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Abstract

Background Human papillomavirus (HPV) is increasingly recognized as a significant risk factor in the development
of head and neck cancers (HNCs), with varying prevalence and impact. This study aims to systematically review and
analyze the prevalence of HPV in HNCs in India, providing insights into regional variations.

Methods A comprehensive literature search was carried out using PubMed, Embase, and Web of Science up to
November 10, 2023. Inclusion criteria focused on original research reporting HPV-positive cases among HNC patients
in India. We used Nested-Knowledge software, for screening, and data extraction. The modified Newcastle-Ottawa
Scale was used for quality assessment of included studies. We pooled the prevalence of HPV among HNC patients and
performed a random-effects model meta-analysis using R software (version 4.3).

Results The search yielded 33 studies, encompassing 4654 HNC patients. The pooled prevalence of HPV infection
was found to be 33% (95% CI: 25.8-42.6), with notable heterogeneity (I = 95%). Analysis of subgroups according to
geographical location indicated varying prevalence rates. Specifically, the prevalence was 47% (95% Cl: 32.2-62.4)
in the eastern regions and 19.8% (95% Cl: 10.8-33.4) in the western regions. No evidence of publication bias was
detected.

Conclusion The observed considerable regional disparities on the prevalence of HPV in HNC patients in India
emphasizes the need for integrated HPV vaccination and screening programs in public health strategies. The findings
underline the necessity for further research to explore regional variations and treatment responses in HPV-associated
HNCs, considering the impact of factors such as tobacco use and the potential benefits of HPV vaccination.

Keywords HPV, Head and neck cancers, Prevalence, India, Vaccination, Public health interventions, Epidemiology

*Correspondence:

Prakasini Satapathy
prakasini.satapathy@gmail.com
Hashem Abu Serhan
habuserhan@hamad.qa

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0002-7680-1141
http://orcid.org/0000-0001-5486-8057
http://orcid.org/0000-0003-2523-835X
http://orcid.org/0000-0002-4045-0810
http://orcid.org/0000-0002-6774-9847
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-024-09357-2&domain=pdf&date_stamp=2024-5-19

Satapathy et al. BMC Infectious Diseases (2024) 24:516

Introduction

Head and neck cancers (HNC), also known as head and
neck squamous cell carcinomas (HNSCC), consist of
various malignancies impacting the mucosal surfaces of
the upper aerodigestive tract, in areas like the nasophar-
ynx, oral cavity, larynx, oropharynx, hypopharynx, and
paranasal sinuses [1]. Annually, HNSCC is responsible
for over 650,000 new cancer cases and causes more than
350,000 deaths worldwide [2—4]. Traditional primary risk
factors for these cancers have been alcohol and tobacco
use. However, in recent years, the human papillomavi-
rus (HPV) has been recognized as a significant emerging
risk factor, particularly for oropharyngeal squamous cell
carcinoma (OPSCCQC). This has led to the identification of
a distinct subtype of HPV-related tumors, which differ
from those not associated with HPV. The prevalence of
HNSCC tends to vary based on the specific anatomical
location and the geographic area [5].

The carcinogenic nature of HPV was definitively estab-
lished in 1983 when Durst et al. successfully cloned
HPV type 16 from cervical carcinoma tissue [6]. It is
now widely acknowledged that high-risk HPV types
are accountable for almost all cases of cervical cancer.
While most HPV infections are asymptomatic and tend
to resolve spontaneously, persistent HPV infection in the
basal cells of the cervix can lead to the development of
cervical cancer [6, 7].

Numerous research articles indicate that epithelial cells
from the oral cavity and tonsils can undergo immortal-
ization through the influence of the full-length HPV-16
or its E6/E7 oncogenes [8—12]. Furthermore, studies
using transgenic mice have shown that the E6/E7 genes
of HPV 16 significantly heighten the risk of developing
oral and oropharyngeal cancers [13]. It was found that
the E7 gene, in particular, is more effective in triggering
these cancers, yet there is a noticeable synergistic effect
between E6 and E7 in the genesis of HNSCC [14].

