavirus in oral potentially malignant disorders: a systematic review and

meta-analysis of lesion-associated specimens with a framework for clinical interpretation

Mauricio Lopez-Garcia',? - Virginia Sanchez-Monroy? - Rodolfo David Mayen-Quinto?

Pages 1-20 - Four tables - Four figures

BIOHORIZONS - Journal of Biomedical and Health Sciences. Published by ISAIS Scientific Publishing. Supporting
materials accompany the article online. Article pagination is independent of the front matter.



B BIOHORIZONS

JOURNAL OF BIOMEDICAL AND HEALTH SCIENCES

Foreword

The first volume of BIOHORIZONS brings together biomedical and health sciences research with a focus on what the
evidence supports and where its limits lie. The Oral Medicine & Craniofacial Sciences section opens this volume with a
systematic review and meta-analysis of human papillomavirus in oral potentially malignant disorders.

The article by Mauricio Lopez-Garcia, Virginia Sdnchez-Monroy and Rodolfo David Mayen-Quinto distinguishes
molecular detection, lesion attribution and viral activity. Its tables, figures and supporting materials allow readers to
follow the analytical decisions and examine the interpretation of the findings.

This volume provides the full article alongside its supporting resources. Readers can examine the study conclusions and
limitations together with the synthesis data and analysis code.



-B BIOHORIZONS VOLUME 1 - 2026

JOURNAL OF BIOMEDICAL AND HEALTH SCIENCES

ORAL MEDICINE & CRANIOFACIAL SCIENCES - SYSTEMATIC REVIEW AND META-ANALYSIS

Human papillomavirus in oral potentially malignant disorders: a
systematic review and meta-analysis of lesion-associated
specimens with a framework for clinical interpretation

Mauricio Lopez-Garcia',”> - Virginia Sanchez-Monroy? - Rodolfo David Mayen-Quinto®

" Unidad de Especialidades Odontoldgicas, Secretaria de la Defensa Nacional, Avenida Industria Militar 1113-A, Lomas de San Isidro, Miguel
Hidalgo, 11200 Mexico City, Mexico.

2 Escuela Superior de Medicina, Instituto Politécnico Nacional, Plan de San Luis and Salvador Diaz Mirén s/n, Casco de Santo Tomas, Miguel
Hidalgo, 11340 Mexico City, Mexico.

3 Escuela Militar de Graduados de Sanidad, Secretaria de la Defensa Nacional, Batalla de Celaya 202, Lomas de Sotelo, Miguel Hidalgo, 11200
Mexico City, Mexico.

Correspondence: Virginia Sanchez-Monroy

Escuela Superior de Medicina, Instituto Politécnico Nacional

Plan de San Luis and Salvador Diaz Mirdn s/n, Casco de Santo Tomas, Miguel Hidalgo, 11340 Mexico City, Mexico
Email: vsanchezm@ipn.mx

ORCID: 0000-0003-1969-1342

Abstract

Objectives
To estimate pooled molecular positivity for any human papillomavirus (HPV) in lesion-attributable specimens from oral potentially
malignant disorders (OPMDs) and interpret findings by genotype, specimen, detection method, and viral activity.

Materials and Methods

Studies published from January 2019 to June 3, 2026 were reviewed. The meta-analysis required one independent estimate per
study, lesion-directed sampling, a separable numerator and denominator, and any-HPV detection using consensus primers or broad
panels. Logit-transformed proportions were pooled with a random-effects model and restricted maximum-likelihood estimation.

Results

Twenty-seven studies were included; 10 contributed 137 HPV-positive among 1,002 evaluable units. Pooled positivity was 15.7%
(95% CI, 6.60-32.87; 95% prediction interval, 0.54—86.35; I? = 92.2%). Sensitivity estimates ranged from 11.4% to 21.2%.
Eighteen studies yielded 357 genotype-detection events; HPV16 and HPV 18 accounted for 68.3%. Twenty-five studies used
lesion-associated specimens and 25 used DNA-based primary outcomes; one assessed transcription by RNA-ISH.

Conclusions

Molecular HPV detection in OPMDs is variable and method-dependent. The pooled estimate is not a uniform prevalence and does
not establish oncogenic activity. Separating DNA presence, lesion attribution, and functional evidence limits unsupported causal
inference.

Clinical Relevance
An isolated positive HPV DNA result is complementary. Diagnosis, dysplasia grading, and follow-up remain the basis of

management; tissue localization or transcriptional testing should be reserved for a defined clinical or research question.

Keywords

Human papillomavirus; oral potentially malignant disorders; oral leukoplakia; oral lichen planus; oral epithelial dysplasia; meta-analysis.
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Abbreviations

DNA: Deoxyribonucleic acid.

mRNA: Messenger ribonucleic acid.

CISH: Chromogenic in situ hybridization.
OSCC: Oral squamous cell carcinoma.

OPMD: Oral potentially malignant disorder.
FFPE: Formalin-fixed, paraffin-embedded tissue.
95% CI: 95% confidence interval.

PCR: Polymerase chain reaction.

PRISMA: Preferred Reporting Items for Systematic Reviews
and Meta-Analyses.

gPCR: Quantitative polymerase chain reaction.
RNA-ISH: RNA in situ hybridization.

HPV: Human papillomavirus.

Introduction

Oral potentially malignant disorders (OPMDs) comprise a
group of oral tissue lesions associated with a variable risk of
progression to oral squamous cell carcinoma. They include
oral leukoplakia, oral lichen planus, oral epithelial dysplasia,
erythroplakia, oral submucous fibrosis, and other entities.
Their biological behavior is heterogeneous and depends on
clinical, histopathological, anatomical, behavioral, and
molecular factors [1].

Human papillomavirus (HPV) has an established etiological
role in a proportion of oropharyngeal carcinomas, particularly
those associated with high-risk genotypes [2]. Its involvement
in OPMDs, however, remains uncertain. Recent studies have
reported findings ranging from no detection to high positivity
in specific subgroups [3—29]. These differences may reflect the
clinical entity, specimen source, diagnostic platform, and
breadth of genotype coverage.

A recurring problem in the literature is the treatment of
outcomes with different biological meanings as though they
were equivalent. Detection of viral DNA demonstrates the
presence of HPV genetic material but does not imply
transcriptionally active infection, oncogene expression, or
causal involvement. Likewise, an assay restricted to HPV 16,
HPV18, or a limited high-risk panel does not estimate
positivity for any HPV [8, 11, 13-16].

Attribution of HPV to the lesion may also depend on the
sampling strategy. Tissue, biopsy, or lesion-directed brushing
links the finding to the affected site, whereas saliva and
oral-rinse specimens may reflect HPV from other sites or
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transient exposure. At the molecular level, p16 is regarded as
an indirect biomarker; E6/E7 mRNA detection or RNA-ISH
provides evidence of transcription, whereas CISH can
demonstrate tissue localization of DNA but not viral activity
by itself [17-25].

The review question was: what is the proportion of molecular
HPV positivity in specimens attributable to OPMD lesions,
and how do genotype coverage, specimen source, and
detection methods affect interpretation? The objective was to
estimate this proportion and, unlike a synthesis focused solely
on prevalence, preserve the reported unit of analysis, examine
lesion attribution and broad viral coverage, distinguish
presence, localization, transcription, and productive infection,
and derive a clinical interpretive framework defining the
inferences supported by each molecular result.

