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1. Introduction

Abstract: Human papillomavirus (HPV) has transformed oropharyngeal can-
cer (OPC) epidemiology, creating distinct disease entities. This umbrella re-
views synthesized evidence on HPV-positive OPC prevalence and survival.
Four databases were searched for systematic reviews (SRs) examining HPV
prevalence and survival in OPC. Meta-analysis was performed using random
effects methodology. Quality was assessed using A Measurement Tool to As-
sess systematic Reviews 2 (AMSTAR 2) and evidence certainty was rated by
utilizing Grading of Recommendations Assessment, Development, and Evalu-
ation (GRADE) tool. A Corrected Covered Area (CCA) analysis was conducted
to measure the degree of overlapping literature among the included SRs.
Twenty-four SRs encompassing 783 primary studies and 146,218 OPC patients
were included. Overall HPV prevalence was 43% (95% CI: 41-46%). HPV-16
predominated (79%), with highest prevalence in tonsils (60%), followed by base
of tongue (43%). The pooled prevalence of HPV in soft palate was 8%. Males
showed higher prevalence than females (47% vs. 35%). North America had the
highest regional prevalence (59%), followed by Oceanica (49%), Europe (44%),
and Asia (37%). The comparison of the meta-analyses (MAs) before and after
2020 showed a reduction in prevalence from 48% to 41%, although the differ-
ence was not statistically significant. For the virus detection method, p16 and
in situ hybridization positivity resulted in higher prevalences compared to Pol-
ymerase Chain Reaction (PCR) alone. Significant presence of heterogeneity and
publication bias, large CIs and the observational nature of the included study
designs led to "low" evaluation of all the pooled analyses assessed by GRADE.
HPV-positive patients demonstrated superior survival outcomes, though
HPV-nonl6 subtypes showed poorer prognosis. In conclusion, HPV affects
nearly half of OPC cases globally, with significant anatomical, demographic,
and geographic variations. These findings support individualized treatment
approaches beyond binary HPV status classification.

Since the discovery of the human papillomavirus (HPV) as a risk factor agent, the epidemiological
landscape of oropharyngeal cancer (OPC) has changed dramatically during the last thirty years. Be-
cause of this change, HPV-positive and HPV-negative OPCs are now two separate disease entities, each
with unique patient demographics, biological traits, and clinical outcomes [1, 2].
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In the past, alcohol and tobacco use were the main causes of OPC cases, which usually affected
elderly individuals with a bad prognosis. Nonetheless, epidemiological research has shown a startling
rise in the incidence of OPC among younger, nonsmoking populations in developed countries since the
1990s [3, 4]. As a result, HPV, especially HPV-16, was found to be a primary cause of oropharyngeal
carcinogenesis [5].

When compared to HPV-negative tumors, HPV-positive OPCs exhibit noticeably better treatment
responses and survival outcomes, which has resulted in significant modifications to staging schemes
and therapeutic approaches [5]. Since HPV status is now a main factor in the 8th edition of the AJCC
staging system, research on therapeutic de-escalation techniques for patients with HPV has increased
due to its better prognosis [6, 7]. Given that therapy de-escalation trials are currently in progress yet
ideal patient selection criteria have not yet been established [8, 9].

Viral oncoproteins E6 and E7 target tumor suppressor pathways as part of the biological mecha-
nisms, which results in tumors that have higher immunogenicity, improved radiosensitivity, and intact
wild-type p53 activity [10, 11]. The distinct susceptibility of crypt epithelium to viral infection is re-
flected in the anatomical preference for tonsillar and base of tongue locations [12]. The tonsillar crypt's
permeable basement membrane allows HPV to easily access basal epithelial cells without creating mi-
cro abrasions, unlike other oral and head and neck locations where HPV needs tissue damage to reach
vulnerable cells [12, 13]. The tonsillar crypts are lined with specialized reticular crypt epithelium with
a disrupted basement membrane and basal cell layer [14], and the existence of several branching crypts
enhances the surface area for antigen processing by over 700 times [15].

Although the body of research on HPV-positive OPC is expanding, there is still a great deal of
variation among studies in terms of patient demographics, outcome measures, and detection tech-
niques. The prevalence of HPV subtypes, anatomical subsite variations, temporal trends, demographic
disparities, and geographic variations are among the significant clinical problems that are still not fully
addressed. Since new data indicates that not all HPV-positive cancers show comparable results [16, 17],
a more comprehensive investigation of the survival benefits linked to HPV positivity is also necessary.
The best methodology for answering these concerns in-depth is an umbrella review strategy, which
combines data from several SRs to get reliable estimates and pinpoint sources of heterogeneity.

This is the first systematic umbrella review that collects and evaluates all previous systematic re-
views (SRs) and meta-analyses (MAs) on the prevalence and survival of HPV-related OPC, to the best
of our knowledge and according to the literature search. Its objectives are to clarify the literature, pro-
vide an overview of the state of the field, pinpoint knowledge gaps, and pave the way for future studies
to concentrate on better solutions. Therefore, the aim of this systematic umbrella review was to provide
a thorough evidence synthesis on the prevalence and survival outcomes of HPV-positive OPCs, and to
investigate the differences by HPV subtype, anatomical subsite, temporal trends, demographic factors,
geographic regions, and detection methodologies.

2. Materials and Methods

2.1. Protocol Registration

The PRISMA criteria [18] were followed in conducting this umbrella review. Under the registra-
tion number CRD420251104214, the protocol for this study was prospectively registered in the PROS-
PERO (https://www.crd.york.ac.uk/PROSPERO/view/CRD420251104214).

2.2. Eligibility Criteria

In accordance with the PECOS/T guideline, the following research questions were developed for
this review: (P) Problem: How common is HPV among OPC patients? How does this prevalence vary
by time, sex, location, HPV subtype, cancer subsite, and detection technique? What impact does HPV
infection have on OPC survival? (P) Population: OPC patients, whether infected with HPV or not. (E)
Exposure: HPV positivity or negativity. (C) Comparison: Comparison between baseline and follow-up,
or comparison between cases and controls. (O) Result: Survival and prevalence. (S) Study design: All
English-language published SRs and meta-analyses (MAs) that have reported their pooled analysis in
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percentages or the number of positive instances from the sample under study. (T) Time: SRs and MAs
published prior to July 2025 in the mentioned databases.

Redefining variables such as OPC (and its subgroups), HPV positive (and its subgroups), preva-
lence, and survival measures was not necessary because the included SRs had previously established
these classifications when choosing which main studies to include. As a result, all the variable catego-
ries were simply gathered together.

Included were all MAs that reported the aforementioned association and reported their findings
as a percentage. Due to their lack of comparability, the few MAs that displayed their results in odds
ratios (OR) were disqualified. Additionally, all MAs from in vitro, animal, and preclinical research were
disqualified.

Excluded were non-systematic reviews (narrative, scoping, etc.), those that reported their findings
in a statistical method and unit that were not comparable, and those that looked at one of the OPC or
HPYV factors without examining the other.

SRs without MAs were also included in the evidence synthesis of survival outcome as a pooled
analysis for the survival outcome was not possible because of the lack of comparability.