In 2020, India accounted for 7% of the total cancer
cases worldwide and a significant 24% of the global inci-
dence of HPV-related cancers [15]. Additionally, it was
reported that 80% of cervical cancer cases in India were
attributed to HPV subtypes 16 and 18 [16, 17]. As part
of its cancer control strategy, India has started imple-
menting opportunistic screening programs for common
cancers, including those of the cervix and oral cavity, in
its healthcare facilities [18]. A notable increase in HNC
occurrences was observed in the population-based can-
cer registries (PBCRs) for cities such as Aurangabad,
Delhi, Chennai, and Bhopal among men, and in Nag-
pur among women, in India [19]. The age-adjusted inci-
dence rate of HNC stood at approximately 25.9 (95% CI
25.7-26.1) and 8.0 (95% CI 7.9-8.1) per 100,000 people
for men and women, respectively [20]. HNC represented
around 26% of all cancer diagnoses in men and 8% in
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women. The likelihood of being diagnosed with HNC
was 1 in 33 for men and 1 in 107 for women [20].

Despite the growing body of literature on HPV’s role in
HNC, there remains a lack of consensus on its prevalence
and impact. This variability is partly due to differences
in study designs, population demographics, and detec-
tion methods used across various research studies. A
systematic review and meta-analysis of the existing stud-
ies can provide a more comprehensive understanding of
HPV’s prevalence in HNC, offering insights into regional
variations.

Method

This systematic review was conducted in accordance with
PRISMA guidelines [21] (Table S1) and has been regis-
tered in PROSPERO.

Literature search

An electronic literature search was conducted in various
databases, including PubMed, Embase, and Web of Sci-
ence from inception up to November 10, 2023. Keywords
and MeSH terms related to HPV and HNC were used
to devise the search strategy. No restrictions have been
placed on the type of article, year of publication, or lan-
guage in the search. Table S2 shows the detailed search
strategy.

Inclusion criteria

Original research that reports the number of HPV-posi-
tive cases among HNC patients is included in this study.
We are considering only studies conducted in India.
Excluded from this study are case reports, case series,
or studies lacking quantitative data. The same exclusion
criteria apply to animal studies, commentaries, in vitro
studies, and reviews. Studies from any location within
India, whether conducted in a hospital or community
setting, are eligible. There are no restrictions on the type
of test used to detect HPV. A detailed inclusion criterion
is specified in Table S3.

Screening and study selection

Two independent reviewers performed the screening of
the articles. Nested-Knowledge software was employed
for this process. The screening involved a primary review
of titles and abstracts, followed by a full-text reading to
assess the eligibility of studies for inclusion. An inde-
pendent third reviewer was consulted to resolve any
discrepancies.

Data extraction and quality assessment

Data extraction was performed using the Tag function
of the Nested-Knowledge software. Three reviewers car-
ried out the data extraction process. A fourth reviewer
cross-checked and validated the extracted data. The data
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extracted covered the author’s name, year of publication,
state/location of the study, study design, age and percent-
age of males in the sample, total number of HNC patients
in the study, number of HPV-positive samples, and the
type of test employed for detecting HPV. Quality assess-
ment was done using a modified Newcastle-Ottawa Scale
(NOS) version [22, 23].

Statistical analysis

A pooled prevalence of HPV is determined by perform-
ing a meta-analysis. A random-effects model is employed
to conduct the meta-analysis. The variability in study
outcomes was measured using the I? statistic, which
quantifies heterogeneity on a scale from 0 to 100%, where
higher values indicate greater heterogeneity [24]. The
heterogeneity was further assessed using the 95% pre-
diction interval. We calculated the tau-squared value
using maximum likelihood estimation to gain additional
insights into heterogeneity [25-28]. Subgroup analysis
was conducted based on the location of the study. We
used a funnel plot and the Egger test to detect any poten-
tial publication bias. A p-value below 0.05 was typically
regarded as statistically significant. All statistical analyses
were performed using R software, version 4.3 [23, 29, 30].
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Results

Literature search

In the literature search, 4,972 articles were identified
from multiple databases. Among these, 521 were dupli-
cates. After removing duplicates, 4,451 articles were
subjected to screening, of which 3,981 were excluded.
The remaining 470 articles were screened by full text for
eligibility, resulting in the exclusion of 440, leaving 30
for inclusion. Additionally, 3 studies were added from a
citation search. Finally, 33 studies were included in the
review. Figure 1 depicts the PRISMA flow chart of the
selection and screening process.

