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Background: Little is known regarding differences in male human papillomavirus (HPV)-related 
oropharyngeal cancer (OPC) incidence and outcomes by race/ethnicity. We evaluated age-adjusted incidence 
trends, late-stage diagnosis, survival, and cancer-specific mortality (CSM) among males diagnosed with 
HPV-related OPC. 
Methods: In this population-based retrospective cohort study, we identified males diagnosed with OPC 
in the United States from 2005 to 2016 in the North American Association of Central Cancer Registries 
(NAACCR). Associations of race/ethnicity with late-stage diagnosis, cancer-specific survival, and mortality 
were compared using multivariable logistic and Cox proportional hazard analysis, respectively, adjusting for 
age, health insurance, county level attributes of residence and poverty, stage at diagnosis, and geographic 
region of the United States.
Results: The majority of the 162,183 HPV-related OPCs were in non-Hispanic (NH) White males (84.2%), 
with 50% increase in late-stage cancer incidence among White males from 2005 to 2016. Despite having 
similar odds of late-stage diagnosis as White males, Hispanic and NH Black males had higher CSM [adjusted 
hazard ratios (aHR) 1.17; 95% confidence interval (CI): 1.08, 1.26, and aHR 1.79; 95% CI: 1.71, 1.88, 
respectively]. Adjusting for treatment attenuated, but did not eliminate, the higher mortality in Hispanic and 
Black males.
Conclusions: NH White males are disproportionately affected by late-stage HPV-related OPC, while 
Hispanic and NH Black males have higher CSM that was not explained by stage or treatment modality. 
Interventions to increase HPV vaccine uptake, early detection, and treatment of OPC in males are needed to 
decrease disparities in incidence and mortality.
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Introduction

In 2021, 38,800 new cases and 7,620 deaths from 
oropharyngeal cancer (OPC) are expected in males in 
the United States, which is more than double the cases 
among females (estimated at 15, 210 new cases and  
3,230 deaths) (1). OPCs are preventable malignancies 
that were predominantly linked to tobacco and alcohol 
use until the 1980s, when incidence declined along with 
a concomitant decrease in these behaviors (2,3). The 
resurgence in OPC incidence has been associated with 
the human papillomavirus (HPV) (4), the most common 
sexually transmitted infection in the U.S. (5). Males have 
a threefold higher prevalence of HPV positivity (6,7), are 
less likely to clear oral HPV infections (8), and have over 
five times higher OPC incidence rate than females (9). Male 
HPV-related OPC is now the most prevalent HPV-related 
cancer in the U.S., exceeding cases of HPV-related cervical 
cancer (9), rendering male OPC an important new public 
health concern. 

The HPV 9-valent vaccine (Gardasil 9) was approved 
by the Food and Drug Administration in 2014 in females 
age 9 through 26 years of age and males age 9 to 15 for the 
prevention of genital warts and precancerous lesions, and 
cancers of the cervix, vulvar, vagina, and anus (10). The 
approval was extended to males age 16 to 26 in 2015, and all 
adults 27 through 45 years of age in 2018. The indication 
for prevention of oropharyngeal and other head and neck 
cancers was added in 2020. The Centers for Disease 
Control and Prevention (CDC) recommends routine HPV 
vaccination for all adolescents through age 26 years (11). It 
advises shared decision-making for adults aged 27 through 
45 years who might benefit, such as those not already 
immune (either through infection or vaccination) and is at 
risk for future HPV infections (i.e., a new sexual partner). 
HPV vaccination completion rates among adolescents 
in 2020 are only 58.6% in the U.S., and significantly 
lower among males (56.0%) versus females (61.4%) (12). 
Awareness of HPV and the vaccine has declined recently, 
with the lowest awareness among males, racial minorities, 
residents in rural counties, and those of low socioeconomic 
status (SES) (13). 

The CDC estimates 72% of all male OPCs to be HPV-
related, specifically squamous cell carcinomas (SCCs) (14). 
Compared to HPV-negative SCCs, HPV-positive SCCs 
are more likely in younger persons, with higher SES and 
education, and lower exposures to tobacco and alcohol 
(6,15-17). High prevalence of HPV-positive OPC in White 

males has been previously reported (18), as well as the 
increasing trends of HPV-positive OPC across all sex and 
racial/ethnic groups in the U.S.; however, studies did not 
stratify by stage (18-21). To our knowledge, only one study 
evaluated racial differences in OPC stage at diagnosis, but 
it excluded Hispanics and did not differentiate by sex (22). 
Most studies examining racial differences in OPC survival 
have been hospital-based (23); studies that were population-
based did not include Hispanics (24-28). A recent study 
that included Hispanic males evaluated stage at diagnosis 
and survival of head and neck cancers in general, but it only 
included patients over age 65 years with Medicare fee-for-
service insurance (29). Evaluating OPC in Hispanic males 
is important because they may have limited knowledge of 
HPV (30). Our study is the largest population-based study 
to date examining racial/ethnic disparities in incidence, 
stage at diagnosis, survival, and mortality of HPV-related 
OPCs among adult males across the U.S. We present 
this study in accordance with the STROBE reporting 
checklist (available at https://ace.amegroups.com/article/
view/10.21037/ace-22-1/rc).

