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Abstract

Globally, 4.5% of cancers are due to HPV. In the U.S., 80 million people are infected with 

HPV, and the incidence of HPV oropharyngeal cancer has surpassed HPV cervical cancer. The 

highest burden of oropharyngeal cancer is seen in middle aged and increasingly older white men. 

HPV vaccination promises to change the epidemiology of this disease, but HPV vaccination rates 

remain too low today to reduce disease transmission.
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Introduction

Human papilloma virus (HPV) is the most common sexually transmitted infection in the 

United States and around the world. Although most people clear infections, oncogenic HPV 

types can remain latent and go on to cause cancer years later. Globally, the greatest burden 

of HPV-related cancers is cervical cancer, especially in low-income countries. However, 

in the United States and other high-income countries, head and neck cancer has now 

surpassed cervical cancer as the most common HPV related malignancy. This review 

provides a current update on the epidemiology of HPV-related cancers, the prevalence of 

HPV infection, the incidence of HPV-related cancers and recent changes in incidence in 

oropharyngeal cancer in the United States, and the potential and challenges of using the 

HPV vaccine to alleviate the burden of HPV-related cancers.

Varieties of HPV viruses, and their relation to carcinogenesis

HPV includes a family of DNA viruses that infect basal epithelial cells and are divided 

into low- and high-risk types. Low-risk HPV types, also called non-oncogenic, commonly 

cause genital warts and respiratory tract papillomas and have been associated with low-grade 
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abnormalities within cervical cells. The most common HPV low-risk, non-oncogenic types 

around the world are HPV types 6 and 11. High-risk, oncogenic HPV types are highly 

associated with cancer of the cervix, oropharynx, anus, vagina, vulva, and penis. The most 

common high-risk HPV types are 16 and 18, but also include the less prevalent 31, 33, 45, 

52, and 58 types. Over 95% of cervical cancer cases are associated with high risk HPV, 

while over 90% of anal cancer, 70% of vaginal and vulvar cancer, 60% of oropharyngeal 

cancer, and 60% of penile cancer cases are associated with high risk HPV.

HPV infection prevalence, US and global variations

Over 80 million Americans were estimated to be infected with an HPV type in 2018, with 

over 14 million new infections that year. Genital HPV infection prevalence among women 

between the ages of 18 and 59 is estimated at 43% in the US and around 45% among men in 

a similar age range.

Oral HPV infection occurs through oral sex, or contact between the mouth and anogenital 

region. Fewer infections are caused by open-mouth kissing. Prevalence of oral HPV is 

estimated to be 7% among US adults between the ages of 18 and 69, with 4% having HPV 

high-risk types. There are differences in oral HPV infection prevalence between populations. 

Oral HPV infection prevalence for both high- and low-risk types is highest (9.7%) among 

non-Hispanic Black adults in the US, compared with 2.9% among non-Hispanic Asians, 

7% among Hispanics, and 7.3% among non-Hispanic White adults. Oral HPV infection 

prevalence is also higher among males (11.5%) vs females (3.3%) in the US.

Globally, it is estimated that over 630 million people are infected with HPV, with an even 

distribution between men and women. HPV genital and oral infection shows significant 

geographic variations with the highest rates found in Oceania and Africa followed by 

Europe, the Americas, and Asia.

Most HPV infections are cleared. However, HPV type 16 has the lowest clearance rate of 

any of the HPV types.1 Oncogenic HPV types can persist in the oral cavity for years. The 

latency period between infection and subsequent development of head and neck cancer has 

been estimated to be between 10 and 30 years.2

HPV cancer incidence trends, US and global variations

While tobacco and alcohol were historically the main drivers of head and neck cancers, in 

the past several decades, the proportion of head and neck cancers attributable to HPV has 

increased dramatically both in the US and globally. There is significant heterogeneity in 

the proportion of head and neck cancers attributable to HPV according to head and neck 

anatomic subsite, geographic region, and time period. The oropharynx subsite is the most 

common site of head and neck cancer attributable to HPV. It is believed that the crypts and 

irregular surface of the tonsils and lymphoid tissue in the base of tongue create a favorable 

environment for HPV infection to persist. While much less common, oral cavity and larynx 

subsites have also seen an increase in cancers attributable to HPV.
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Globally, 4.5% of all cancers, or 630,000 new cancer cases per year are attributable to HPV, 

accounting for 8.6% of cancer cases in women and 0.8% in men. The majority of these cases 

are cervical cancers in India and sub-Saharan Africa. Worldwide estimates of head and neck 

cancers attributable to HPV vary depending on the countries studied and the methods for 

making these estimates. For example, use of large cancer registries with many thousands 

of patients are cost-effective in making estimates and readily available, but the accuracy 

of reported HPV status of the tumors may not be high. The alternative is smaller studies 

with hundreds of patients where tumors are re-processed and analyzed for HPV. While 

these are more expensive, the numerator and denominator are more accurate. In one study 

that performed rigorous testing for HPV, the proportion attributable to HPV by subsite was 

18% for oropharyngeal cancers, 3% for oral cavity cancers, and 1% for laryngeal cancers.3 