Characteristics of included studies

The studies included in this review examining the preva-
lence of HPV in HNC cases in India are characterized by
a diverse methodology and geographical spread. Table 1
summarises the characteristics of included studies. These
investigations employ various study designs, includ-
ing prospective, retrospective, case-control, cohort, and
cross-sectional studies, providing a thorough explora-
tion of the subject. The studies are conducted across
multiple states and regions of India, representing a broad
geographic distribution, and include participants across
different age groups, offering insights into age-related
variations in HPV prevalence. The proportion of male
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Fig. 1 PRISMA flow diagram showing the screening and selection process
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Table 1 Characteristics of studies

Study Study design Age Male Type of cancer No.of Head  No. of State/region Diag-
and neck patients nostic
cancer with HPV method
patients

Bahl 2014 [31] Prospective study 55 (Median) 86 0sCC 105 24 New Delhi Genotyping

Balaram 1995 [51]  Cross sectional NA 5494  Oral cavity cancer 91 67 Kerala PCR

study

Barwad 2011 [57]  Prospective study ~ NA 87.38  Head and neck 111 36 Chandigarh PCR

cancer

Chowdary 2018 Case-control study ~ NA 55 Head and neck 20 11 Andhra Pradesh ~ PCR

[50] cancer

Costa 1998 [53] NA 50 (median)  72.00  Oral cavity cancer 100 15 Mumbai PCR

Elango 2011 [43]  Cross sectional 55.00 68.33  Oral or Tongue 60 29 South India PCR and

study cancer P16 IHC

Gheit 2017 [39] Retrospective study 53.6 723 NA 364 50 Maharashtra Genotyping

Gholap 2022 [40]  Cross sectional 52.26 84.57  Head and neck 175 54 Maharashtra NA

study cancer

Jalouli 2010 [34] Cross-sectional OSMF- NA 0OscC 62 15 Uttar Pradesh PCR

study 40.66+1540;

Jitani 2015 [52] Cross sectional 52.2 (median) 51.61  Oral cavity cancer 31 9 Kolkata Chromo-

study genic ISH

Kane 2015 [41] Retrospective study 43 (median) 8790  Carcinoma 124 16 Maharashtra NA

oropharynx

Koppikar 2005 [54]  Prospective study ~ OSCC- Squamous cell 102 32 Mumbai PCR

5823196 carcinoma of head
and neck

Kulkarni 2011 [55]  NA NA NA Oral cavity cancer 34 24 Karnataka NA

Kumar 2015 [59] NA 5341 68.96  Head and neck 106 33 Assam NMPCR

cancer amplified/
HC-Il assay

Mishra 2006 [32] Cross sectional 51 65.7 0scCC 66 18 New Delhi PCR

study

Mitra 2007 [82] NA 529 NA HNSCC 86 59 West Bengal PCR

Mondal 2013 [60]  NA 58 (median)  79.03  Oral cavity cancer 124 54 Assam PCR

Murthy 2016 [42]  Cohort study 46.94 84.2 0scC 170 67 Multiple PCR

Nagpal 2001 [83]  Cross sectional NA 61.81  Oral cavity 110 37 Orissa PCR

study

Naz 2022 [33] Cohort study 54 (Median)  88.8 0OSCC 800 104 New Delhi PCR

Panneerselvam Cross sectional 452 87.6 OscC 30 20 South India PCR

2019 [44] study

Parshad 2015 [45]  Prospective study 5532 88.00  Oral cavity 50 21 Haryana PCR

Rajesh 2017 [56] Cross sectional NA 90 oral squamous cell 60 0 Karnataka PCR

study carcinoma

Ralli 2016 [46] Prospective study ~ 54.30 8533  Head and neck 75 59 Haryana P16 IHC

cancer

Ramshankar 2014 Retrospective study NA 6545  Oraland Tongue 167 86 Tamil Nadu PCR

[48] cancer

Sannigrahi 2016 NA 537 25 Head and neck 226 67 Chandigarh PCR

[58] cancer

Sarkar 2017 [84] NA NR 86.2 HNSCC 436 278 West Bengal PCR

Singh 2015 [35] Prospective study 52 759 0scC 250 23 Uttar Pradesh PCR

Singh 2016 [36] Prospective study ~ NA 80 0scC 43 3 Uttar Pradesh PCR

Sivakumar 2021 Prospective study ~ 45.56 86 OPSCC, OsCC 38 18 Haryana PCR

[47]

Sri 2021 [49] Cross sectional 46.96 NA 0scC 40 8 Tamil Nadu PCR

study
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Table 1 (continued)

