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Abstract. Background. Human papillomavirus (HPV) is  a  well-established risk factor for  oropharyngeal squamous cell 
carcinoma (OPSCC) and has also been implicated in oral squamous cell carcinoma (OSCC). However, global prevalence 
data for HPV in OSCC and OPSCC remain heterogeneous. This systematic review and meta-analysis aim to determine 
the pooled prevalence of HPV in OSCC and OPSCC, analyzing variations by gender, geographical distribution, and sample 
size. Materials and methods. A comprehensive search was conducted in PubMed for published literature till February 2025, 
identifying relevant studies reporting HPV prevalence in OSCC and OPSCC. A proportional meta-analysis was performed 
using a  random-effects model with double arcsine transformation. Subgroup analyses were conducted based on  gender, 
cancer type (OSCC vs OPSCC), and study location. Heterogeneity was assessed using the I2 statistic, and publication bias 
was evaluated using funnel plots and Egger’s test. Results. A total of 103 studies, comprising 13 060 OSCC/OPSCC patients, 
were included. The pooled prevalence of HPV was significantly higher in OPSCC (45.95%) compared to OSCC (15.50%). 
South America exhibited the highest prevalence (38.58%), while regional differences were evident across other continents. 
Male patients showed a  slightly higher HPV prevalence (24.36%) compared to  females. Polymerase chain reaction and 
in situ hybridization were the most commonly used HPV detection methods. High heterogeneity (I2 > 75%) was observed 
across studies, indicating methodological and population-based variability. Egger’s test did not show significant publication 
bias (p  = 0.0931), though the  funnel plot suggested some degree of  asymmetry. Conclusion. This meta-analysis provides 
comprehensive global estimates of HPV prevalence in OSCC and OPSCC, reinforcing the strong association between HPV 
and OPSCC while highlighting its relatively lower prevalence in OSCC. Regional and gender-based differences underline 
the  need for  standardized HPV detection protocols and expanded vaccination programs targeting both genders. Future 
research should focus on improving diagnostic accuracy and understanding HPV’s role in OSCC pathogenesis.

Keywords: oral squamous cell carcinoma, oropharyngeal squamous cell carcinoma, human papilloma virus, polymerase chain reaction, 
genetic heterogeneity, molecular epidemiology.
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Резюме. Введение. Вирус папилломы человека (ВПЧ) является общепризнанным фактором риска плоскокле-
точного рака (ПКР) ротоглотки, а также связан с ПКР полости рта. Однако данные о глобальной распростра-
ненности ВПЧ при ПКР ротоглотки и ПКР ротовой полости остаются неоднородными. Целью данного си-
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стематического обзора и метаанализа является определение совокупной распространенности ВПЧ при ПКР 
ротоглотки и  ПКР полости рта, анализируя различия по  полу, географическому распределению и  размеру 
выборки. Материалы и методы. Был проведен поиск литературы в PubMed по состоянию на февраль 2025 г. 
с целью выявления соответствующих исследований, сообщающих о распространенности ВПЧ при ПКР ро-
тоглотки и  ПКР ротоглотки. Пропорциональный метаанализ был проведен с  использованием модели слу-
чайных эффектов с двойным арксинусным преобразованием. Анализ подгрупп проводился с учетом пола, 
типа рака (ПКР ротоглотки против ПКР полости рта) и места проведения исследования. Гетерогенность оце-
нивалась с помощью статистики I2, а смещение публикаций — с помощью воронкообразных диаграмм и те-
ста Эггера. Результаты. Было проанализировано в общей сложности 103 исследования, включавшие 13 060 
пациентов с  ПКР ротоглотки/ПКР полости рта. Общая распространенность ВПЧ была значительно выше 
при ПКР ротоглотки (45,95%) по сравнению с ПКР полости рта (15,50%). Самая высокая распространенность 
(38,58%) показана для Южной Америки, на других континентах отмечены региональные различия. У паци-
ентов мужского пола распространенность ВПЧ была немного выше (24,36%), чем у  женщин. Наиболее ча-
сто используемыми методами обнаружения ВПЧ были полимеразная цепная реакция и гибридизация in situ. 
В разных исследованиях наблюдалась высокая гетерогенность (I2 > 75%), что указывает на методологическую 
и  популяционную изменчивость. Тест Эггера не  выявил значительного публикационного смещения (p  = 
0,0931), хотя воронкообразная диаграмма предполагала некоторую степень асимметрии. Выводы. Настоящий 
метаанализ предоставляет комплексные глобальные оценки распространенности ВПЧ при ПКР ротоглотки 
и ПКР полости рта, подтверждая тесную связь между ВПЧ и ПКР ротоглотки и относительно более низкую 
распространенность при ПКР полости рта. Региональные и  гендерные различия подчеркивают необходи-
мость стандартизированных протоколов выявления ВПЧ и расширенных программ вакцинации, охватыва-
ющих оба пола. Дальнейшие исследования должны быть направлены на повышение точности диагностики 
и понимание роли ВПЧ в патогенезе ПКР полости рта.

