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(SEER) Program data
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Purpose: Oral cavity and pharynx cancer (OCPC) cases are traditionally

dichotomized into human papillomavirus (HPV) and non-HPV types. Using a

proxy for HPV status, the objective was to evaluate differences in incidence and

survival rates of OCPC anatomic sub-sites identified as: 1) HPV-like; 2) non-

HPV-like (i.e., tobacco/alcohol-related); and 3) “other”-like (i.e., not

predominantly HPV-like nor tobacco/alcohol-like) OCPCs.

Methods: Data from the Surveillance, Epidemiology and End Results Program

were used to examine incidence and survival rates for OCPC categories over

time and according to age, sex, race, ethnicity, stage at diagnosis,

neighborhood socioeconomic status (i.e., nSES or Yost Index), and rurality/

urbanity (i.e., Rural Urban Commuting Area (RUCA) codes). Although HPV

status was unavailable in this dataset, OCPC anatomies and histologies were

classified into three sub-categories, based on potential risk factors.

Frequencies, average annual, age-adjusted incidence rates, five-year relative
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survival rates, and 95% confidence intervals were examined across and within

OCPC categories.

Results: HPV-like OCPC incidence rates sharply increased from 1975 through

2015 while non-HPV-like and “other”-like OCPC rates decreased, all

converging to similar rates from 2016 through 2018. Increasing over time for

both categories, survival was highest for HPV-like and lowest for non-HPV-like

OCPCs; survival for “other”-like OCPCs remained stable. Generally, across

OCPC categories, incidence and survival rates were significantly higher

among males vs. females, Whites vs. African Americans, and non-Hispanics

vs. Hispanics. “Other”-like OCPC incidence decreased with increasing nSES

tertiles, while no nSES differences were observed for HPV-like and non-HPV-

like OCPCs. Incidence rates were significantly lower among urban (vs. rural)

residents. For all OCPC categories, survival rates were significantly higher with

increasing nSES and variable across RUCA categories.

Conclusion/Impact: HPV-like and non-HPV-like OCPC cases had distinct

sociodemographic differences; “other”-l ike OCPC cases were a

sociodemographic blend of HPV-like and non-HPV-like OCPC cases,

resembling more of the sociodemographic makeup of non-HPV-like OCPC

cases. To prevent new OCPCs, additional studies are needed to

epidemiologically and clinically differentiate between OCPC categories so that

high-risk groups can be better targeted in future public health interventions.
KEYWORDS

human papillomavirus (HPV), tobacco, SEER program, risk factors, head and neck
neoplasms, mouth neoplasms, pharyngeal neoplasms
Introduction

In 2022, it was estimated that 54,000 incident cases of oral

cavity and pharynx cancer (OCPC) would be diagnosed in the

United States (US) and 11,230 people would die from the disease

(1). The incidence rate has increased by 0.8% per year from 2009

to 2019 (1). The 2015-2019 average annual, age-adjusted OCPC

incidence rate in the US was 11.5 per 100,000 persons; the

mortality rate was 2.5 per 100,000 persons (2). The five-year

relative survival probability (hereafter, referred to as survival

rate) for those diagnosed with OCPC is 68.0% (2).

OCPC incidence, mortality, and survival rates vary across

anatomical sites and demographics. Anatomically, OCPCs span

from the nasopharynx through the hypopharynx, including

specific anatomies of the oral cavity and oropharyngeal region

(3). Like causal pathways for many diseases, those for OCPC are

complex and multi-factorial, with causes interacting with one

another. The aetiology is typically described using the primary,

required, and/or common risk factor with cases being labeled by

their most common risk factor (4–6).
02
The human papillomavirus (HPV) and tobacco and

alcohol use (hereafter, referred to as tobacco/alcohol use)

have consistently been identified as common OCPC risk

factors (3, 7–10). Tobacco/alcohol use can be a risk factor

for HPV and vice versa. Therefore, the risk factors of

tobacco/alcohol use and HPV can act independently,

complementarily, or synergistically in OCPC cases (11, 12).

Studies have shown that when both HPV and tobacco/alcohol

use are present in OCPCs that HPV is the predominant risk

factor, making tobacco/alcohol use an underlying risk factor

and identifying such OCPC cases as HPV-related (5, 8, 13);

when HPV is not present and tobacco/alcohol use is present,

such OCPC cases are identified as tobacco/alcohol-related

(9). There may be instances where other risk factor(s) (i.e.,

neither HPV nor tobacco/alcohol use) are identified as

primary in the multi-factorial causality of OCPC, creating 3

+ categories of OCPCs. Confirmed by HPV-testing of specific

OCPC sub-anatomies (13), these disparate biological risk

factors have been implicated for specific anatomies of

OCPCs (3, 8, 14–16).
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As confirmed by HPV testing, HPV has been associated with

more than 70% of all US cancers found in the oropharyngeal

region of the head and neck (17), namely the tonsils and base of

the tongue (8, 13, 14, 16, 18, 19). HPV-related OCPC diagnoses

have increased by 46.3% from 1973 to 2018 (2, 16, 19–21).

Occurring most often in males who are infrequent smokers or

non-smokers (22), HPV-related OCPC mortality rates are also

significantly increasing at a similar pace (16). Interestingly, more

affluent and educated persons seem to be disproportionately

affected by HPV-related OCPCs (22), possibly explaining the

higher survival rate for those diagnosed with HPV-related

OCPCs, compared with those diagnosed with non-HPV-

related OCPCs (22).

Tobacco use and alcohol consumption are primary non-

HPV-related OCPC risk factors (9). These OCPCs

predominantly occur in the oral cavity, especially the front of

the mouth (e.g., lips, buccal mucosa, gingiva) where tobacco/

alcohol substances most frequently contact the oral cavity (3, 14,

16). Non-HPV-related OCPCs were the most prevalent OCPCs

until the early 2000s (14), but incidence and mortality rates have

decreased over time, significantly so for lip cancer among males

and floor of mouth cancer among males and females (16); this is

likely attributable to decreased tobacco use in recent years (23).

Lower socioeconomic status (SES) groups are st i l l

disproportionately affected by non-HPV-related OCPCs and

have lower survival rates than groups with higher SES (22).

Additional specific anatomies of OCPCs likely remain un

(der)investigated. The OCPC region is expansive and only

cancers from very well-defined specific anatomies have been

routinely HPV-tested and associated with, and categorized by,

known risk factors (e.g., HPV, tobacco/alcohol use). Cancers

among these additional specific anatomies are likely indicative of

other OCPC risk factor(s) and therefore are not predominantly

associated with HPV positivity nor tobacco/alcohol use. For

instance, HPV-related and non-HPV-related (e.g., alcohol- and

tobacco-related) OCPCs are less frequently diagnosed in the

hypopharynx (18, 24).