Study Study design Age Male Type of cancer No.of Head  No. of State/region Diag-
and neck patients nostic
cancer with HPV method
patients

Vanshika 2021 [37]  Cross sectional NR NA Oral cancer 108 14 Uttar Pradesh PCR

study
Verma 2017 [38] Prospective study ~ 51.80 110.00 Oral cavity and 135 31 Uttar Pradesh PCR and
oropharynx P16 IHC

HNSCC: Head and Neck Squamous Cell Carcinoma, IHC: Immunohistochemistry, NMPCR: Nested Multiplex Polymerase Chain Reaction, OSCC: Oral Squamous Cell
Carcinoma, PCR: Polymerase Chain Reaction, OPSCC: Oropharyngeal Squamous Cell Carcinoma

participants in these studies varies, suggesting poten-
tial gender differences in HPV prevalence. The primary
diagnostic methods used in these studies are Polymerase
Chain Reaction (PCR), genotyping, PCR and P16 Immu-
nohistochemistry (IHC), and Chromogenic In Situ
Hybridization (ISH), noted for their high sensitivity. The
size of the study populations ranges from small cohorts
to large groups, affecting the statistical power of the find-
ings. Rates of HPV positivity exhibit considerable vari-
ability, underlining the complexity of understanding HPV
prevalence in HNC in this context. These studies span
a wide time frame, allowing for the analysis of tempo-
ral trends in HPV prevalence. New Delhi contributed 4
studies to the research on HPV prevalence in HNC [31—
33], while Uttar Pradesh was represented by 5 studies
[34—38]. Maharashtra was the focus of 4 studies [39-42].
Multiple studies were conducted in South India [43, 44],
Haryana [45-47], and Tamil Nadu [48, 49]. Single stud-
ies were conducted in several other locations: Andhra
Pradesh [50], Kerala [51], Kolkata [52], Mumbai [53, 54],
Karnataka [55, 56], Chandigarh [57, 58], and Assam [59,
60]. Additionally, one study was a multi-regional study
encompassing several states [42]. The included studies
were overall of moderate to high quality in modified NOS
(Table S4).

Meta-analysis

From 33 studies encompassing a total of 4654 patients
with HNC, the pooled prevalence of HPV infection was
determined to be 33% (95% CI: 25-42%). Notably, sub-
stantial heterogeneity was observed among these stud-
ies (I = 96%). A prediction interval ranging from 6.2 to
79% was also observed. Figure 2 illustrates the forest plot
depicting the pooled prevalence.

Subgroup analysis

Subgroup analysis was performed on the basis of the
location of the study (Fig. 3). The North region is rep-
resented by 14 studies encompassing a total of 2236
patients, revealing a pooled HPV prevalence of 27%
(95% CI: 17.4-40.4%), and a high degree of heterogene-
ity (I* = 95%). The South region, with 7 studies and 335
patients, has a pooled prevalence of 46.3% (95% CI:

15.6-80%), also accompanied by significant heterogene-
ity (I* = 87%). In the West Middle region, 5 studies total-
ling 865 patients show a pooled prevalence of 19.8%
(95% CI: 10.8-33.4%) with substantial heterogeneity (I*
= 88%). A single study spans multiple locations—Madhya
Pradesh, Gujarat, Rajasthan, Uttar Pradesh, West Ben-
gal, and Assam—encompassing 170 patients and report-
ing a higher pooled prevalence of 39% (95% CI: 32—-47%).
Lastly, the East region, represented by 7 studies with
1048 patients, presents a pooled prevalence of 47% (95%
CL: 32.2-62.4%) with high heterogeneity (I* = 92%).

Meta-regression and sensitivity analysis

Meta-regression was performed to determine the effect
of sample size on the pooled prevalence of HPV in HNC
cases, as depicted in Fig. 4. However, the meta-regression
analysis indicated that sample size was not significantly
associated with the pooled prevalence results (p=0.20).
Additionally, a leave-one-out sensitivity analysis was con-
ducted to identify individual studies that might affect the
overall prevalence rate. This analysis revealed that the
exclusion of no single study resulted in any significant
changes to the overall pooled prevalence, as illustrated in
Fig. 5.

Publication bias

Publication bias was assessed using funnel plot asymme-
try and Egger’s test, as shown in Figure S1. The results of
our analysis did not provide evidence of publication bias
(Egger’s test, p=0.71).

