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Supplementary Materials

Table S1: The search strategy of the umbrella review.

Category

Search Terms

Human papillomavirus

(("human papillomavirus"[Title/Abstract] OR "HPV"[Title/Abstract] OR
"papillomavirus"[Title/Abstract] OR "human papilloma virus"[Title/Abstract] OR "papilloma
virus"[Title/Abstract] OR "HPV-16"[Title/Abstract] OR "HPV-18"[Title/Abstract] OR "high-risk
HPV"[Title/Abstract] OR "oncogenic HPV"[Title/Abstract] OR "DNA virus"[Title/Abstract] OR
"alphapapillomavirus"[Title/Abstract] OR "Papillomavirus Infections"[MeSH Terms])

Oropharyngeal cancer

("oropharyngeal cancer'[Title/Abstract] OR ‘"oropharyngeal carcinoma"[Title/Abstract] OR
"oropharyngeal = neoplasm"[Title/Abstract] OR  "oropharyngeal tumor"[Title/Abstract] OR
"oropharyngeal tumour"[Title/Abstract] OR "oropharynx cancer"[Title/Abstract] OR "oropharynx
carcinoma'[Title/Abstract] OR "tonsillar cancer"[Title/Abstract] OR "tonsil cancer"[Title/Abstract] OR
"base of tongue cancer"[Title/Abstract] OR "posterior pharyngeal wall cancer"[Title/Abstract] OR "soft
palate cancer"[Title/Abstract] OR "pharyngeal cancer"[Title/Abstract] OR "throat cancer"[Title/Abstract]
OR "head and neck cancer"[Title/Abstract] OR "squamous cell carcinoma of oropharynx"[Title/Abstract]
OR "OPSCC"[Title/Abstract] OR "oropharyngeal squamous cell carcinoma"[Title/Abstract] OR
"Oropharyngeal Neoplasms"[MeSH Terms] OR "Carcinoma, Squamous Cell"[MeSH Terms] OR "Head
and Neck Neoplasms"[MeSH Terms])

Systematic

review/meta-analysis

("systematic review"[Title/ Abstract] OR "meta-analysis"[Title/ Abstract] OR "meta
analysis"[Title/Abstract] OR "systematic literature review"[Title/Abstract] OR "systematic
overview"[Title/Abstract] OR "pooled analysis"[Title/Abstract] OR "quantitative review"[Title/Abstract]
OR '"Systematic Review'[Publication Type] OR "Meta-Analysis"[Publication Type] OR "Review
Literature as Topic"[MeSH Terms])

Combination

(HPV terms) AND (OPC terms) AND (systematic review/meta-analysis terms) — full Boolean
combination of all three blocks above

Table S2: Methodological quality assessment of the included systematic reviews using AMSTAR 2.

Q2 Q4 Q7 Q9 on Q13 Q15 .

Ref Q1 3 5 Q6 8 10 12 14 16 lit

£ QA g B g B B g B o W o W o WM o P ly
m Yy N Y Y Y N Y PY N Y PY PY Y N Y Low
2 Y Y Y PY Y N Y Y N Y Y N Y Moderate
B Y N Y Y PY N Y Y N NA Y Y Y N Y Moderate
4 Y Y Y Y N Y Y N PY PY Y Y Y Moderate
B] Y Y Y Y Y Y Y N Y Y Y Y Y High
W Y N Y PY N N N Y N N Y N N PY N Y Cnlzsjlly
m Y N Y Y Y N PY Y N N Y N N Y Y Y Low
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Table 2: continue.

M Y N Y PY Y N N Y N N Y N N Y N Y Criltgzjuy
M Y Y Y Y Y PY N Y Y N Y PY PY Y Y Y Moderate
M Y N Y Y Y Y N Y Y N Y Y Y Y Y N Moderate
mMm Y N Y Y Y Y N Y N N Y N N Y N Y Low
Mm Y Y Y Y Y Y N Y Y N Y Y Y Y N Y Moderate
m Y Y Y Y Y Y N Y Y N Y Y Y Y Y Y High
M Y N Y Y Y Y N Y Y N Y Y Y Y Y Y Moderate
Mm] Y N Y Y Y Y N Y Y N Y Y Y Y PY Y Moderate
M Y N Y Y Y Y N Y N N Y N N Y N Y Low
M Y N Y Y Y Y N Y N N Y Y Y Y Y Y Moderate
M Yy N Y PY Y Y N Y N N Y N PY Y Y Y Moderate
9] Y N Y Y Y N Y Y N Y N Y Y N Y Low
200 Y N Y Y Y N Y N N Y N PY Y N Y Moderate
R Y Y Y Y Y N Y Y N Y Y Y Y Y Y High
2 Y N Y Y N N N Y N N Y N PY Y N Y Criltgzjuy
23] Y N Y Y Y N Y Y N Y Y Y Y Y N Moderate
24 Y Y Y Y Y N Y N Y Y Y Y Y Y High