Materials and Methods

Study design

A systematic review with meta-analysis of proportions was
conducted to evaluate HPV detection in OPMDs. Reporting
followed the PRISMA 2020 statement [30].

The question was structured by population or unit of
observation (patients, lesions, or specimens with OPMDs),
condition (molecular HPV positivity), and context (specimens
attributable to the lesion). Before synthesis, studies were
classified according to specimen type, data separability,
breadth of viral coverage, detection method, availability of a
numerator and denominator, and risk of duplication.

The unit of analysis reported by each study—patients, lesions,
specimens, or evaluable units—was retained. A single
independent estimate was selected from each study for every
quantitative synthesis.

Registration and protocol

This review was not registered, and no protocol was made
publicly available.

Eligibility criteria

Original human studies published in English or Spanish from
January 2019 through June 3, 2026 that assessed HPV in
OPMDs were eligible. The time restriction was applied to
synthesize contemporary evidence. Oral leukoplakia, oral
lichen planus, oral epithelial dysplasia, erythroplakia, oral
submucous fibrosis, oral lichenoid lesions, proliferative
verrucous leukoplakia, and other entities classified by the
authors as OPMDs were considered.

The descriptive synthesis accepted data on HPV presence,
genotypes, methods, p16, and transcriptional or tissue-level
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evidence. The primary meta-analysis required a specimen
attributable to the lesion, separable OPMD data, identifiable
numerator and denominator, general HPV detection using
consensus primers or a broad multigenotype panel, and one
independent estimate. Assays directed only at a predefined
selection of genotypes were not considered equivalent to
detection of any HPV.

Studies were excluded from the primary meta-analysis if they
relied exclusively on saliva, oral rinse, or other specimens not
attributable to the lesion; used p16 without molecular HPV
detection; assessed only one or several preselected genotypes
without estimating any-HPV positivity; did not permit
separation of OPMDs from carcinoma, controls, or other
lesions; provided an insufficient diagnostic or molecular
definition to verify the outcome; lacked an extractable
numerator or denominator; contained internal inconsistencies
that precluded identification of a unique estimate; or
potentially duplicated another cohort without an independent
estimate that could be selected.

Informative studies that did not meet the criteria for the
primary analysis were retained for narrative synthesis or
non-poolable qualitative synthesis according to the type and
comparability of their data. Their quantitative results were
described without incorporation into the estimate of any-HPV
positivity.

Information sources and search strategy

The search was conducted in PubMed/MEDLINE, Google
Scholar, OpenAlex, and the Cochrane Library and was last
updated on June 3, 2026. HPV terms were combined with
OPMDs and their principal clinical diagnoses.

The base search string was: ("human papillomavirus" OR HPV
OR "HPV DNA" OR "HPV genotype") AND ("oral
potentially malignant disorders" OR "oral premalignant
lesions" OR "oral leukoplakia" OR "oral lichen planus" OR
"oral epithelial dysplasia" OR "oral submucous fibrosis" OR
erythroplakia OR "oral mucosa" OR "oral cavity"). Reference
lists of included studies and relevant reviews were also
examined. The reproducible strategy for each source is
provided in Online Resource 1.

Study selection

Records were integrated into a single matrix. Duplicates were
identified using title, authors, year, journal, DOI, or another
available identifier.

Selection was performed in two stages: title and abstract
screening followed by full-text review. During full-text
review, an analytical role was assigned to each study. The
retained screening log verified 21 full-text exclusions and five
general exclusion categories, but the number within each
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category could not be reconstructed reliably; frequencies were
therefore not imputed. The complete process is shown in Fig.
1.

One reviewer performed the initial screening, and a second
reviewer verified the decisions. Disagreements were resolved
by joint full-text review and consensus.

Data extraction

A structured matrix was used to record author, year, country,
design, OPMD diagnosis, diagnostic criteria, sample size, unit
of analysis, specimen, method, viral panel, evaluable units,
positive and negative counts, genotypes, indirect biomarkers,
and transcriptional or tissue-level evidence.

When a study reported multiple methods, lesions, or
specimens from the same participants, a single estimate was
selected. Priority was given to lesion attribution, separability
of OPMD data, the complete denominator, direct molecular
detection, and avoidance of double counting.

Genotypes were retained as reported. Combined categories
such as HPV6/11 or HPV16/18 were not separated. Counts
were treated as detection events rather than unique patients
unless the study demonstrated that no overlap occurred.

One reviewer performed the initial extraction, and a second
reviewer verified the matrix. Disagreements were resolved by
consulting the original article.

Outcomes

The primary outcome was the proportion of evaluable units
with molecular detection of any HPV in a specimen
attributable to the OPMD:

HPV-positive units / total evaluable units.

Secondary outcomes were reported genotypes, specimen types,
detection platforms, breadth of viral coverage, sensitivity
analyses, and narrative evidence on p16, tissue localization, or
viral activity.

Viral DNA was interpreted as the presence of genetic material;
pl6 as an indirect biomarker; E6/E7 mRNA or RNA-ISH as
transcriptional evidence; DNA CISH as tissue localization;
and E4/L1, when applicable, as markers of productive
infection. These outcomes were not pooled together. Based on
this hierarchy and the clinical and histopathological
management of OPMDs [1], a framework for clinical
interpretation was developed. The framework is not a validated
diagnostic rule and does not assign transformation risk; it
organizes the scope and limitations of each molecular result.
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Analytical classification

Studies were organized according to their primary analytical
use: meta-analysis, narrative synthesis, or non-poolable
qualitative synthesis. The meta-analysis included estimates of
any HPV obtained from specimens attributable to the lesion,
with complete and independent data and a broad-coverage
method. The narrative synthesis summarized biomarkers and
functional evidence; the qualitative synthesis retained relevant
findings whose panel, specimen, diagnostic definition, internal
consistency, or dependence between cohorts precluded
incorporation into the primary estimate.

Critical appraisal and risk of bias

Critical appraisal was performed using the Joanna Briggs
Institute checklist for prevalence studies [31]. Nine domains
were assessed: appropriateness of the sampling frame,
participant selection, sample size, description of participants
and setting, sample coverage, validity of the identification
method, consistency of measurement, statistical analysis, and
response rate or management of an inadequate response. Each

domain was judged as “yes,” “no,” “unclear,” or “not
applicable.”

The initial appraisal was performed by one reviewer and the
matrix was verified by a second reviewer; disagreements were
resolved by consulting the primary article and reaching
consensus. Judgments were presented by domain. No overall
score was calculated, and the JBI checklist was not converted
into overall categories using unvalidated thresholds. Appraisal
was not used as an automatic exclusion criterion.

Statistical synthesis

For each study, the evaluable total and the HPV-positive and
HPV-negative counts were extracted. Study-specific positivity
was calculated as events divided by total.

The meta-analysis was implemented in R using explicit
inverse-variance code applied to logit-transformed
proportions. Between-study variance (1) was estimated by
restricted maximum likelihood (REML), the primary 95% CI
was obtained using a normal approximation, and estimates
were back-transformed to proportions. To assess robustness
given the small number of studies and substantial
heterogeneity, the 95% CI was recalculated using the
Hartung—Knapp—Sidik—Jonkman adjustment with a t
distribution and k—1 degrees of freedom.

