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BACKGROUND: Human papillomavirus (HPV) is responsible for a growing proportion of oropharyngeal squamous cell carcinomas
(OPSCCs) among men and White individuals. Whether similar trends apply to women, non-Whites, and non-oropharyngeal squamous
cell carcinomas (non-OPSCCs) is unknown. METHODS: This is a cross-sectional analysis combining 2 multi-institutional case series of
incident head and neck squamous cell carcinoma (HNSCC) cases. Incident HNSCCs from 1995 to 2012 were enrolled retrospectively using
banked tumor samples and medical record abstraction. Incident HNSCCs from 2013 to 2019 were enrolled prospectively. The prevalence
of tumor HPV biomarkers was tested over 3 time periods (1995-2003, 2004-2012, and 2013-2019). Centralized testing was done for p16
immunohistochemistry (p16) and oncogenic HPV in situ hybridization (ISH). RESULTS: A total of 1209 incident cases of HNSCC were
included. Prevalence of p16- and ISH-positive tumors increased significantly for oropharynx cancers over time. The majority were positive
after 2013 for White patients (p16, 92%; P < .001; ISH 94%; P < .001), Black patients (p16, 72%; P = .021; ISH 67%; P = .011), and Hispanic
patients (p16, 100%; P = .04; ISH 100%; P = .013). For women with OPSCC, the prevalence of p16- and ISH-positive tumors increased
significantly to 82% (P < .001) and 78% (P = .004), respectively. For non-OPSCCs, there was increased p16 and ISH positivity overall
with 24% p16 and 16% ISH positivity in the most recent time period (P < .001 for both). CONCLUSIONS: The majority of OPSCCs in US
tertiary care centers are now p16 and ISH positive for all sex and race groups. In some populations in the United States, 91% of OPSCCs
are now caused by HPV. Few non-OPSCCs are p16 and ISH positive. Cancer 2022;128:1767-1774. © 2022 The Authors. Cancer published
by Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.
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INTRODUCTION

In recent decades, the epidemiology of head and neck cancer in the United States has drastically changed. There has
been a significant decrease in the annual incidence of head and neck squamous cell carcinomas (HNSCCs) overall de-
spite a significant increase in the incidence of oropharynx squamous cell cancers (OPSCCs)." The increased incidence
of oropharynx cancers is driven by human papillomavirus (HPV) and has been predominantly observed among White
individuals, men, and more recent birth cohorts.”® An analogous increase has not been detected for other demographic
groups such as women or non-Whites, although the proportion of OPSCCs caused by HPV has increased significantly
over time among women,®® which may foreshadow future incidence shifts.

Early studies of incidence were composed mainly of men and White patients, thereby limiting examination of trends
in prevalence to these groups. Recent research suggests HPV prevalence, when measured by either p16 or in situ hybrid-
ization (ISH), may be increasing among OPSCCs in non-Whites; however, these trends were not statistically significant
among Black and Hispanic individuals.” Given the growing similarity of sexual practices of people, independent of race,
analogous increases in the prevalence of p16- and ISH-positive tumors may be observed for OPSCCs across race groups
in an adequately powered study.” Therefore, it remains important to determine whether the prevalence of HPV-associated
OPSCC is increasing over time among non-Whites.
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Furthermore, HPV appears to be responsible for
a small proportion of nonoropharynx HNSCC tumors
(nonoropharyngeal squamous cell carcinoma [non-
OPSCC]) as well.'>'* Whether trends in prevalence ob-
served in OPSCC are applicable to non-OPSCC has not
been explored. This study was designed to elucidate the
prevalence of p16- and ISH-positive tumors in HNSCC
over the past 25 years with special attention to changes
among women and non-Whites.

MATERIALS AND METHODS

This analysis consisted of 2 data sets. The first was a ret-
rospective study of incident HNSCC cases diagnosed
between 1995 and 2012 (retrospective PROVE study),
designed to enrich for non-Whites and female cases,
as previously described.” The study included partici-
pants from the Sidney Kimmel Comprehensive Cancer
Center at the Johns Hopkins Hospital (JHH) and the
Helen Diller Family Comprehensive Cancer Center at
the University of California San Francisco. Informed
consent was waived by the institutional review boards.
Demographic and clinical characteristics including age,
sex, race, clinical staging, anatomic site, and alcohol/to-
bacco use were included.