Another recent study using cases mainly from Europe and South America attributed 22.4% 

of oropharyngeal, 4.4% of oral cavity, and 3.5% of laryngeal cancers to HPV.4

Higher-income countries have higher proportions of head and neck cancers attributable 

to HPV. This may be due to different social norms and sexual activities. In the United 

States, where the greatest number of studies have been performed, approximately 70% 

of all oropharyngeal cancers are attributable to HPV,5, 6 a much higher proportion than 

seen worldwide. The overall incidence of HPV-related oropharyngeal cancers was estimated 

to be 4.8 in 100,000 in 2013–2014, compared with the incidence of HPV-related non

oropharyngeal head and neck cancers of 0.62 per 100,000.7

In the United States, the incidence of HPV-related oropharyngeal cancer differs not only by 

sex but also by age and race. Through 2015 in the United States, the incidence in White men 

of all ages increased more than any other subgroup, to greater than 18 per 100,000 people. In 

contrast, the incidence in Hispanic and Black men was 6 and 4 in 100,000, respectively. In 

White women, the incidence in 2015 was almost 4 per 100,000.8 In contrast, the incidence in 

Hispanic and Black women was approximately 2 per 100,000.

For the past decade, most literature has described the highest incidence of HPV-related 

oropharyngeal cancers in the United States in younger White men. However, projecting to 

2030, the incidence in older cohorts of White men and women—those born before 1955— is 

expected to increase faster than other age cohorts. In White men aged 65–74, the incidence 

is estimated to be more than 70 in 100,000 by 2030, while the incidence of White women of 

the same age bracket is estimated to be more than 10 in 100,000.8

The incidence of HPV oropharyngeal cancers continues to steadily increase, in part due 

to the trends seen in unvaccinated White men. Already due to this cohort of individuals, 

the number of HPV-related oropharyngeal cancers has surpassed the number of HPV

related cervical cancers. A recent article examined the expected incidence of HPV-related 

oropharyngeal cancers through 2045 accounting for vaccination rates, and found that while 

the incidence may decrease in younger individuals who have either been vaccinated or 

benefit from herd immunity, the incidence in older adults aged 70–83 is expected to increase 

from 16.8 to 29.0 per 100,000 population.9 In summary, the next decades will see a further 

increase in incidence compared to today, with a shift to an older population.
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HPV vaccination

The HPV vaccine has the potential to significantly reduce HPV-related cancers; already 

HPV vaccination has led to a profound reduction in the global incidence of cervical cancer. 

While this downward trend in incidence has not yet been seen for oropharynx cancer, 

some early data on the effect of the vaccine is promising. While vaccinated individuals are 

protected from infection, a recent study also showed the powerful effect of herd immunity 

on the oral infection rates in unvaccinated individuals: Over the time period from 2009 to 

2016, unvaccinated men saw a decrease in oncogenic HPV prevalence by 38%.10

Significant reduction in genital HPV infection and HPV related cancers have also been 

seen within the vaccinated population. In a recent systematic review and meta-analysis that 

included data from over 60 million individuals, published in Lancet, Drolet et al found a 

substantial reduction in HPV genital infection among vaccinated men and women. In some 

populations, the authors found a decrease of over 80% in high risk HPV genital infection 

among vaccinated individuals. The findings also included a remarkable reduction in CIN 

(Cervical intraepithelial neoplasia) 2+ among vaccinated women and anogenital warts in 

men and women.11

In 2020 the FDA, using the evidence presented here as a surrogate to predict clinical benefit 

in preventing HPV associated Oropharyngeal cancer, approved the use of the HPV vaccine 

specifically for the prevention of HPV related head and neck cancer.12 However, despite 

efforts to increase vaccine uptake, HPV vaccination rates remain below levels adequate to 

reduce disease transmission and eliminate disparities. Current HPV vaccination completion 

rates in the US are far below the Healthy People 2030 objective of having 80% of 13- to 

15-year-old adolescents receive two or three doses of the HPV vaccine as recommended. 

In 2018, 51% of adolescents were up to date with the HPV vaccine series, and 68% had 

received more than one dose. Although HPV vaccination rates improved, the increases 

among all adolescents that year were modest compared with prior years and occurred mostly 

in males. In 2019, 54% of adolescents were up to date with the HPV vaccine series and 71% 

had received more than one dose, a small increase from 2018.

In 2020, the coronavirus disease 2019 (COVID-19) pandemic changed the way that 

providers offered routine and essential services. The Vaccines for Children (VFC Program) 

reported a decrease in vaccine orders, including the HPV vaccine, in mid-March when 

a national emergency was declared.13 The COVID-19 pandemic has negatively affected 

childhood immunization rates, and there is significant concern that long-term effects may 

reverse gains made in HPV vaccination coverage. Disparities also exist in HPV vaccination 

rates in the US. Although studies show higher HPV vaccine initiation among racial and 

ethnic minority adolescents, Black and Hispanic patients were less likely than White patients 

to follow up with series completion.