Study-specific 95% Cls were calculated using the
Clopper—Pearson method. When a scenario included a study
with zero events, 0.5 was added to the event and non-event
cells of all studies in that scenario (method.incr = "all"). The
analysis excluding the zero-event study assessed the influence
of this decision.
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Heterogeneity was quantified using I?, 12 on the logit scale, and
Cochran’s Q. A 95% CI for the pooled estimate and a 95%
prediction interval were calculated using a t distribution with
k—1 degrees of freedom. The sum of events divided by the sum
of units was reported only as descriptive crude positivity and
not as the meta-analytic estimate.

Forest plots displayed study-specific and pooled estimates.
Given the number of studies, heterogeneity, and the
mathematical dependence between a proportion and its
standard error, the funnel plot was treated only as an
exploration of small-study effects and not as a test of
publication bias.

Sensitivity analyses

In addition to the primary scenario, three data-composition
sensitivity analyses were performed (tissue or biopsy only,
exclusion of the zero-event study, and exclusion of the largest
study), together with an inferential check using the
Hartung—Knapp—Sidik—Jonkman adjustment. Meta-regression
and pooled estimates by diagnosis were not performed because
too few studies were available per covariate and several series
included overlapping clinical categories.

Small-study effects and missing results

A funnel plot was inspected for the ten studies in the primary
analysis. No formal asymmetry tests were applied, and any
observed asymmetry was not attributed to publication bias.

Certainty of evidence

No formal certainty-of-evidence assessment was performed.

Results

Study selection

A total of 558 records were identified: 194 (34.8%) in
PubMed/MEDLINE, 200 (35.8%) in Google Scholar, 161
(28.9%) in OpenAlex, and 3 (0.5%) in the Cochrane Library.
After 164 duplicates (29.4%) were removed, 394 records were
screened; 346/394 (87.8%) were excluded by title or abstract.
Of 48 full-text reports, 21 (43.8%) were excluded and 27
(56.3%) entered the descriptive synthesis.

Twenty-five of 27 studies (92.6%) reported a numerator and
denominator for at least one positivity outcome. Ten (37.0%)
met the criteria for the primary meta-analysis, 15 (55.6%)
contributed non-poolable quantitative findings, and 2 (7.4%)
were retained for narrative synthesis.
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General characteristics of the included studies

The characteristics of the 27 studies are presented in Table 1.
Because units of analysis differed and some cohorts were
known to overlap, denominators were not summed as though
they represented unique participants.

By region, 10/27 studies (37.0%) were conducted in Europe,
10/27 (37.0%) in Asia or the Middle East, 6/27 (22.2%) in
Latin America, and 1/27 (3.7%) was multinational. Twelve
(44.4%) were cross-sectional, 8 (29.6%) retrospective or
archival, 5 (18.5%) prospective, and 2 (7.4%) case-control
studies.

Clinical categories were not mutually exclusive. Sixteen of 27
studies assessed oral leukoplakia (59.3%), 14/27 oral lichen
planus (51.9%), and 12/27 oral epithelial dysplasia (44.4%);
3/27 included oral lichenoid lesions (11.1%), and 2/27 each
(7.4%) included erythroplakia, mixed or unspecified
categories, oral submucous fibrosis, and proliferative
verrucous leukoplakia.

Twenty of 27 studies (74.1%) used tissue or biopsy as the
primary specimen: 14 FFPE specimens (51.9%), 3 fresh or
frozen specimens (11.1%), 2 other biopsy or tissue specimens
(7.4%), and 1 punch biopsy (3.7%). Five studies (18.5%) used
lesion-directed brushing, swabbing, or exfoliated cells; 1
(3.7%) analyzed saliva and 1 (3.7%) oral rinse.

The primary viral outcome was DNA based in 25/27 studies
(92.6%); these studies used conventional, nested, or multiplex
PCR, qPCR, and genotyping platforms. Hendawi et al. used
RNA-ISH (1/27; 3.7%), and Parchami et al. used a staged
algorithm combining p16, CISH, and ChIP-PCR (1/27; 3.7%).
The descriptive profile by region, OPMD category, specimen,
and method is shown in Fig. 2.

Critical appraisal and risk of bias

The JBI domains with the greatest uncertainty were participant
selection (22/27 “unclear”; 81.5%), adequacy of sample size
(11/27 “no”; 40.7%, and 5/27 “unclear”; 18.5%), and response
rate or its management (17/27 “unclear”; 63.0%). In contrast,
26/27 studies (96.3%) satisfied each of the domains
concerning description of the setting, validity of the method,
consistency of measurement, and appropriateness of analysis.
Of 243 domain-level judgments, 178 (73.3%) were “yes,” 53
(21.8%) “unclear,” and 12 (4.9%) “no.” The post-appraisal
decision was “include” for 26/27 studies and “seek further
information” for 1/27; this decision is not an overall
risk-of-bias category. Complete judgments are presented in
Online Resource 2.
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Analytical classification

Ten studies (37.0%) contributed to the primary meta-analysis,
representing 1,002 evaluable units: 137 positive and 865
negative. Fifteen additional studies (55.6%) were retained as
non-poolable quantitative evidence and 2 (7.4%) as narrative
evidence (Table 2).

The 17 studies not pooled were excluded from the estimate
because of a restricted panel, a non-lesional specimen, lack of
a separable global estimate, internal inconsistency, or
dependence between cohorts; their findings remained visible
without being pooled.

Primary meta-analysis of HPV positivity

The ten studies comprised 1,002 evaluable units, including 137
positive and 865 negative units. Study-specific positivity
ranged from 0.0% to 48.5%; cumulative crude positivity was
137/1,002 (13.7%) and is reported for descriptive purposes
only (Table 3).

The pooled proportion positive for any HPV was 15.7% (95%
CI 6.60-32.87). The 95% prediction interval was
0.54-86.35%, spanning 85.81 percentage points.
Heterogeneity was very high (I = 92.2%; 1> = 2.187 on the
logit scale; Q =115.61; p <0.001). Figure 3 shows the
study-specific and pooled estimates.

Sensitivity analyses

Table 4 summarizes three data-based sensitivity analyses and
an inferential check using the Hartung—Knapp adjustment.
Relative to the primary estimate of 15.7%, alternative
scenarios ranged from —4.3 to +5.5 percentage points and
retained high or very high heterogeneity (I> = 85.5-92.7%).
These differences are not formal subgroup comparisons.

The tissue- or biopsy-only analysis included 8 studies and 87
positive units among 873 evaluable units (10.0% crude
positivity). Pooled positivity was 11.4% (95% CI1 4.07-27.91),
4.3 percentage points below the primary estimate; the 95%
prediction interval was 0.29-84.98%, and I> was 92.7% (1> =
2.248; Q = 95.84; Online Resource 3).

After exclusion of the zero-event study, 9 studies remained,
with 137 positive units among 952 evaluable units (14.4%
crude positivity). Pooled positivity was 17.7% (95% CI
7.48-36.29), 2.0 percentage points above the primary estimate;
the 95% prediction interval was 0.63—-87.87%, and I* was
92.5% (> =2.082; Q = 106.71; Online Resource 4).