2.3. Search Strategy

To find all the records published prior to July 2025, the electronic databases PubMed, MEDLINE,
Scopus, and Embase were searched.

The MeSH phrases and keywords associated with OPC (and its subtypes), HPV (and its subtypes),
and systematic review/meta-analysis formed the basis of the search technique. Table S1 provides a
complete list of search phrases and combinations. Dates of publication were not restricted.

2.4. Study Selection

Initially, duplicates were eliminated once the gathered records were entered into reference man-
agement software. Two independent reviewers (M. M. and B. Q.) carried out the study selection process
in two phases. Titles and abstracts were screened for potentially relevant studies based on eligibility
criteria in Part 1 of the selection procedure. The full-text publications were then thoroughly examined
for eligibility in Part 2. MAs and SRs who satisfied all qualifying requirements were chosen to be in-
cluded. The two reviewers discussed and worked out any disagreements that arose during the screen-
ing process. A third reviewer (Y. A.) made the final decision in cases when no consensus could be ob-
tained.

2.5. Data Extraction

Two reviewers (M. M. and B. Q.) independently extracted the data. When agreement could not be
reached, a third reviewer (M. A.) was consulted in order to reconcile the conflicting data extraction.

Worksheets for general prevalence, HPV subtypes, cancer subsites, sex, time, and detection tech-
niques were created within an Excel file to offer an organized gathering of data by clinical variables/pa-
rameters.

The following research characteristics were extracted: sample size, demographic characteristics,
year of publication, number of primary studies included in the quantitative and qualitative analysis,
study design of the primary studies, first author's surname, and their key findings.

The number of HPV-positive cases and the total number of OPC cases were extracted for the
pooled analysis because prevalence and proportion were the primary effect sizes in this review. The
number of HPV-positive cases is estimated using the point estimate for studies that only provided the
prevalence in percentage and 95% Cls, omitting the total number of OPC tests and HPV-positive cases.

2.6. Quality Evaluation of the Included Studies

The included studies were evaluated for methodological quality using the AMSTAR 2 tool [19].
Each review is given a quality grade of high, moderate, poor, or severely low using the AMSTAR 2 tool.
The seven domains designated as "critical" by AMSTAR 2 are given particular attention. Each
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evaluation was completed independently by two reviewers (M. M. and B. Q.), and disagreements were
resolved by discussion or, if necessary, the participation of a third reviewer (Y. A.).

2.7. Synthesis and Analysis of Data

The DerSimonian and Laird random-effects model [20] was employed to guarantee methodologi-
cal consistency among the included studies. The number of cases and the sample size were taken and
reanalyzed because all of the results were expressed as percentages.

The I2 statistical test was used to evaluate study heterogeneity. For heterogeneity, a p-value of less
than 0.10 was deemed statistically significant. The Cochrane Handbook for Systematic Reviews’ rec-
ommendation that values 0% and 40% as possibly unimportant, 30% to 60% as indicative of moderate
heterogeneity, 50% to 90% as substantial, and 75% to 100% as indicative of considerable heterogeneity
was followed when interpreting the I? values [21].

Additionally, statistical techniques were used to evaluate the existence of publication bias. To find
small-study effects, Egger's regression test was used; a p-value of less than 0.05 suggested possible bias
[22]. Cochrane’s RevMan program, which can be accessible online, was used for all statistical analyses
in this umbrella review [23].

2.8. Assessment of Evidence Certainity
The degree of certainty in the evidence supporting the results in this study was evaluated using
the GRADE framework [24].

2.9. Owerlap Analysis
A Corrected Covered Area (CCA) analysis was conducted to measure the number of repeated
primary studies in the included SRs to see the degree of overlapping literature [25].

3. Results

3.1. Selection of Included Studies

A comprehensive search of PubMed, MEDLINE, Scopus, and Embase yielded 639 records. Forty
eight records were left for full-text screening after 584 out-of-scope, duplicate records and non-SRs were
eliminated. Additionally, 21 more articles were eliminated because they had insufficient data (n = 2),
duplicates (n = 1), or no data pertinent to the study's declared scope (n = 18). Moreover, three reviews
that were very close to be included, were excluded because one only reported the measurement of OR
without sufficient data on the HPV prevalence [26]. Another one reported prevalence and survival
analysis for head and neck cancers without specific data for OPC [27]. The third one focused on treat-
ment modalities rather than survival measurement [17]. In the final phase, 24 distinct SRs satisfied the
requirements for inclusion; 18 of these were included in the prevalence's quantitative synthesis, while
8 were included in the survival's qualitative analysis. Prevalence and survival data were included in
two reviews. Figure 1 depicts the study selection procedure.
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Figure 1: Study selection process.

3.2. Characteristics of the Included Studies

The frequency of HPV-related OPCs was investigated by 18 MAs [28-45]. The main categories of
HPV were positivity or negativity, HPV subtype and viral detection method. Whereas the chief catego-
ries of OPC were cancer subsite such as the base of tongue, tonsils, soft palate and other sites. The
essential clinical and demographical variables were prevalence in percentage of number of positive
cases out of the sample, time, sex and geography.

The SRs came out between 2012 and 2025. Only cross-sectional or case-control observational stud-
ies were present in all of the included MAs. With a minimum of 8 and a maximum of 134 original
studies, the meta-analyses included a wide spectrum of primary research.

In total, 783 primary studies were included in all the MAs. The MAs covered 146,218 OPC patients.
Most of the included MAs contained global data, while few studies only focused on patients from spe-
cific continents or countries. Among the MAs that were included, the most adjusted factors were age,
sex, smoking, region, education, comorbidities, lifestyle, and socioeconomic status. The study design
of the primary studies were mostly cross-sectional and retrospective cohorts for the prevalence out-
come. Table 1 presents the key characteristics of the studies.

Concerning the survival studies, 8 SRs were included that examined the survival of HPV-related
OPC [29, 32, 46-51]. The main outcomes were overall survival, 5-years survival, disease-specific sur-
vival, disease-free survival and recurrence. The exposure was OPC with or without HPV infection. The
number of included primary studies ranged from a minimum of 5 to a maximum of 77 studies in a total
of 203 primary studies. These studies included ~65 thousand patients. Due to the vast heterogeneity
among the exposures and outcomes of the studies pooled analyses couldn’t be performed. The study
design of the primary studies were mostly cross-sectional, retrospective and prospective cohorts for the
survival outcome. Table 2 presents the key characteristics of these studies.
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Table 1: Key characteristics of the included studies for prevalence.