The second data source was a prospective study of
incident HNSCC diagnosed from 2013 to 2019 with-
out prior radiation or head and neck cancers (prospective
PROVE study). The prospective cohort added the Tisch
Cancer Institute at Icahn School of Medicine at Mount
Sinai to JHH and University of California San Francisco
locations. The cohort was recruited from outpatient oto-
laryngology head and neck surgery clinics. All patients
with incident HNSCC were eligible and approached.
The study was approved by all sites” institutional review
boards. Demographic characteristics (age, sex, race, to-
bacco, and alcohol use) were ascertained by computer
assisted surveys completed by participants at the time of
enrollment. Clinical characteristics (anatomic site, stage,
and treatment) were prospectively ascertained by medical
record abstraction.

Women and minorities were oversampled in the ear-
lier but not the later study. Comparing the most recent
time period with earlier time periods, there was a higher
proportion of males (75% vs 64%) and White non-
Hispanics (73% vs 35%), respectively. The earlier study
also sampled across tumor sites for more equitable inclu-
sion of each tumor site, whereas the most recent period
included all incident HNSCCs prospectively enrolled

and represents the current oropharyngeal predominance
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among cases in these clinics. Given the enrichment by sex,
race, and tumor site in the retrospective PROVE study,
overall changes in the composition of HNSCC could not
be explored. However, this oversampling provided the
power to explore the role of HPV in these groups over
time, which was our intended goal.

Tumor Testing

Centralized tumor testing was performed at JHH. This
testing consisted of pl6 immunohistochemistry (p16)
(MTM Laboratories, Heidelberg, Germany) and ISH.
ISH testing varied by time and study site and has been
discussed previously.14 In brief, GenPoint HPV16 DNA
ISH (Dako, Carpinteria, California) and Ventana Inform
HPV III Family 16 cocktail (Ventana Medical Systems,
Tucson, Arizona) probes, oncogenic HPV DNA probes,
were used on the retrospective cohorts and the prospec-
tive cohort until 2014. After 2014, RNA ISH testing with
RNASCOPE (Advanced Cell Diagnostics, Hayward,
California) was used. HPV testing was initially performed
and, if negative and p16 positive, HPV high-risk cocktail
probes for high-risk types were used. pl6 positivity was
defined as 70% or more of the tumor having a strong and
diffuse nuclear or cytoplasmic staining pattern.'>'® ISH
positivity was defined as punctate hybridization signals
localized to the tumor cell nuclei.'” All histologic inter-
pretation was performed centrally by head and neck pa-
thologists blinded to other aspects of the study. A total of
1209 HNSCC participants with p16 or ISH test results
were included in this analysis. This included 1202 partici-
pants (99.4%) with both p16 and ISH testing, 5 partici-
pants (0.4%) with only p16, and 2 participants (0.2%)
with only ISH testing,.

Statistical Analysis

Demographic characteristics were compared across
groups using x” tests. Race and ethnicity were categorized
as White, Black, Asian (all non-Hispanic), or Hispanic
(any race). For some analyses, HNSCC tumor sites were
separated into OPSCC (including unknown primary)
and non-OPSCC (larynx, nasopharynx, oral cavity).
Trends in prevalence across time periods (1995-2003,
2004-2012, and 2013-2019) were tested for continuous
change across these 3 periods and were analyzed using lo-
gistic regression to determine significance. p16 and ISH
were analyzed separately. The average annual increases in
p16 positivity and ISH positivity between 1995 and 2019
were analyzed separately using Poisson regression models
with robust variance, for both OPSCC and non-OPSCC
groups. The A/CC Cancer Staging Manual 7th edition
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tumor and nodal stage guidelines were used for continu-
ity across time periocls.18 Statistical significance was deter-
mined by 2-sided P < .05. Stata version 16.1 (StataCorp,
College Station, Texas) was used for analysis.

RESULTS

The study population included 1209 incident cases of
HNSCC (Table 1). Cases were similarly distributed
over 3 time periods (31% vs 39% vs 29%). There were

differences in the study population over time in sex, race,
and tumor type (Table 1).