Methods

Data source and study sample

In this population-based retrospective cohort study, we 
used the North American Association of Central Cancer 
Registries (NAACCR) Cancer in North America (CiNA) 
Research Analytic File to examine males diagnosed between 
January 1, 2005 to December 31, 2016 with OPC in the 
U.S. NAACCR CiNA is the most comprehensive cancer 
incidence database, covering 93% of the U.S. population, 
and it includes all 18 Surveillance, Epidemiology, and End 
Results (SEER) registries (31). For survival and mortality 
analyses, we used a subset of this data file, the CiNA 
Survival dataset, which includes cancer registries that meet 
the SEER standards for follow-up or ascertainment of 
deaths. Data were accessed through the SEER*Stat software 
program and exported into the Statistical Package for the 
Social Sciences version 27 (IBM, Armonk, New York, USA) 
for advanced analyses. All variables analyzed were available 
in NAACCR CiNA. 

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Institutional Review Boards at 
NAACCR and Rutgers, The State University of New 
Jersey (Pro2019001220) and determined exempt from 

https://ace.amegroups.com/article/view/10.21037/ace-22-1/rc
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review because the research involves secondary analysis of 
retrospective data that was de-identified. 

Because cancer registries do not collect HPV status (32),  
we used standard CDC definitions of HPV-associated 
cancers to identify our male cohort: (I) SCC histological 
codes (8050-8084; 8120-8131); and (II) International 
Classification of Diseases for Oncology (ICD-O)-3 site 
codes: base of tongue (C01.9); lingual tonsil (C02.4); 
overlapping lesion of tongue (C02.8); soft palate (C05.1); 
uvula (C05.2); tonsillar fossa (C09.0); tonsillar pillar (C09.1); 
overlapping lesion of tonsil (C09.8); tonsil (C09.9); vallecula 
(C10.0); anterior surface of epiglottis (C10.1); lateral wall of 
oropharynx (C10.2); posterior wall of oropharynx (C10.3); 
branchial cleft (C10.4); overlapping lesion of oropharynx 
(C10.8); oropharynx (C10.9); pharynx (C14.0); Waldeyer’s 
ring (C14.2); and overlapping lesion of lip, oral cavity, and 
pharynx (C14.8). HPV-related OPC were restricted to 
microscopically confirmed cases (32). These same methods 
have previously been used by cancer registry-based studies 

focused on HPV-associated cancers (33,34).

Outcomes

Primary outcomes included incidence, late-stage diagnosis, 
mean and cumulative survival, and cancer-specific mortality 
(CSM). Figure 1A depicts how the analytic study samples 
were constructed for the incidence and late-stage outcomes. 
We extracted incident cases of male HPV-related OPC from 
2005–2016 (N=162,183) from SEER*Stat and calculated 
yearly age-adjusted rates per 100,000 males by race/
ethnicity, stratified by stage. For stage at diagnosis analyses, 
we excluded persons with unknown stage (N=6,366), race 
(N=824), and cases with missing covariates (N=21,170). For 
our logistic regression models, we dichotomized stage into 
“early” if the OPC was local, and “late” if it was regional or 
distant (35).

Survival and mortality analyses excluded cases diagnosed 
after December 31, 2011 to have at least 5 years of  

Oropharyngeal cancers among 
males between 2005–2016 

(n=178,775)

Oropharyngeal cancers among 
males between 2005–2016 

(n=168,214)

Excluded: unknown race 
and/or unknown survival 

months (n=1,083)

Excluded: missing 
covariates (n=12,543) 

Final analytic sample for multivariable mortality 
model (n=48,343)

Cases for survival and mortality 
outcomes (n=61,969)

Cases for mean survival (n=60,886)

Incident cases of male HPV-related 
oropharyngeal cancers 

(n=162,183)

Sample for late-stage incidence by 
race (n=154,993)

Final analytic sample for late-stage 
multivariable model

(n=133,823)

Excluded: missing covariates 
(n=21,170)

Excluded (n=7,190):
  • Unknown stage (n=6,366)
  • Unknown race (n=824)

Excluded (n=16,592):
  • Age <15 years old (n=267)
  • Puerto rico cases (n=1,182)
  • Death certificate/autopsy 
     reporting (n=1,483)
  • Non-squamous cell 
     carcinomas (n=13,660)

Excluded (n=106,245): 
  • Age <15 years old (n=255)
  • Death certificate/autopsy 
     reporting (n=1,371)
  • Not primary cancer (n=28,523)
  • Unknown cause of death (n=4,887)
  • Unknown survival time (n=14,365)
  • Diagnosis after 12/31/2011 (n=51,203)
  • Non-squamous cell carcinomas 
     (n=5,641)

A B

Figure 1 Cohort derivation. (A) Incidence and late-stage outcomes; (B) survival and mortality outcomes. HPV, human papillomavirus.
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follow-up. Figure 1B describes derivation of our analytic 
study sample for the survival and mortality outcomes. The 
“SEER cause-specific death classification” variable from 
the NAACCR CiNA Deluxe data file was used to calculate 
CSM (36). This variable addresses known misclassifications 
in cause of death in death certificates for cancer, taking 
into account cause of death (ICD-10 codes), site of original 
cancer diagnosis, tumor sequence, and diseases related to the 
cancer of diagnosis. It categorizes cases as: dead (attributable 
to this cancer diagnosis); alive or dead of other cause; and 
dead (missing/unknown cause of death) (37). For CSM, 
persons who died of causes other than OPC were censored. 