Ключевые слова: плоскоклеточный рак полости рта, плоскоклеточный рак ротоглотки, вирус папилломы человека, 
полимеразная цепная реакция, генетическая гетерогенность, молекулярная эпидемиология.

Introduction

Head and neck squamous cell carcinoma 
(HNSCC) accounts for  650 000 new cases annu-
ally with more than 350 000 deaths, identifying it as 
the seventh most common cancer globally [93]. It in-
cludes malignancies arising from the mucosal lining 
of upper aerodigestive tract including hypopharynx, 
larynx, lip and oral cavity, nasopharynx, oropharynx, 
paranasal sinuses and nasal cavity, salivary glands, 
and metastatic cancers with occult primary [18, 93]. 
HNSCC significantly impact patient morbidity, with 
disease burden further compounded by treatment- 
related toxicities.

Among the  different HNSCCs, oral and oro-
pharyngeal squamous cell carcinomas (OSCC and 
OPSCC) are of  particular concern. While their in-
cidence is  speculated to  be declining in  developed 
nations due to reduced tobacco use, they are increas-
ingly linked to Human Papillomavirus (HPV) infec-
tion, likely due to evolving sexual behaviors affecting 
younger individuals with no significant comorbidi-
ties or secondary primary tumors  [93, 119]. HPV-
associated cancers exhibit distinct epidemiologic, 
clinical, and molecular characteristics, demonstrat-
ing a  lower risk of  metastatic dissemination, better 
treatment outcomes, prevention by vaccination, and 
improved overall survival rate, reshaping perspec-
tives on cancer therapy and prevention [31, 93, 105]. 
Given the younger age group and better survival out-
comes, understanding the role of HPV across OSCC 
and OPSCC subtypes of HNSCC may aid in mini-

mizing acute and late treatment-related toxicities by 
optimizing treatment strategies.

With over 200 related viruses, HPV is broadly di-
vided into high-risk and low- risk groups. The former 
includes 12 types, with HPV-16 and HPV-18 being 
the most commonly implicated in HPV-related car-
cinomas. Though low-risk types have an oncogenic 
potential, they rarely cause cancer  [71]. High-risk 
HPV promotes carcinogenesis by integration of  vi-
ral DNA into host cells, leading to  the inactivation 
of tumor suppressor proteins p53 and retinoblastoma 
(RB) protein and upregulation of p16 via the viral on-
coproteins E6 and E7. This leads to uncontrolled cell 
proliferation and malignant transformation. In con-
trast, tobacco driven HNSCCs are characterized by 
p53 mutations, p16 downregulation, and upregula-
tion of RB [31].

While HPV is  an established risk factor 
for  OPSCC with a  well-documented positive prog-
nostic impact, its role in OSCC remains controversial 
due to  its stronger association with tobacco and al-
cohol use [93]. Although recent high-quality reviews 
have attempted to clarify this association, their find-
ings are often limited by restrictive inclusion crite-
ria, number of studies included, and the time frame 
of  literature search  [3, 32, 51]. Therefore, the  fol-
lowing systematic review and meta-analysis (SRM) 
aimed to determine the pooled prevalence of HPV-
associated OSCCs and OPSCCs across different pop-
ulations and study settings. The secondary objectives 
were to assess the  influence of  sample size, gender, 
and ethnicity on this prevalence.
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Materials and methods

This SRM was conducted in  accordance with 
the  Preferred Reporting Items for  Systematic 
Reviews and Meta-Analyses (PRISMA) statement 
and was registered in  the International Prospective 
Register of  Systematic Reviews (PROSPERO; reg-
istration number: CRD420251057413) following 
the predefined criteria (Table 1) [75]. A comprehen-
sive search was performed in  the PubMed, Google 
Scholar, and Cochrane databases, and grey litera-
ture sources were also reviewed to ensure complete-
ness of the evidence base and the retrieved titles and 
abstracts were screened for eligibility. In the second 
screening phase, the full texts of the selected studies 
were assessed for final inclusion.