(C): critical domain; N: no; NA: not applicable; PY: partially yes; Y: yes. Q1: PICO components in research question; Q2: protocol
registered prior to review; Q3: justification for study designs; Q4: comprehensive literature search; Q5: study selection in duplicate;
Q6: data extraction in duplicate; Q7: list of excluded studies with justification; Q8: included studies described in adequate detail; Q9:
satisfactory technique for risk of bias assessment; Q10: funding sources reported; Q11: appropriate statistical combination; Q12:
impact of RoB on results assessed; Q13: RoB accounted for in interpretation; Q14: heterogeneity discussed; Q15: publication bias
investigated; Q16: conflict of interest reported.

Table S3: Corrected Covered Area (CCA) overlap analysis of included systematic reviews and meta-analyses.

Analysis

k

Unique Studies

Corrected Count

CCA (%)

Overlap Category

™)
Prevalence 18 568 223 2.31 Slight
Survival 8 160 30 2.68 Slight
Overall 26 631 350 2.22 Slight

CCA, corrected covered area; k, number of meta-analyses; N, total unique primary studies.

Overlap categories: 0-5% = slight; 6-10% = moderate; 11-15% = high; >15% = very high.
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Study or

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

Cui 2024 5018 10908 5.3% 0.46 [0.45; 0.47]
Ndiaye 2014 1807 3946 5.3% 0.46 [0.44; 0.47]
Mariz 2020 2692 6009 5.3% 0.45[0.44; 0.46]
Ragin 2016 884 1815 51% 0.49 [0.48; 0.51]
Fonséca 2023 5379 11469 5.3% 0.47 [0.46; 0.48]
Vani 2024 130 455 4.6% 0.29 [0.25; 0.33]
Mehanna 2012 2573 5396 5.3% 0.48 [0.46; 0.49]
Ju 2020 30943 60912 5.4% 0.51 [0.50; 0.51]
Shaikh 2015 1122 2768 5.2% 0.41[0.39; 0.42]
Al Fadel 2025 2386 6442 5.3% 0.37 [0.36; 0.38]
Total (95% CI) 110120 52.0% 0.44 [0.41; 0.47]

Heterogeneity: Tau® = 0.0024; Chi® = 701.14, df = 9 (P < 0.0001); * = 98.7%

Subgroup = Low

Sasidharanpillai 2021 352 873 4.9%
Guo 2018 162 514 4.6%
Haeggbloma 2017 2348 5433 5.3%
Oliviera 2022 242 1145 5.0%
Lu 2023 6164 12139 5.3%
Abogunrin 2014 369 894 4.9%
Gotz 2019 7178 14230 5.3%
Stein (pre-1990) 2014 17 82 2.7%
Stein (1990-1999) 2014 351 684 4.8%
Stein (2000-2014) 2014 872 1333 5.1%
Total (95% CI) 37327 48.0%

Heterogeneity: Tau® = 0.0072; Chi = 791.38, df = 9 (P < 0.0001); * = 98.9%

Total (95% CI)

147447

100.0%

Heterogeneity: Tau® = 0.0031; Chi® = 1493.22, df = 19 (P < 0.0001); I’ = 98.7%
Test for subgroup differences: Chi* = 0.37,di=1 (P=0.5457)

0.40[0.37; 0.44]
0.32[0.28; 0.36]
0.43[0.42; 0.45]
0.21[0.19; 0.24]
0.51 [0.50; 0.52]
0.41[0.38; 0.45]
0.50 [0.50; 0.51]
0.21[0.13; 0.31]
0.51[0.47; 0.55]
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Figure S1: Forest plot of the prevalence of HPV-positive oropharyngeal cases stratified according to study quality

Study or

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

Subgroup = > 1000

Cul 2024 5018 10908 5.3% 0.46 [0.45; 0.47]