Covariates

Our main independent variable was race/ethnicity, 
categorized as non-Hispanic (NH) White, NH Black, 
Hispanic, and NH other (Asian, Pacific Islander, American 
Indian, and Alaskan Native), as classified in the NAACCR 
Research File (31). Covariates for late-stage models 
included: age at diagnosis; health insurance; county level 
attributes of residence (metropolitan/non-metropolitan, 
percent of persons below poverty); geographic region of 
the US. For our mortality models, stage at diagnosis and 
treatment modality were also included. The NAACCR 
CiNA Research file categorizes age in 5-year intervals 
starting at age 15 (e.g., 35–39, 40–44). We grouped age into 
three categories: <55, 55–64, 65+ years based on distribution 
and age of Medicare eligibility. Health insurance categories 
included: private, Medicare, Medicaid, other (Indian/Public 
Health Service, Military, TRICARE, Veterans Affairs, and 
insurance not otherwise specified), and no insurance/self-
pay. Metropolitan/non-metropolitan county designations 
were broadly based on population size (metropolitan has 
50,000 persons or more) (38). Percent of persons below 
poverty level in the county was categorized as: ≤9.99%, 
10–19.99%, and 20% or more below federal poverty levels. 
The four geographic regions of the U.S. were based on the 
U.S. Census Bureau: Northeast, South, Midwest, and West/
Pacific (39). Treatment modality included the first course 
of planned treatment and included the following categories: 
surgery only; radiation or chemotherapy only; surgery plus 
(radiation or chemotherapy); radiation and chemotherapy; 
all modalities; or no treatment.

Statistical analysis

Bivariate relationships between race/ethnicity and 

demographics, stage, and treatment were evaluated using 
chi-square tests. Adjusted odds ratios (aOR) of late-stage 
diagnosis compared with early stage and corresponding 95% 
confidence intervals (CIs) were calculated for each category 
of race/ethnicity using multivariable logistic regression. 
Mean cancer-specific survival for each racial/ethnic group 
was calculated within SEER*Stat using the actuarial method 
via the SEER cause-specific death classification variable. 
Adjusted cancer-specific survival curves for each racial/
ethnic group were compared using Cox proportional 
hazards regression. We examined associations of race/
ethnicity with mortality from OPC using Cox proportional 
hazards regression models to estimate adjusted hazard ratios 
(aHR) and 95% CIs. We included covariates described 
above and stage at diagnosis in multivariable Model 1. 
To determine the effect of treatment modality on the 
associations between race/ethnicity and mortality, we added 
initial treatment modality to Model 2 to see how hazards 
ratios observed in Model 1 changed. Finally, interaction 
terms of race/ethnicity with all other covariates were tested 
in the final late-stage and mortality models. 

We conducted sensitivity analyses including and 
excluding unknown race/ethnicity and unknown covariates. 
Results were similar; therefore, we present multivariable 
models excluding missing values. Final analytic sample 
sizes were 133,823 for late-stage and 48,343 for CSM 
multivariable models (see Table S1). All statistical tests were 
2-sided; P<0.05 was considered significant.

Results

Table 1 describes characteristics of our cohort, stratified 
by race/ethnicity. The highest proportion of cases were 
in NH Whites (84.2%), age 55–64 years (38.7%), with 
private insurance (33.7%), from metropolitan counties 
(82%), in the geographic South (40.2%), and counties 
with 10–19.99% of persons below poverty (68.5%). Most 
cases were diagnosed at regional stage (66.1%). Compared 
to other racial/ethnic groups, a higher proportion of NH 
Black males had Medicaid insurance (16.9%), lived in the 
South (54.8%), in counties with ≥20% poverty (32.6%), 
and had distant stage at diagnosis (25.1%). Additionally, a 
higher percentage of Hispanic (13.1%) and NH Black males 
(13.8%) received no treatment (all P values <0.01). 

From 2005–2016, the age-adjusted incidence rates of 
HPV-related early-stage OPCs remained stable among 
all race/ethnicities (Figure 2A). However, late-stage OPCs 
increased steadily among NH White males, while remaining 

https://cdn.amegroups.cn/static/public/ACE-22-1-supplementary.pdf
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Table 1 Characteristics of males with HPV-related oropharyngeal cancers by race/ethnicity, United States, 2005–2016 (N=162,183)

Characteristic† Total, N (%) Hispanic, N (%) NH White, N (%) NH Black, N (%) NH Other‡, N (%) Unknown, N (%)

Overall 162,183 (100.0) 7,825 (4.8) 136,537 (84.2) 14,283 (8.8) 2,714 (1.7) 824 (0.5)

Age at diagnosis, years 

<55 46,116 (28.4) 2,421 (30.9) 38,343 (28.1) 4,294 (30.1) 803 (29.6) 255 (30.9)

55–64 62,813 (38.7) 2,811 (35.9) 53,090 (38.9) 5,623 (39.4) 965 (35.6) 324 (39.3)

65+ 53,254 (32.8) 2,593 (33.1) 45,104 (33.0) 4,366 (30.6) 946 (34.9) 245 (29.7)

County of residence 

Metropolitan 132,965 (82.0) 7,345 (93.9) 110,216 (80.7) 12,460 (87.2) 2,259 (83.2) 685 (83.1)

Non-metropolitan 26,656 (16.4) 451 (5.8) 23,949 (17.5) 1,751 (12.3) 408 (15.0) 97 (11.8)

Unknown 2,562 (1.6) 29 (0.4) 2,372 (1.7) 72 (0.5) 47 (1.7) 42 (5.1)

Insurance status

Private 54,633 (33.7) 2,187 (27.9) 48,557 (35.6) 2,789 (19.5) 875 (32.2) 225 (27.3)

Medicare 44,925 (27.7) 1,878 (24.0) 38,226 (28.0) 4,034 (28.2) 657 (24.2) 130 (15.8)