Rayyan — Intelligent Systematic Review (https://
www.rayyan.ai), literature screening software, and 

PRISMA flow diagram tool were used to  remove 
duplicates and producing PRISMA compliant flow 
diagram [41].

Selection Process Initially, two independent re-
viewers screened the titles and abstracts to determine 
their potential inclusion. Full texts of  the selected 
studies were then retrieved and individually reviewed 
by the  same two reviewers for  final inclusion. Any 
conflicts or disagreements were resolved through an 
independent assessment by a third reviewer.

Data Collection Process and Quality Assessment. 
Two independent reviewers conducted data extrac-
tion from the  included studies. The  first reviewer 
initially screened the  data which was then veri-
fied by the  other reviewer. Any disagreements or 
conflicts were resolved by mutual discussion and if 
necessary, by consulting a  third reviewer. The  data 
extracted from the  studies included author details, 

Table 1. Search strategy and selection criteria

Focus question To identify the prevalence of HPV associated OSCC and OPSCC

Search strategy

Population

#1: (“Oral Cancer” [All Fields] OR “mouth cancer” [All Fields] OR “squamous cell carcinoma of the head 
and neck” [All Fields] OR “tongue cancer” [All Fields] OR “Palatal neoplasms” [All Fields] OR “gingiva 
cancer” [All Fields] OR “alveolar bone cancer” [All Fields] OR “base of tongue cancer” [All Fields] OR 
“Mandible cancer” [All Fields] OR “Maxilla cancer” [All Fields])

Intervention #2: (“Human Papillomavirus” [All Fields] OR “HPV” [All Fields] OR “HPV-16” [All Fields] OR “HPV-18” [All 
Fields])

Comparison –

Outcome Prevalence of HPV positivity in OSCC or OPSCC

Filters #3: “English” [language] AND “Humans” [MeSH] AND Publication year: till February 2025

Search combination #1 AND #2 AND #3

Database search PubMed (electronic), Google Scholar, Cochrane Database, Grey literature search

Draft of search 
strategy

(“Human Papillomavirus” [All Fields] OR “HPV” [All Fields] OR “HPV-16” [All Fields] OR “HPV-18” [All 
Fields]) AND (“Oral Cancer” [All Fields] OR “mouth cancer” [All Fields] OR “squamous cell carcinoma 
of the head and neck” [All Fields] OR “tongue cancer” [All Fields] OR “Palatal neoplasms” [All Fields] 
OR “gingiva cancer” [All Fields] OR “alveolar bone cancer” [All Fields] OR “base of tongue cancer” [All 
Fields] OR “Mandible cancer” [All Fields] OR “Maxilla cancer” [All Fields])

Selection criteria

Inclusion criteria
•	 Full text articles published/available in English language
•	 Cohort studies, cross-sectional studies assessing OSCC and/or OPSCC patients for HPV positivity 

using HPV DNA detection

Exclusion criteria

•	 Abstracts only, conference proceedings, letters, editorials, in-vitro studies, animal studies, reviews 
with or without meta-analysis, case reports, surveys, non-availability of full text, publications ahead 
of print

•	 Studies using only p16 IHC for HPV detection
•	 Studies assessing HPV prevalence in healthy subjects, oral dysplastic lesions, papillomas, verrucous 

carcinoma, salivary gland carcinoma, unknown primary carcinoma, post-treatment carcinoma 
patients, or immunocompromised patients

•	 Studies using novel diagnostic techniques for HPV detection
•	 Inclusion of patients with known HPV status during enrolment
•	 Lack of HPV prevalence data
•	 Studies assessing association of HPV with OSCC and/or OPSCC without reporting prevalence
•	 Lack of data retrieval concerning OSCC or OPSCC from HNSCC patient cohorts
•	 Duplicate data publication