There is limited recent epidemiological information on OCPC

anatomic sites that are well-established as associated with HPV,

tobacco/alcohol use, and/or unidentified risk factors. This is

especially concerning given the rising incidence rates of some

OCPC specific anatomies, including (lingual, palatine) tonsils and

tongue (8, 16, 25). Further, epidemiological differences based on

sociodemographics, including neighborhood SES (nSES) (26, 27)

and rurality/urbanity (20, 28), have been suggested, but remain

minimally investigated; these measures are important because

they may help identify populations at higher risk and in need of

prevention efforts. Therefore, the objective of this paper was to

evaluate epidemiological differences in incidence and survival

rates, including those based on nSES and rurality/urbanity,

among other potential demographic and clinical risk factors, for
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three aetiologically based OCPC categories termed: 1) HPV-like,

2) non-HPV-like, and 3) “other”-like OCPCs using a large,

national, well-annotated database.
Materials and methods

SEER Program databases

The Surveillance, Epidemiology and End Results (SEER)

Program is a collection of population-based central cancer

registries capturing facts from 22 geographic areas representing

48.0% of the US population (29). The following four SEER

datasets comprised of different SEER registries were used to

characterize: 1) recent incidence rates and frequency

distributions according to demographic and clinical information

(30); 2) incidence trends (31); 3) survival rates according to

demographic and clinical information (32); and 4) recent

incidence rates, frequency distributions, and survival rates

according to nSES and rurality/urbanity, using a specialized

dataset with permission from the SEER Program (33).

Institutional review board approval was not necessary and

ethical consent was not required because SEER data are publicly

available and deidentified.
OCPC risk factor categorization

Chaturvedi et al.’s specific anatomic and histologic

methodology (14) (based on International Classification of

Disease for Oncology version-3, ICD-O-3, topography codes)

distinguishes between “potentially HPV-related and HPV-

unrelated” OCPCs when HPV status is unknown. Prior HPV

testing of a national sample of OCPCs also supports Chaturvedi

et al.’s classifications (13). Moreover, as consistently demonstrated

in many molecular and epidemiologic studies, HPV+ (or related)

oral cancers have predominantly developed within the

oropharyngeal region, especially the base of the tongue and

lingual and palatine tonsils (8).

Here, cancers listed within the OCPC category of the SEER

variable ‘Site Recode’ were investigated. Given that the SEER

datasets used in these analyses did not include HPV status for the

OCPC diagnoses, Chaturvedi et al.’s methodology (14) was

utilized to classify OCPCs of specific anatomies into aetiological

risk factor sub-categories. The SEER variable ‘Primary Site’ was

used to idenitfy specific anatomies for each of the three OCPC

aetiological risk factor sub-categories of HPV-like (i.e., Chaturvedi

et al.’s “potentially HPV-related”), non-HPV-like (i.e., Chaturvedi

et al.’s “potentially HPV-unrelated” (e.g., alcohol- and tobacco-

related)), and “other”-like (i.e., Chaturvedi et al.’s excluded

anatomies and/or histologies) OCPCs.
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HPV-like OCPC sites included the specific anatomies of base

of tongue (ICD-O-3: C019), (palatine, lingual) tonsil (ICD-O-3:

C024, C090-099), and oropharynx (ICD-O-3: C100-109). Non-

HPV-like OCPCs included the specific anatomies of the tongue

(non-base; ICD-O-3: C020-023, C025-029), gum (ICD-O-3:

C030-039), floor of mouth (ICD-O-3:C040-049), hard and soft

palates (ICD-O-3: C050-059), and other/unknown sub-

anatomies of the mouth (ICD-O-3: C060-069). HPV-like and

non-HPV-like OCPCs were further restricted to specific

histologies (i.e., squamous cells) using the variable ‘ICD-O-3

Histology/Behavior’ (ICD-O-3: 8050-8076, 8078, 8083, 8084,

8094). “Other”-like OCPCs included those not included in the

HPV-like and non-HPV-like categories, either because they

were not one of the specific anatomies (i.e., lip (ICD-O-3:

C000-009), nasopharynx (ICD-O-3: C110-119), salivary gland

(ICD-O-3: C080-089), hypopharynx (ICD-O-3: C130-193), and

other uncategorized OCPCs (ICD-O-3: C140-148)) nor

histologies (i.e., non-squamous cells) described as being

predominantly associated with either HPV or tobacco/alcohol

use (13, 14).
Sociodemographic factors

Incidence rates, frequency distributions, and survival rates

were examined according to sex, age at diagnosis, race, ethnicity,

and stage at diagnosis. Sex was characterized as ‘Male’ or

‘Female’ and age at diagnosis was described using five-year age

groups. Race was characterized using the variable ‘Race Recode’,

which categorized race as ‘White’, ‘Black’, ‘Asian or Pacific

Islander’, ‘American Indian or Alaskan Native’, or ‘unknown’.

Ethnicity was categorized as ‘Spanish-Hispanic-Latino’ (i.e.,

Spanish or Hispanic or Latino) or ‘non-Spanish-Hispanic-

Latino’ (i.e., not Spanish nor Hispanic nor Latino), using the

variable ‘Origin Recode NHIA’. Stage at diagnosis was

characterized using ‘SEER Combined Summary Stage’ and was

categorized as ‘in situ’, ‘Localized’, ‘Regional’, ‘Distant’, and

‘Unknown/unstaged’. Invasive cancers were of primary

interest; in situ cancers were only included when stage at

diagnosis was considered.

The nSES, or Yost, Index in SEER is a time-dependent

composite score, including census tract-level information

about education index, household income, percent below 150%

of poverty line, median house value, percent unemployed,

median rent, and percent working class variables (34). nSES

scores have been categorized into tertiles, with the first and third

tertiles representing lower and higher nSES, respectively. Census

tract-level rurality data included in SEER are based on the US

Department of Agriculture’s Rural Urban Commuting Area

(RUCA) codes (35), with four categories (‘All Urban’, ‘Mostly

Urban’, ‘Mostly Rural, ‘All Rural’).
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Statistical analyses

Recent (2014-2018) average annual, age-adjusted incidence

rates, per 100,000 persons, frequency distributions, and 95%

confidence intervals (CI) were calculated using SEER*Stat

software (version 8.3.9). Age-adjustment of incidence rates

were calculated using the 2000 U.S. standard population (36).

For examination of incidence rates according to nSES and

RUCA categories, cases diagnosed from 2012 through 2016,

were included, as these represented the most recent years

available. Incidence rate CI calculations were based on a

method presented by Tiwari et al. (37).

Survival rates and associated 95% CIs were also calculated

using SEER*Stat software for cases diagnosed from 2011 through

2017, with follow-up through 2018. For survival rates according

to nSES and RUCA categories, cases diagnosed from 2009

through 2015, with follow-up through 2016, were used, as

these represented the most recent years available. Survival

rates are based on relative survival, a net survival measure

representing cancer survival in the absence of other causes of

death; it is the ratio of the proportion of observed survivors in a

cohort of cancer patients to the proportion of expected survivors

in a comparable set of cancer-free individuals.

For both incidence and survival rates, non-overlapping 95%

CI’s were used to indicate statistically significant differences

between levels of sociodemographic factors. Additionally, late-

stage only cancers were examined for variations in incidence and

survival rates according to nSES and RUCA categories.
Results

OCPC incidence rates have shifted over time (Figure 1).