Discussion
In the best of our knowledge, this is the first meta-anal-
ysis to determine the prevalence of HPV among HNC
patients in India. In our analysis, we found an overall
prevalence of 33% for HPV among HNC patients. South
India and the eastern part of India have shown slightly
greater prevalence compared to the north and west parts
of India. Meta-regression, sensitivity analysis couldn’t
resolve the s0000ource of heterogeneity.

Previous systematic reviews have established evi-
dence that infection with HPV is a distinct risk factor
for developing HNCs [61, 62]. The risk associated with
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Study Events Total Weight Proportion [95% CI] Prevalence

Bahl 2014 24 105 3.1% 0.229[0.152; 0.321] i

Balaram 1995 67 91 3.0% 0.736[0.633; 0.823] ——
Barwad 2011 36 111 3.1% 0.324[0.239; 0.420] —.—

Chowdary 2018 11 20 2.7% 0.550[0.315; 0.769] ; B

Costa 1998 15 100 3.0% 0.150[0.086; 0.235] -

Elango 2011 29 60 3.0% 0.483[0.352;0.616] —.—

Gheit 2017 50 364 3.1% 0.137[0.104;0.177] B :

Gholap 2022 54 175 3.1% 0.309[0.241; 0.383] {

Gosh 2009 87 155 3.1% 0.561[0.479; 0.641] —-
Jalouli 2010 15 62 3.0% 0.242[0.142; 0.367] ——

Jitani 2015 9 31 2.8% 0.290[0.142; 0.480] —l—

Kane 2015 16 124 3.0% 0.129[0.076;0.201] - :

Koppikar 2005 32 102 3.1% 0.314[0.225; 0.413] —.—

Kulkarni 2011 24 34 2.8% 0.706[0.525; 0.849] % ——
Kumar 2015 33 106 3.1% 0.311[0.225; 0.409] —.—

Mishra 2006 18 66 3.0% 0.273[0.170; 0.396] —.——

Mitra 2007 59 86 3.1% 0.686[0.577;0.782] ——
Mondal 2013 54 124 3.1% 0.435[0.347; 0.527] ——

Murthy 2016 67 170 3.1% 0.394[0.320; 0.472] -

Nagpal 2001 37 110 3.1% 0.336[0.249; 0.433] —.—

Naz 2022 104 800 3.2% 0.130[0.107; 0.155]

Panneerselvam 2019 20 30 2.8% 0.667[0.472;0.827] —a—
Parshad 2015 21 50 3.0% 0.420[0.282; 0.568] ——.—

Rajesh 2017 0 60 1.0% 0.000[0.000; 0.060] &—

Ralli 2016 59 75 3.0% 0.787[0.677; 0.873] : —-
Ramshankar 2014 86 167 3.1% 0.515[0.437; 0.593] D -
Sannigrahi 2016 67 226 3.2% 0.296[0.238; 0.361] —l—

Sarkar 2017 278 436 3.2% 0.638[0.591; 0.683] : . 3
Singh 2015 23 250 3.1% 0.092[0.059;0.135] &

Singh 2016 3 43 24% 0.070[0.015;0.191] &—

Sivakumar 2021 18 38 2.9% 0.474[0.310; 0.642] ——.—

Sri 2021 8 40 2.8% 0.200[0.091; 0.356] ——

Vanshika 2021 14 108 3.0% 0.130[0.073;0.208] -

Verma 2017 31 135 3.1% 0.230[0.162; 0.310] —.—

Pooled prevalence (REM) 1469 4654 100.0% 0.337 [0.258; 0.426] -

Prediction interval [0.062; 0.795]
Heterogeneity: Tau? = 0.9643; Chi? = 743.29, df = 33 (P < 0.01); I = 96% ! ! ! ' '
0 02 04 06 08
Prevalence

Fig. 2 Forest plot depicting the overall HPV pooled prevalence in head and neck cancer patients

tonsil carcinoma is notably high and aligns with what one
would anticipate from an infectious cause. Our findings
indicate that HPV’s involvement in tonsil cancer is simi-
lar to the role of Epstein-Barr virus in nasopharyngeal
cancer, suggesting that this is yet another instance of a
virus-induced cancer in the pharyngeal lymphoid tissue
[62].