Medicaid 12,473 (7.7) 954 (12.2) 8,790 (6.4) 2,407 (16.9) 279 (10.3) 43 (5.2) 

Other§ 19,677 (12.1) 719 (9.2) 16,736 (12.3) 1,726 (12.1) 354 (13.0) 142 (17.2)

No insurance/self pay 7,133 (4.4) 605 (7.7) 5,357 (3.9) 1,013 (7.1) 123 (4.5) 35 (4.2)

Unknown 23,342 (14.4) 1,482 (18.9) 18,871 (13.8) 2,314 (16.2) 426 (15.7) 249 (30.2)

% persons below poverty at county of residence

≤9.9% 26,530 (16.4) 715 (9.1) 23,933 (17.5) 1,102 (7.7) 658 (24.2) 122 (14.8)

10–19.99% 111,047 (68.5) 5,828 (74.5) 94,480 (69.2) 8,450 (59.2) 1,689 (62.2) 600 (72.8)

≥20% 22,044 (13.6) 1,253 (16.0) 15,752 (11.5) 4,659 (32.6) 320 (11.8) 60 (7.3)

Unknown 2,562 (1.6) 29 (0.4) 2,372 (1.7) 72 (0.5) 47 (1.7) 42 (5.1)

Geographic region

Northeast 27,741 (17.1) 1,517 (19.4) 23,637 (17.3) 2,143 (15.0) 352 (13.0) 92 (11.2)

South 65,133 (40.2) 3,120 (39.9) 53,269 (39.0) 7,834 (54.8) 650 (23.9) 260 (31.6)

Midwest 36,003 (22.2) 568 (7.3) 31,852 (23.3) 3,087 (21.6) 333 (12.3) 163 (19.8)

West/Pacific 33,306 (20.5) 2,620 (33.5) 27,779 (20.3) 1,219 (8.5) 1,379 (50.8) 309 (37.5)

Stage at diagnosis

Local 20,420 (12.6) 953 (12.2) 17,172 (12.6) 1,811 (12.7) 357 (13.2) 127 (15.4)

Regional 107,170 (66.1) 4,924 (62.9) 91,794 (67.2) 8,332 (58.3) 1,692 (62.3) 428 (51.9)

Distant 28,227 (17.4) 1,511 (19.3) 22,497 (16.5) 3,585 (25.1) 530 (19.5) 104 (12.6)

Unknown 6,366 (3.9) 437 (5.6) 5,074 (3.7) 555 (3.9) 135 (5.0) 165 (20.0)

Table 1 (continued)
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Table 1 (continued)

Characteristic† Total, N (%) Hispanic, N (%) NH White, N (%) NH Black, N (%) NH Other‡, N (%) Unknown, N (%)

Treatment¶

Surgery only 14,668 (9.0) 748 (9.6) 12,444 (9.1) 1,126 (7.9) 250 (9.2) 100 (12.2)

Radiation or chemotherapy 19,743 (12.2) 1,031 (13.2) 15,998 (11.7) 2,350 (16.5) 286 (10.5) 78 (9.5)

Surgery + (radiation or 
chemotherapy)

37,409 (23.1) 1,533 (19.6) 32,891 (24.1) 2,241 (15.7) 604 (22.3) 140 (17.0)

Radiation + chemotherapy 50,485 (31.1) 2,425 (31.0) 41,816 (30.6) 5,189 (36.3) 847 (31.2) 208 (25.3)

All modalities 23,933 (14.8) 1,061 (13.6) 20,950 (15.3) 1,407 (9.9) 438 (16.1) 77 (9.4)

No treatment 15,905 (9.8) 1,025 (13.1) 12,404 (9.1) 1,967 (13.8) 289 (10.6) 220 (26.7)
†, all variables were statistically significant at P<0.01 in bivariate analyses using χ2 tests; ‡, includes Asian, American Indian, Alaska Native, 
and Pacific Islander; §, includes Indian/Public Health Service, Military, TRICARE, Veterans Affairs, and insurance not otherwise specified; ¶, 
cases with unknown treatment are not shown due to cells having counts less than 6. HPV, human papillomavirus; NH, non-Hispanic. 

Hispanic                NH, White                NH, Black                NH, Other

Hispanic                NH, White                NH, Black                NH, Other

Late stage HPV-related oropharyngeal cancers

Early stage HPV-related oropharyngeal cancers
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Figure 2 Incidence of HPV-related oropharyngeal cancers among males by stage and race/ethnicity, United States, 2005–2016 (N=154,993). 
(A) Early-stage HPV-related oropharyngeal cancers; (B) late-stage HPV-related oropharyngeal cancers. HPV, human papillomavirus; NH, 
non-Hispanic.
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Table 2 Predictors of late-stage diagnosis among males with 
HPV-related oropharyngeal cancer, United States, 2005–2016 
(N=133,823)†

Characteristic aOR‡ (95% CI)

Race/ethnicity

Non-Hispanic White 1.00

Hispanic/Latino 0.94 (0.87, 1.02)

Non-Hispanic Black 0.99 (0.94, 1.06)

Non-Hispanic other§ 0.87 (0.77, 0.99)*

Age at diagnosis (years)

<55 1.00

55–64 0.91 (0.87, 0.95)*

65+ 0.68 (0.65, 0.72)*

Insurance type

Private 1.00

Medicare 0.81 (0.77, 0.85)*

Medicaid 1.32 (1.23, 1.42)*

Other¶ 0.94 (0.89, 0.99)*

No insurance/self pay 1.40 (1.28, 1.53)*

County of residence 

Large metropolitan 1.00

Non-metropolitan 0.94 (0.90, 0.98)*

% persons below poverty at county of residence

≤9.9% 1.00

10–19.99% 0.97 (0.93, 1.02)

≥20% 0.95 (0.89, 1.01)

Geographic region of U.S.