From 1975 to the early 2000s, incidence rates were highest for

“other”-like OCPCs followed by non-HPV-like OCPCs. Since

approximately 2001, incidence rates for HPV-like OCPCs have

sharply increased, surpassing non-HPV-like and “other”-like

OCPC rates, respectively. Incidence rates for all three OCPC

categories have begun to converge from 2016 to 2018 (Figure 1).

Figure 2 shows age-specific, average annual incidence rates,

overall and for specific sex/race groups. For all sex/race groups

combined, the HPV-like OCPC incidence rate peaked at ages 65-

69 years, while non-HPV-like and “other”-like OCPC incidence

rates continued to increase with advancing age. Sex/race-specific

OCPC incidence rates tended to peak in or near the age groups

of 60-69 years, regardless of OCPC type, occurring at younger

ages in males than females.

There were 65,538 invasive OCPCs diagnosed from 2014

through 2018; of these, 39.9% were HPV-like, 29.2% were non-

HPV-like, and 30.9% were “other”-like OCPCs (Table 1).

Incidence rates, regardless of categorization, were significantly

higher among males and non-Hispanics. For HPV-like and non-
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HPV-like OCPCs, incidence rates were significantly higher

among Whites; for “other”-like OCPCs, the incidence rate was

significantly higher among Asian or Pacific Islanders (Table 1).

The incidence rates were significantly higher for regionally

staged HPV-like OCPCs and locally staged non-HPV-like and

“other”-like OCPCs, compared to those diagnosed at additional

stages (Table 1). HPV-like and non-HPV-like OCPCs occurred

at similar rates across nSES tertiles; whereas, incidence rates for

“other”-like OCPCs decreased with increasing nSES tertile. For

each OCPC category, incidence rates were significantly lower

among residents of urban census tracts; non-urban residents

with HPV-like OCPCs had the highest incidence rates (Table 1).

As an additional analysis, incidence rates were restricted to

late-stage diagnoses (i.e., regional and distant stages) for nSES

and RUCA. HPV-like OCPCs had the highest incidence rates for

each nSES tertile. Incidence rates decreased with higher nSES for

non-HPV-like and “other”-like OCPCs alike. Data is not shown

as no differences were statistically significant. For RUCA late-

stage analyses, incidence rates were largely similar to those

including all stages (data not shown).

From 2000 to 2013, OCPC survival rates have varied by

OCPC category (Figure 3). HPV-like OCPC survival rates have

been increasing steadily. Increasing more slowly from 2003 to

2013, non-HPV-like OCPC survival rates have remained the

lowest over time. “Other”-like OCPCs have remained steady

with a survival rate hovering around 65% (Figure 3).

Survival rates also varied by sociodemographics across

OCPC categories (Table 2). Survival rates were significantly

higher among males for HPV-like OCPCs and females for

both non-HPV-like and “other”-like OCPCs. Whites with
Frontiers in Oncology 05
HPV-like OCPCs had the highest survival rate; Asian or

Pacific Islanders with non-HPV-like and “other”-like OCPCs

faired minimally better than Whites. African Americans had a

statistically significant lower survival rate among all HPV-like

OCPC cases (Table 2). Survival rates were significantly higher

among non-Hispanics for HPV-like and non-HPV-like OCPCs,

but rates were similar among Hispanics and non-Hispanics for

“other”-like OCPCs (Table 2). With advancing stage at

diagnosis, survival rates fluctuated for HPV-like cancers and

decreased for both non-HPV-like and “other”-like OCPCs.

Regardless of OCPC categorization, distantly staged tumors at

diagnosis had significantly lower survival rates compared to

other stages in each group; in situ non-HPV-like OCPCs had a

significantly higher survival rate than any other staged non-

HPV-like OCPC (Table 2). Survival rates were significantly

higher among residents of census tracts in the highest nSES

tertile (and significantly lower in the lowest nSES tertile) for all

OCPC categories, with HPV-like and non-HPV-like OCPCs

having the highest and lowest rates, respectively. Although not

significant, people in ‘mostly urban’ census tracts had the

greatest survival rates among HPV-like and non-HPV-like

OCPCs, while ‘all rural’ residents had the highest survival for

those people with “other”-like OCPCs (Table 2).

As an additional analysis, survival rates were also restricted

to late-stage diagnoses (i.e., regional and distant stages) for nSES

and RUCA. Those residing in census tracts in the highest nSES

tertile for each of the three OCPC categories maintained a

significantly better survival rate than any other tertile within

each OCPC category (except for non-HPV-like which was

marginally significant). Comparing the survival rates of the
FIGURE 1

Trends in United States incidence rates (per 100,000) of oral cavity and pharynx cancers from 1975 to 2018 according to groupings of human
papillomavirus (HPV)-like association*. *Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) SEER*Stat Database:
Incidence - SEER Research Data, 9 Registries, Nov 2020 Sub (1975-2018) - Linked To County Attributes - Time Dependent (1990-2018)
Income/Rurality, 1969-2019 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, released April 2021, based on the
November 2020 submission.
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highest nSES tertile across OCPC categories, HPV-like OCPCs

had the highest rate, followed by “other”-like OCPCs, and then

non-HPV-like OCPCs (Supplementary Figure 1). Similarly, the

lowest nSES tertile for each OCPC category had a significantly

worse survival rate than any other tertile in the group; those

residing in the lowest tertile and having a non-HPV-like OCPC

had the lowest survival rate of all (Supplementary Figure 1). For

RUCA late-stage analyses, survival rates were largely similar to

those when all diagnosis stages were included initially (data

not shown).
Discussion

These findings suggested that incidence and survival rates

varied by OCPC category and by demographics. HPV-like

OCPC incidence and survival rates were distinct from non-

HPV-like OCPC rates for categories of age, sex, race, ethnicity,

stage of diagnosis, nSES, and RUCA. “Other”-like and non-

HPV-like OCPCs were more similar, sharing higher incidence

rates for categories within sex, race, stage at diagnosis, and nSES

(late-stage diagnoses only) variables while better survival rates

were shared among the same categories of sex and stage.

Uniquely, “other”-like OCPC incidence rates decreased as
Frontiers in Oncology 06
nSES increased; patterns were not seen for HPV-like and non-

HPV-like OCPCs. Across all OCPCs, survival was significantly

higher for those in ‘all rural’ census tracts.

Many of these HPV-related and non-HPV-related OCPC

findings were supported by previous research. Prior studies

found that HPV-related OCPCs were more common among

younger ages (14, 38, 39), males (14, 20, 22, 39, 40), non-

Hispanics (38, 41), and Whites (14, 20, 22, 27, 38–40, 42) than

non-HPV-related OCPC groups. Compared to non-HPV-

related OCPCs, HPV-related OCPCs also tended to be

diagnosed at more advanced stages (27, 39). Survival rates

have been shown to be higher for HPV-related than for non-

HPV-related OCPCs (14, 27, 42). Consistent with these findings,

non-Whites with HPV-related (27, 42) and non-HPV-related

(26, 27, 42) OCPCs, alike, had lower survival rates compared

to Whites.