No. of in- Sample  Popula
Study cluded . P p HPYV Prevalence Subgroup findings
. size tion
studies
[28] 14 894 Europe 41.3% (31.8,50.7) Tonsils: 66.4%; Pharynx: 15.3%
Oropharynx (other than
[29] 20 6,442 Global base of tongue and tonsils): -
20% (13,30%)
HPV16: 37.2%; HPV33: 2.4%; HPV18: 1.6%;
HPV35: 1.53%; HPV58: 0.89%. North Amer-
[30] 71 10,908 Global 44.2% ica: 66.8%; Oceania: 43%; Europe: 41.4%; Af-
rica: 4.89%. Females: 43.1%; Males: 34.5%.
Tonsil: 45.7%; Base of tongue: 36.6%.
[31] 55 11,469 Global 42% (36,49%) HPV16: 89%; Tonsils (highest): 63%
[32] 80 12,662 Global 49% (11,51%) Base of tongue: 48%; Tonsils: 55%
, HPV-16 only: 31.6%
[33] 8 514 China (217,41 5%) -
Tonsils: 56% (54,58%); Base of tongue: 40%
[34] 58 5,433 Global 43.2% (38,43%); Soft palate: 12% (9,15%); Posterior
wall: 19% (16,22%)
[35] 47 60,912 Global 50.8% (41.6,59.9%) North America (highest): 60.2%; Asia-Pacific
(lowest): 34.2%
North America (highest): 72.6% (63.8,80.6%).
[36] 134 12,139 Global 48.1% (43,53%) p16INK4a positivity in HPV+ cases: 87.2%
(81.6,91.2%)
Male: 45.7% (36.5,55%); Female: 42.2%
[37] 15 6,009 Global 44.8% (36.4,53.5%) (34.3,50.5%). p16: 49.4% (38.2,60.5%);
p16+ISH/PCR: 44.7% (33.5,56.2%)
o o Before 2000: 40.5% (35.1,46.1); 2000,2004:
[38] 102 5398 Global 47.7% (42.9,52.5%) 64.3% (56.7,71.3); 2005,2009: 72.2% (52.9,85.7)
p16INK4a positivity in HPV+ cases: 86.7%
[39] 54 3,946 Global 45.8% (38.9,52.9%) (79.2,92.9%). E6/E7 mRNA positivity in HPV+
cases: 86.9% (73.2,96.8%)
South Y o
[40] 14 1,145 America 17.9% (7.6,31.4%) -
HPV16/18 highest in Whites (61.1%), fol-
[41] 25 1,815 Global 49% (46,51%) lowed by Blacks (58.0%) and Asians (25.2%)
(P<0.0001)
Global
[42] 10 873 (only 45% (24,66%)
men)
HPV prevalence in OPC vs. oral cavity cancer
Asia Pa- o o (OR: 14.66; 6.09,35.26) and laryngeal cancer
[43] 26 2,768 cific 40.53% (38.71,42.35%) (OR: 4.06; 3.05,5.39 & OR: 3.23; 1.37,7.61) re-
spectively
United Pre-1990: 20.9% (11.8,37.0);
[44] 30 2,099 States 1990,1999: 51.4% (45.4,58); -
2000,2014: 65.4% (60,70.7)
[45] 30 455 India 229% (13,34%) HPV attributable fraction (E6/E7 mRNA):

12.54%; (p16 positivity): 9.68%

HPV: human papillomavirus; OPC: oropharyngeal cancer; NA: not available.
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Table 2: Key characteristics of the included studies for survival.

No. of in- Total pa
Ref cluded Study focus tientl: Outcome Key findings
studies
HPV prevalence and HPV prevalence 20% (95% CI
(29] 4 survival in other OPC 6,442 5-year overall sur- 13,30%); No significant survival
sites (excluding ton- ’ vival difference between HPV+ and
sils/base of tongue) HPV- (p=0.43)
Overall survival,
10 Association of smoking disease-specific sur-  8/10 studies showed significant ef-
[47] and outcomes in HPV- 2,321 vival, disease-free fect of smoking on increasing re-
positive OPC survival, locore- currence and mortality
gional recurrence
(32] 77 Surv1va1. of OPC pa- 12,662 Overall survival HPV+ OPC: HR 0.31 (95% CI
tients 0.27,0.36)
8] 5 Racial disparities and 1153 Or‘;ireail ds,‘:?t’elgaflotr’y HR 1.45 (95% CI 0.87,2.40) for
HPV status in OPC ’ ) black vs white patients
HPV
. . . No significant difference between
[49] 2 Sex :;if;r; e g;gpv' 101574 Overall zngal Y male and female patients (aHR
0.98, 95% CI10.93,1.04)
Disease-specific, .
overall. proares Pooled HR for tonsillar cancer:
(50] 31 HPV-related OPC NA ' Prog 0.50 (95% CI 0.33,0.77); OPC: 0.47

sion-free, dl.sease- (95% C10.35,0.62)
free survival

HPV16: 5-year OS 83.4% (95% CI
1,529 (1,310  Overall survival, re- 77.8,89.0%); HPV-non16: 69.3%
[51] 9 HPVI6vs HPV-nonl6  piny16-019  currence-free sur-  (95% CI 58.5,80.1%); HPV-nonl6

subtypes in OPC HPV-nonlé) vival, pl6 positivity =~ had significantly worse OS (log
OR -0.54, p=0.008)
HPV+: HPV+ OPC: HR 1.10 (95% CI
Racial disparities by 23 608: Overall survival by~ 0.96,1.23) black vs white (nonsig-
[46] 5 HPV status in OPC HII’V—: race, stratified by nificant); HPV- OPC: HR 1.50
12112 HPV status (95% CI1.12,1.88) black vs white
§ (significant)

HPV: human papillomavirus; HR: hazard ratio; NA: not available; OPC: oropharyngeal cancer; OS: overall survival; aHR: ad-
justed hazard ratio.

3.3. Quality of the Included Studies

The AMSTAR 2 instrument was utilized to evaluate the methodological quality of the SRs in-
cluded. Out of the 25 included SRs, 13 were of “moderate” quality, 7 scored “low” or “critically low”
quality, while only 4 studies scored a “high” quality assessment.

Just one research listed the studies that were excluded and explained why (Q7). The funding
sources for the included studies were not disclosed by any of the SRs (Q10). Only eight of the research
had previously registered their protocols in databases (Q2). When evaluating and explaining the re-
view's findings, several research either ignored or only partially took the risk of bias in individual stud-
ies into account (Q13). Once more, a large number of review authors either failed to conduct a sufficient
examination into publication bias or just partially did so (Q15). For every included SR, a complete item-
ized AMSTAR 2 rating is presented table S2.

3.4. Overlap Analysis

The CCA measurement showed that out of the total 783 studies, 631 records were unique, resulting
in a CCA value of 2.22% which is categorized as “slight overlap. Details of the analysis are presented
in table S3.
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3.5. Meta-analyses Results
A total of ten pooled analyses were conducted as presented in table 3.

Table 3: Umbrella meta-analysis results.