The risk associated with the progression or death, along
with the likelihood of developing a secondary primary

HNOSCC, increases by 1% and 1.5% respectively for each
additional year of smoking. This remains true even when
accounting for the HPV tumor status and other impor-
tant factors. Importantly, the risk of death doubles for
patients who continue smoking during radiation therapy.
The detection of HPV in HNCs is highly significant for
prognosis and can influence the modification of treat-
ment plans based on the HPV status [63]. Thus, the
accurate identification of HPV as a contributing factor
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Study or

Subgroup Events Total Weight Proportion [95% CI] Prevalence

Location = North

Bahl 2014 24 105 3.1% 0.229[0.152; 0.321] ——

Barwad 2011 36 111 3.1% 0.324[0.239; 0.420] —a—

Jalouli 2010 15 62 3.0% 0.242[0.142; 0.367] ——

Mishra 2006 18 66 3.0% 0.273[0.170; 0.396] —-—

Naz 2022 104 800 3.2% 0.130[0.107;0.155]

Parshad 2015 21 50 3.0% 0.420[0.282; 0.568] ———

Ralli 2016 59 75 3.0% 0.787[0.677;0.873] —-

Ramshankar 2014 86 167 3.1% 0.515[0.437;0.593] i

Sannigrahi 2016 67 226 3.2% 0.296[0.238; 0.361] -

Singh 2015 23 250 3.1% 0.092[0.059;0.135] &

Singh 2016 3 43 2.4% 0.070[0.015;0.191] & —

Sivakumar 2021 18 38 2.9% 0.474[0.310; 0.642] ——

Vanshika 2021 14 108 3.0% 0.130[0.073;0.208] -

Verma 2017 31 135 3.1% 0.230[0.162; 0.310] -

Pooled prevalence (REM) 519 2236 41.9% 0.274 [0.174; 0.404] i

Heterogeneity: Tau? = 0.9191; Chi® = 253.93, df = 13 (P < 0.01); I* = 95%

Location = South

Balaram 1995 67 91 3.0% 0.736[0.633; 0.823] ——-

Chowdary 2018 11 20 2.7% 0.550[0.315; 0.769] ——

Elango 2011 29 60 3.0% 0.483[0.352;0.616] ——

Kulkarni 2011 24 34 2.8% 0.706 [0.525; 0.849] —B—

Panneerselvam 2019 20 30 2.8% 0.667[0.472;0.827] ——

Rajesh 2017 0 60 1.0% 0.000[0.000; 0.060] &—

Sri 2021 8 40 2.8% 0.200[0.091; 0.356] ——

Pooled prevalence (REM) 159 335 18.1% 0.463 [0.156; 0.800] e ———

Heterogeneity: Tau® = 1.6790; Chi® = 45.84, df = 6 (P < 0.01); I = 87%

Location = West middle

Costa 1998 15 100 3.0% 0.150[0.086; 0.235] -

Gheit 2017 50 364 3.1% 0.137[0.104;0.177] B

Gholap 2022 54 175 3.1% 0.309[0.241; 0.383] -

Kane 2015 16 124 3.0% 0.129[0.076;0.201] -E—

Koppikar 2005 32 102 3.1% 0.314[0.225; 0.413] ——

Pooled prevalence (REM) 167 865 15.3% 0.198 [0.108; 0.334] i

Heterogeneity: Tau? = 0.2849; Chi® = 34.57, df =4 (P < 0.01); I* = 88%

Location = East

Gosh 2009 87 155 3.1% 0.561[0.479; 0.641] —-

Jitani 2015 9 31 2.8% 0.290[0.142; 0.480] ——

Kumar 2015 33 106 3.1% 0.311[0.225; 0.409] —A—

Mitra 2007 59 86 3.1% 0.686[0.577;0.782] ——

Mondal 2013 54 124 3.1% 0.435[0.347; 0.527] ——

Nagpal 2001 37 110 3.1% 0.336[0.249; 0.433] ——

Sarkar 2017 278 436 3.2% 0.638[0.591; 0.683] B

Pooled prevalence (REM) 557 1048 21.5% 0.470 [0.322; 0.624] e ——

Heterogeneity: Tau® = 0.4020; Chi® = 74.26, df = 6 (P < 0.01); I = 92%

Location = Multiple

Murthy 2016 67 170 3.1% 0.394[0.320; 0.472] -

Pooled prevalence (REM) 1469 4654 100.0% 0.337 [0.258; 0.426] -

Prediction interval [0.062; 0.795]