After exclusion of the largest study, 9 studies remained, with
132 positive units among 584 evaluable units (22.6% crude
positivity). Pooled positivity was 21.2% (95% CI
10.86-37.16), 5.5 percentage points above the primary
estimate; the 95% prediction interval was 1.73-80.36%, and I?
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was 85.5% (> = 1.233; Q = 55.15; Online Resource 5).

The Hartung—Knapp adjustment retained the point estimate of
15.7% but widened the 95% CI from 6.60-32.87% to
5.56-37.01%. The substantive conclusion was unchanged:
imprecision was considerable and compatible with markedly
different positivity values.

Small-study effects

The funnel plot included the 10 studies in the primary analysis
(Online Resource 6). Given k = 10, I? = 92.2%, and the
mathematical dependence between a proportion and its
standard error, formal asymmetry tests were not applied and
visual inspection was not interpreted as evidence of
publication bias.

Genotype distribution

Eighteen of 27 studies (66.7%) contributed usable genotype
data: 357 detection events in 30 viral or non-separable
categories (Online Resource 7). Of these, 316 (88.5%) came
from specimens attributable to the lesion and 41 (11.5%) from
saliva; the two strata were not considered directly comparable.

Because studies used different oncogenic-risk classifications
for some genotypes, the 357 events were not redistributed into
aggregated risk categories. The synthesis retains the original
viral labels and non-separable categories.

HPV16 accounted for 157/357 events (44.0%) and HPV 18 for
87/357 (24.4%); together they represented 244/357 events
(68.3%). They were followed by HPV6 (22; 6.2%), HPV11
(14; 3.9%), HPV49 (9; 2.5%), and HPV33 (8; 2.2%). These
proportions describe reported detection events, not
genotype-specific prevalence.

Genotype counts do not correspond to unique patients: several
studies allowed codetection and others assessed restricted
panels. Therefore, neither pooled genotype-specific prevalence
nor the proportion of single and multiple infections was
estimated. Online Resource 8 retains the study, specimen,
method, and non-separable categories.

Detection methods and specimen type

Twenty-five of 27 studies (92.6%) used specimens attributable
to the lesion: 20 (74.1%) used tissue or biopsy and 5 (18.5%)
used lesion-directed brushing, swabbing, or exfoliated cells.
Two studies (7.4%) used non-lesional specimens: one saliva
sample and one oral-rinse sample.

Primary detection was DNA based in 25/27 studies (92.6%).
Conventional, nested, and multiplex PCR, qPCR, and
genotyping platforms with different breadths of coverage were
used; equivalent diagnostic sensitivity was therefore not
assumed.
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Hendawi et al. used RNA-ISH as transcriptional evidence,
whereas Parchami et al. used a staged algorithm combining
pl6, CISH, and ChIP-PCR. These outcomes were kept
separate from general DNA positivity.

Biomarkers and functional evidence

Ten of 27 studies (37.0%) contributed complementary
biomarkers or viral/epigenetic evidence (Online Resource 9).
Nine reported p16 using non-uniform thresholds. Only
Hendawi et al. quantified transcription using RNA-ISH (6/33;
18.2%); Parchami et al. reported CISH in 5/54 cases (9.3%)
and ChIP-PCR in 3/9 selected cases, without extrapolating that
subset.

Indirect biomarkers, tissue localization, and transcriptional
evidence were not treated as equivalent and were not
incorporated into the primary estimate unless the study also
reported an eligible independent molecular measurement.

Discussion

Principal findings and contribution of this review

The central finding is not merely a pooled positivity of 15.7%,
but its marked instability across settings. Study-specific
estimates ranged from 0.0% to 48.5%, the 95% CI was
6.60-32.87%, and the 95% prediction interval was
0.54-86.35%. Together with I* = 92.2%, these findings
indicate that a new clinical setting may observe positivity that
differs substantially from the meta-analytic mean and that
15.7% should not be communicated as a universal prevalence
for OPMDs.

Only 10/27 studies (37.0%) contributed estimates compatible
with any-HPV positivity in specimens attributable to the
lesion. The remaining 17 studies were not discarded: they were
retained to show how restricted panels, non-lesional
specimens, dependent cohorts, non-separable denominators,
and indirect biomarkers alter the meaning of a result. This
classification is itself a methodological finding because it
avoids creating apparent precision by combining biologically
different outcomes.

The principal contribution of this review is therefore
interpretive harmonization. A single independent estimate was
selected per study; patients, lesions, specimens, and
genotype-detection events were distinguished; and evidence
was ordered from DNA presence to tissue localization,
transcription, and productive infection. This approach shifts
the question from “How much HPV is present?” to “What did
each study actually measure, and what inference does that
measurement support?”’

Oral leukoplakia (59.3%), oral lichen planus (51.9%), and oral
epithelial dysplasia (44.4%) were the most frequently
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represented entities, but categories overlapped and several
series combined diagnoses. Consequently, the estimate
describes the analyzable set rather than a specific lesion. The
lack of sufficient independent estimates by diagnosis precludes
application of the 15.7% estimate to any particular clinical
entity.

Comparison with previous evidence

The meta-analysis by de la Cour et al. included 52 studies and
2,677 cases and estimated HPV DNA prevalence at 22.5%
(95% CI 16.6-29.0; I = 93%) [32]. The contemporary
estimate in the present review was 15.7%, 6.8 percentage
points lower. However, overlap between the confidence
intervals and differences in eligibility criteria preclude
interpretation as a temporal decline. The difference may reflect
the 2019-2026 period, the requirement for lesion attribution,
the exclusion of restricted panels as estimators of any HPV,
and selection of a single independent estimate per study.

The nearly identical heterogeneity (92.2% vs 93%) is more
informative than the difference between pooled estimates: the
introduction of more recent molecular platforms has not
resolved the lack of standardization in diagnosis, sampling,
processing, assay coverage, and unit of analysis. Technology
has increased detection capacity but not necessarily clinical
comparability across studies.

HPV16 represented 48.2% of HPV-positive cases in the
previous review and 44.0% of genotype-detection events in the
present synthesis [32]. This numerical similarity does not
imply equivalence. The former denominator consisted of
positive cases; the latter consisted of detection events with
possible codetections and different panels. Preserving this
distinction prevents presentation of the event composition as
individual genotype prevalence.

Sources of heterogeneity and generalizability

Heterogeneity probably reflects the interaction of clinical and
technical differences. Studies included entities with different
biological risks, populations from diverse regions, and
diagnostic criteria that were not always equivalent.
Denominators also represented patients, lesions, specimens, or
evaluable units. A participant may contribute more than one
lesion, and a genotype codetection is not a new patient;
retaining the original unit reduced double counting but did not
eliminate this structural variation.

Specimen source affected attribution of the finding.
Twenty-five studies used tissue or lesion-directed sampling,
whereas two analyzed saliva or oral rinse. Restricting the
meta-analysis to tissue or biopsy reduced the estimate to
11.4%, although the persistently wide prediction interval
precludes attribution of the difference solely to specimen type.
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In the 14 studies using FFPE material, fixation, storage, DNA
fragmentation, and the length of the amplified region may
have influenced sensitivity, but these factors were not reported
uniformly [33].