Northeast 1.00

South 0.84 (0.70, 0.89)*

Midwest 0.92 (0.87, 0.98)*

West/Pacific 1.06 (0.99, 1.12)

†, cases with unknown stage and unknown covariates were 

excluded; ‡, adjusted for all other variables in table; §, includes 

Asian, American Indian, Alaska Native, and Pacific Islander; 
¶, includes Indian/Public Health Service, Military, TRICARE, 

Veterans Affairs, and insurance not otherwise specified; *, 

indicate significance at P≤0.01. HPV, human papillomavirus; 

aOR, adjusted odds ratio; CI, confidence interval. 

relatively stable in the other racial/ethnic groups (Figure 2B).
 

Stage at diagnosis

Table 2 presents independent factors associated with late-
stage OPC diagnosis. No significant difference in late-
stage diagnosis existed between NH White, NH Black, and 
Hispanics, after adjusting for age, insurance, county level 
attributes of residence (Metropolitan/Non-metropolitan, 
percent of persons below poverty), and geographic region. 
NH other males had lower odds (aOR 0.87, 95% CI: 
0.77–0.99) of late-stage diagnosis relative to NH Whites. 
Predictors of late-stage diagnosis included having Medicaid 
(aOR, 1.32; 95% CI: 1.23–1.42) or no insurance (aOR, 1.40; 
95% CI: 1.28–1.53). Factors associated with lower odds 
of late-stage diagnosis included age greater than 55 years, 
having Medicare or other insurance (relative to private 
insurance), residence in non-metropolitan county, and the 
South or Midwest regions (relative to the Northeast). There 
were no significant interactions between race/ethnicity and 
other variables. 

Survival and mortality

Among the 61,969 males diagnosed with HPV related OPC 
from 2005–2011, there were 14,771 deaths from OPC 
during the follow-up period (at least 5 years). NH Black and 
Hispanic males had lower unadjusted mean survival times 
compared to NH White males, with NH Black males having 
30 months shorter survival (P<0.01) (Table 3). Figure 3  

Table 3 Mean survival of males with HPV-related oropharyngeal 
cancers by race/ethnicity, United States, 2005–2011 (N=60,886)†

Change to race/ethnicity Mean (95% CI), months

Overall 96.58 (96.16–97.00)

Hispanic 91.89 (89.87–93.91)

NH White 99.63 (99.18–100.07)

NH Black 69.72 (68.14–71.31)

NH other‡ 96.55 (93.25–99.84)
†, unadjusted; All log rank Mantel-Cox tests were statistically 
significant at P<0.01; ‡, includes Asian, American Indian, Alaska 
Native, and Pacific Islander. HPV, human papillomavirus; NH, 
non-Hispanic.
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Table 4 Predictors of oropharyngeal cancer mortality among males, United States, 2005–2011 (N=48,343)†

Characteristic Model 1‡, aHR (95% CI) Model 2§, aHR (95% CI)

Race/ethnicity

Non-Hispanic, White 1.00 1.00

Hispanic/Latino 1.17 (1.08, 1.26)* 1.10 (1.02, 1.18)*

Non-Hispanic, Black 1.79 (1.71, 1.88)* 1.74 (1.66, 1.83)*

Non-Hispanic, other¶ 1.06 (0.93, 1.20) 1.04 (0.91, 1.19)

Age at diagnosis (years)

<55 1.00 1.00

55–64 1.22 (1.18, 1.27)* 1.16 (1.11, 1.20)*

65+ 1.63 (1.54, 1.72)* 1.48 (1.40, 1.57)*

Insurance type

Private 1.00 1.00

Medicare 1.94 (1.84, 2.05)* 1.85 (1.75, 1.95)* 

Medicaid 2.95 (2.80, 3.11)* 2.70 (2.56, 2.85)* 

Other†† 1.45 (1.38, 1.53)* 1.40 (1.33, 1.48)* 

No insurance/self pay 2.40 (2.25, 2.56)* 2.10 (1.97, 2.24)*

Stage at diagnosis

Local 1.00 1.00

Regional 1.32 (1.24, 1.40)* 1.39 (1.31, 1.49)*

Distant 3.08 (2.89, 3.28)* 3.14 (2.94, 3.37)*

Table 4 (continued)

depicts the adjusted cumulative survival curves by race/
ethnicity of male HPV-related OPCs. NH Black males had 
the lowest cumulative survival relative to the other racial/
ethnic groups; by 5 years after diagnosis, only 60% survived 
versus over 70% for the other groups (P<0.001). 