Heterogeneity: Tau? = 0.9643; Chi? = 743.29, df = 33 (P < 0.01); I> = 96% ' ' ' '

Test for subgroup differences: Chi® = 16.87, df = 4 (P < 0.01) 0 0.2 0.4 0.6 0.8
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Bubble plot demonstrating meta-regression based upon sample size
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Fig. 4 Bubble plot depicting the results of meta-regression based on sample size

in HNCs is of paramount importance. Typically, a biopsy
or cytological analysis from the primary tumor site or
enlarged lymph nodes is crucial for an initial diagnosis.
PCR or RT-PCR (Reverse Transcriptase-PCR) are com-
monly employed methods for detecting HPV in tumor
tissues, particularly for identifying E6/E7 in fresh frozen
samples. However, these methods are associated with
high setup costs and longer turnaround times [64].

The presence of HPV in HNCs significantly alters the
disease’s prognosis and therapeutic approach. HPV-
positive HNCs typically present with a better response
to standard treatment modalities like radiotherapy and
chemotherapy, leading to an overall better prognosis
compared to HPV-negative cases [65]. This is primarily
attributed to the distinct biological behavior of HPV-pos-
itive tumors, which tend to be more sensitive to radiation
and cytotoxic agents. Studies has indicated that individu-
als diagnosed with HPV-positive oropharyngeal cancer
have higher survival rates and lower risks of recurrence
[66].

Given these differences, there is an emerging con-
sensus on tailoring treatment strategies based on HPV
status. For instance, the concept of treatment de-esca-
lation for HPV-positive HNCs is gaining traction. This
approach involves reducing the intensity of standard
treatments to minimize long-term side effects without

compromising the efficacy of cancer control [67]. Clini-
cal trials are currently exploring various de-escalation
strategies, including reduced-dose radiotherapy, omis-
sion of chemotherapy, and the use of minimally invasive
surgeries [68, 69]. However, it’s important to approach
de-escalation cautiously, ensuring that patient selection is
based on robust biomarkers and clinical criteria to avoid
under-treatment.

The accurate determination of HPV status in HNCs is
pivotal for both prognostic assessment and guiding treat-
ment decisions. Polymerase Chain Reaction (PCR) and
Reverse Transcriptase-PCR (RT-PCR) are the gold stan-
dards for detecting HPV, particularly E6/E7 mRNA, in
tumor tissues [70-72]. These methods are highly sensi-
tive and specific but are often hindered by high costs and
longer turnaround times, posing challenges in resource-
limited settings. Emerging diagnostic techniques, such as
liquid biopsies and next-generation sequencing (NGS),
are promising alternatives. Liquid biopsies, which detect
circulating tumor DNA (ctDNA) in blood samples, offer
a less invasive method for HPV detection and monitoring
[73-75]. NGS, on the other hand, allows for the compre-
hensive analysis of HPV integration sites and co-muta-
tions, providing a more detailed tumor profile [76]. These
technologies not only improve the accessibility of HPV



Satapathy et al. BMC Infectious Diseases

Study

(2024) 24:516

Proportion [95% CI]

Page 9 of 13

Omitting Bahl 2014
Omitting Balaram 1995
Omitting Barwad 2011
Omitting Chowdary 2018
Omitting Costa 1998
Omitting Elango 2011
Omitting Gheit 2017
Omitting Gholap 2022
Omitting Gosh 2009
Omitting Jalouli 2010
Omitting Jitani 2015
Omitting Kane 2015
Omitting Koppikar 2005
Omitting Kulkarni 2011
Omitting Kumar 2015
Omitting Mishra 2006
Omitting Mitra 2007
Omitting Mondal 2013
Omitting Murthy 2016
Omitting Nagpal 2001
Omitting Naz 2022

0.341 [0.259; 0.433]
0.326 [0.250; 0.412]
0.337 [0.256; 0.429]
0.332 [0.252; 0.422]
0.344 [0.264; 0.435]
0.333 [0.253; 0.424]
0.346 [0.265; 0.436]
0.338 [0.257; 0.430]
0.330 [0.251; 0.420]
0.340 [0.259; 0.432]
0.338 [0.257; 0.430]
0.346 [0.265; 0.436]
0.338 [0.256; 0.430]
0.327 [0.250; 0.415]
0.338 [0.256; 0.430]
0.339 [0.258; 0.431]
0.327 [0.250; 0.415]
0.334 [0.253; 0.425]
0.335 [0.254; 0.427]
0.337 [0.256; 0.429]
0.346 [0.266; 0.437]