Assay breadth was another major source of variation.
Conventional, nested, and multiplex PCR, qPCR, and
genotyping platforms do not necessarily share limits of
detection or coverage. An assay directed only at HPV16/18
may answer a specific etiological question but does not
estimate positivity for any HPV. Insufficient data precluded
defensible meta-regression by region, diagnosis, specimen, or
platform; sources of heterogeneity are therefore interpreted as
hypotheses supported by the pattern across studies rather than
quantified effects.

Biological interpretation of molecular outcomes

Detection of DNA confirms the presence of HPV genetic
material but does not demonstrate viral integration, oncogene
transcription, or causal involvement. Positivity may represent
persistent infection, incidental presence, transient exposure, or
surface contamination. This distinction is particularly
important in the oral cavity, where the model of
HPV-associated oropharyngeal carcinoma should not be
extrapolated automatically [2].

Outcomes can be ordered according to the inference they
support. CISH provides tissue localization of DNA; E6/E7
mRNA or RNA-ISH demonstrates transcription; and E4/L1
supports productive infection. Even these levels do not
establish by themselves that the virus drives malignant
progression; temporal association, persistence, molecular
plausibility, and longitudinal outcomes are required. In the
available evidence, only 1/27 studies used RNA-ISH as the
primary outcome and detected transcription in 6/33 lesions
[17].

p16 should not be used as an isolated surrogate for HPV in
OPMDs. Tomo et al. observed high p16 expression in 20/50
leukoplakias with detectable HPV DNA in 0/50 [19], whereas
Hendawi et al. reported p16 in 11/33 lesions and RNA-ISH
positivity in 6/33 [17]. This discordance, together with
non-uniform immunohistochemical thresholds, confirms that
pl6, DNA, and transcription address different questions.

Framework for clinical interpretation

Figure 4 translates these findings into an interpretive clinical
algorithm. The starting point remains unchanged: clinical
assessment, biopsy when indicated, histopathological
diagnosis, dysplasia grading, and follow-up determine OPMD
management [1]. This review found insufficient evidence to
recommend routine HPV screening or to modify treatment or
surveillance on the basis of an isolated molecular result.
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When a specific clinical or scientific question exists, testing
should use a lesion-directed specimen and an assay with
documented target region, coverage, limit of detection, and
controls. A negative result indicates only that DNA was not
detected with that specimen and assay; a positive result
confirms viral presence, not causality. Saliva or oral-rinse
specimens and restricted panels must be interpreted within
their limits of attribution and coverage.

Localization or activity assays may refine biological
interpretation but are not validated prognostic markers. HPV
status should therefore be recorded as a complementary
molecular phenotype rather than as a clinical category capable
of displacing histopathology. The proposed framework is
intended to prevent overinterpretation; it is neither a clinical
practice guideline nor a validated decision tool.

Strengths and limitations

Strengths include pooling criteria defined by lesion attribution,
broad viral coverage, separability, and independence; selection
of one estimate per study; preservation of non-separable
genotype categories; exact study-specific confidence intervals;
a prediction interval; three sensitivity analyses; a
Hartung—Knapp check; and domain-level JBI appraisal
without conversion to an unvalidated overall score. These
decisions made uncertainty visible rather than concealing it
behind a single summary estimate.

Limitations of the evidence were quantifiable: 22/27 studies
did not clearly describe selection, 16/27 had an inadequate or
uncertain sample size, and 17/27 did not adequately report
response rate or its management. Only 10 studies could be
pooled and heterogeneity was very high; robust
diagnosis-specific estimates and meta-regression were
therefore not performed. The pooled estimate does not
represent population prevalence and retains different units of
analysis across studies.

The search was restricted to 2019-2026, English or Spanish,
and four sources; it did not include Embase, Scopus, or Web of
Science, and only the first 200 Google Scholar results ranked
by relevance were screened. Screening and extraction were
verified but were not performed completely independently by
two reviewers. These decisions may have reduced
comprehensiveness and reproducibility.

In addition, 25/27 studies primarily assessed DNA, functional
evidence was sparse, and no formal certainty-of-evidence
assessment was applied. Panels considered broad were not
identical. Finally, the clinical framework was derived from the
synthesis and the biological hierarchy of outcomes but has not
been prospectively validated as a decision tool.
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Research implications

Future studies should adopt a minimum reporting set
comprising the clinical and histopathological definition of the
lesion, anatomical site, unit of analysis, specimen source,
pre-analytical conditions, target region and amplicon length,
limit of detection, quality controls, complete list of genotypes
covered by the panel, and codetections by participant and
lesion.

Longitudinal designs should link lesion-associated detection
with persistence and transformation, integrate DNA with
E6/E7 mRNA or RNA-ISH, tissue localization, and markers of
productive infection, and determine whether this information
adds prognostic value beyond clinical assessment and
histopathology. Without temporal outcomes, molecular
plausibility cannot be converted into clinical causality.

Standardization of units and assays would enable comparisons
across regions, diagnoses, and platforms, reduce heterogeneity,
and determine whether a reproducible subgroup of OPMDs

exists in which HPV has additional biological or clinical value.

Conclusions

Across 10 studies and 1,002 evaluable units, pooled positivity
for any HPV was 15.7%; however, the 95% prediction interval
0f 0.54-86.35% and I? of 92.2% preclude interpretation as a
uniform prevalence or application to a specific OPMD
category.

HPV16 and HPV 18 accounted for 68.3% of
genotype-detection events, although these counts depend on
panel composition, allow codetection, and do not represent
unique patients or individual genotype prevalence.

Contemporary evidence shows that DNA detection does not
establish active infection, causality, or transformation risk.
Clinical management should remain grounded in clinical
assessment and histopathology; HPV testing provides only
complementary information within a defined question.

Well-characterized lesion-associated specimens, sufficiently
broad assays, independent units, functional markers, and
longitudinal follow-up are required to determine whether HPV
provides additional biological or clinical value in OPMDs.
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Table 1. General characteristics of the included studies