Table 4 describes independent predictors of CSM. In 
multivariable analyses adjusting for all covariates except 
treatment modality (Model 1), NH Black and Hispanic 
males, age over 54 years, all insurances other than private, 
residence in counties with higher poverty, and living in the 
Northeast were associated with higher mortality. Adjusting 
further for treatment modality (Model 2) attenuated, but 
did not eliminate, the higher mortality in Hispanic (aHR 
1.10; 95% CI: 1.02–1.18) and NH Black (aHR 1.74; 95% 
CI: 1.66–1.83) males. Compared with having surgery only, 
receipt of radiation or chemotherapy only was associated 
with higher mortality (aHR 1.86; 95% CI: 1.71–2.01), and 
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Figure 3 Adjusted cumulative survival of males with HPV-related 
oropharyngeal cancers, United States, 2005–2016 (N=48,343)†. †, 
adjusted for age, insurance, stage at diagnosis, county of residence, 
percent persons below poverty at county of residence, geographic 
region, treatment modality. NH, non-Hispanic; HPV, human 
papillomavirus. 
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Table 4 (continued)

Characteristic Model 1‡, aHR (95% CI) Model 2§, aHR (95% CI)

County of residence 

Large metropolitan 1.00 1.00

Non-metropolitan 0.99 (0.95, 1.04) 1.00 (0.96, 1.05) 

% persons below poverty at county of residence

≤9.9% 1.00 1.00

10–19.99% 1.15 (1.09, 1.21)* 1.13 (1.07, 1.19)*

≥20% 1.28 (1.20, 1.37)* 1.25 (1.17, 1.33)*

Geographic region of U.S.

Northeast 1.00 1.00

South 1.03 (0.97, 1.08) 1.00 (0.94, 1.06)

Midwest 0.81 (0.77, 0.87)* 0.86 (0.81, 0.92)*

West/Pacific 0.91 (0.85, 0.96)* 0.93 (0.87, 0.99)* 

Treatment modality

Surgery only 1.00

Radiation or chemotherapy 1.86 (1.71, 2.01)*

Surgery + (radiation or chemotherapy) 0.82 (0.74, 0.91)*

Radiation + chemotherapy 1.19 (1.10, 1.28)*

All modalities 0.77 (0.71, 0.84)*

No treatment 3.73 (3.41, 4.08)*
†, excluded cases diagnosed after December 31, 2011, if not first primary cancer, had unknown cause of death, unknown survival time, 
or missing covariates; ‡, adjusted for all other variables except treatment modality; §, adjusted for all other variables including treatment 
modality; ¶, includes American Indian, Alaska Native, Asian, and Pacific Islander; ††, includes Indian/Public Health Service, Military, 
TRICARE, Veterans Affairs, and insurance not otherwise specified; *, indicate significance at P≤0.01. aHR, adjusted hazards ratio; CI, 
confidence interval. 

no treatment conferred almost 4-fold higher mortality (aHR 
3.73, 95% CI: 3.41–4.08).

Race modified the associations of mortality with 
age, insurance, stage, and region (Table 5). For example, 
compared to NH White males of the same age group, NH 
Black males less than age 55 years had almost 3-fold higher 
CSM (aHR 2.97; 95% CI: 2.78–3.18), while NH Black 
males aged 55–64 and 65 years or older had lower mortality 
(aHR 0.89; 95% CI: 0.80–0.99 and aHR 0.75; 95% CI: 
0.65–0.87, respectively). Conversely, Hispanic males of 
all age groups had higher mortality, with higher hazards 
of death with each successive age group when compared 
with NH White males of the same age group. Additionally, 
compared with NH White males at the same stage at 
diagnosis, Hispanic males with local stage had higher 

mortality (aHR 1.30; 95% CI: 1.04–1.62), while those with 
regional or distant stage had similar mortality. Furthermore, 
NH Black males in the Northeast had over 2 times higher 
mortality (aHR 2.33; 95% CI: 2.03–2.66) relative to White 
males in the Northeast, while those living in the Midwest 
or West/Pacific had lower mortality (aHR 0.82; 95% CI: 
0.67–0.98 and aHR 0.74; 95% CI: 0.60–0.92, respectively). 

Discussion

To our knowledge this is the largest and most comprehensive 
population-based study to date examining relationships 
between race/ethnicity and incidence, late-stage diagnosis, 
survival, and mortality among males with HPV-related 
OPC across the U.S. A majority of cases were diagnosed 
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Table 5 Interactions of race/ethnicity and covariates in oropharyngeal 
cancer mortality among males, United States, 2005–2011 (N=48,343)†

Characteristic aHR‡ (95% CI) P value

Age (years) × race/ethnicity <0.01*

<55 

White 1.00

Hispanic 1.16 (1.03, 1.31) 0.02*

NH, Black 2.97 (2.78, 3.18) <0.01*

NH, other§ 1.18 (0.96, 1.45) 0.11

55–64

White 1.00

Hispanic 1.21 (1.01, 1.46) 0.04*

NH, Black 0.89 (0.80, 0.99) 0.04*

NH, other§ 1.08 (0.79, 1.48) 0.63

65+

White 1.00

Hispanic 1.30 (1.03, 1.64) 0.03*

NH, Black 0.75 (0.65, 0.87) <0.01*

NH, other§ 0.58 (0.39, 0.88) 0.01

Insurance × race/ethnicity <0.01*

Private

White 1.00

Hispanic 1.13 (0.96, 1.32) 0.14

NH, Black 2.25 (2.03, 2.51) <0.01*

NH, other§ 1.10 (0.86, 1.41) 0.45

Medicare

White 1.00

Hispanic 1.16 (0.91, 1.49) 0.23

NH, Black 0.97 (0.83, 1.13) 0.68

NH, other§ 1.40 (0.91, 2.14) 0.12

Medicaid

White 1.00 

Hispanic 0.96 (0.77, 1.21) 0.74

NH, Black 0.74 (0.64, 0.86) <0.01*

NH, other§ 0.91 (0.59, 1.39) 0.65

Other¶

White 1.00 

Table 5 (continued)

Table 5 (continued)