No. of
. . Egger's test
. Sample included Effect size I2, p heteroge- Lo
Variables . . p-value . (Publication GRADE
size esti- (95% CI) neity .
bias)
mates
Overall preva-
147,447 20 0.43 (0.41,0.46) 99%, p<0.0001 0.01 Low
lence
Sample size
Intergroup dif- 98.6%,
>1000 139,652 11 0.46 (0.43,0.48)
ference: 0.18 p<0.0001
98.8%,
<1000 7,795 9 0.39 (0.29,0.49)
p<0.0001
Study quality
Moderate-High Intergroup dif- 98.7%,
. 110,120 10 0.44 (0.41,047)
quality ference: 0.54 p<0.0001
Low-Critically low 98.9%,
. 37,327 10 0.42 (0.37,0.47)
quality p<0.0001
HPV subtypes 82,367 24 100%, p=0 0.83 Low
99.6%,
HPV-16 20,504 6 0.79 (0.69,0.88)
p<0.0001
95.9%,
HPV-18 20,565 7 0.02 (0.01,0.03)
p<0.0001
98.5%,
HPV-33 15,883 4 0.03 (0.01,0.06)
p<0.0001
97.8%,
HPV-35 9,719 3 0.02 (0.01,0.05)
p<0.0001
Other than HPV-16 98.9%,
15,696 4 0.14 (0.09,0.19)
and 18 p<0.0001
Cancer subsite 28,465 15 99.5%, p=0 0.27 Low
97.5%,
Tonsils 13,498 5 0.60 (0.55,0.66)
p<0.0001
97.8%,
Base of tongue 6,543 5 0.43 (0.34,0.51)
p<0.0001
87.1%,
Soft palate 1,323 3 0.08 (0.04,0.14)
p=0.0004
Other 7,101 2 0.27 (0.11,0.47) 99%, p<0.0001
Time 138,657 19
Intergroup dif- 99.2%,
Before 2020 34,747 11 0.48 (0.41,0.54) 0.23 Low
ference: 0.09 p<0.0001
After 2020 103,910 8 0.41 (0.38,0.45) 99%, p<0.0001
Intergroup dif- 97.8%,
Before 2015 15,103 7 0.46 (0.40,0.52) 0.23 Low

ference: 0.82

p<0.0001
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Table 3: continue.
After 2015 123,554 12 0.45 (0.41,0.49) 99.4%, p=0
Sex 8 99.8%, p=0 0.11 Low
Intergroup dif- 99.8%,
Male 25,792 4 0.47 (0.33,0.61)
ference: 0.32 p<0.0001
99.6%,
Female 7,518 4 0.35 (0.17,0.55)
p<0.0001
. Very
Region 47,760 25 99.3%, p=0 0.045
low
93.6%,
Europe 18,580 5 0.44 (0.41,0.46)
p<0.0001
90.1%,
Asia 10,037 6 0.37 (0.34,0.40)
p<0.0001
98.1%,
Africa 447 2 0.15 (0.00,0.45)
p<0.0001
South America 2,361 3 0.23 (0.21,0.27) 64.2%, p=0.06
97.9%,
North America 14,717 7 0.59 (0.53,0.64)
p<0.0001
. 94.9%,
Oceanica 1,618 2 0.49 (0.38,0.60)
p<0.0001
Detection
27,237 0.60 Low
methods
PCR 18,516 7 0.44 (0.29,0.59) 99.7%, p=0
99.6%,
pl6 4,390 4 0.63 (0.37,0.86)
p<0.0001
In situ hybridiza-
. 1,972 2 0.61 (0.56,0.65) 76.5%, p=0.039
tion (ISH)
Intergroup diff
between
PCR +ISH 20,488 9 0.48 (0.35,0.60)  (PCR+ISH) and 99.6%, p=0 0.48
(p16+E6/E7
mRNA): 0.12
99.6%,
pl6 + E6/E7 mRNA 4,617 5 0.68 (0.45,0.87)
p<0.0001

CI: confidence interval; GRADE: Grading of Recommendations, Assessment, Development, and Evaluation; PCR: polymerase

chain reaction; ISH: in situ hybridization.

The overall prevalence of HPV was 43% (41-46%) among OPC cases. Twenty estimates from 18
MAs contributed to this pooled analysis. Although this result was statistically significant, both the het-
erogeneity and publication bias were significant also (Table 3, Figure 2 and 3).



http://doi.org/10.24017/science/2026.1.15

231

Study Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Cui 2024 5018 10908 53% 0.46(0.45;0.47] -]
Ndiaye 2014 1807 3946 5.3% 0.46 [0.44;0.47) ;
Mariz 2020 2692 6009 53% 0.45[0.44; 0.46]
Sasidharanpillai 2021 352 873 49% 0.40[0.37;044] -
Ragin 2016 884 1815 51% 0.49[0.46;0.51] L 3
Fonséca 2023 5379 11469 53% 0.47[0.46;0.48]
Guo 2018 162 514 46% 0.32[0.28;0.36) i+
Vani 2024 130 455 46% 029[0.24;033 -
Mehanna 2012 2573 5396 53% 0.48[0.46;0.49] =
Ju 2020 30043 60912 54% 051[0.50;051] <]
Haeggbloma 2017 2348 5433 53% 0.43[0.42;0.45] =
Oliviera 2022 242 1145 50% 0.21(0.19;0.24] E &
Shaikh 2015 1122 2768 5.2% 0.41[0.39;0.42) ]
Lu 2023 6164 12139 53% 0.51[0.50;0.52]
Abogunrin 2014 369 894 49% 0.41[0.38;045] &
Gotz 2019 7178 14230 53% 0.50(0.50; 0.51]
Stein (pre-1990) 2014 1782 27% 0210013031 —#—
Stein (1990-1999) 2014 351 684 4.8% 0.51[0.47;0.55] -+
Stein (2000-2014) 2014 872 1333 5.1%  0.65[0.63; 0.68] L 3
Al Fadel 2025 2386 6442 53% 0.37[0.36;0.38]
Total (95% CI) 147447 100.0%  0.43 [0.41; 0.46] <
Heterogeneity: Tau® = 0.0031; Chi’ = 1493.22, df = 19 (P < 0.0001); I* = 98.7%

02 03 04 05 06

Figure 2: Forest plot of the prevalence of HPV-positive oro-
pharyngeal cancers.
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Figure 3: Funnel plot of the prevalence of HPV-positive
oropharyngeal cancers showing proof of publication bias
(Egger’s test: p=0.01).

A sensitivity analysis was conducted by comparing studies with a sample size of more than 1000
cases with those of less than 1000 cases. Even though large sample studies gave a higher prevalence
(46% vs. 39%), the difference was not significant (p = 0.18). Moreover, comparison between the moder-
ate/high quality studies with the low/critically low-quality studies showed no significant difference
(Table 3, figure S1 and S2).

HPV-16 constituted most of the subtypes (79%), while the prevalence of HPV other than 16 and 18
was 14% (Table 3, Figure 4). Regarding the cancer subsite, prevalence was 60% in the tonsils, followed

by 43% and 8% in the bases of the tongue and soft palate respectively (Table 3, Figure 5).

Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

Subgroup = HPV-16

Cui 2024 4062 5018 4.2% 0.81[0.80; 0.82] E

Ndiaye 2014 1602 1807 4.2% 0.89 [0.87; 0.90]

Ragin 2016 892 1914 4.2% 0.47 [0.44; 0.49]

Fonséca 2023 2279 2894 4.2% 0.79 [0.77; 0.80]

Lu 2023 4880 6164 4.2% 0.79 [0.78; 0.80]

Gotz 2019 2478 2707 4.2% 0.92 [0.90; 0.93]

Total (95% ClI) 20504 25.0% 0.79 [0.69; 0.88] -

Heterogeneity: Tau? = 0.0212; Chi? = 1386.96, df = 5 (P < 0.0001); I? = 99.6%

Subgroup = HPV-18

Cul 2024 179 5018 4.2% 0.04 [0.03; 0.04] [ -]

Ndiaye 2014 8 1807 4.2% 0.00 [0.00; 0.01] a

Ragin 2016 26 1638 4.2% 0.02 [0.01; 0.02]

Fonséca 2023 116 2894 4.2% 0.04 [0.03; 0.05] [~

Lu 2023 85 6164 4.2% 0.01[0.01; 0.02] [ |

Gotz 2019 69 2707 4.2% 0.03 [0.02; 0.03] [+ ]

Yang 2019 3 337 4.2% 0.01 [0.00; 0.03]

Total (95% CI) 20565 29.2% 0.02 [0.01; 0.03] )

Heterogeneity: Tau® = 0.0021; Chi® = 144.63, df = 6 (P < 0.0001); I = 95.9%

Subgroup = HPV-33

Cul 2024 266 5018 4.2% 0.05 [0.05; 0.06] [+ ]

Ndiaye 2014 28 1807 4.2% 0.02 [0.01; 0.02] [ ]

Fonséca 2028 173 2894 4.2% 0.06 [0.05; 0.07]

Lu 2023 97 6164 4.2% 0.02[0.01; 0.02] [ ]

Total (95% Cl) 15883 16.7% 0.03 [0.01; 0.06] *

Heterogeneity: Tau? = 0.0044; Chi? = 200.48, df = 3 (P < 0.0001); I> = 98.5%

Subgroup = HPV-35

Cul 2024 167 5018 4.2% 0.03 [0.03; 0.04] [+ ]

Ndiaye 2014 8 1807 4.2% 0.00 [0.00; 0.01] a

Fonséca 2023 116 2894 4.2% 0.04 [0.03; 0.05] a

Total (95% CI) 9719 12.5% 0.02 [0.01; 0.05] *

Heterogeneity: Tau® = 0.0037; Chi® = 89.77, df = 2 (P < 0.0001); * = 97.8%

Subgroup = Other than 16 and 18

Cui 2024 761 5018 4.2% 0.15[0.14; 0.16]

Ndiaye 2014 205 1807 4.2% 0.11[0.10; 0.13]

Lu 2023 1284 6164 4.2% 0.21[0.20; 0.22]

Gotz 2019 229 2707 4.2% 0.08 [0.07; 0.09]

Total (95% CI) 15696 16.7% 0.14 [0.09; 0.19]

Heterogeneity: Tau® = 0.0062; Chi® = 275.02, df = 3 (P < 0.0001); I = 98.9%

Total (95% Cl) 82367 100.0% 0.17 [0.07; 0.31] e —
T T 1

Heterogeneity: Tau® = 0.1679; Chi” = 52442.80, df = 23 (P = 0); I* = 100.0% 02 04 06 08

Test for subgroup differences: Chi? - 256.01,df - 4 (P < 0.0001)

Figure 4: Forest plot of the prevalence of HPV-positive oropharyngeal cancer cases stratified according to the viral subtypes.
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Study or

Subgroup Events Total IV, Random, 95% CI IV, Random, 95% CI
Subgroup = Base of tongue

Abogunrin 2014 91 193 0.47 [0.40; 0.54] —i—
Fonséca 2023 778 2540 0.31[0.29; 0.32] =

Gotz 2019 760 1501 0.51[0.48; 0.53] =
Haeggbloma 2017 590 1471 0.40 [0.38; 0.43] =

Lu 2023 384 838 0.46 [0.42; 0.49] -
Total (95% CI) 6543 0.43 [0.34; 0.51] —~—

Heterogeneity: Tau® = 0.0093; Chi® = 182.01, df = 4 (P < 0.0001); I = 97.8%

Subgroup = Tonsils

Abogunrin 2014 402 805 0.66 [0.63; 0.70] -
Fonséca 2023 1870 2816 0.66 [0.65; 0.68] =
Gotz 2019 2272 4316 0.53 [0.51: 0.54] &
Haeggbloma 2017 1577 2825 0.56 [0.54; 0.58] =

Lu 2023 1767 2938 0.60 [0.58; 0.62] =
Total (95% Cl) 13498 0.60 [0.55; 0.66] -

Heterogeneity: Tau® = 0.0039; Chi = 163.22, df = 4 (P < 0.0001); I = 97.5%

Subgroup = Soft palate

Fonséca 2023 43 757 0.06 [0.04; 0.08] =
Haeggbloma 2017 59 488 0.12[0.09; 0.15] : 3
Lu 2023 6 78 0.08 [0.03; 0.18] ——
Total (95% CI) 1323 0.08 [0.04; 0.14] -

Heterogeneity: Tau? = 0.0048; Chi® = 15.55, df = 2 (P = 0.0004); 12 = 87.1%

Subgroup = Other

Al Fadel 2025 2386 6442 0.37[0.36; 0.38]
Haeggbloma 2017 122 659 0.19[0.16; 0.22] L 3
Total (95% CI) 7101 0.27 [0.11; 0.47] e —

Heterogeneity: Tau® = 0.0216; Chi® = 104.43, df = 1 (P < 0.0001); I° = 99%

Heterogeneity: Tau® = 0.0286; Chi° = 2879.56, df = 14 (P = 0); I = 99.5% 0.1 0.2 0.3 0.4 05 06 0.7
Test for subgroup differences: Chi® = 128,14, df = 3 (P < 0.0001)

Figure 5: Forest plot of the prevalence of HPV-positive oropharyngeal cancers stratified according to subsites.

Time-wise analysis of the comparison before and after 2015, revealed approximately the same
prevalence results. However, the comparison of the MAs before and after 2020 showed a reduction in
prevalence from 48% to 41%, although the difference was not statistically significant (p = 0.09) (Table 3,
Figures S4 and S5). Male OPC patients had higher HPV prevalence compared to females (47% vs. 35%,
p = 0.32) (Table 3, Figure 6). North America had the highest prevalence (59%), followed by 49% for
Oceanica, 44% for Europe and 37% for Asia (Table 3, Figure S5).

Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Subgroup = Male i

Fonséca 2023 9039 13696 12.6% 0.66 [0.65; 0.67] :
Gotz 2019 3998 7340 12.5% 0.54[0.53; 0.56]

Mariz 2020 1619 3543 12.5%  0.46 [0.44; 0.47] P

Oliviera 2022 270 1213 12.5% 0.22[0.20; 0.25] . B

Total (95% CI) 25792 50.1% 0.47 [0.33; 0.61] ———e e ——

Heterogeneity: Tau? = 0.0205; Chi? = 1305.27, df = 3 (P < 0.0001); I* = 99.8%

Subgroup = Female
Fonséca 2023 793 4175 125% 0.19[0.18;0.20] &=

Gotz 2019 936 1745 12.5% 0.54 [0.51; 0.56] =
Mariz 2020 537 1272 12.5% 0.42[0.39; 0.45] 5

Oliviera 2022 87 326 12.3% 0.27[0.22; 0.32] e a—

Total (95% CI) 7518 49.9% 0.35[0.17; 0.55] —————
Heterogeneity: Tau? = 0.0420; Chi® = 769.58, df = 3 (P < 0.0001); I? = 99.6% i

Total (95% CI) 33310 100.0% 0.41 [0.28; 0.54] e ——
Heterogeneity: Tau? = 0.0390; Chi® = 3905.48, df = 7 (P = 0); I = 99.8% ' I ' I
Test for subgroup differences: Chi? = 0.96, df = 1 (P =0.3284) 0.2 0.3 0.4 0.5 0.6

Figure 6: Forest plot of the prevalence of HPV-positive oropharyngeal cancers comparing the sexes.
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For the virus detection method, pooled analysis for prevalence based on PCR was 0.44 (0.29-0.59).
p16 and in situ hybridization (ISH) positivity resulted in higher prevalences of 0.63 (0.37-0.86) and 0.61
(0.56-0.65) respectively (Table 3, Figure 7). The PCR+ISH was compared as direct viral detection meth-
ods with a category of p16 + E6/E7 mRNA which represent markers of viral activity. Although the latter
group gave a higher pooled prevalence PCR+ISH group (68% vs. 48%), the difference didn’t reach sta-
tistical significance (p = 0.12) (Table 3, Figure S6).

Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Subgroup = PCR

Cui 2024 4195 8776 7.7% 0.48[0.47; 0.49]

Lu 2023 1821 2135 7.7% 0.85[0.84; 0.87]
Mehanna 2012 1473 3347 7.7% 0.44[0.42; 0.46]

Stein 2014 317 501 7.7% 0.63 [0.59; 0.67] : 3

Vani 2024 1087 3090 7.7% 0.35[0.33; 0.37]

Vani 2024 31 427 7.6% 0.07 [0.05; 0.10] | |

Al Fadel 2025 70 240 7.6% 0.29 [0.24; 0.35] B

Total (95% CI) 18516 53.8% 0.44 [0.29; 0.59] e

Heterogeneity: Tau® = 0.0417; Chi® = 2169.86, df = 6 (P = 0); I> = 99.7%

Subgroup = p16

Lu 2023 631 742 7.7% 0.85 [0.82; 0.88] =
Mariz 2020 1117 2262 7.7% 0.49 [0.47; 0.51]

Ndiaye 2014 617 738 7.7% 0.84 [0.81; 0.86] L]
Al Fadel 2025 183 648 7.7% 0.28 [0.25; 0.32] B

Total (95% CI) 4390 30.8% 0.63 [0.37; 0.86] —————

Heterogeneity: Tau® = 0.0719; Chi’ = 831.87, df = 3 (P < 0.0001); I’ = 99.6%

Subgroup = ISH

Mehanna 2012 732 1254 7.7% 0.58 [0.56; 0.61] =

Steln 2014 453 718 7.7% 0.63 [0.59; 0.67] =

Total (95% CI) 1972 15.4% 0.61 [0.56; 0.65] <
Heterogeneity: Tau® = 0.0009: Chi® = 4.25, df = 1 (P = 0.0393): I* = 76.5%

Total (95% Cl) 24878  100.0% 0.52 [0.42; 0.63] —
Heterogeneity: Tau® = 0.0393; Chi’ = 3221.36, df = 12 (P = 0); I = 99.6% 02 04 06 08

Test for subgroup differences: Chi® = 4.33,df =2 (P = 0.1146)

Figure 7: Forest plot of the prevalence of HPV-positive oropharyngeal cases stratified by detection methods.

Significant presence of heterogeneity and publication bias, large Cls and the observational nature
of the included study designs led to “low” evaluation of all the pooled analyses assessed by GRADE
tool.

4. Discussion

To the best of our knowledge and as far as the literature search indicates, this is the first systematic
umbrella review to gather and analyze all the prior SR and MAs on the prevalence and survival of
HPV-related OPC. Its goals are to shed light on the literature, take a snapshot of the field's current state,
identify knowledge gaps, and open the door for future research to focus on higher-quality interven-
tions.

4.1. Prevalence

An overall prevalence of 43% (95% CI: 41%-46%) was found from a sample of 147,447 OPC cases.
The population attributable fraction (PAF) is estimated to be 63,402 cases (95% CI: 60,453-67,826) that
can be attributed to HPV. This means HPV is responsible for approximately 4 out of every 10 OPC cases
globally

The comparison between moderate/high and low/critically low quality studies revealed compara-
ble pooled prevalence, indicating that paper quality was not the source of heterogeneity. Studies with
large sample size resulted in a higher pooled prevalence compared to the smaller sample size studies
(46% vs. 39%). However, the intergroup difference was not significant. The reason for this could be the
better ability of viral detection in large sample size studies, while the smaller sample size studies might
have led to some false negative results.

HPV-16 was the most frequent subtype with the pooled prevalence of 79%. This was followed by
%3 for HPV-33 and 2% for both HPV-18 and HPV-35. The same predominance of HPV-16 was reported
in head and neck cancers [52], cervical cancer [53], anogenital [54] and penile cancers [55].

Tonsils and base of the tongue had the highest pooled prevalence of HPV with 0.60 (0.55-0.66) and
0.43 (0.34-0.51) respectively. The pooled prevalence of HPV in soft palate was 0.08 (0.04-0.14). Some
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studies collected the other sites beside tonsils, base of the tongue and soft palate (like the posterior and
lateral walls of the pharynx) under the category of “other”. The pooled analysis HPV in “other” sites
was 0.27 (0.11-0.47).

Because of their distinct anatomical vulnerabilities, the tonsils and base of the tongue have the
highest and second-highest HPV prevalences among OPC cases [56]. In contrast to other oral and head
& neck regions where HPV requires tissue damage to reach vulnerable cells, the tonsillar crypt's per-
meable basement membrane makes it simple for HPV to reach basal epithelial cells without causing
micro abrasions. Specialized reticular crypt epithelium with a disturbed basement membrane and basal
cell layer lines the tonsillar crypts, and the presence of many branching crypts increases the surface
area for antigen processing by more than 700 times [57]. Due to the localized expression of immune
checkpoint programmed death ligand, the tonsillar crypt may provide a favorable immunological mi-
lieu for HPV infection, but the multilayered epithelium at other oropharyngeal locations protects the
stem cell population [56]. The second-highest HPV prevalence is found at the base of the tongue, which
has identical lingual tonsillar tissue with comparable vulnerabilities. Tonsillar anatomy plays a crucial
role in HPV-related carcinogenesis, as evidenced by the fact that only 3% of oropharyngeal malignan-
cies originating from non-tonsillar locations had high-risk HPV, compared to 92% from tonsillar sites
[58].

The time-wise analysis of the comparison before and after 2015 revealed approximately the same
prevalence. However, the comparison of the MAs before and after 2020 showed a reduction in preva-
lence from 48% to 41%, although the difference was not statistically significant (p = 0.09). This could be
attributed to the effect of recent vaccination strategies both among healthy and cancer populations. For
instance, in the United States, infections with the four HPV strains that Gardasil prevents fell 88%
among females aged 14-19 and 81% among those aged 20-24 within 12 years of the vaccine's introduc-
tion [59]. In comparison to unvaccinated males, vaccinated males were less likely to develop head and
neck cancers and all HPV-related cancers [60]. Moreover, vaccinated individuals had an 80% lower
incidence of oral HPV-16 infection, according to a meta-analysis of 4 studies and 13,285 participants
[61].