Study characteristics

Analytical characteristics

VOLUME 1 - 2026

Reported result

Authors and year Country Design OPMD Specimen Detection method Reported viral result n HPV+
Gomez-Armayones et al., Spain R/CS OLP; OED FFPE biopsy SPF10 HPV DNA + genotyping 83 4
2019 PCR-DEIA/LIiPA25
Mosmann et al., 2019 Argentina Cs Mixed OPMDs, Lesion-directed PCR MY09/MY11 + HPV DNA + genotyping 96 34
NS swab RFLP
Sundberg et al., 2019 Sweden P/CS oL FFPE biopsy Real-time TagMan HPV DNA; 13-type panel 74 0
PCR
Wu et al., 2019 China R oL FFPE biopsy Reverse dot blot + HPV DNA; 23 types (only HPV 16 detected) 76 4
HPV16 PCR
Della Vella et al., 2020 Italy P oL Lesional Anyplex Il HPV28 HPV DNA; 28-type panel 65 11
microbiopsy (real-time PCR)
Farhadi et al., 2020 Iran R/CS OLP FFPE biopsy Multiplex/genotype-spe  HPV16/18/33 DNA 32 8
cific PCR
Hendawi et al., 2020 United R/CS OED FFPE biopsy RNAscope RNA-ISH HPV16/18 E6/E7 RNA 33 6
Kingdom for HPV16/18 E6/E7
Perdomo-Lara et al., 2020 Colombia CS OED FFPE biopsy qPCR GP5+/GP6+ + HPV DNA; 24-type panel 131 43
Luminex xMAP
Tomo et al., 2020 Brazil CS oL Fresh/frozen tissue PCR PGMY09/11 + HPV DNA; broad panel 50 0
Linear Array
Buenahora et al., 2021 Colombia P/CS OED in OL/OLP/  FFPE biopsy qPCR/Luminex; p16 HPV16/p16/methylation; inconsistent counta 36-37a NRa
erythroplakia IHC; RRBSa
Erira et al., 2021 Colombia Cs OL with OED FFPE biopsy Conventional HPV DNA; HPV16 confirmation 30 13
GP5+/GP6+ PCR
Ghosh et al., 2021 Nepal R/CS OED; OLP; FFPE biopsy Conventional HPV16/18 DNA 150 2
OSMF HPV16/18 PCR
Kaewmaneenuan et al., Thailand R/CS OL; OLP FFPE biopsy Conventional HPV16/18 DNA 160 31
2021 HPV16/18 E6 PCR
Runow Stark et al., 2021 Sweden P/CS Mixed OPMD/no  Fresh biopsye TagMan PCR (12 HR HR- and LR-HPV DNAe 46e 0e
n-OPMD lesionse types + HPV6/11)e
Sivakumar et al., 2021 India P/CS oL Lesion-directed HPV16 E6-specific HPV16 DNA 25 5
cytobrush PCR
Sundberg et al., 2021 Sweden/B R oL FFPE biopsy Real-time TagMan HPV DNA; 14-type panel 418 5
razil/Rom PCR
ania
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Study characteristics Analytical characteristics Reported result

Authors and year Country Design OPMD Specimen Detection method Reported viral result n HPV+
Rathore et al., 2022 India R/CS Mixed OPMDs, FFPE biopsy HPV DNA PCR HPV DNA; genotype NS 30 0
NS
Vijayan et al., 2022 India Cs OLP Biopsy/fresh tissue Conventional HPV16/18 DNA 250 103
HPV16/18 E6 PCR
Fantozzi et al., 2024 Italy CS Mixed OPMDs Lesion-directed Real-time/genotype-sp HPV DNA + complementary p16 59 12
brushing ecific PCR
Gilligan et al., 2023 Argentina CS OL; PVL Lesion-directed PCR MY09/11 + HPV DNA + genotyping 33 16
brushing GP5+/GP6+; RFLP
Mohammadi et al., 2023 Iran CcC OLP FFPE biopsy Conventional HPV16/18 DNA 25 14
HPV16/18 PCR
Petrovic et al., 2023 Serbia CS OL; OLP Lesion-directed qPCR for 12 HR HR-HPV DNA 30 2
swab genotypes
Parchami et al., 2024 Iran CS OED FFPE biopsy p16 IHC + CISH + CISH 5/54; ChIP-PCR 3/9 selected casesc 54 NRe
ChIP-PCRe
Butta et al., 2025 Italy CS OL; OLP; Oral rinsed INNO-LIPA,; HPV DNA in oral-rinse specimensd 174 7d
erythroplakia PCR/Sangerd
Dus-lInicka et al., 2025 Poland CS OLP SalivaP E7-MPG PCR + Salivary genotypes; no overall participant-level 31b NRP
Luminexb resultb
Bolyarova et al., 2026 Bulgaria CS Mixed OPMDs Punch biopsy Nested PCR + HPV DNA + genotyping 20 7
hybridization/chip
Elsahn et al., 2026 UAE CcC OL; OLP; OSMF Fresh tissue biopsy HPV16 E6-specific HPV16 DNA 60 11

PCR
Abbreviations: CC, case-control; CISH, chromogenic in situ hybridization; CS, cross-sectional; FFPE, formalin-fixed, paraffin-embedded tissue; HPV, human papillomavirus; HR, high risk; IHC, immunohistochemistry; LR,
low risk; NR, not reportable; NS, not specified; OED, oral epithelial dysplasia; OL, oral leukoplakia; OLP, oral lichen planus; OPMD, oral potentially malignant disorder; OSMF, oral submucous fibrosis; P, prospective; PVL,
proliferative verrucous leukoplakia; R, retrospective; UAE, United Arab Emirates.

Note: n evaluated is the denominator for the viral measurement shown and not necessarily the total sample size of the article. HPV+ is the number positive according to the target and method used in each study; these
numerators are not directly interchangeable across studies.

Buenahora et al.: the article contains internal discrepancies in the denominator (36—-37) and HPV16 count and probably overlaps with Perdomo-Lara et al.; therefore, no single numerator is presented.
Dus-lInicka et al.: genotype detections were reported in saliva, but no overall number of participants positive for any HPV was provided.
Parchami et al.: the article reported CISH positivity in 5/54 cases and ChIP-PCR positivity in 3/9 selected cases, but no single overall estimate. Results were not summed and 6/54 was not inferred.

Butta et al.: the result was obtained from a non-lesional oral-rinse specimen; sampling was designed to balance HPV-positive and HPV-negative participants, and 7/17 should therefore not be interpreted as a population
prevalence estimate.

Runow Stark et al.: the analyzed group combined OPMDs with other non-neoplastic oral lesions; the fresh-biopsy result was 0/46 and does not provide a denominator strictly separable for OPMDs.
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Table 2. Analytical classification of the included studies

Authors and year

Pooling eligibility criteria

Classification

VOLUME 1 - 2026

Basis for the decision

Authors and year Separable OPMD  Lesion sample Estimate compatible with Independent Analytical use Primary rationale
denominator primary analysis cohort

Gomez-Armayones et al., Yes Yes Yes Yes Primary meta-analysis Separable denominator, lesion-associated specimen, broad panel,

2019 and independent cohort.

Mosmann et al., 2019 Yes Yes Yes Yes Primary meta-analysis Separable denominator, lesion-directed swab, general DNA
detection, and independent cohort.

Sundberg et al., 2019 Yes Yes Yes No Non-pooled quantitative Partial overlap with the multicenter cohort reported by Sundberg et
al., 2021; double counting was avoided.

Wu et al., 2019 Yes Yes Yes Yes Primary meta-analysis Twenty-three HPV types were assessed in lesional tissue;
participant-level result and independent cohort.

Della Vella et al., 2020 Yes Yes Yes Yes Primary meta-analysis Lesional microbiopsy, 28-type panel, and identifiable numerator
and denominator.

Farhadi et al., 2020 Yes Yes No Yes Non-pooled quantitative Panel restricted to HPV16/18/33; it does not estimate positivity
across a broad HPV spectrum.

Hendawi et al., 2020 Yes Yes No Yes Non-pooled quantitative Detects HPV16/18 E6/E7 RNA,; it represents transcriptional activity
rather than the HPV DNA outcome.

Perdomo-Lara et al., 2020 Yes Yes Yes Yes Primary meta-analysis Lesion-associated biopsy, 24-type panel, and separable
participant-level data.

Tomo et al., 2020 Yes Yes Yes Yes Primary meta-analysis Lesional tissue, broad panel, and participant-level result; the
zero-event study was retained.