Overall Prevalence

Prevalence of both pl6-positive and ISH-positive tu-
mors over time was evaluated (Fig. 1). The most nota-
ble increase in p16 positivity and ISH positivity was in
OPSCCs, as both pl16 positivity (44% to 70% to 91%;
P < .001; Fig. 1A) and ISH positivity (39% to 66% to

TABLE 1. Characteristics of HNSCC Patients From 3 Tertiary Care Centers in the United States Between 1995

and 2019 by Time Period of Incident Cancer Diagnosis

Characteristics Retrospective Study Prospective Study
1995-2003 (n = 380), No. (%) 2004-2012 (n = 474), No. (%) 2013-2019 (n = 355), No. (%) P
Study site
JHH 182 (48) 245 (52) 245 (69) <.001
UCSF 198 (52) 229 (48) 69 (19)
MSSM - - 41 (12)
Sex
Men 246 (65) 300(63) 271 (76) <.001
Women 134 (35) 134 (37) 84 (24)
Race
White non-Hispanic 123 (32) 188 (40) 291 (82) <.001
Black non-Hispanic 138 (36) 136 (29) 37 (10)
Hispanic 43 (11) 55 (11) 13 (4)
Asian 76 (20) 95 (20) 14 (4)
Age,y
Median (95% CI) 56 (55-57) 58 (56-59) 59 (58-60) .015
Anatomic site
Oropharynx 90 (24) 145 (31) 195 (55)
Oral cavity 103 (27) 149 (31) 109 (31) <.001
Nasopharynx 59 (15) 65 (14) 3(1)
Larynx 128 (34) 115 (24) 33(9)
Other HNSCC 0(0) 0(0) 15 (4)
Tumor stage
T 84 (24) 130 (29) 145 (42) <.001
T2 91 (26) 128 (28) 120 (35)
T3 72 (20) 80 (18) 39 (12)
T4 106 (30) 116 (25) 38 (11)
Missing 27 20 13
Nodal stage
NO 161 (46) 169 (38) 125 (36) <.001
N1 52 (15) 69 (15) 59 (17)
N2a-c 115 (33) 188 (42) 157 (46)
N3 20 (6) 24 (5) 4(1)
Missing 32 24 10
Metastatic stage
MO 360 (98) 452 (97) 351 (99) 10
M1 92 14 (3) 3(1)
Unknown 11 8 1
Tobacco use
Never 40 (19) 117 (27) 101 (32) <.001
Former 73 (35) 172 (39) 170 (55)
Current 95 (46) 147 (34) 40 (13)
Unknown 172 38 44
Alcohol use
Never 55 (28) 141 (33) 8 (3) <.001
Former 42 (21) 82 (19) 130 (51)
Current 102 (51) 207 (48) 117 (46)
Unknown 181 44 100

Abbreviations: HNSCC, head and neck squamous cell carcinoma; JHH, Hopkins Hospital; MSSM, Mount Sinai Medical Center; UCSF, University of California San

Francisco.
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Figure 1. Prevalence of (A) pl6-positive and (B) in situ hybridization-positive head and neck squamous cell carcinomas from 3
tertiary care centers in the United States from 1995 to 2019 by tumor site and time period.

TABLE 2. Prevalence of p16-Positive and ISH-Positive Tumors From 3 Tertiary Care Centers in the United
States Between 1995 and 2019 by Time Period, Sex, and Tumor Site

p16, No. Tested (% Positive)

ISH, No. Tested (% Positive)

1995-2003 2004-2012 2013-2019 P 1995-2003 2004-2012 2013-2019 P

Men

All HNSCC 245 (18) 300 (31) 270 (65) <.001 246 (13) 299 (26) 269 (63) <.001

OPSCC 66 (47) 91 (74) 161 (93) <.001 66 (39) 91 (71) 161 (94) <.001

Non-OPSCC 179 (7) 209 (12) 109 (25) <.001 180 (3) 208 (6) 108 (17) <.001
Women

All HNSCC 134 (14) 174 (28) 84 (45) <.001 134 (12) 174 (21) 84 (39) <.001

OPSCC 24 (38) 54 (63) 33 (82) <.001 24 (38) 54 (57) 31 (77) .004

Non-OPSCC 110 (9) 120 (12) 51 (22) .041 110 (6) 120 (5) 51 (16) .10
Men and women

All HNSCC 379 (17) 474 (30) 354 (60) <.001 380 (12) 473 (24) 351 (58) .001

OPSCC 90 (44) 145 (70) 194 (91) <.001 90 (39) 145 (66) 192 (92) .001

Non-OPSCC 289 (8) 329 (12) 160 (24) <.001 290 (4) 328 (5) 159 (16) .001

Abbreviations: HNSCC, head and neck squamous cell carcinoma; OPSCC, oropharyngeal squamous cell carcinoma.