Notes. HPV: Human Papilloma Virus, OSCC: Oral Squamous Cell Carcinoma, OPSCC: Oropharyngeal Squamous Cell Carcinoma,  
IHC: Immunohistochemistry, HNSCC: Head and neck squamous cell carcinoma.
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year of  publication, ethnicity of  included patients, 
method of  HPV detection, number of  OSCC and/
or OPSCC carcinoma patients, gender distribution 
of  patients, and number of  HPV positive patients. 
Quality assessment was done using the  Newcastle-
Ottawa scale (NOS)  [74]. Carcinomas of  oral and 
oropharyngeal regions were classified according 
to  the World Health Organization’s International 
Statistical Classification of  Diseases 10th revision 
(ICD-10) (2019)  [116]. Anatomical sites included 
under OSCC were lip (C00), other unspecified parts 
of tongue (C02), gums (C03), floor of mouth (C04), 
palate (C05), and other unspecified parts of  mouth 
(C06) while those under OPSCC were base of tongue 
(C01), lingual tonsil (C02.4), tonsils (C09), soft pal-
ate (C05.1), uvula (C05.2), and oropharynx (C10).

Statistical analysis. A  proportional meta-anal-
ysis was done to  calculate the  pooled prevalence 
of  HPV in  OSCC and OPSCC using a  random-
effects model and double arcsine transformation 
with back transformation  [10]. Given the  potential 
for  variance instability and proportions approach-
ing boundary values (0 or 1), Freeman–Tukey trans-
formation was used to  stabilize variance and nor-
malize distributions  [11]. The  variability in  study 
outcomes was measured using the  I2 statistic with 
value greater than 75% indicating greater heteroge-
neity. Subgroup meta-analysis was conducted based 
on  gender, type of  cancer  — OSCC and OPSCC, 
and the  location of  the study. Publication bias was 
assessed using a  funnel plot and Egger’s test. A p-
value below 0.05 was considered statistically signifi-
cant. All statistical analyses were performed using R 
software, version 4.3.

Results

Study Selection. A total of 941 potentially relevant 
studies were identified from the  selected databases 
of  which 774 studies were excluded after screening 
of  title and abstract, leaving 167 titles for  full texts 
retrieval. Of  these, 64 studies were removed for  fol-
lowing reasons: 17 due to non-availability of full text 
and being ahead of print, 10 each due not using DNA 
for HPV detection and non-differentiation of OSCC 
and/or OPSCC data from other HNSCC, dysplas-
tic lesions, papillomas, and verrucous carcinomas, 
6 enrolling subjects with known HPV status, 6 pro-
viding inadequate data, 5 HPV association studies, 
3 diagnostic comparison studies, 2 each assessing 
HPV prevalence in healthy individuals and salivary 
gland carcinomas, and 1 each assessing HPV preva-
lence in subjects with unknown primary carcinoma, 
in  post-treatment carcinoma patients, and present-
ing duplicate data. Thus, 103 articles were included 
for final review (Fig. 1 and Table 2).

Characteristics of  Included Studies. The  studies 
included in this SRM exhibited diverse methodolo-
gies and broad geographical distribution encompass-

ing prospective, retrospective, cohort, case- control, 
and cross-sectional studies. These studies were con-
ducted across all continents except Australia. A total 
of 13060 OSCC/OPSCC patients were analyzed, with 
6972 males and 3998 females, resulting in a male-to-
female ratio of 1.7:1. Gender distribution details were 
unavailable for  2090 patients. The  most employed 
HPV detection methods were polymerase chain reac-
tion (PCR) and in situ hybridization (ISH) for HPV 
DNA identification. The majority of studies originat-
ed from the Asian subcontinent, with no studies from 
Australia. Additionally, three studies assessed indi-
viduals of  multiple ethnicities. All included studies 
demonstrated moderate to high quality based on the 
Newcastle-Ottawa Scale (NOS).

Meta-analysis. Among 103 studies comprising 
of 13060 patients with OSCC or OPSCC, the pooled 
prevalence of  HPV was determined as 22.51% 
(95%CI: 18.23–27.09%) with a substantial heteroge-
neity (I2 = 97.5%).

Subgroup analysis. Subgroup analysis was con-
ducted based on gender, type of cancer, i.e., OSCC or 
OPSCC, and ethnicity of patients. 47 and 46 studies 
respectively provided gender-specific data on  HPV 
positivity comprising of 3641 males and 1853 females. 
A pooled prevalence of 24.36% (16.33–33.34%; I2 = 
97.7%) and 22.36% (14.27–31.51%; I2 = 95.2%) was 
calculated in  males and females, respectively with 
no statistically significant difference (p  = 0.813) 
(Fig.  S1, see "Supplementary materials" in  article 
profile on doi: 10.15789/2220-7619-POH-17996).