Conclusion

HPV infections are common worldwide, leading to a significant burden of HPV-related 

cancers. In high-income countries including the United States, the burden is greatest for 
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head and neck oropharyngeal cancers, with differences across sex, race, and age. Although 

HPV vaccination has the potential to dramatically change the incidence of disease, we will 

need to overcome entrenched barriers to vaccine uptake for this potential to be realized.

Disclosure Statement:

The authors report no affiliations or conflicts of interest relevant to this material. Research reported in this 
publication was supported in part by the Cancer Center Support Grant of the National Institutes of Health/National 
Cancer Institute under award number P30CA008748.

References

1. Wood ZC, Bain CJ, Smith DD, Whiteman DC, Antonsson A. Oral human papillomavirus infection 
incidence and clearance: a systematic review of the literature. J Gen Virol. 4 2017;98(4):519–526. 
doi:10.1099/jgv.0.000727 [PubMed: 28150575] 

2. Gillison ML, Chaturvedi AK, Anderson WF, Fakhry C. Epidemiology of Human Papillomavirus
Positive Head and Neck Squamous Cell Carcinoma. J Clin Oncol. 10 10 2015;33(29):3235–42. 
doi:10.1200/jco.2015.61.6995 [PubMed: 26351338] 

3. Castellsague X, Alemany L, Holzinger D et al. Estimation of the HPV etiological fraction in over 
4,000 head and neck cancers worldwide. 2014:

4. de Sanjosé S, Serrano B, Tous S, et al. Burden of Human Papillomavirus (HPV)-Related Cancers 
Attributable to HPVs 6/11/16/18/31/33/45/52 and 58. JNCI Cancer Spectr. 10 2018;2(4):pky045. 
doi:10.1093/jncics/pky045 [PubMed: 31360870] 

5. Steinau M, Saraiya M, Goodman MT, et al. Human papillomavirus prevalence in oropharyngeal 
cancer before vaccine introduction, United States. Emerg Infect Dis. 5 2014;20(5):822–8. 
doi:10.3201/eid2005.131311 [PubMed: 24751181] 

6. Chaturvedi AK, Engels EA, Pfeiffer RM, et al. Human papillomavirus and rising oropharyngeal 
cancer incidence in the United States. J Clin Oncol. 11 10 2011;29(32):4294–301. doi:10.1200/
jco.2011.36.4596 [PubMed: 21969503] 

7. Mahal BA, Catalano PJ, Haddad RI, et al. Incidence and Demographic Burden of HPV-Associated 
Oropharyngeal Head and Neck Cancers in the United States. Cancer Epidemiol Biomarkers Prev. 10 
2019;28(10):1660–1667. doi:10.1158/1055-9965.Epi-19-0038 [PubMed: 31358520] 

8. Tota JE, Best AF, Zumsteg ZS, Gillison ML, Rosenberg PS, Chaturvedi AK. Evolution of the 
Oropharynx Cancer Epidemic in the United States: Moderation of Increasing Incidence in Younger 
Individuals and Shift in the Burden to Older Individuals. J Clin Oncol. 6 20 2019;37(18):1538–
1546. doi:10.1200/jco.19.00370 [PubMed: 31026209] 

9. Zhang Y, Fakhry C, D’Souza G. Projected Association of Human Papillomavirus Vaccination 
With Oropharynx Cancer Incidence in the US, 2020–2045. JAMA Oncol. 9 2 2021:e212907. 
doi:10.1001/jamaoncol.2021.2907 [PubMed: 34473210] 

10. Chaturvedi AK, Graubard BI, Broutian T, et al. Prevalence of Oral HPV Infection in 
Unvaccinated Men and Women in the United States, 2009–2016. Jama. 9 10 2019;322(10):977–
979. doi:10.1001/jama.2019.10508 [PubMed: 31503300] 

11. Drolet M, Bénard É, Pérez N, Brisson M; HPV Vaccination Impact Study Group. Population
level impact and herd effects following the introduction of human papillomavirus vaccination 
programmes: updated systematic review and meta-analysis. Lancet. 2019;394(10197):497–509. 
doi:10.1016/S0140-6736(19)30298-3 [PubMed: 31255301] 

12. U.S. Food and Drug Administration, Center for Biologics Evaluation and Research. 
6 12, 2020 Approval Letter - GARDASIL 9, from http://janeganter.com/crastudentwriters/
cite_fda_approval_ltr.pdf

13. Elam-Evans LD, Yankey D, Singleton JA, et al. National, Regional, State, and Selected Local Area 
Vaccination Coverage Among Adolescents Aged 13–17 Years — United States, 2019. MMWR 
Morb Mortal Wkly Rep 2020;69:1109–1116. [PubMed: 32817598] 

Roman and Aragones Page 5

J Surg Oncol. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://janeganter.com/crastudentwriters/cite_fda_approval_ltr.pdf
http://janeganter.com/crastudentwriters/cite_fda_approval_ltr.pdf


Synopsis:

This report examines the epidemiology and changing incidence of HPV-related head and 

neck cancers, specifically oropharyngeal cancers. The importance of the HPV vaccine in 

mediating HPV-related cancers is discussed.
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