Characteristic aHR‡ (95% CI) P value

Hispanic 1.08 (0.82, 1.42) 0.58

NH, Black 0.99 (0.84, 1.16) 0.90

NH, other§ 1.25 (0.85, 1.82) 0.26

No insurance/self pay

White 1.00 

Hispanic 1.04 (0.80, 1.36) 0.75

NH, Black 0.84 (0.70, 1.00) 0.04*

NH, other§ 1.03 (0.61, 1.73) 0.93

Stage × race/ethnicity <0.01*

Local

White 1.00

Hispanic 1.30 (1.04, 1.62) 0.02*

NH, Black 1.80 (1.53, 2.11) <0.01*

NH, other§ 0.68 (0.41, 1.11) 0.12

Regional

White 1.00

Hispanic 0.95 (0.73, 1.23) 0.69

NH, Black 1.55 (1.28, 1.87) <0.01*

NH, other§ 1.23 (0.72, 2.12) 0.45

Distant

White 1.00

Hispanic 0.85 (0.65, 1.12) 0.24

NH, Black 1.20 (0.98, 1.45) 0.06

NH, other§ 0.98 (0.56, 1.72) 0.96

Geographic region × race/ethnicity <0.01*

Northeast

White 1.00

Hispanic 0.89 (0.71, 1.12) 0.33

NH, Black 2.33 (2.03, 2.66) <0.01*

NH, other§ 0.63 (0.37, 1.09) 0.10

South

White 1.00

Hispanic 0.93 (0.71, 1.22) 0.62

NH, Black 1.05 (0.89, 1.23) 0.57

NH, other§ 1.05 (0.56, 1.97) 0.88

Table 5 (continued)
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at regional or distant stage (Table 1). Potential reasons for 
the late-stage diagnoses include the asymptomatic nature 
of disease progression (40), resulting in longer delays in 
diagnosis (41,42). Similar to other studies, NH White males 
comprised the largest proportion of OPCs (18). While 
incidence rates of early and late-stage HPV-related OPC 
remained stable for other racial/ethnic groups, incidence 
of late-stage HPV-related OPC among NH White males 
increased over 50% from 2005 to 2016 (Figure 2). Previous 
studies have also found NH White males representing a 
large proportion of HPV-related OPC (21,43), which may 
be related to differences in risk factors for acquiring oral 
HPV infections, notably oral sexual behavior (44). NH 
White males have been reported to engage in oral sex at 
younger ages and have greater number of lifetime sexual 
partners relative to NH Black males (45). 

Although NH Black males had similar odds of late-
stage diagnosis compared to NH White males (Table 2), 
they had significantly lower mean (Table 3) and cumulative 
survival (Figure 3). This demographic group also had higher 
mortality, that was not explained by stage or treatment. 

Contributors to this disparity may include lower SES, 
limited access to care, receiving care at lower quality 
hospitals, and being referred for surgical treatment less 
frequently when compared with other racial/ethnic groups 
(29,46-49). However, our mortality models adjusted for 
residence in poverty areas, insurance, stage, and treatment 
modality. Our results differ from McDermott et al., who 
found the higher mortality among NH Black patients with 
head and neck cancer was eliminated after adjusting for 
stage and treatment (29). Their study focused on patients 
over 65 years of age with Medicare insurance and included 
women and cancers other than OPC. Although not 
captured in the NAACCR database, one factor contributing 
to the disparity in survival among NH Black males of our 
cohort may be tobacco use (50), another risk factor for 
OPC. NH Black males have higher prevalence and longer 
duration of smoking and lower rates of smoking cessation 
when compared to NH White males (51,52).

One explanation for the higher mortality in NH Black 
males younger than 55 years may be the co-infection of 
HPV and human immunodeficiency virus (HIV) (53). 
Young NH Black males make up a disproportionate number 
of new HIV cases (54), carry the largest burden of disease 
across different racial/ethnic groups (particularly in the 
South) (55), and are more likely to progress to advanced 
immunosuppression (56). OPC attributable to HPV have 
been observed to commonly affect immunosuppressed 
patients (57), and HPV increases the incidence of OPC 
threefold in HIV positive individuals compared to the 
general population (58). 

We found no differences between Hispanic and NH 
White males in late-stage diagnosis after adjusting for 
covariates (Table 2). However, Hispanic males overall, and 
particularly those diagnosed at local stage, had higher CSM 
relative to NH White males (Table 5). This observation 
may also be partially explained by the HIV epidemic among 
Hispanic and Latinx males (59). Additionally, NH other 
males had lower odds of late-stage disease compared with 
NH White males (Table 2), with no significant interactions 
observed in our stage or mortality models. We are the 
first to report HPV-related OPC outcomes among 
Hispanic and NH other males of all ages and of different 
subgroups nationwide. The majority of previous literature 
predominantly focused on understanding disease burden 
between sexes (8,18,43), NH White-Black disparities 
(21,22,24,50,60), or NH Black-Hispanic differences among 
elderly Medicare recipients with head and neck cancers (29). 
Since there is considerable intragroup variability among 

Table 5 (continued)

Characteristic aHR‡ (95% CI) P value

Midwest

White 1.00

Hispanic 0.67 (0.45, 1.00) 0.05*

NH, Black 0.82 (0.67, 0.98) 0.03*

NH, other§ 0.77 (0.37, 1.62) 0.49

West/Pacific

White 1.00

Hispanic 1.14 (0.87, 1.48) 0.35

NH, Black 0.74 (0.60, 0.92) 0.01*

NH, other§ 0.94 (0.52, 1.72) 0.85
†, excluded cases diagnosed after December 31, 2011, if not 
first primary cancer, had unknown cause of death, unknown 
survival time, or missing covariates; ‡, adjusted for race, age, 
insurance, HPV status, stage, county of residence, % persons 
below poverty in county, geographic region, treatment modality; 
§, includes American Indian, Alaska Native, Asian, and Pacific 
Islander; ¶, includes Indian/Public Health Service, Military, 
TRICARE, Veterans Affairs, and insurance not otherwise 
specified; *, indicate significance at P≤0.05. aHR, adjusted 
hazards ratio; CI, confidence interval; NH, non-Hispanic; HPV, 
human papillomavirus.
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Hispanic (61) and Asian populations (62), future studies are 
needed to understand HPV-related OPC outcomes among 
these ethnicities and their subgroups. 