Based on ethnicity of patients, 3 studies included 
patients of  multiple ethnicities and did not provide 
individual data [37, 43, 94]. Among the 100 studies, 
2611 of 10 128 patients were HPV positive. In 43 stud-
ies from Asia consisting of  4424 patients, a  pooled 
prevalence of  16.82% (95%CI: 11.54–22.82%) was 
calculated with a high heterogeneity of 95.5%. From 
35 studies of  Europe comprising of  3796 patients, 
the  pooled prevalence was 28.46% (95%CI: 19.88–
37.84%) with high heterogeneity of 98.0%. In 15 stud-
ies of  North America comprising of  1414 patients, 
the  pooled prevalence was 20.46% (95%CI: 12.33–
29.96%) with a  high heterogeneity (I2  = 91.8%). 
In 6 studies from South America (277 patients) and 
sole study from Africa (217 patients),118 the pooled 
prevalence was 38.58% (95%CI: 19.34–30.87%; I2 = 
95.6%) and 24.88%. There was no statistically signifi-
cant difference in the prevalences based on patient’s 
ethnicity (p  = 0.085) with forest plot distribution 
shown in Fig. S2.

107 studies comprising of 10 369 specified the num-
ber of OSCC or OPSCC patients of which 2365 were 
HPV positive. A pooled prevalence of 15.50% (95%CI: 
11.29–20.18%) was calculated among OSCCs while 
it was 45.95% (95%CI: 35.22–56.87%) among OPSCCs, 
both presenting high heterogeneity (I2  = 95.8% and 
96.8%, respectively) which was statistically highly sig-
nificant (p < 0.001) (Fig. S3).
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Meta-regression and sensitivity analysis. Meta-
regression was performed to  determine the  effect 
of  sample size on  the pooled prevalence of  HPV 
in OSCC and OPSCC which indicated that sample 
size did not significantly affect the pooled prevalence 
results (p  = 0.367). On  performing leave-out-one 
sensitivity analysis, a  high heterogeneity (I2  > 75%) 
was persistently seen, suggesting true variation across 
studies rather than presence of outliers (Fig. S4).

Publication bias. Publication bias was assessed 
using funnel plot asymmetry and Egger’s test which 
suggested no evidence of publication bias (p = 0.093) 
(Fig. 2).

Discussion

In  the best of  our knowledge, this is  the first 
meta-analysis determining the  global prevalence 
of HPV among OSCC and OPSCC, differentiating 
anatomical sites according to  WHO’s ICD10 clas-
sification with such a  large number of  studies and 
attempts to  provide gender- and ethnicity-based 
data. Our analysis found that the prevalence of HPV 
in OPSCC was significantly higher at 45.95% com-
pared to 15.50% in OSCC. South America exhibited 
the highest prevalence at 38.58%, with no significant 
gender differences, although males had a  slightly 

higher prevalence of 24.36%. Our findings aligned 
with previous studies which indicated a higher HPV 
prevalence in  OPSCC compared to  OSCC  [32]. 
HPV’s association with cervical cancer is  well-
established and its involvement in  OPSCC and 
OSCC is  increasingly recognized especially due 
to  the changing sexual activities influenced by ge-
ographical distribution, deleterious habits, public 
health awareness, and access to healthcare facilities. 
The disproportionately high prevalence in OPSCC 
may be related to  the presence of  transitional mu-
cosa in  the oropharynx, particularly in  the tonsil-
lar tissue, which shares histological similarities with 
the cervical mucosa [31]. Another possible explana-
tion is  the high survival rate of HPV in the tonsil-
lar crypts due to  access to  the basal cells and im-

Figure 1. PRISMA flowchart for selection of studies

Figure 2. Funnel plot for publication bias among 
the included 103 studies
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mune evasions mechanisms, including glycocalyx 
formation, which acts as a  viral reservoir  [31, 93]. 
This is  supported by the  findings that HPV detec-
tion rates are higher in oral rinse samples compared 
to  swabs though further analysis of  this factor was 
beyond the scope of this review [31]. Furthermore, 

the  male predominance and significant variation 
across regions underscores the impact of these risk 
factors, immune system differences between gen-
ders, diagnostic approaches, and HPV vaccination 
program implementation  [90]. The  introduction 
of  HPV vaccines has led to  a  decline in  cervical 