92%; P < .001; Fig. 1B) more than doubled across the
25 years to over 90% by the final time period. From 1995
to 2019, the average annual increase among OPSCC was
3% for pl6 positivity and 4% for ISH positivity (each
P < .0001, Supporting Table 2), after adjustment for to-
bacco, alcohol, and demographics.

In non-OPSCC sites, there were statistically sig-
nificant increases observed in p16 (8% to 12% to 24%;
P < .001; Fig. 1A) and ISH positivity (4% vs 5% vs 16%;
P<.001; Fig. 1B), although most non-OPSCCs remained
negative for these biomarkers. Significant increases in p16
and ISH positivity over time were detected for each of
the non-OPSCC sites evaluated (Fig. 1A,B; Supporting
Table 1). Between 1995 and 2019, the average annual
increase among non-OPSCC was 6% and 13% for p16
positivity and ISH positivity respectively (2 = .009 and
P = .001; Supporting Table 2), after adjustment for to-
bacco, alcohol, and demographics. Although pl16 and
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ISH positivity was similar in the oropharynx, among
non-OPSCCs there was a discrepancy between the 2
modes of testing. p16 positivity was twice as common as
ISH positivity for oral cavity and larynx tumors. Among
non-OPSCCs, larynx tumors had the highest prevalence
of p16 (12% to 15% to 24%; P = .094) and ISH positiv-
ity (5% to 5% to 18%; P =.031).

Prevalence by Sex

Increasing prevalence of pl6-positive and ISH-positive
tumors were observed for both men and women (Table 2).
Among OPSCCs, p16 and ISH positivity increased sig-
nificantly over time, with HPV causing more than 90%
of recent cases among men and more than 78% of cases
among women in the most recent time period (Supporting
Fig. 1A,B). A smaller but significant increase was observed
with non-OPSCCs. Among men with non-OPSCC, p16
positivity increased from 13% in the earliest to 25% in
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the latest time period (2 < .001). Similarly, ISH positivity
increased from 3% to 16% (P < .001). Among women
with non-OPSCC, p16 positivity increased from 9% to
22% (P = .041) and ISH positivity increased from 6% to
15% (P = .096). In the later period, women approached
parity with men for proportion of non-OPSCC that were
p16 or ISH positive.

Prevalence by Race
A significant increase in prevalence of p16-positive and
ISH-positive HNSCC tumors overall was observed for
all races over the 3 time periods (Fig. 2). These increases
were primarily in OPSCCs. A 176% or greater increase in
ISH positivity was observed for all race groups between
the first and third time period. The smallest significant
change was seen in Black individuals, (13% to 36%),
whereas White (15% to 61%) and Hispanic individuals
(12% to 54%) had greater than a 330% increase in ISH-
positive OPSCC. Changes in pl6 and ISH positivity
for non-OPSCCs were primarily among White patients
(Fig. 2C,D).

White OPSCC patients had a significant increase
in pl6-positive (44% to 81% to 92%; P < .001) and
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ISH-positive tumors (44% to 78% to 94%; P < .001).
p16 and ISH positivity increased among White patients
with non-OPSCC (9% to 17% to 23%; P = .007; 5% to
10% to 17%; P = .008).

Black individuals had a lower prevalence of pl6-
positive and ISH-positive tumors than White, but both
markers increased significantly over time among Black
individuals with OPSCC. Among 111 Black patients
with OPSCC, there were statistically significant increases
in the proportion of p16-positive (37% to 43% to 72%;
P = .021) and ISH-positive tumors (30% to 40% to
67%; P = .011). Among 199 Black non-OPSCC cases,
prevalence of p16 doubled (8% to 10% to 16%; P = .28)
but was not statistically different, perhaps due to few
Black non-OPSCC cases in the most recent period. The
prevalence of ISH among Black non-OPSCCs was stable
(4% to 3% to 6%; P =.99).