Ndiaye 2014 1807 3946 5.3% 0.46 [0.44; 0.47] |

Mariz 2020 2692 6009 5.3% 0.45 [0.44; 0.46]

Fonséca 2023 5379 11469 5.3% 0.47 [0.46; 0.48]

Mehanna 2012 2573 5396 5.3% 0.48 [0.46; 0.49]

Ju 2020 30943 60912 5.4% 0.51 [0.50; 0.51]

Haeggbloma 2017 2348 5433 5.3% 0.43 [0.42; 0.45]

Shaikh 2015 1122 2768 5.2% 0.41[0.39; 0.42] B

Lu 2023 6164 12139 5.3% 0.51[0.50; 0.52]

Golz 2019 7178 14230 5.3% 0.50 [0.50; 0.51]

Al Fadel 2025 2386 6442 5.3% 0.37 [0.36; 0.38]

Total (95% Cl) 139652 58.2% 0.46 [0.43; 0.48] >

Heterogeneity: Tau® = 0.0017; Chi® = 739.83, df = 10 (P < 0.0001); I° = 98.6%

Subgroup = < 1000

Sasidharanpillai 2021 352 873 4.9% 0.40 [0.37; 0.44] =

Ragin 2016 884 1815 5.1% 0.49 [0.46; 0.51] L

Guo 2018 162 514 46% 0.32 [0.28; 0.36] -

Vani 2024 130 455 46% 0.29 [0.24; 0.33] -

Oliviera 2022 242 1145 5.0% 0.21[0.19; 0.24] =

Abogunrin 2014 369 894 4.9% 0.41 [0.38; 0.45] =

Stein (pre-1990) 2014 17 82 2.7% 0.21[0.13; 0.31] —a—

Stein (1990-1999) 2014 351 684 48% 0.51 [0.47; 0.55] —

Stein (2000-2014) 2014 872 1333 5.1% 0.65 [0.63; 0.68] E

Total (95% CI) 7795 41.8% 0.39 [0.29; 0.49] ——

Heterogeneity: Tau® = 0.0248; Chi° = 667.75, df = 8 (P < 0.0001); I’ = 98.8%

Total (95% Cl) 147447 100.0% 0.43 [0.41; 0.46] L 2
T T T 1

Heterogeneity: Tau® = 0.0031; Chi® = 1493.22, df = 19 (P < 0.0001); I = 98.7%
Test for subgroup differences: Chi® = 1.79,df=1 (P = 0.1809)
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Figure S2: Forest plot of the prevalence of HPV-positive oropharyngeal cases stratified according to sample size
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Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Subgroup = After 2020

Cul 2024 5018 10908 5.5% 0.46 [0.45; 0.47]
Mariz 2020 2692 6009 5.5% 0.45[0.44; 0.46]
Sasidharanpillai 2021 352 873 5.2% 0.40[0.37; 0.44]
Fonséca 2023 5379 11469 5.5% 0.47 [0.46; 0.48]
Vani 2024 130 455 5.0% 0.29[0.25; 0.33]
Ju 2020 30943 60912 5.5% 0.51[0.50; 0.51]
Oliviera 2022 242 1145 5.3% 0.21[0.19; 0.24]
Lu 2023 6164 12139 5.5% 0.51[0.50; 0.52]
Total (95% CI) 103910 43.1% 0.41 [0.38; 0.45]

Heterogeneity: Tau® = 0.0027; Chi? = 709.33, df = 7 (P < 0.0001); P’ = 99%

Subgroup = Before 2020

Ndiaye 2014 1807 3946
Ragin 2016 884 1815
Guo 2018 162 514
Mehanna 2012 2573 5396
Haeggbloma 2017 2348 3085
Shaikh 2015 1122 2768
Abogunrin 2014 369 894
Gotz 2019 7178 14230
Stein (pre-1990) 2014 17 82
Stein (1990-1999) 2014 351 684
Stein (2000-2014) 2014 872 1333
Total (95% Cl) 34747

5.5%
5.4%
5.0%
5.5%
5.4%
5.4%
5.2%
5.5%
3.4%
5.2%
5.3%
56.9%

Heterogeneity: Tau® = 0.0122; Chi? = 132259, df = 10 (P < 0.0001); I’ = 99.2%

Total (95% Cl) 138657

100.0%

Heterogeneity: Tau® = 0.0048; Chi® = 2074.65, df = 18 (P = 0); I° = 99.1%

Test for subgroup differences: Chi® = 2.75, df = 1 (P = 0.0975)
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Figure S3: Forest plot of the prevalence of HPV-positive oropharyngeal cases comparing before and after 2020.

Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Subgroup = After 2015

Cui 2024 5018 10908 5.5% 0.46 [0.45; 0.47]

Mariz 2020 2692 6009 5.5% 0.45 [0.44; 0.46]

Sasidharanpillai 2021 352 873 5.2% 0.40 [0.37; 0.44]

Ragin 2016 884 1815 5.4% 0.49 [0.46; 0.51]

Fonséca 2023 5379 11469 5.5% 0.47 [0.46; 0.48]

Guo 2018 162 514 5.0% 0.32[0.28; 0.36]

Vani 2024 130 455 5.0% 0.29 [0.24; 0.33]

Ju 2020 30943 60912 5.5% 0.51 [0.50; 0.51]

Haeggbloma 2017 2348 3085 5.4% 0.76 [0.75; 0.78]
Oliviera 2022 242 1145 5.3% 0.21[0.19; 0.24]

Lu 2023 6164 12139 5.5% 0.51 [0.50; 0.52]

Gotz 2019 7178 14230 5.5% 0.50 [0.50; 0.51]

Total (95% Cl) 123554 64.5% 0.45 [0.41; 0.49]

Heterogeneity: Tau® = 0.0049; Chi® = 1756.87, df = 11 (P = 0); I = 99.4%

Subgroup = Before 2015

Ndiaye 2014 1807 3946
Mehanna 2012 2573 5396
Shaikh 2015 1122 2768
Abogunrin 2014 369 894
Stein (pre-1990) 2014 17 82
Stein (1990-1999) 2014 351 684
Stein (2000-2014) 2014 872 1333

Total (95% CI) 15103

5.5%
5.5%
5.4%
5.2%
3.4%
5.2%
5.3%
35.5%

Heterogeneity: Tau? = 0.0060; Chi® = 278.6, df = 6 (P < 0.0001); I’ = 97.8%

Total (95% CI) 138657

100.0%

Heterogeneity: Tau? = 0.0048; Chi® = 2074.65, df = 18 (P = 0); I = 99.1%

Test for subgroup differences: Chi® = 0.05, df = 1 (P = 0.8222)

0.46 [0.44; 0.47]
0.48 [0.46; 0.49)
0.41[0.39; 0.42]
0.41[0.38; 0.45]
0.21[0.13; 0.31]
0.51[0.47; 0.55]
0.65 [0.63; 0.68]
0.46 [0.40; 0.52]
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Figure S4: Forest plot of the prevalence of HPV-positive oropharyngeal cases comparing before and after 2015.
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Study or

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

Abogunrin 2014 369 894 4.0% 0.41[0.38; 0.45

Cui 2024 1787 4246 4.1% 0.42[0.41; 0.44

Gotz 2019 2686 5891 41% 0.46 [0.44; 0.47

Lu 2023 2532 5271 4.1% 0.48[0.47; 0.49

Mehanna 2012 911 2278 4.1% 0.40[0.38; 0.42]

Total (95% CI) 18580 20.3% 0.44 [0.41; 0.46]

Heterogeneity: Tau? = 0.0010; Chi? = 62.14, df = 4 (P < 0.0001); > = 93.6%

Subgroup = Asia
Cui 2024

Gotz 2019

Guo 2018

Lu 2023

Shaikh 2015

Vani 2024

Total (95% CI)

761
661
162
1060
1122
130

1

2081
1678

514
2541
2768

455
0037

4.1%
4.1%
4.0%
4.1%
4.1%
4.0%
24.2%

Heterogeneity: Tau® = 0.0014; Chi? = 50.26, df = 5 (P < 0.0001); I = 90.1%

Subgroup = Africa
Cui 2024

Lu 2023

Total (95% CI)

13
53

266
181
447

3.9%
3.8%
7.7%

0.37
0.39
0.32
0.42
0.41

0.34; 0.39
0.37,0.42
0.28; 0.36
0.40; 0.44
0.39; 0.42

0.29 [0.24; 0.33]
0.37 [0.34; 0.40]

0.05[0.03; 0.08]
0.29[0.23; 0.37]
0.15 [0.00; 0.45]