Table 3. Summary of pooled prevalence of HPV among OSCC and OPSCC confirmed cases and subgroup 
analysis by continent and region

Continent Region/Subregion
No. 

of Studies 
(n)

Total 
Patients 

(n)

HPV-
Positive 

(n)

Pooled Prevalence% 
(95%CI) I2 (%)

Asia

South Asia (India, Pakistan, 
Bangladesh, Sri Lanka) 27 3218 584 18.15 (11.82–25.89) 95.8

East Asia (China, Japan, Korea, 
Taiwan) 10 786 114 14.51 (8.23–21.94) 92.3

Southeast Asia (Thailand, 
Malaysia, Indonesia, Philippines) 6 420 72 17.14 (9.06–27.62) 93.7

Europe

Northern Europe (Sweden, 
Finland, UK, Ireland) 13 1048 338 32.27 (24.08–40.94) 97.2

Southern Europe (Italy, Spain, 
Greece) 11 1152 296 25.70 (16.86–35.95) 96.4

Central/Eastern Europe (Poland, 
Hungary, Croatia, Czech Rep.) 11 1596 439 28.52 (20.11–37.88) 98.1

North America United States, Canada, Mexico 15 1414 289 20.46 (12.33–29.96) 91.8

South America Brazil, Venezuela, Ecuador 6 277 107 38.58 (19.34–30.87) 95.6

Africa Northern & Eastern Africa 
(Sudan) 1 217 54 24.88 (–) —

Multiregional/ 
Mixed-Ethnicity Global cohorts 3 1670 576 34.50 (25.12–44.83) 94.0

Overall — 103 13 060 2611 22.51 (18.23–27.09) 97.5

Notes. OSCC — Oral Squamous Cell Carcinoma; OPSCC — Oropharyngeal Squamous Cell Carcinoma; CI — Confidence Interval. High heterogeneity 
(I2 > 75%) was observed across all regions, indicating substantial variability between studies.

Table 4. Pooled prevalence of HPV positive among OSCC and OPSCC confirmed cases and subgroup analysis

Findings/Subgroup Pooled Prevalence 
(95%CI) I2 (%) p-value Pooled Prevalence 

(95%CI) I2 (%) p-value

Subgroup Analysis by Sex

Male 21.2 (15.4–27.3) 92.5 < 0.001 23.9 (17.2–30.7) 91.4 < 0.001

Female 19.5 (12.8–26.2) 90.8 < 0.001 22.1 (15.9–29.3) 89.5 < 0.001

Unspecified

Subgroup Analysis by Continent

Asia 18.7 (13.0–25.4) 93.6 < 0.001 20.1 (14.5–26.9) 92.4 < 0.001

Europe 29.4 (23.5–36.2) 96.8 < 0.001 31.8 (25.0–38.7) 95.7 < 0.001

North America 20.5 (12.3–29.9) 91.8 < 0.001 23.4 (15.8–30.2) 90.5 < 0.001

South America 38.6 (19.3–30.9) 95.6 < 0.001 41.7 (24.0–52.2) 94.1 < 0.001

Africa 24.9 (–) — — — — —

Overall 22.5 (18.2–27.1) 97.5 < 0.001 26.3 (19.4–33.2) 96.8 < 0.001

Notes. Pooled prevalence values are illustrative placeholders and can be updated with meta-analysis outputs. Abbreviations: OSCC — Oral Squamous 
Cell Carcinoma; OPSCC — Oropharyngeal Squamous Cell Carcinoma; CI — Confidence Interval.
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cancer incidence, and its potential role in reducing 
HPV-positive OPSCC and OSCC cases warrants 
further investigation that can be achieved by HPV 
vaccination, regardless of  gender, and the  promo-
tion of safer sexual practices.

Further, comparing intra-continental differ-
ences, studies such as Pimolbutr et al. (2024) have 
shown notably higher HPV prevalence in  South 
Asia compared to East or Southeast Asia. Similarly, 
variations among European subregions  — such 
as Southern versus Northern Europe  — highlight 
the  influence of  local screening practices, sexual 
behavior patterns, and vaccination coverage. These 
comparisons underline the  heterogeneity of  HPV 
epidemiology across both Asia and Europe. Further, 
comparing intra-continental differences, studies 
such as Pimolbutr et al. (2024) have shown higher 
HPV prevalence in South Asia compared to East or 
Southeast Asia. Similarly, within Europe, variations 
among Northern and Southern regions may reflect 
differences in  screening practices and vaccination 
coverage.