The current study found that OCPC incidence rates did not

vary by nSES for HPV-like OCPCs; incidence rates decreased

with increasing nSES for late-stage non-HPV-like OCPCs. Prior

research reported that males with HPV-positive head and neck

squamous cell carcinomas were more likely to live in zip codes

with higher median household incomes and educational

attainments than males with HPV-negative cancers (38).

Another study found higher odds of HPV-related squamous
FIGURE 2

Age-specific, average annual (2014-2018) incidence rates (per 100,000) of oral cavity and pharynx cancers for various sex/race groups
according to groupings of human papillomavirus (HPV)-like association**. **Surveillance, Epidemiology, and End Results (SEER) Program (www.
seer.cancer.gov) SEER*Stat Database: Incidence - SEER Research Data, 9 Registries, Nov 2020 Sub (1975-2018) - Linked To County Attributes -
Time Dependent (1990-2018) Income/Rurality, 1969-2019 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, released
April 2021, based on the November 2020 submission. (Asian Pacific Islander and American Indian and Alaskan Native case counts were too low
within age/sex groups to permit the similar evaluation presented here and therefore were excluded from graphical representation.).
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cell carcinoma metastasis among census tracts with the fewest

high school graduates (40). The present findings of increasing

survival rates with increasing tertile of nSES across OCPC

categories are supported by other studies (26, 27).

The current findings concerning higher incidence rates of

HPV-like OCPCs in non-urban census tracts are supported by

county-based incidence rates reported by others for

oropharyngeal cancer (20, 28). Further, oropharyngeal cancers

in another study were significantly more likely to be HPV-

positive among rural county residents (38). For each of the

OCPC categories, the present survival findings did not vary
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considerably for RUCA categories. One study reported a

marginally significant survival benefit among rural HPV-

negative cases, but not for HPV-positive cases (26).

This study was strengthened by SEER Program data, which

includes many US OCPC cases, representing complete and

quality data from a large racially and ethnically heterogeneous

population (43). Further, residences of SEER cases are linked by

census tract to multiple domains of nSES measures, including

core SES dimensions of income, education, and employment.

The Yost Index, used to assess nSES, has face validity, is

transparent and independently reproducible (44), and,
TABLE 1 Average annual (2014-2018), age-adjusted incidence rates (per 100,000) of oral cavity and pharynx cancer (OCPC) cases by
demographic and census tract-based neighborhood socioeconomic status (nSES, Yost Index) and Rural-Urban Commuting Area (RUCA) according
to groupings of human papillomavirus (HPV)-like association.

HPV-like OCPCs
[95% CI]*; (frequency) n=26,154

Non-HPV-like OCPCs
[95% CI]*; (frequency) n=19,112

“Other”-like OCPCs
[95% CI]*; (frequency) n=20,272

Sex1a

Male
Female

7.4 [7.3, 7.5]; (83.1%)
1.3 [1.3, 1.4]; (16.9%)

4.2 [4.2, 4.3]; (58.6%)
2.6 [2.5, 2.6]; (41.4%)

5.7 [5.6, 5.7]; (66.0%)
2.5 [2.5, 2.6]; (34.0%)

Race1a

White
African American
American Indian/Alaska Native
Asian or Pacific Islander
Unknown**

4.7 [4.7, 4.8]; (87.8%)
3.1 [3.0, 3.2]; (8.2%)
2.3 [2.0, 2.7]; (0.6%)
1.2 [1.1, 1.2]; (2.6%)
— [—, —]; (0.8%)

3.6 [3.5, 3.6]; (83.2%)
1.9 [1.8, 2.0]; (6.5%)
1.3 [1.1, 1.7]; (0.4%)
3.0 [2.9, 3.1]; (8.5%)
— [—, —]; (1.3%)

3.8 [3.8, 3.9]; (76.6%)
3.5 [3.3, 3.6]; (10.1%)
2.1 [1.8, 2.5]; (0.6%)
4.4 [4.2, 4.5]; (10.8%)
— [—, —]; (1.9%)

Ethnicity1a

Non-Spanish-Hispanic-Latino
Spanish-Hispanic-Latino

4.5 [4.5, 4.6]; (92.4%)
2.4 [2.3, 2.5]; (7.6%)

3.6 [3.5, 3.6]; (91.7%)
2.2 [2.1, 2.3]; (8.3%)

4.2 [4.1, 4.2]; (90.8%)
2.6 [2.5, 2.7]; (9.2%)

Stage1a,3a

In situ
Localized
Regional
Distant
Unknown/unstaged
Not coded (Massachusetts)

0.0 [0.0, 0.0]; (0.5%)
0.4 [0.4, 0.4]; (10.0%)
2.8 [2.7, 2.8]; (66.1%)
0.6 [0.6, 0.6]; (14.4%)
0.1 [0.1, 0.1]; (2.6%)
0.3 [0.3, 0.3]; (6.4%)

0.1 [0.1, 0.1]; (3.9%)
1.5 [1.5, 1.5]; (42.3%)
1.1 [1.1, 1.1]; (31.5%)
0.4 [0.3, 0.4]; (10.4%)
0.2 [0.2, 0.2]; (5.5%)
0.2 [0.2, 0.2]; (6.5%)

0.1 [0.1, 0.2]; (3.7%)
1.4 [1.4, 1.4]; (33.6%)
1.2 [1.2, 1.3]; (30.5%)
0.6 [0.6, 0.7]; (15.6%)
0.4 [0.4, 0.4]; (10.2%)
0.3 [0.2, 0.3]; (6.3%)

nSES (Yost Index)2a,4a

Group 1 (lowest tertile)
Group 2
Group 3 (highest tertile)
Missing
No match in Census data**

4.0 [3.9, 4.1]; (27.7%)
4.0 [3.9, 4.1]; (31.9%)
4.0 [3.9, 4.1]; (34.5%)
4.2 [3.8, 4.6]; (1.8%)
— [—, —]; (4.1%)

3.1 [3.0, 3.2]; (28.2%)
3.2 [3.1, 3.2]; (32.2%)
3.2 [3.1, 3.3]; (34.0%)
3.0 [2.6, 3.4]; (1.6%)
— [—, —]; (4.0%)

3.9 [3.8, 4.0]; (30.3%)
3.8 [3.7, 3.9]; (32.2%)
3.5 [3.4, 3.6]; (31.5%)
4.0 [3.6, 4.4]; (1.9%)
— [—, —]; (4.2%)

RUCA2a

All Urban
Mostly Urban
Mostly Rural
All Rural
No match in Census data**

3.8 [3.7, 3.9]; (61.1%)
4.4 [4.3, 4.5]; (20.9%)
4.6 [4.3, 4.8]; (7.4%)
4.4 [4.2, 4.6]; (6.5%)
— [—, —]; (4.1%)

3.1 [3.0, 3.1]; (63.0%)
3.3 [3.2, 3.5]; (19.9%)
3.6 [3.3, 3.8]; [(7.0%)
3.3 [3.1, 3.5]; (6.1%)
— [—, —]; (4.0%)