Heterogeneity: Tau? = 0.0588; Chi? = 51.78, df = 1 (P < 0.0001); I = 98.1%

Subgroup = South America

Cui 2024 185 774 4.0% 0.24[0.21; 0.27]
Lu 2023 117 442 4.0% 0.26[0.22; 0.31]
Oliviera 2022 242 1145 4.0% 0.21[0.19; 0.24]
Total (95% CI) 2361 12.0% 0.23 [0.21; 0.27]

Heterogeneity: Tau® = 0.0006; Chi? = 5.58, df = 2 (P = 0.0614); I = 64.2%

Subgroup = North America

Cul 2024 2021 2959 41% 0.68[0.67; 0.70]
Gotz 2019 2716 4577 41% 0.59 [0.58; 0.61]

Lu 2023 1836 2532 41% 0.73[0.71; 0.74]
Mehanna 2012 1530 2550 41% 0.60 [0.58; 0.62]
Stein (pre-1990) 2014 17 82 3.5% 0.21[0.13; 0.31] ——

Stein (1990-1999) 2014 351 684 4.0% 0.51[0.47; 0.55] =

Stein (2000-2014) 2014 872 1333 4.0% 0.65 [0.63; 0.68] =
Total (95% CI) 14717 27.8% 0.59 [0.53; 0.64] -

Heterogeneity: Tau® = 0.0059; Chi? = 281.05, df = 6 (P < 0.0001); I = 97.9%

Subgroup = Oceanica
Cui 2024

Lu 2023

Total (95% CI)

251
565

582
1036
1618

4.0%
4.0%
8.0%

Heterogeneity: Tau® = 0.0062; Chi® = 19.46, df = 1 (P < 0.0001); I* = 94.9%

Total (95% Cl)

47760

100.0%

Heterogeneity: Tau® = 0.0185; Chi® = 3316.73, df = 24 (P = 0); I = 99.3%
Test for subgroup differences: Chi = 146.13,df= 5 (P < 0.0001)

0.43[0.39; 0.47]
0.55[0.51; 0.58]
0.49 [0.38; 0.60]

0.41 [0.36; 0.46]

0.1 020304050607

Figure S5: Forest plot of the prevalence of HPV-positive oropharyngeal cases stratified by continents.

Study or

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

Subgroup = PCR + ISH

Cul 2024 4195 8776 7.2% 0.48[0.47; 0.49]

Lu 2023 1821 2135 7.2% 0.85[0.84; 0.87]

Mehanna 2012 732 1254 7.2% 0.58[0.56; 0.61] B

Mehanna 2012 1473 3347 7.2% 0.44 [0.42; 0.46]

Stein 2014 453 718 7.1% 0.63[0.59; 0.67] =

Stein 2014 317 501 7.1% 0.63[0.59; 0.67] =

Vani 2024 1087 3090 7.2% 0.35[0.33; 0.37]

Vani 2024 31 427 7.1% 0.07 [0.05; 0.10]

Al Fadel 2025 70 240 7.0% 0.29[0.24; 0.35] E

Total (95% CI) 20488 64.4% 0.48 [0.35; 0.60] —~—

Heterogeneity: Tau? = 0.0867; Chi® = 2266.44, df = 8 (P = 0); I = 99.6%

Subgroup = p16 + E6/E7 mRNA

Lu 2023 631 742 7.1% 0.85[0.82; 0.88] =

Mariz 2020 1117 2262 7.2% 0.49[0.47; 0.51]

Ndiaye 2014 617 738 7.1% 0.84[0.81; 0.86]

Ndiaye 2014 196 227 7.0% 0.86[0.81; 0.91]

Al Fadel 2025 183 648 7.1% 0.28[0.25; 0.32] =

Total (95% CI) 4617 35.6% 0.68 [0.45; 0.87] e

Heterogeneity: Tau® = 0.0720; Chi® = 916.94, df = 4 (P < 0.0001); I = 99.6%

Total (95% CI) 25105 100.0% 0.55 [0.45; 0.65] -
|

Heterogeneity: Tau? = 0.0405; Chi? = 3358.17, df = 13 (P = 0); I? = 99.6% 02 04 06 08

Test for subgroup differences: Chi? = 2.33,df = 1 (P =0.1266)

Figure S6: Forest plot of the prevalence of HPV-positive oropharyngeal cases comparing detection methods of PCR + ISH and p16 +
E6/E7 mRNA.
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