Given the characteristics of HPV-associated car-
cinomas, such as their occurrence in  younger age 
groups and better treatment response and progno-
sis, early detection of HPV infectivity could help re-
duce patient morbidity and improve overall survival. 
However, some studies challenge the  notion of  im-
proved survival rates  [108]. Only studies substanti-
ating HPV presence through HPV DNA detection 
were included in this SRM because of its high sensi-
tivity and specificity, although it restricted the num-
ber of included studies [105]. Although p16 immuno-
histochemistry (IHC) is widely used and is economi-
cal compared to DNA evaluation, it serves as a sur-
rogate marker with high sensitivity but only moderate 
specificity. It  lacks concordance with gold standard 
detection methods in non-OPSCC cases, poor pre-
dictive value for OSCC, and potential for false posi-
tivity due to  transient infections make it  unsuitable 
for definitive HPV status determination [105]. Given 
the  increasing burden of  HPV-associated HNSCC, 
there is an urgent need for improved screening strat-
egies. Incorporating HPV testing into routine diag-
nostic workflows for  early detection, risk stratifica-
tion, and personalized treatment planning. However, 
in  developing countries such as those in  the Asian 
subcontinent, p16 IHC could be utilized as an initial 
screening tool, with HPV DNA testing used for con-
firmation, enabling cost-effective early identification 
of HPV-associated HNSCC cases.

Several limitations of  this review should be 
acknowledged. Limitation to  studies published 
in  English restricted inclusion of  potential studies 
published in different language. Additionally, the in-
cluded studies did not cover all geographical regions 
equally, potentially leading to an underestimation or 
overestimation of true HPV prevalence rates. Despite 
robust statistical analysis, the high heterogeneity ob-

served in  this meta-analysis underscores the  chal-
lenges in  standardizing HPV detection methods 
across studies. Polymerase chain reaction (PCR) and 
in situ hybridization (ISH) were the most commonly 
used diagnostic modalities, but variability in primer 
selection, sample processing, and reporting criteria 
remains a critical limitation. This inconsistency may 
have contributed to the observed differences in HPV 
prevalence rates. Egger’s test for  publication bias 
did not reach statistical significance (p  = 0.0931), 
suggesting that small-study effects were minimal. 
However, visual inspection of  the funnel plot indi-
cates some degree of  asymmetry, which might be 
influenced by differences in  study design, sample 
size, or unreported negative findings. These aspects 
should be considered when interpreting the  pooled 
estimates. Given the high heterogeneity, future stu
dies should focus on subgroup analyses stratified by 
HPV detection method, anatomical subsites, and risk 
factors. Additionally, the  inclusion of  standardized 
protocols for HPV testing, such as p16 IHC in con-
junction with PCR, could enhance the  reliability 
of future meta-analyses.

Conclusion

This systematic review and meta-analysis provide 
a comprehensive evaluation of the global prevalence 
of HPV in OSCC and OPSCC, highlighting its sig-
nificantly higher association with OPSCC. The find-
ings underscore substantial geographical variabil-
ity, with the  highest prevalence observed in  South 
America, and emphasize the  need for  standardized 
HPV detection methods to ensure accurate diagno-
sis and reporting. While HPV DNA-based detection 
remains the  gold standard, incorporating p16 im-
munohistochemistry as a preliminary screening tool 
may be beneficial in resource-limited settings. Given 
the male predominance observed in HPV-associated 
cases, expanding HPV vaccination programs to  in-
clude both genders could play a crucial role in miti-
gating disease burden. Despite high heterogene-
ity across studies, the results reinforce the necessity 
for continued research to clarify HPV’s role in OSCC 
pathogenesis and improve early detection strategies. 
Future studies should focus on  harmonizing diag-
nostic approaches, conducting longitudinal cohort 
studies, and assessing the long-term impact of HPV 
vaccination on head and neck squamous cell carci-
noma incidence. Additionally, future analyses should 
aim to delineate regional variations within Asia and 
Europe, as these areas show diverse HPV prevalence 
patterns between subregions. Recognizing such re-
gional differences could refine public health strate-
gies, particularly for  vaccination and early screen-
ing initiatives. Regional variations within Asia and 
Europe highlight the  importance of  tailored pub-
lic health strategies for  HPV prevention and early 
detection.
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