Hispanic and Asian patients also increased in p16
positivity and ISH positivity over time (Fig. 2). Among
26 Hispanics with OPSCC, there was a marginally sig-
nificant increase in prevalence of pl6 positivity, with
100% of tumors positive in the most recent period (56%
to 83% to 100%; P = .04), and a significant increase
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Figure 2. Prevalence of (A) pl16-positive OPSCC, (B) ISH-positive OPSCC, (C) pl16-positive non-OPSCC, and (D) ISH-positive non-
OPSCC from 3 tertiary care centers in the United States from 1995 to 2019 by race and time period. ISH indicates in situ hybridization;
non-OPSCC, nonoropharyngeal squamous cell carcinomas; OPSCC, oropharyngeal squamous cell carcinoma.
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in ISH positivity (33% to 67% to 100%; P = .013).
In 85 non-OPSCC tumors among Hispanics, increases
in prevalence of p16-positive tumors (15% to 30% to
38%; P = .42) and ISH-positive tumors (6% to 2% to
25%; P = .27) were observed but were nonsignificant.
For the 26 Asian patients with OPSCC, there was a
nonsignificant increase of p16 positivity (75% to 92%
to 100%; P = .12) and ISH positivity (75% to 92% to
100%; P = .14). In 158 non-OPSCCs among Asians,
there were significant increases in the prevalence of p16
and ISH positivity (3% to 7% to 33%; P =.008; 1% to
2% to 22%; P = .03).

DISCUSSION
This analysis shows a notable increase in the prevalence
of p16- and ISH-positive OPSCCs among all sex and
race groups over a 25-year period. This trend among
Black and Hispanic patients has not been shown pre-
viously. Although the increasing proportion of cancers
caused by HPV is partially explained by decreasing
tobacco-related HNSCC, it may also represent in-
creases in incidence of HPV-associated OPSCCs among
women and non-White patients. The increase in IRR
in p16 positivity and ISH positivity in our study, while
controlling for smoking and drinking, bolster this
possibility. The large increase in prevalence of HPV-
associated OPSCCs in women has not been previously
shown in epidemiologic studies. The observed increases
in prevalence of p16- and ISH-positive non-OPSCCs
have similarly not previously been detected. This large
study evaluates p16 and ISH prevalence in HNSCCs
from tertiary care centers in the United States during
the past 25 years. Because of the inherent demographic
differences between the 2 source populations, conclu-
sions about the changes in prevalence across time peri-
ods are best examined within specific gender and racial
groups. This is the first study to show that the major-
ity of OPSCC among all race and sex groups are now
caused by HPV and suggests that more than 90% of
OPSCC:s in the United States are now caused by HPV.
Few studies have systematically evaluated the prev-
alence of HPV-related OPSCC tumors among Black pa-
tients in the United States. Our findings are consistent
with evidence from prior studies that the prevalence of
HPV-associated tumors remains lower among Black in-
dividuals."*" Prior studies showed that the majority of
HNSCC among Black patients were HPV negative. In
this study, we show for the first time that the majority of
OPSCC among Black patients are p16 positive and ISH
positive, with proportions (~70%) analogous to those of
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White patients in the last decade. These changes are con-
sistent with decreases in tobacco use and changes in sexual
behavior in the United States.”*’ In the most recent pe-
riod, the majority of OPSCCs are now HPV related (by
p16 and ISH) across all race groups.

This study underscores the dominance of HPV as
a primary cause of OPSCC in the United States. This
proportion is higher than earlier studies, consistent with
the temporal trends shown in this study.”*>° For White,
Hispanic, and Asian patients, the probability of contem-
porary OPSCC in the United States being HPV associ-
ated is greater than 90%, whereas for Black patients it is
roughly 70%.