Male OPC patients had higher pooled prevalence of HPV (47% vs. 35%) compared to females (p =
0.32). This difference may stem from several factors. Males with OPC have a greater HPV prevalence
than females, which is indicative of basic variations in immunological response and sexual behavior
[62]. Early in their sexual encounters, females who engage in conventional genital sex contract an in-
fection. Within a small number of partners, they quickly seroconvert the infection into a systemic anti-
body that provides lifelong protection. Men have longer durations of susceptibility before generating
protective antibodies because they require a significantly higher number of sexual partners to serocon-
vert an infection into a protective antibody [63]. Men usually need more sexual exposures than women
to acquire protective antibodies, and the lifetime number of oral sex partners is the main factor influ-
encing the risk of HPV-positive OPC, with an overall risk of 5.7 for >6 lifetime oral sex partners [64, 65].
Women also typically have stronger and faster immune responses to HPV infections, possibly due to
hormonal protection from estrogen, which aids in the more efficient removal of viruses. This pattern is
consistent with a larger epidemiological trend that indicates OPC is primarily a male disease, with the
majority of OPC cases now being HPV-positive, with the increase observed primarily in young males
in industrialized countries [66, 67].

The regional differences in HPV pooled prevalence in OPCs, with North America showing the
highest prevalence (59%) followed by Europe (44%), Asia (37%), South America (23%), and Africa
(15%), reflect distinct epidemiological, behavioral, and healthcare system factors. Recent decades have
seen substantial changes in sexual behavior in North America and Europe, such as a rise in oral sex
practices and modifications to partnership patterns, which make it easier for HPV to spread to the oro-
pharynx [68]. The rise is primarily observed in young men in industrialized nations , and since oral sex
is more common among younger people, disparities in oral sexual behaviors account for age- and race-
related prevalence [69]. Higher identification rates of HPV-positive cases are also a result of these areas'
more developed healthcare systems, which include better diagnostic tools and organized HPV testing
procedures [69]. Furthermore, the percentage of OPCs driven by HPV has increased relative to those
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caused by alcohol and tobacco due to the drop in traditional risk factors including smoking and alcohol
usage in North America and Europe [67]. Different sexual behavioral patterns, lower rates of oral sex
practices, the continued dominance of alcohol and tobacco as the main risk factors for OPC, and possi-
bly less thorough HPV testing in healthcare systems, which could result in an under-detection of HPV-
positive cases, could all be contributing factors to the lower prevalence in Asia, Africa, and South Amer-
ica [38].

The prevalence of HPV varied significantly based on the diagnostic method employed. While p16
immunohistochemistry and in situ hybridization (ISH) showed higher prevalences of 63% (95% CI:
0.37-0.86) and 61% (95% CI: 0.56-0.65), respectively, PCR-based detection produced a pooled prevalence
of 44% (95% CI: 0.29-0.59) which is closer to the overall pooled prevalence of this review (43%). Com-
parison between viral activity markers (p16 + E6/E7 mRNA) and direct viral detection techniques (PCR
+ ISH), the latter group exhibited a greater pooled prevalence (68% vs. 48%), although this difference
was not statistically significant (p = 0.12).

HPV DNA detection by PCR identifies viral presence but not transcriptional activity. Therefore, it
is prone to false positives from non-oncogenic transient infection [70]. p16 is a surrogate marker for
high-risk HPV-mediated E7 oncoprotein activity and it is highly sensitive but less specific, as p16 can
be overexpressed in HPV-negative tumors [71]. Moreover, E6/E7 mRNA is the most specific marker of
transcriptionally active, oncogenic HPV infection, but it is technically demanding and not universally
available [72]. Lastly, combined testing (p16 + HPV DNA or mRNA) is currently recommended by
ASCO guidelines for definitive HPV attribution in clinical trials [73]. The analysis of this review shows
a higher pooled prevalence with combined markers (68%), likely reflecting improved sensitivity.

These results imply that detection techniques that focus on viral activity markers may be able to
detect a wider range of HPV-associated infections. The variation in detection rates highlights the po-
tential clinical utility of combining multiple detection approaches for a more thorough evaluation of
HPYV status in patients with OPC, as well as the significance of taking the diagnostic method into ac-
count when interpreting HPV prevalence data. Clinically, the choice of detection method directly im-
pacts reported prevalence and patient stratification, and standardization is urgently needed for de-
escalation trial eligibility.

4.2. Survival

Eight SR and MAs were included that focused on the survival of HPV related OPCs. Several im-
portant conclusions may be drawn from the combined data of these reviews.

Not all HPV-positive OPC patients have the same prognosis, as Shenker et al.'s [51] important
finding shows. Compared to patients with HPV-16, those with HPV-non16 OPC may have a worse
overall survival (OS) and a lower likelihood of becoming p16 positive. According to the meta-analysis,
HPV-nonl6 subtypes had a considerably worse 5-year OS than HPV-16, and their OS at 5 years was
significantly worse than HPV-16's. Furthermore, there was a lower likelihood of p16 positivity by IHC
in individuals with HPV-non16 infection, which may indicate variations in host response and viral
biology. A clinically relevant grouping, the 14.3% frequency of HPV-non16 subtypes may necessitate
distinct prognostic considerations and possible exclusion from de-escalation treatments.

Al Fadel et al.'s MA [29] showed that the prognostic benefit and HPV prevalence vary among oro-
pharyngeal subsites. The distinctive survival benefit linked to HPV positivity is absent from other oro-
pharyngeal sites, such as the soft palate, uvula, and pharyngeal walls, while HPV-positive tonsil and
base of tongue tumors demonstrate well-established survival advantages. The HPV prevalence at these
sites is much lower (20% vs. 50-55%). This implies that anatomical subsite should be a crucial factor in
prognostic classification, challenging the approach of treating all OPC equally based on HPV status.

Important evidence that HPV status modifies racial disparities in OPC survival may be drawn in
the Stein et al.’s SR [46]. For patients who were HPV-positive and HPV-negative, the pooled HR related
to black race was 1.10 and 1.50, respectively. Importantly, the racial difference in OPC survival was
nonsignificant for HPV-positive and remains for HPV-negative. This review implies that although be-
ing HPV-positive offers a survival advantage that seems to cut across racial lines, ongoing inequalities
in HPV-negative could be caused by variations in tumor biology, socioeconomic position, or access to
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care. The need for better healthcare delivery in disadvantaged groups is highlighted by the finding that
unmeasured variations in socioeconomic status and access to care may be a contributing factor in this
gap.

O'Rorke et al.’s MA [50], which included 42 studies and more than 1,500 patients, offers strong
evidence of the HPV survival advantage. Overall survival was 54% higher for patients with HPV-pos-
itive in head and neck squamous cell carcinoma (HNSCC) than for those with HPV-negative HNSCC
(HR 0.46). The pooled HR for tonsillar carcinoma and OPC was 0.50 and HR 0.47, respectively. The
pooled HR for disease-specific survival was 0.28, which indicates a significant improvement in out-
comes specific to cancer. Crucially, these advantages were constant irrespective of confounder, HPV
detection technique, or geographic location adjustments, offering compelling proof of the HPV prog-
nostic effect's resilience.