Omitting Panneerselvam 2019 0.329 [0.251; 0.417]

Omitting Parshad 2015
Omitting Rajesh 2017
Omitting Ralli 2016
Omitting Ramshankar 2014
Omitting Sannigrahi 2016
Omitting Sarkar 2017
Omitting Singh 2015
Omitting Singh 2016
Omitting Sivakumar 2021
Omitting Sri 2021
Omitting Vanshika 2021
Omitting Verma 2017

Pooled prevalence (REM)
Sensitivity analysis
Leave-one-out meta-analysis

Fig. 5 Sensitivity analysis of pooled prevalence

0.334 [0.254; 0.426]
0.347[0.272; 0.431]
0.324 [0.250; 0.409]
0.332 [0.252; 0.422]
0.338 [0.257; 0.430]
0.328 [0.250; 0.417]
0.349 [0.270; 0.438]
0.348 [0.269; 0.436]
0.333 [0.253; 0.424]
0.342 [0.260; 0.433]
0.346 [0.265; 0.436]
0.341 [0.259; 0.433]

0.337 [0.258; 0.426]

0.2 025 0.3 0.35 0.4 0.45 0.5




Satapathy et al. BMC Infectious Diseases (2024) 24:516

testing but also enhance our understanding of the tumor
biology, which is crucial for personalized medicine.

The significant role of HPV in HNCs necessitates pub-
lic health interventions, particularly in countries like
India where the burden of these cancers is high. HPV
vaccination, which has been successful in reducing the
incidence of cervical cancer, presents a viable strategy to
curb HPV-related HNCs. The expansion of HPV vaccina-
tion programs to include both girls and boys could signif-
icantly reduce the future burden of these cancers [77, 78].
It is crucial to integrate HPV vaccination into national
immunization programs and to raise public awareness
about its benefits. Furthermore, the compounded risk
of tobacco use in HPV-positive HNC patients highlights
the urgent need for effective tobacco cessation programs.
Tobacco, being a well-established risk factor for HNCs,
exacerbates the risk even in the context of HPV-positive
cancers. Public health campaigns targeting tobacco ces-
sation are not only essential for preventing HNCs but
also for improving outcomes in patients with existing
HPV-related cancers [79-81].

Our study acknowledges certain limitations that
should be considered. Firstly, our analysis was restricted
to articles published in the English language, potentially
omitting relevant research published in other languages.
Additionally, the geographic coverage of our data is not
comprehensive; studies from all regions of India were
not available, which may affect the generalizability of
our findings. While subgroup analysis was conducted, it
was not sufficient to completely address the sources of
heterogeneity observed in the results. We were unable
to perform subgroup analysis based on site-specific can-
cer prevalence due to the unavailability of reported data.
Future studies should include detailed data on site-spe-
cific HNC and HPV to facilitate more comprehensive
analyses. This heterogeneity could stem from various fac-
tors such as differences in study design, populations, or
methodologies, which our subgroup analysis could not
fully disentangle. The overall sample size of the included
studies was relatively small. This limitation could impact
the statistical power of our findings and might lead to less
precise estimates. Given these constraints, we recom-
mend that future research should include a broader range
of languages and geographic areas, especially underrep-
resented regions of India. More extensive studies with
larger sample sizes would also be beneficial to provide
more robust and generalizable results, and to further
explore the sources of heterogeneity observed in this
study. The absence of publication bias in our findings fur-
ther strengthens the reliability of these insights.
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Conclusion

This comprehensive study underscores the significant
role of HPV in the epidemiology of HNCs in India.
Through a detailed systematic review and meta-anal-
ysis, we determined that the pooled prevalence of HPV
among HNC patients in India is 33%, revealing a sub-
stantial impact of this virus on such cancers. Notably, the
study highlighted regional variations, with the highest
prevalence in eastern India (47%) and lowest in the west-
ern regions (~20%). This variability suggests the influ-
ence of regional factors in the prevalence and impact of
HPV in HNCs. Overall, our study provides valuable data
for healthcare professionals and policymakers, empha-
sizing the need for targeted interventions and policies
to address the HPV-related burden in HNC patients in
India, while also considering the regional disparities in
prevalence and risk factors.
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