Buenahora et al., 2021 Partial Yes No Uncertain Narrative Internally discordant denominators and HPV16 counts, probable
overlap with Perdomo-Lara, and a biomarker-focused analysis.

Erira et al., 2021 Yes Yes Yes Yes Primary meta-analysis General L1 PCR in a lesion-associated biopsy, identifiable
denominator, and independent cohort.

Ghosh et al., 2021 Yes Yes No Yes Non-pooled quantitative Assay restricted to HPV16/18; it does not estimate positivity for any
HPV.

Kaewmaneenuan et al., Yes Yes No Yes Non-pooled quantitative Assay restricted to HPV16/18, with a minor typographical

2021 discrepancy in the leukoplakia subgroup.

Runow Stark et al., 2021 No Yes Partial Yes Non-pooled quantitative The group of 46 biopsies combines OPMDs with ulceration and
epithelial hyperplasia; no strictly OPMD denominator is available.

Sivakumar et al., 2021 Yes Yes No Yes Non-pooled quantitative Assay restricted to HPV16; carcinoma groups were excluded from
the OPMD synthesis.

Sundberg et al., 2021 Yes Yes Yes Yes Primary meta-analysis Lesion-associated biopsy, defined 14-type panel, participant-level

Lopez-Garcia et al. | HPV in oral potentially malignant disorders
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Authors and year

Pooling eligibility criteria

Classification

VOLUME 1 - 2026

Basis for the decision

Authors and year Separable OPMD  Lesion sample Estimate compatible with Independent Analytical use Primary rationale

denominator primary analysis cohort

Rathore et al., 2022 Partial Yes Partial Yes Non-pooled quantitative Poorly specified premalignant group and unreported genotypes;
low specificity of the estimate.

Vijayan et al., 2022 Yes Yes No Yes Non-pooled quantitative Assay restricted to HPV16/18; it does not estimate positivity for any
HPV.

Fantozzi et al., 2024 Yes Yes Partial Yes Non-pooled quantitative The article reported different source populations and required
histopathological reconstruction of the eligible denominator; it was
therefore not incorporated into the primary estimate.

Gilligan et al., 2023 Yes Yes Yes Yes Primary meta-analysis Lesion-directed brushing, general detection, and genotyping;
separable and independent denominator.

Mohammadi et al., 2023 Yes Yes No Yes Non-pooled quantitative Assay restricted to HPV16/18 with case-control sampling; it does
not estimate positivity for any HPV.

Petrovi¢ et al., 2023 Yes Yes No Yes Non-pooled quantitative Pilot study with a panel limited to 12 high-risk HPV types; low-risk
HPV types were not included.

Parchami et al., 2024 Yes Yes No Yes Non-pooled quantitative Staged p16/CISH/ChIP-PCR algorithm; ChIP-PCR was applied
only to a selected subset.

Butta et al., 2025 Yes No No Yes Non-pooled quantitative Non-lesional oral-rinse specimen and sampling balanced by HPV
status; 7/17 is not a prevalence estimate.

Dus-lInicka et al., 2025 Yes No No Yes Narrative Non-lesional saliva and no overall number of participants positive
for any HPV.

Bolyarova et al., 2026 Yes Yes Yes Yes Primary meta-analysis Lesion-associated biopsy, broad panel with genotyping, and
participant-level result.

Elsahn et al., 2026 Yes Yes No Yes Non-pooled quantitative Assay restricted to HPV16 with case-control sampling; it does not

Abbreviations: CISH, chromogenic in situ hybridization; HPV, human papillomavirus; OPMD, oral potentially malignant disorder.

estimate positivity for any HPV.

Operational criteria for the primary estimate: separable OPMD denominator; specimen obtained from the lesion; participant- or lesion-level HPV DNA result using a general assay or sufficiently broad panel; and an
independent cohort. “Partial” indicates uncertainty or incomplete fulfillment.

The primary meta-analysis comprises only ten studies (137/1,002). Sensitivity analyses excluded or restricted studies within this same set and did not incorporate studies classified as “Non-pooled quantitative.”

“Non-pooled quantitative” identifies studies with informative numerator and denominator data but a viral target, design, specimen, independence, or internal consistency incompatible with the pooled estimate. “Narrative”

identifies evidence without a reliable overall participant-level estimate.
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Table 3. Data included in the primary meta-analysis of any-HPV positivity
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Authors and year Observed data Estimate

Authors and year HPV+ HPV- n Positivity, % (95% CI) Weight, %
Gomez-Armayones et al., 2019 4 79 83 4.8% (1.3-11.9) 10.1
Mosmann et al., 2019 34 62 96 35.4% (25.9-45.8) 10.9
Wu et al., 2019 4 72 76 5.3% (1.5-12.9) 10.1
Della Vella et al., 2020 11 54 65 16.9% (8.8-28.3) 10.6
Perdomo-Lara et al., 2020 43 88 131 32.8% (24.9-41.6) 11.0
Tomo et al., 2020 0 50 50 0.0% (0.0-7.1) 5.8
Erira et al., 2021 13 17 30 43.3% (25.5-62.6) 10.5
Sundberg et al., 2021 5 413 418 1.2% (0.4-2.8) 10.3
Gilligan et al., 2023 16 17 33 48.5% (30.8-66.5) 10.6
Bolyarova et al., 2026 7 13 20 35.0% (15.4-59.2) 10.2
Random-effects model 137 865 1,002 15.7% (6.60-32.87) 100.0

Abbreviations: 95% CI, 95% confidence interval; HPV, human papillomavirus.

Study-specific 95% Cls are exact Clopper—Pearson binomial intervals calculated from the observed counts.

The random-effects model uses logit-transformed proportions, inverse-variance weighting, and REML estimation of 12. Because one study reported zero events, 0.5 was added to the event and

non-event cells of all studies only for model estimation.

Heterogeneity: 12 = 92.2%; 12 = 2.187 on the logit scale; Q(9) = 115.61; p < 0.001. The 95% prediction interval was 0.54-86.35%.

The counts 137/1,002 are shown descriptively. Cumulative crude positivity was 13.7% and does not correspond to the pooled estimate of 15.7%. Rounded weights may not sum exactly to 100.0%.
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Table 4. Sensitivity analyses

Analytical scenario Scenario data Random-effects model
Scenario Modification k HPV+/n Crude, % 0.5CC Pooled positivity, % 95% PI, % 12, % i Q (df)
(95% Cl)

Primary analysis Ten eligible studies; no additional 10 137/1,002 13.7 Yes 15.7% (6.60-32.87) 0.54-86.35 92.2 2.187 115.61 (9)
restriction

Tissue/biopsy Excludes Mosmann and Gilligan 8 87/873 10.0 Yes 11.4% (4.07-27.91) 0.29-84.98 92.7 2.248 95.84 (7)

only (brushing/swabbing)

Exclusion of the Excludes Tomo et al., 2020 (0/50) 9 137/952 14.4 No 17.7% (7.48-36.29) 0.63-87.87 92,5 2.082 106.71 (8)

zero-event study

Exclusion of the Excludes Sundberg et al., 2021 (5/418) 9 132/584 22.6 Yes 21.2% (10.86-37.16) 1.73-80.36 85.5 1.233 55.15 (8)

largest study

Hartung—Knapp Same ten studies; 95% Cl using a t 10 137/1,002 13.7 Yes 15.7% (5.56-37.01) — 92.2 2.187 115.61 (9)

adjustment distribution and HKSJ variance

Abbreviations: df, degrees of freedom; HPV, human papillomavirus; 95% CI, 95% confidence interval; 95% PI, 95% prediction interval.