3.6 [3.6, 3.7]; (63.4%)
3.8 [3.7, 3.9]; (19.4%)
3.9 [3.7, 4.1]; (6.5%)
4.2 [4.0, 4.4]; (6.6%)
— [—, —]; (4.2%)

Jordan et al. 10.3389/fonc.2022.980900
*95% confidence interval; ** — = statistic could not be calculated; bolding indicates majority groups that were significantly different, based on non-overlapping 95% confidence intervals
within sociodemographic variables.
1aIncidence rates according to sex, race, and ethnicity reflect cases diagnosed in one of 21 SEER Program registries (data citation: Surveillance, Epidemiology, and End Results (SEER)
Program (www.seer.cancer.gov) SEER*Stat Database: Incidence - SEER Research Plus Limited-Field Data, 21 Registries, Nov 2020 Sub (2000-2018) - Linked To County Attributes - Total
U.S., 1969-2019 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, released April 2021, based on the November 2020 submission).
2aIncidence rates according to the Yost Index and RUCA reflect cases diagnosed 2012-2016 in one of 18 SEER Program registries (data citation: Surveillance, Epidemiology, and End Results
(SEER) Program (www.seer.cancer.gov) SEER*Stat Database: Incidence - SEER 18 Regs (Excl AK) Custom Data (with additional treatment fields), Nov 2018 Sub (2000-2016) <Vintage
2016 Pops by Tract 2000/2010 Mixed Geographies> - Linked To Census Tract Attributes - Time Dependent (2000-2016) - SEER 18 (excl AK) Census 2000/2010 Geographies with Index
Field Quantiles, National Cancer Institute, DCCPS, Surveillance Research Program, released January 2020, based on the November 2018 submission). As a result, sample sizes were as
follows: HPV-related OCPC n=21,493, non-HPV-related OCPC n=16,197, “other” OCPC n=18,785.
3aIn situ cancers included only for stage-specific incidence rates. As a result, sample sizes were as follows: HPV-related OCPC n=26,282, non-HPV-related OCPC n=19,977, “other” OCPC
n=21,184.
4aThe Yost Index is a time-dependent composite score, constructed using a factor analysis from the following seven US Census variables: median household income, median house value,
median rent, percent below 150% of poverty line, education Index, percent working class, and percent unemployed.
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compared to counties, census tracts more closely resemble

neighborhoods, allowing for a more accurate nSES

representation (45). Additionally, OCPCs which were not

exclusively identified as HPV-like nor non-HPV-like OCPCs

(i.e., “other”-like OCPCs) were also retained, maximizing the

number of OCPCs investigated.

This study also had limitations. A primary limitation in these

analyses pertains to the potential for misclassification in the

categorization of HPV-like and non-HPV-like OCPCs as HPV

status was unknown in these SEER datasets and there are no

universally accepted HPV status specific categories. Supported

by national-level (US) evidence of HPV-tested OCPC sub-

anatomies (13), an accepted methodology of categorizing

OCPC specific anatomies and histologies based on primary

risk factors (14) was replicated herein to minimize any biased

findings. Another limitation is the lack of comorbidity and

patient behavior data, including OCPC screening behavior, in

SEER; these factors may be associated with survival. Further,

nSES and RUCA categories were assessed cross-sectionally;

neighborhoods may have changed over time. In addition, nSES

and RUCA categories may not represent individual SES and

rurality/urbanity. Another limitation was that different, yet

overlapping, datasets were required to examine incidence and

survival rates and that different sets of years (2014-2018 and

2012-2016) were available to examine incidence rates according

to levels of individual demographic factors and census tract-

based measures, respectively.

Especially when OCPC HPV status is unavailable as in this

investigation, every effort to coalesce varying OCPC terminology
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and related categories into one coherent list is vital for ensuring

that OCPC incidence rates do not go unchecked and that higher

risk groups do not go unrecognized. This is especially concerning

given that the current study found incidence and survival rates of

OCPCs differed significantly by aetiological risk factor category

and reported considerable variation over time and across

sociodemographic characteristics, including nSES and RUCA

categories. Medical providers and public health personnel can

incorporate the current study’s findings into their ongoing efforts

to minimize the OCPC burden by tailoring and targeting,

respectively, their OCPC education approaches to high risk

groups. For example, public health can create targeted posters

and brochures aimed at males, Whites, non-Hispanics, and rural

residents to make them aware of their greater OCPC vulnerability.

Additionally, they should make concerted efforts to inform

females, minority races and ethnicities, and poorer populations

of their potentially lower likelihood of survival should they be

diagnosed with an OCPC, emphasizing the importance of routine

screening in these groups to detect their cancers earlier. Similarly,

medical providers can utilize these risk factors to individually

assess their patients’ risk so they may further tailor their patient

education efforts and intervene appropriately. This study’s

consideration of “other” HPV-like OCPCs gives health-related

professionals a jumpstart at beginning to understand and inform

higher risk groups of the lesser-known cancers, potentially

preventing them from ever becoming an area of public health

concern. Ideally, public health and medicine will work in unison

to educate any OCPC high risk populations with clear and

consistent messaging of the aforementioned OCPC incidence-
FIGURE 3

Recent trends in United States relative five-year survival rates of oral cavity and pharynx cancers according to groupings of human papillomavirus (HPV)-
like association***. ***Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) SEER*Stat Database: Incidence - SEER
Research Data, 18 Registries, Nov 2020 Sub (2000-2018) - Linked To County Attributes - Time Dependent (1990-2018) Income/Rurality, 1969-2019
Counties, National Cancer Institute, DCCPS, Surveillance Research Program, released April 2021, based on the November 2020 submission.
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and survival-based risk factors to make the greatest impact on

OCPC rates. The recent availability of a SEER dataset containing

HPV status for a subset of head and neck cancers may help further

clarify which specific anatomies and histologies should be

classified into the categories the current study estimated herein.

A better understanding of the epidemiological composition of

these multiple OCPC aetiological risk factor-based categories will

allow physicians and public health professionals to continue to

develop more appropriately and effectively tailored and targeted

practices to minimize the OCPC burden for individuals and

communities alike.
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Data availability statement

Publicly available datasets were analyzed in this study. This

data can be found here: www.seer.cancer.gov.

Ethics statement

Ethical review and approval was not required for the study

on human participants in accordance with the local legislation

and institutional requirements. Written informed consent for
TABLE 2 Relative five-year survival probabilities of oral cavity and pharynx cancer (OCPC) cases by demographic and census tract-based
neighborhood socioeconomic status (nSES, Yost Index) and Rural-Urban Commuting Area (RUCA) according to groupings of human
papillomavirus (HPV)-like association, for cases diagnosed from 2011 through 2017 with follow-up through 2018.