Chen et al.’s SR [47] offers proof that smoking considerably reduces the survival benefit of OPC
with HPV. Smoking stands out as one of the most significant modifiable prognostic variables in this
population, with 80% of studies demonstrating statistically significant connections between smoking
and worse outcomes and adjusted hazard ratios ranged from 1.3 to 7.2 for various survival endpoints.

Gotz et al’s [32] review reveals important methodological problems that could account for dis-
crepancies in the literature. The significant heterogeneity (I = 97%) in HPV prevalence across studies
(0% to 61.2%) indicates that detection methodology, study population characteristics, and geographic
factors significantly impact reported outcomes, even though they did not find any significant differ-
ences between detection methods in their comparison. Shenker et al.'s [51] finding that HPV-non16 sub-
types have a lower probability of being p16-positive complicates HPV detection methods even further.
The need for standardized HPV testing procedures that take into consideration both HPV subtype and
p16 status is highlighted by this diversity, which advices more precaution when selecting de-escalation
treatment techniques.

According to the Marrero-Gonzalez ef al. MA [49], there were notable sex-based differences that
vary by region, with US research showing no significant difference and international studies favoring
female patients (aHR = 0.68). These differences may demonstrate the intricate relationship that exists
between host variables, healthcare access, and viral oncogenesis.

These results point to the need for significant improvement in the "HPV-positive OPC" diagnosis,
even though it is prognostically relevant. De-escalation trials for current treatments should consider:

e HPV subtype stratification: Patients with a poorer prognosis (14% prevalence of HPV-nonl6
subtypes) may need to be excluded from de-escalation programs or require other treatment
modalities.

¢ Anatomical subsite considerations: HPV positivity may not have the same predictive effect on
non-tonsillar, non-base of tongue, oropharyngeal sites.

e Integration of smoking status: Because smoking consistently has negative effects, it may be a
relative contraindication for treatment de-escalation to continue smoking.

e Improved HPV testing procedures: pl6 immunohistochemistry and HPV subtyping together
may yield more precise prognostic data than each test alone.

e Aspects related to health equity: Equal access to HPV testing and specialist care is still crucial,
even though having an HPV-positive status seems to lessen racial inequities.

Standardized methods and more accurate classification techniques are needed, as evidenced by
the significant methodological variation found among studies. Instead of depending only on binary
HPYV status for treatment decisions, future research should concentrate on creating complete prognostic
models that incorporate HPV subtype, anatomical location, smoking status, and demographic charac-
teristics.

4.3. Oncogenic Role of HPV in OPC

HPV plays an oncogenic role in OPC through multiple molecular and biological mechanisms. By
expressing oncoproteins E6 and E7, which target and deactivate important tumor suppressor path-
ways—E6 deactivates p53, while E7 targets pRb—the virus starts carcinogenesis [74]. This results in
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unchecked cell division and genomic instability. The tonsillar crypts are lined with a porous basement
membrane that allows HPV easy access to basal epithelial cells without micro-abrasions. Viral particles
are deposited across the basement membrane and disrupted basal cell layer, which makes it easier to
infect basal cells without the necessary trauma seen in cervical cancer [75]. When HPV integrates into
the host genome, it interferes with regular apoptotic and cell cycle regulation processes and fosters an
immune-permissive milieu that permits ongoing infection [76]. Due to the increased radiosensitivity
and immunogenicity of HPV-driven tumors, HPV-positive OPC has one of the fastest-rising incidences
of any cancer in high-income countries [7].

Several theories have been put forward to explain why the HPV-positive OPC has a higher chance
of survival compared to HPV-negative OPC. Younger patients who have had less exposure to alcohol
and smoke tend to have HPV-positive malignancies, which improves their general health and treatment
tolerance [7]. Furthermore, unlike cancers linked to tobacco or alcohol, which frequently have p53 mu-
tations [77], HPV-driven malignancies are biologically unique in that they retain wild-type p53 func-
tion, which makes them more susceptible to DNA-damaging therapies like chemotherapy and radia-
tion [78]. These malignancies are caused by viral oncoproteins E6 and E7, which produce weaknesses
that increase the tumor cells' vulnerability to treatment-induced cell death. Better results are also fre-
quently achieved by HPV-positive patients because they frequently have stronger immune responses
against the viral antigens [79].

4.4. Strength and Limitations

This review has several methodological strengths that fortify the validity of its conclusions, such
as thorough search approach across several databases, using random-effects model, utilizing AMSTAR
2 and the GRADE tools for evaluating study qualities and evidence certainty respectively. With 24 SRs
that included 783 primary studies covering more than 146 thousand OPC patients, it has a very broad
scope, making it one of the largest syntheses of evidence on the prevalence and survival of HPV-related
OPC. Numerous clinically significant subcategories, such as HPV subtypes, cancer subsites, temporal
trends, sex differences, geographic variations, and detection techniques, were methodically investi-
gated in this study.

On the other hand, some limitations should also be noted. One was the incredibly high heteroge-
neity found in all pooled analyses, which restricted the pooled results' interpretability and generaliza-
bility of some of the analyses. Because of the observational nature of the included studies, considerable
heterogeneity, and publication bias, the GRADE assessment yielded “low” certainty of evidence for all
outcomes. According to AMSTAR 2, only four out of twenty-five studies received "high" quality rat-
ings. Moreover, some studies only provided HPV percentage without the actual number of positive
cases out of the total sample. This conversion might have caused some measurement imprecisions. Ex-
treme variability prevented quantitative synthesis limited the study to qualitative description for sur-
vival analysis. Important confounding factors such alcohol use, smoking status, and treatment regi-
mens may not have been sufficiently controlled for in the analyses of all the included SRs. Lastly, only
one included SR specifically addressed HPV-non16 survival outcomes, and data on non-16 subtypes
were insufficient across most included reviews to allow subgroup pooling. This limits the ability to
draw definitive conclusions regarding the prognostic impact of non-16 subtypes and their suitability
for treatment de-escalation strategies.

5. Conclusions

This extensive umbrella review, which shows an overall HPV prevalence of 43% among OPC pa-
tients worldwide, offers crucial insights into the epidemiology and prognosis of HPV-related OPC. Sig-
nificant differences in prevalence were found across several dimensions: HPV-16 was the most common
subtype (79%), tonsils were the most common cancer subsite (60%) followed by base of tongue (43%),
males had higher HPV prevalent OPCs than females (47% vs. 35%), and there were notable regional
differences, with North America having the highest rates (59%). Despite methodological heterogeneity,
the survival evidence synthesis consistently showed superior outcomes for HPV-positive patients, with
significant prognostic nuances such as poorer outcomes for HPV-nonl6 subtypes, smoking-related
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survival detriment, and anatomical subsite-specific variations. Clinically, these findings affect the risk
stratification, therapy de-escalation considerations, and the creation of more accurate prognostic mod-
els that consider anatomical location, smoking status, and HPV subtype rather than just binary HPV
status. To increase the accuracy of future evidence synthesis, standardized HPV detection procedures,
harmonized outcome criteria, and high-quality prospective studies are vital. While the growing impact
of HPV vaccination programs indicates the need for ongoing surveillance to track shifting epidemio-
logical patterns in the post-vaccination era, the significant geographic and demographic variations
noted underscore the significance of region-specific epidemiological data for guiding local prevention
strategies and clinical guidelines.
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