All scenarios use logit-transformed proportions, inverse-variance weighting, and REML estimation of 1. The 95% PI was calculated using a t distribution with k—1 degrees of freedom.

The 0.5 continuity correction was added to the event and non-event cells of all studies only in scenarios retaining Tomo et al., 2020 (0/50). It was not applied after exclusion of that study.

Crude positivity is descriptive and does not equal the pooled estimate. All Q statistics had p < 0.001. Comparisons across scenarios are sensitivity analyses and not formal tests of subgroup differences.

Heterogeneity and prediction intervals remained wide in all scenarios; no estimate should therefore be interpreted as a uniform expected prevalence in a new clinical setting.
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Identification of studies via databases and registers

Records identified:
PubMed/MEDLINE (n = 194)
Google Scholar (n = 200)
OpenAlex (n = 161)
Cochrane Library (n = 3)

IDENTIFICATION

!

Total records identified
(n =558)

!

Records screened by title and abstract

Duplicate records removed

(n=164)
4 Records excluded )
(n = 346)

Did not assess HPV in OPMDs

(n = 394)

SCREENING

!

Full-text reports assessed for eligibility
(n = 48)

!

ELIGIBILITY

Studies included in qualitative/descriptive
synthesis
(n=27)

!

INCLUDED

Studies included in the primary meta-
analysis (n =10)
Non-pooled quantitative synthesis (n = 15)
Narrative synthesis (n = 2)

v

Not original studies
Reviews, letters, or editorials
In vitro or animal studies

Unrelated topic

/

Full-text reports excluded
(n=21)

No extractable HPV data

No numerator/denominator
Ineligible population
Oral/oropharyngeal cancer only

Mechanistic/dysbiosis studies only

VOLUME 1 - 2026

Fig. 1 PRISMA flow diagram: 558 records identified, 164 duplicates removed, 394 records screened, 48 full-text reports assessed, 21
excluded, and 27 studies included; 10 contributed to the primary meta-analysis
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a. Geographic distribution
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VOLUME 1 - 2026

b. OPMD categories evaluated

o
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10

10
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c. Biological sample and primary HPV detection method

FFPE biopsy “

Other biopsy/tissue
Fresh/frozen tissue
Punch biopsy
Lesional brush/swab
Saliva

Oral rinse

2
3
1
1 2 2
1
1
Standard Nested Multiplex gPCR PCR + RNA-ISH p16/CISH/
PCR PCR PCR genotyping ChIP-PCR

Fig. 2 Descriptive profile of the 27 studies by region, OPMD category, specimen, and primary method. Diagnostic categories are not
mutually exclusive. The combination panel shows 20 studies using tissue or biopsy, 5 using lesion-directed brushing or swabbing, 1
using saliva, and 1 using oral rinse; 25 used DNA, 1 used RNA-ISH, and 1 used a p16/CISH/ChIP-PCR algorithm
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Study HPV+/n W(‘E,}g“t Prevalence, % (95% CI)
Gomez-Armayones 20194/ 83 10.1 -.— 4.8% (1.3-11.9)
Mosmann 2019 34/ 96 10.9 — — 35.4% (25.9-45.8)
Wu 2019 4/ 76 101 J— 5.3% (1.5-12.9)
Della Vella 2020 11/ 65 10.6 —.— 16.9% (8.8-28.3)
Perdomo-Lara 2020  43/131 11.0 —— 32.8% (24.9-41.6)
Tomo 2020 0/ 50 58 B— 0.0% (0.0-7.1)
Erira 2021 13/ 30 10.5 [} 43.3% (25.5-62.6)
Sundberg 2021 5/418 103 M 1.2% (0.4-2.8)
Gilligan 2023 16/ 33 10.6 B 48.5% (30.8-66.5)
Bolyarova 2026 7/ 20 10.2 [} 35.0% (15.4-59.2)
Random effects 137/1,002 100.0 il 15.7% (6.60-32.87)
95% prediction interval - - === - 0.54-86.35%
Heterogeneity: |12 = 92.2%; 12 = 2.187; Q = 115.61; p < 0.001

(') 2'5 5'0 7'5 1(')0

HPV positivity (%)

Fig. 3 Forest plot of the random-effects meta-analysis of any-HPV positivity: 10 studies, 137 positive units among 1,002 evaluable
units, and a pooled estimate of 15.7% (95% CIl 6.60-32.87; 95% prediction interval 0.54—-86.35; 1> = 92.2%; 12 = 2.187; Q = 115.61; p
< 0.001). Squares are proportional to study weight; lines show exact Clopper—Pearson 95% Cls, the diamond represents the pooled
estimate, and the dashed line shows the prediction interval. A 0.5 continuity correction was applied to event and non-event cells in all
studies for model estimation
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CLINICAL FOUNDATION SELECTIVE MOLECULAR TESTING BIOLOGICAL INTERPRETATION

Suspected or confirmed OPMD

1

Is there a specific clinical or
research question about HPV?
I

| |

Complete clinical assessment and
biopsy when indicated

1

Histopathological diagnesis and
grade of dysplasia

No Yes
Lesion-directed
- Do not request routine specimen

HPV testing.
- Continue standard
management hased on

| l

HPV DNA negative HPV DNA positive

No HPV DNA was detected
with this assay and specimen.

Presence of viral DNA.

Does not demonstrate
causality, oncogenic activity,
or progression.

This does not completely
exclude infection or, by itself,
alter clinical management.

histopathology and
clinical risk.

Broad-coverage molecular
assay (PCR/IQPCR, NGS, or

1

Treatment and follow-up according to
clinicopathological risk
(individualized)

equivalent)
Target region, detection limits,
and documented controls

Complementary evidence

(if available)
I

| l l |

Methodological precautions

- Avoid saliva/oral rinse as the sole source.
- Restricted panels do not estimate "any HPV".
- Consider tissue quality (FFPE vs fresh).

CISH EG/E7 mRNA E4/L1 p16
or RNA-ISH .
Localizes viral Indirect
DNA Evidence of Supports biomarker
in tissue transcriptional || productive (does not
: vl infection. confirm
tial). activity. in
(spatial). .

* p16 may be positive in the absence of HPV
and may be negative in the presence of HPV.

The HPV result is complementary: it does not replace clinical assessment or histopathology and, by
itself, does not justify changes in treatment, screening, prognosis, or surveillance.

Fig. 4 Proposed framework for clinical interpretation of HPV testing in OPMDs. The algorithm organizes but does not replace clinical
and histopathological assessment. DNA identifies viral material; p16 is indirect, CISH localizes DNA, RNA-ISH or E6/E7 mRNA
demonstrates transcription, and E4/L1 supports productive infection. No single level demonstrates causality or justifies treatment
changes. Developed from the outcome hierarchy in this review and the clinical and histopathological management of OPMDs [1]
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