HPV-like OCPCs
5-year Survival, %, [95% CI]*

Non-HPV-like OCPCs
5-year Survival, %, [95% CI]*

“Other”-like OCPCs
5-year Survival, %, [95% CI]*

Sex1b

Male
Female

72.2 [71.3, 73.0]
64.9 [63.0, 66.8]

58.2 [56.9, 59.5]
62.7 [61.1, 64.3]

63.2 [62.1, 64.3]
75.2 [73.8, 76.7]

Race1b

White
African American
American Indian/Alaska Native
Asian or Pacific Islander
Unknown

72.9 [72.1, 73.7]
50.5 [47.7, 53.2]
67.0 [56.7, 75.4]
69.5 [64.7, 73.8]
97.0 [90.7, 99.1]

60.7 [59.5, 61.8]
43.2 [39.7, 46.6]
48.8 [35.4, 60.9]
64.5 [61.1, 67.6]
95.3 [88.3, 98.2]

67.8 [66.8, 68.8]
55.7 [52.8, 58.4]
60.0 [49.6, 69.0]
69.4 [67.0, 71.6]
97.5 [93.6, 99.1]

Ethnicity1b

Non-Hispanic
Hispanic

71.4 [70.6, 72.2]
65.9 [63.0, 68.7]

60.5 [59.5, 61.6]
53.9 [50.3, 57.3]

67.0 [66.1, 68.0]
68.7 [66.0, 71.2]

Stage1b,3b

In situ
Localized
Regional
Distant
Unknown/unstaged

71.8 [58.8, 81.4]
80.3 [77.7, 82.6]
76.6 [75.7, 77.4]
47.9 [46.1, 49.6]
59.8 [54.1, 64.9]

94.4 [88.8, 97.3]
80.1 [78.6, 81.5]
47.8 [46.1, 49.5]
28.6 [26.3, 30.9]
52.3 [47.2, 57.1]

98.6 [91.7, 98.6]
91.4 [90.1, 92.5]
62.3 [60.6, 63.9]
38.0 [36.3, 39.7]
55.6 [52.1, 59.0]

nSES (Yost Index)2b,4b

Group 1 (lowest tertile)
Group 2
Group 3 (highest tertile)
Missing
No match in Census data

56.5 [54.9, 58.0]
70.2 [68.8, 71.6]
80.4 [79.2, 81.6]
74.1 [65.9, 80.6]
64.5 [60.5, 68.2]

48.4 [46.5, 50.3]
59.0 [57.2, 60.8]
66.5 [64.6, 68.2]
54.5 [45.1, 63.0]
59.7 [54.6, 64.5]

57.6 [56.0, 59.2]
66.6 [65.0, 68.1]
73.5 [72.0, 75.0]
65.5 [54.5, 74.4]
65.2 [60.6, 69.3]

RUCA2b

All Urban
Mostly Urban
Mostly Rural
All Rural
No match in Census data

68.8 [67.8, 69.8]
73.2 [71.5, 74.8]
70.3 [67.3, 73.1]
68.8 [65.5, 71.7]
64.5 [60.5, 68.2]

56.6 [55.3, 57.9]
63.3 [61.0, 65.5]
59.6 [55.4, 63.5]
56.0 [51.6, 60.1]
59.7 [54.6, 64.5]

65.7 [64.6, 66.8]
66.3 [64.1, 68.3]
63.2 [59.3, 66.9]
70.2 [66.3, 73.8]
65.2 [60.6, 69.3]
*95% confidence interval; bolding indicates groups with a highest or lowest survival rate among ‘known’ levels that were significantly different, based on non-overlapping 95% confidence
intervals within sociodemographic variables.
1bSurveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) SEER*Stat Database: Incidence - SEER Research Data, 18 Registries, Nov 2020 Sub (2000-2018) -
Linked To County Attributes - Time Dependent (1990-2018) Income/Rurality, 1969-2019 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, released April 2021,
based on the November 2020 submission.
2bSurvival rates according to the Yost Index and RUCA reflect cases diagnosed 2009-2011 and followed into 2016 in one of 18 registries, Surveillance, Epidemiology, and End Results
(SEER). Program (www.seer.cancer.gov) SEER*Stat Database: Incidence - SEER 18 Regs (Excl AK) Custom Data (with additional treatment fields), Nov 2018 Sub (2000-2016) <Vintage
2016 Pops by Tract 2000/2010 Mixed Geographies> - Linked To Census Tract Attributes - Time Dependent (2000-2016) - SEER 18 (excl AK) Census 2000/2010 Geographies with Index
Field Quantiles, National Cancer Institute, DCCPS, Surveillance Research Program, released January 2020, based on the November 2018 submission.
3bIn situ cancers included only for stage-specific incidence rates.
4bThe Yost Index is a time-dependent composite score, constructed using a factor analysis from the following seven US Census variables: median household income, median house value,
median rent, percent below 150% of poverty line, education Index, percent working class, and percent unemployed.
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SUPPLEMENTARY FIGURE 1

Relative five-year survival rates of late-stage oral cavity and pharynx

cancers by census tract-based neighborhood socioeconomic status
(nSES, Yost Index) according to groupings of human papillomavirus

(HPV)-like association ^^^. ^^^Surveillance, Epidemiology, and End
Results (SEER) Program (www.seer.cancer.gov) SEER*Stat Database:

Incidence - SEER 18 Regs (Excl AK) Custom Data (with additional
treatment fields), Nov 2018 Sub (2000-2016) <Vintage 2016 Pops by

Tract 2000/2010 Mixed Geographies> - Linked To Census Tract

Attributes - Time Dependent (2000-2016) - SEER 18 (excl AK) Census
2000/2010 Geographies with Index Field Quantiles, DCCPS, Surveillance

Research Program, released January 2020, based on the November 2018
submission. Survival rates reflecting missing or unmatchable census tracts

(for the Yost Index) are incalculable (based on inestimable denominators)
or not shown. The Yost Index is a time-dependent composite score,

constructed using a factor analysis from the following seven US Census

variables: median household income, median house value, median rent,
percent below 150% of poverty line, education Index, percent working

class, and percent unemployed.
References
1. ACS. Cancer facts & figures 2022 Atlanta: American cancer society (2022)
(Accessed May 12, 2022).

2. SEER NCI SEER*Explorer: An interactive website for SEER cancer statistics.
Surveillance Research Program, National Cancer Institute Bethesda, MD (2022).
Available at: https://seer.cancer.gov/statistics-network/explorer/.

3. Trotta BM, Pease CS, Rasamny JJ, Raghavan P, Mukherjee S. Oral cavity and
oropharyngeal squamous cell cancer: key imaging findings for staging and
treatment planning. Radiographics (2011) 31:339–54. doi: 10.1148/rg.312105107

4. White E AB, Saracci R. Principles of exposure measurement in epidemiology:
Collecting, evaluating, and improving measures of disease risk factors. 2nd ed.
Oxford: Oxford University Press (2008).

5. Auguste A, Deloumeaux J, Joachim C, Gaete S, Michineau L, Herrmann-
Storck C, et al. Joint effect of tobacco, alcohol, and oral HPV infection on head and
neck cancer risk in the French West indies. Cancer Med (2020) 9:6854–63.
doi: 10.1002/cam4.3327

6. Rothman KJ, Greenland S, Lash TL. Modern epidemiology. 3rd edition.
Philadelphia: Wolters Kluwer Health/Lippincott Williams & Wilkins (2008).

7. Franceschi S, Muñoz N, Bosch XF, Snijders PJ, Walboomers JM. Human
papillomavirus and cancers of the upper aerodigestive tract: a review of
epidemiological and experimental evidence. Cancer Epidemiol Biomarkers Prev
(1996) 5:567–75.