These trends are not surprising as HPV-associated
oropharynx cancer is a consequence of HPV infection
transmitted by oral sex.’’ Although there are statisti-
cal differences in sexual practices by race,”” the practice
of oral sex has increased among all racial groups in the
United States, and the differences in sexual behavior are
more modest®>* than the observed differences in in-
cidence of OPSCC by race.”® Recent research shows
important changes related to race and HPV risk factors
including increases in oral sexual partners among Black
individuals when compared to other races,”®
oral sex by younger birth cohorts,? a higher rate of cervi-
cal HPV infection among Black women,”’ and decreased
adherence to vaccination guidelines.”® These factors sug-

increased

gest increased exposure to HPV among Black individuals
in the future. This increased exposure, and the increasing
prevalence of HPV-positive tumors among Black patients
in this study, adds to previous studies portending increases
in incidence of HPV-associated OPSCCs among Black
individuals in the United States.”’ Similarly, increased
oral sex and prevalence of p16- and ISH-positive OPSCC
tumors among non-White groups portends an increase in
incidence of HPV-associated OPSCCs. Vaccination will
decrease the incidence of HPV-associated OPSCC only
after 2045, because of the lack of vaccination in older age
cohorts.”

Another notable finding of this study was the in-
crease in pl6-positive and ISH-positive non-OPSCCs.
Neither has previously been detected, likely due to their
low prevalence and the lack of prospective studies in
the last 10 years.* Among non-OPSCCs, p16 and ISH
were often discordant, highlighting that p16 is likely a
poor marker for HPV in non-OPSCC.*""** In OPSCCs,
pl6 is an acceptable surrogate and predicts ISH posi-
tivity, but the same is not true for non-OPSCCs.*>**
It is plausible, though unlikely, that p16 positivity in
non-OPSCCs indicates the presence of HPV oncogenic
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types not accounted for by ISH. The primary HPV
types found in PCR studies of head and neck cancers
are detected in the ISH pooled assay.'” Therefore, p16
positivity in these cases is likely true but not reflective
of HPV as the etiology in a substantial proportion of
non-OPSCCs."> When tumors are ISH positive, it is
unclear whether HPV is a cofactor, rather than the
etiologic agent for non-OPSCCs, or whether HPV is
present but nononcogenic in these cancers. Here, p16
may reflect the biology of the tumor and protein upreg-
ulation due to reasons other than downstream E6 or E7
oncogenesis and represents a focus of future research.
Nevertheless, HPV based on ISH is increasing in non-
OPSCCs among White individuals and Asians, which
may portend an increasing burden of incident HPV-
related cancers in the future.

Detection of HPV in larynx and nasopharynx can-
cers raises questions regarding the biological plausibility of
HPV infection in these sites and requisite sexual exposures;
it is unknown whether a form of viral field cancerization in
these cases is possible. Of the non-OPSCC anatomic sites,
the nasopharynx and larynx have the largest proportion
of ISH-positive tumors, possibly reflecting the increased
lymphoid tissue of these areas which are contiguous with
Waldeyer ring. Of nonoropharyngeal sites, the sinonasal
tract has the highest prevalence of HPV.***® Tumor testing
of non-OPSCCs remains discouraged.40’43’44 The prognos-
tic benefits of p16 and ISH positivity have not been shown
consistently for non-OPSCCs.

This study has several limitations. The earlier co-
horts oversampled for women and minorities. Therefore,
the proportion of women and minorities across the time
periods was lower in the most recent group. It is also pos-
sible that degradation of RNA or DNA in samples over
time reduces detection of the assays employed and may
affect prevalence.'” Certain anatomical sites had low en-
rollment numbers in the prospective cohort; thus, their
high percentage of p16- and ISH-positivity may be due
to chance. The prospective portion of this study may also
be subject to selection bias, as the 355 patients enrolled is
a fraction of the incident HNSCC seen at each site over
6 years. Furthermore, a majority (69%) of the prospec-
tively enrolled patients came from a single site (JHH),
also limiting the study’s generalizability.

The strengths of this study include the focus on
women and minorities, a long-time span, and a study of
the years after 2012, which have not yet been well char-
acterized. In addition, this was a multicenter study with
centralized gold standard tumor testing and interpreta-
tion by expert head and neck pathologists.
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In conclusion, pl6- and ISH-positive HNSCC
are increasing over time among all sex and race groups.
Consequently, HPV is likely now responsible for the ma-
jority of oropharyngeal cancers in the United States in-
dependent of sex or race. Additionally, pl16-positive and
ISH-positive non-OPSCCs are rarer than in the orophar-
ynx, yet for the first time they are shown to be increasing in
specific groups.
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