Having Medicaid or no insurance were independent 
predictors of late-stage diagnosis (Table 2) with over 2-fold 
increase in mortality compared with private insurance 
(Table 4), which may be related to lower access to dental 
care and receipt of intra- or extra-oral cancer screening 
exams (63). Even among patients with dental insurance, 
studies have identified lack of provider health literacy 
surrounding HPV-related cancers as a potential barrier in 
performing oral cancer screenings and providing education 
on HPV vaccination (64). These findings magnify the 
importance of primary care providers in prevention and 
early detection of OPCs among patients with limited access 
to dental care, such as those with Medicaid or no insurance 
coverage. However, Hurley et al. reported knowledge gaps 
among primary care physicians in terms of the most recent 
HPV vaccine recommendations, vaccine efficacy by age 
groups, and overall disease progression of HPV cancers or 
infections (65).

Several potential limitations should be considered when 
interpreting our results. First, our study was limited to data 
within the NAACCR database, which omits important 
information, particularly health behaviors (e.g., smoking and 
alcohol), comorbid conditions (e.g., HIV), sexual practices, 
and usual source of care, which may influence OPC 
incidence, stage at diagnosis, and mortality. For example, 
we were unable to control for the potential confounding 
effects of smoking when comparing OPC survival by 
race/ethnicity. Prior research has shown that both HPV 
infections and smoking status are known to vary by race/
ethnicity (66), and recent data show that NH Black males 
continue to have higher smoking rates while Hispanic males 
have lower smoking rates compared with NH Whites (52).  
Additionally, we did not have the ability to molecularly 
confirm HPV status since it is not available in the 
NAACCR database. This may have led to an overestimate 
of the number of OPC SCCs in our cohort and biased 
our findings upward from the null (32). Further research 
is needed to confirm our findings using molecular HPV 
data and smoking behavior to disentangle the relationship 
between race/ethnicity, HPV status, and OPC survival. 
Nevertheless, the NAACCR datafile is the largest cancer 
incidence database covering 93% of the U.S. population, 
and this study provides interesting insights, particularly 
for Hispanic and NH other males, who are generally 
excluded from studies like this due to small sample size. A 

final limitation is that the NAACCR data lacks individual 
level SES data, which may have different impacts on OPC 
outcomes. 

Our findings highlight racial/ethnic disparities in OPC 
among males, with increasing age-adjusted incidence of late-
stage HPV-related OPC in NH White males, and NH Black 
males having lowest survival and highest CSM, regardless of 
stage and treatment. Higher CSM was additionally observed 
in Hispanic males relative to NH White males, particularly 
those diagnosed at local stage. When considering the strong 
association between HPV and OPC (4), as well as the cancer 
preventive potential of vaccination (67), our results call for 
increasing HPV immunization among all eligible males. One 
of the unintended consequences of the initial implementation 
of the HPV vaccine was the “feminization” of this sexually 
transmitted infection (STI) and its link to cervical cancer (68). 
This failed to effectively market the additional association of 
HPV with OPC, setting the stage for the shift in incidence 
of HPV-related OPC to exceed HPV-related cervical 
cancers (6). Campaigns should be aimed at increasing 
awareness of HPV and its link to OPC, as well as increasing 
vaccine completion in adolescent and young adult males. 
Additionally, although there are no validated screening tools 
presently recommended for HPV-related OPC, increasing 
awareness of primary care providers and dental professionals 
of risk factors and clinical presentations of OPC, as well 
as improving their skills in detecting early OPC lesions in 
patients presenting with symptoms are crucial to decrease 
late-stage diagnosis (69). Furthermore, access to treatment 
is paramount to decrease mortality of HPV-related OPC 
among males. Finally, future studies are needed to elucidate 
reasons for worse OPC outcomes in NH Black as well as 
certain subgroups of Hispanic males, such as health behaviors, 
comorbidities, structural factors (e.g., access to care), medical 
mistrust, or other vulnerabilities due to lived experiences of 
bias and racism.
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Supplementary

Table S1 Study Outcomes and Respective Statistical Models

Sample (N) Outcome Stratification Interaction Adjusting Covariates Type of Statistic/Model

133,823 Late-stage diagnosis By race (not significant) Race Binary Logistic Regression

Age

Insurance

County of Residence

% Poverty of County

Geographic Region of US

60,886 Mean Survival By race Unadjusted  Model Log Rank Mantel-Cox Test

48,343 Cancer-Specific 
Mortality

By race (See Table 5 for 
significant interactions)

Race Cox Proportional Hazards 
Regression

Age

Insurance

Stage at diagnosis

County of Residence

% Poverty of County

Geographic Region of US

Treatment Modality

48,343 Cumulative Survival By race Race Adjusted Survival Curves 
generated from Cox Proportional 
Hazards Regression

Age

Insurance

County of Residence

% Poverty of County

Geographic Region of US

Treatment Modality