8. Gillison ML. Human papillomavirus-associated head and neck cancer is a
distinct epidemiologic, clinical, and molecular entity. Semin Oncol (2004) 31:744–
54. doi: 10.1053/j.seminoncol.2004.09.011
9. Blot WJ, McLaughlin JK, Winn DM, Austin DF, Greenberg RS, Preston-
Martin S, et al. Smoking and drinking in relation to oral and pharyngeal cancer.
Cancer Res (1988) 48:3282–7.

10. Gillison ML, Chaturvedi AK, Anderson WF, Fakhry C. Epidemiology of
human papillomavirus-positive head and neck squamous cell carcinoma. J Clin
Oncol (2015) 33:3235–42. doi: 10.1200/jco.2015.61.6995

11. Kumar R, Rai AK, Das D, Das R, Kumar RS, Sarma A, et al. Alcohol and
tobacco increases risk of high risk hpv infection in head and neck cancer patients:
study from north-east region of india. PloS One (2015) 10:e0140700. doi: 10.1371/
journal.pone.0140700

12. Smith EM, Rubenstein LM, Haugen TH, Hamsikova E, Turek LP. Tobacco
and alcohol use increases the risk of both HPV-associated and HPV-independent
head and neck cancers. Cancer Causes Control (2010) 21:1369–78. doi: 10.1007/
s10552-010-9564-z

13. Saraiya M, Unger ER, Thompson TD, Lynch CF, Hernandez BY, Lyu
CW, et al. US Assessment of HPV types in cancers: implications for current and
9-valent HPV vaccines. J Natl Cancer Inst (2015) 107:djv086. doi: 10.1093/jnci/
djv086

14. Chaturvedi AK, Engels EA, Anderson WF, Gillison ML. Incidence
trends for human papillomavirus-related and -unrelated oral squamous cell
carcinomas in the united states. J Clin Oncol (2008) 26:612–9. doi: 10.1200/
jco.2007.14.1713

15. Ellington TD, Henley SJ, Senkomago V, O’Neil ME, Wilson RJ, Singh S,
et al. Trends in incidence of cancers of the oral cavity and pharynx - united states
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2022.980900/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.980900/full#supplementary-material
http://www.seer.cancer.gov
https://seer.cancer.gov/statistics-network/explorer/
https://doi.org/10.1148/rg.312105107
https://doi.org/10.1002/cam4.3327
https://doi.org/10.1053/j.seminoncol.2004.09.011
https://doi.org/10.1200/jco.2015.61.6995
https://doi.org/10.1371/journal.pone.0140700
https://doi.org/10.1371/journal.pone.0140700
https://doi.org/10.1007/s10552-010-9564-z
https://doi.org/10.1007/s10552-010-9564-z
https://doi.org/10.1093/jnci/djv086
https://doi.org/10.1093/jnci/djv086
https://doi.org/10.1200/jco.2007.14.1713
https://doi.org/10.1200/jco.2007.14.1713
https://doi.org/10.3389/fonc.2022.980900
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Jordan et al. 10.3389/fonc.2022.980900
2007-2016. MMWR Morb Mortal Wkly Rep (2020) 69:433–8. doi: 10.15585/
mmwr.mm6915a1

16. Howlader N NA, Krapcho M, Miller D, Brest A, Yu M, Ruhl J, et al. SEER
cancer statistics review, 1975-2018. based on November 2020 SEER data submission
ed. Bethesda: MD: National Cancer Institute (2021).

17. Berman TA, Schiller JT. Human papillomavirus in cervical cancer and
oropharyngeal cancer: One cause, two diseases. Cancer (2017) 123:2219–29.
doi: 10.1002/cncr.30588

18. Candotto V, Lauritano D, Nardone M, Baggi L, Arcuri C, Gatto R, et al.
HPV infection in the oral cavity: epidemiology, clinical manifestations and
relationship with oral cancer. Oral Implantol (Rome) (2017) 10:209–20.
doi: 10.11138/orl/2017.10.3.209

19. Elrefaey S, Massaro MA, Chiocca S, Chiesa F, Ansarin M. HPV in
oropharyngeal cancer: the basics to know in clinical practice. Acta
Otorhinolaryngol Ital (2014) 34:299–309.

20. Javadi P, Sharma A, Zahnd WE, Jenkins WD. Evolving disparities in the
epidemiology of oral cavity and oropharyngeal cancers. Cancer Causes Control
(2017) 28:635–45. doi: 10.1007/s10552-017-0889-8

21. ACS. American Cancer society (ACS) cancer facts & figures 2021 Atlanta:
American cancer society (2021) (Accessed October 6, 2021).

22. Dahlstrom KR, Bell D, Hanby D, Li G, Wang LE, Wei Q, et al.
Socioeconomic characteristics of patients with oropharyngeal carcinoma
according to tumor HPV status, patient smoking status, and sexual behavior.
Oral Oncol (2015) 51:832–8. doi: 10.1016/j.oraloncology.2015.06.005

23. Montero PH, Patel PD, Palmer FL, Patel SG, Shah JP, Hayes RB, et al.
Changing trends in smoking and alcohol consumption in patients with oral cancer
treated at memorial Sloan-Kettering cancer center from 1985 to 2009. Arch
Otolaryngol Head Neck Surg (2012) 138:817–22. doi: 10.1001/archoto.2012.1792

24. Johnson DE, Burtness B, Leemans CR, Lui VWY, Bauman JE, Grandis JR.
Head and neck squamous cell carcinoma. Nat Rev Dis Primers (2020) 6:92.
doi: 10.1038/s41572-020-00224-3

25. Denson L, Janitz AE, Brame LS, Campbell JE. Oral cavity and oropharyngeal
cancer: changing trends in incidence in the united states and oklahoma. J Okla State
Med Assoc (2016) 109:339–45.

26. Marks JA, Switchenko JM, Steuer CE, Ryan M, Patel MR, McDonald MW,
et al. Socioeconomic factors influence the impact of tumor hpv status on outcome
of patients with oropharyngeal squamous cell carcinoma. JCO Oncol Pract (2021)
17:e313–e22. doi: 10.1200/op.20.00671

27. Rotsides JM, Oliver JR, Moses LE, Tam M, Li Z, Schreiber D, et al.
Socioeconomic and racial disparities and survival of human papillomavirus-
associated oropharyngeal squamous cell carcinoma. Otolaryngol Head Neck Surg
(2021) 164:131–8. doi: 10.1177/0194599820935853

28. Zahnd WE, Rodriguez C, Jenkins WD. Rural-urban differences in human
papillomavirus-associated cancer trends and rates. J Rural Health (2019) 35:208–
15. doi: 10.1111/jrh.12305

29. SEER. Number of person by race and Hispanic ethnicity for SEER
participants (2020 census data) (2020). Bethesda: MD: National Cancer Institute
(Accessed October 7, 2021).

30. SEER NCI SEER*Stat database: Incidence - SEER research plus limited-field
data, 21 registries, Nov 2020 Sub (2000-2018) - linked to county attributes - total
U.S., 1969-2019 counties [Internet]. national cancer institute, DCCPS, surveillance
research program. Bethesda, MD Available at: www.seer.cancer.gov (Accessed
October 27, 2021).

31. SEER NCI SEER*Stat database: Incidence - SEER research data, 9 registries,
Nov 2020 Sub (1975-2018) - linked to county attributes - time dependent (1990-2018)
Income/Rurality, 1969-2019 counties [Internet]. national cancer institute, DCCPS,
surveillance research program . Available at: www.seer.cancer.gov Bethesda, MD
Frontiers in Oncology 11
32. SEER NCI SEER*Stat database: Incidence - SEER research data, 18 registries,
Nov 2020 Sub (2000-2018) - linked to county attributes - time dependent (1990-
2018) Income/Rurality, 1969-2019 counties [Internet]. national cancer institute,
DCCPS, surveillance research program Bethesda, MD. Available at: www.seer.
cancer.gov.

33. SEER NCI SEER*Stat database: Incidence - SEER 18 regs (Excl AK)
custom data (with additional treatment fields), Nov 2018 Sub (2000-2016)
<Vintage 2016 pops by tract 2000/2010 mixed geographies> - linked to census
tract attributes - time dependent (2000-2016) - SEER 18 (excl AK) census 2000/
2010 geographies with index field quantiles [Internet]. national cancer institute,
DCCPS, surveillance research program Bethesda, MD . Available at: www.seer.
cancer.gov.

34. Yu M, Tatalovich Z, Gibson JT, Cronin KA. Using a composite index of
socioeconomic status to investigate health disparities while protecting the
confidentiality of cancer registry data. Cancer Causes Control (2014) 25:81–92.
doi: 10.1007/s10552-013-0310-1

35. Cromartie J. Rural-urban commuting area codes. Washington, DC: ERS
USDA; (2020). Available at: https://www.ers.usda.gov/data-products/rural-urban-
commuting-area-codes.aspx (Accessed October 7).

36. SEER NCI. Use of the 2000 U.S. standard population for age-adjustment.
Bethesda, MD: Surveillance Research Program (SRP) in NCI’s Division of Cancer
Control and Population Sciences (DCCPS. Available at: https://seer.cancer.gov/
stdpopulations/2000stdpop-use.html (Accessed October 27).

37. Tiwari RC, Clegg LX, Zou Z. Efficient interval estimation for age-adjusted
cancer rates. Stat Methods Med Res (2006) 15:547–69. doi: 10.1177/
0962280206070621

38. Peterson CE, Khosla S, Jefferson GD, Davis FG, Fitzgibbon ML, Freels S,
et al. Measures of economic advantage associated with HPV-positive head and
neck cancers among non-Hispanic black and white males identified through the
national cancer database. Cancer Epidemiol (2017) 48:1–7. doi: 10.1016/
j.canep.2017.02.011

39. Wu Q, Wang M, Liu Y, Wang X, Li Y, Hu X, et al. HPV positive status is a
favorable prognostic factor in non-nasopharyngeal head and neck squamous cell
carcinoma patients: a retrospective study from the surveillance, epidemiology,
and end results database. Front Oncol (2021) 11:688615. doi: 10.3389/
fonc.2021.688615

40. Bean MB, Switchenko JM, Steuer CE, Patel M, Higgins K, McDonald
M, et al. Demographic and socioeconomic factors associated with metastases
at presentation in hpv-related squamous cell carcinoma of the head and neck:
an ncdb analysis. JCO Oncol Pract (2020) 16:e476–e87. doi: 10.1200/
jop.19.00400

41. Benard VB, Johnson CJ, Thompson TD, Roland KB, Lai SM, Cokkinides V,
et al. Examining the association between socioeconomic status and potential
human papillomavirus-associated cancers. Cancer (2008) 113:2910–8.
doi: 10.1002/cncr.23742

42. Freedman RL, Sibley H, Williams AM, Chang SS. Race, not socioeconomic
disparities, correlates with survival in human papillomavirus-negative
oropharyngeal cancer: A retrospective study. Am J Otolaryngol (2021) 42:102816.
doi: 10.1016/j.amjoto.2020.102816

43. Duggan MA, Anderson WF, Altekruse S, Penberthy L, Sherman ME. The
Surveillance, Epidemiology, and End Results (seer) program and pathology: toward
strengthening the critical relationship. Am J Surg Pathol (2016) 40:e94–e102.
doi: 10.1097/pas.0000000000000749

44. Boscoe FP, Liu B, Lee F. A comparison of two neighborhood-level
socioeconomic indexes in the united states. Spat Spatiotemporal Epidemiol
(2021) 37:100412. doi: 10.1016/j.sste.2021.100412

45. SEER. Census tract-level SES and rurality database (2000-2015). based on
November 2018 submission ed. Bethesda, MD: National Cancer Institute’s Division
of Cancer Control and Population Sciences (DCCPS (2018).
frontiersin.org

https://doi.org/10.15585/mmwr.mm6915a1
https://doi.org/10.15585/mmwr.mm6915a1
https://doi.org/10.1002/cncr.30588
https://doi.org/10.11138/orl/2017.10.3.209
https://doi.org/10.1007/s10552-017-0889-8
https://doi.org/10.1016/j.oraloncology.2015.06.005
https://doi.org/10.1001/archoto.2012.1792
https://doi.org/10.1038/s41572-020-00224-3
https://doi.org/10.1200/op.20.00671
https://doi.org/10.1177/0194599820935853
https://doi.org/10.1111/jrh.12305
http://www.seer.cancer.gov
http://www.seer.cancer.gov
http://www.seer.cancer.gov
http://www.seer.cancer.gov
http://www.seer.cancer.gov
http://www.seer.cancer.gov
https://doi.org/10.1007/s10552-013-0310-1
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes.aspx
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes.aspx
https://seer.cancer.gov/stdpopulations/2000stdpop-use.html
https://seer.cancer.gov/stdpopulations/2000stdpop-use.html
https://doi.org/10.1177/0962280206070621
https://doi.org/10.1177/0962280206070621
https://doi.org/10.1016/j.canep.2017.02.011
https://doi.org/10.1016/j.canep.2017.02.011
https://doi.org/10.3389/fonc.2021.688615
https://doi.org/10.3389/fonc.2021.688615
https://doi.org/10.1200/jop.19.00400
https://doi.org/10.1200/jop.19.00400
https://doi.org/10.1002/cncr.23742
https://doi.org/10.1016/j.amjoto.2020.102816
https://doi.org/10.1097/pas.0000000000000749
https://doi.org/10.1016/j.sste.2021.100412
https://doi.org/10.3389/fonc.2022.980900
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Distinct sociodemographic differences in incidence and survival rates for human papillomavirus (HPV)-like, non-HPV-like, and “other”-like oral cavity and pharynx cancers: An analysis of Surveillance, Epidemiology and End Results (SEER) Program data
	Introduction
	Materials and methods
	SEER Program databases
	OCPC risk factor categorization
	Sociodemographic factors
	Statistical analyses

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


