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ABSTRACT

Oral human papillomavirus (HPV) infection is a risk for oropharyngeal cancer (OPC), now the leading HPV-
related cancer in males in Canada. P16 positivity is a marker of HPV positivity. Since 2015, all major
Canadian cancer centers perform routine p16 tumor marker testing of OPCs to define their HPV status but
recent data on the HPV-attributable fraction for OPC in Canada do not exist. A retrospective chart review
was conducted of all squamous cell OPC cases in patients 18 years and older diagnosed from 2016 to
2020 in 4 major Canadian hospital-based regional oncology centers to determine the HPV attributable
fraction for OPC in Canada using p16 as a surrogate marker for HPV. 1154 OPC cases were identified. Most
patients (85.4%) were male; about one-third 26 (31.4%) had never smoked. Most OPC (80.6%) were P16
positive. p16 positivity was 27 associated with younger age (mean age p16+ 61.6 vs. p16- 66.5 years,
p < 0.0001), male sex 28 (p16+ males 84.0% vs p16+ females 60.9%, p < 0.0001), lower tumor stage (Stage
1 p16+ 29 88.1% vs Stage 4 p16+ 69.4%, p < 0.001), and non-smoking (never smoked 92.3% vs past 30
smoker 82.8% vs current smoker 65.0%, p < 0.001). Logistic regression confirmed these 31 associations.
This study, the largest cohort of Canadian patients with OPC yet reported, demonstrates the high
attributable fraction for HPV-related OPC. HPV-related OPC was more likely in men, younger individuals,
and never smokers. These findings highlight the burden of HPV-related OPC in Canada and support
gender-neutral HPV vaccination as an important public health strategy to prevent head and neck cancer.
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Introduction
Epidemiological studies document multiple risk factors

Head and neck squamous cell carcinomas (HNSCCs) are the
sixth most common global cancer."” Their incidence, cur-
rently estimated at 890,000 new cases with 450,000 deaths
per year, has risen substantially during the past two decades
and is predicted to exceed 1 million new cases annually by
2030.>* Age-standardized rates are highest in high-income
countries, including Canada, the USA and Oceana, and remain
high due primarily to increasing oropharyngeal cancers
(OPC), which arise from progenitor cells in the oropharynx,
soft palate, tonsils and posterior one-third of the tongue.>’
Age-standardized incidence rates of OPC are up to 5 times
higher in males than in females, and Canadian cancer statistics
indicate that the incidence of OPC in males is rapidly
approaching, and will exceed, the rate of cervical cancer in
females.®™ Despite advances in therapy, including minimally
invasive or transoral robotic resection, combinatorial radio-
therapy and multidrug chemotherapy, and the emerging use of
immunotherapy for checkpoint inhibition,'"” OPC imposes
a high disease burden and outcomes are poor. Swallowing
and speech impairment occur in approximately half of survi-
vors, quality of life is often seriously diminished, and suicide is
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including genetic disorders resulting in impaired DNA repair
or delayed carcinogen metabolism, tobacco and alcohol con-
sumption, exposure to environmental pollutants and oral car-
cinogens, and viral infections including Epstein-Barr virus
(EBV) and human papillomavirus (HPV).>> More than 200
subtypes of HPV are known to infect humans, principally by
cutaneous or mucosal routes during sexual contact.'>'> HPV is
now the most common sexually transmitted infection with
a worldwide infection risk of approximately 50%, and more
than 70% of sexually active individuals will have an HPV
infection during their lifetime.'"* Over 90% of infections
resolve spontaneously with no physical symptoms,'” while
persistent HPV infection in others results in disease, including
anogenital warts, precancerous lesions or cancer of the ano-
genital tract and throat.'® HPV-related malignancies are now
believed to comprise approximately 5% of all cancers
worldwide."”

The PROGRESs study examining oropharyngeal HPV in
healthy adult subjects in the U.S.A and Europe reported an
overall prevalence of 6.6% to 15.0% in males and 3.6% to 6.8%
in females, with 1.8%-4.5% and 0.2%-2.1%, respectively, car-
rying high-risk viral subtypes.'® HPV strains exhibit variable
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oncogenic potential.'” HPV-16 is the primary causal type in

OPC though other high-risk HPV types may include HPV-18,
HPV-31, HPV-333 and HPV-52.”° The p16 protein is used as
a surrogate marker HPV, and all major cancer centers in
Canada have routinely tested for this since 2015. The sensitiv-
ity and specificity of p16 to detect 16 hPV in OPC have been
reported from a meta-analysis to be 94.6% and 83.2%,
respectively.”’ Despite the robust evidence linking OPC with
HPV and concerns of increasing rates of HPV related OPC,
current Canadian data on the attributable fraction of OPC are
lacking. The study objective was to determine the proportion
of recent OPC cases in Canada attributable to HPV in order to
fill the current knowledge gap. The results reported here con-
firm the continuing rise in disease incidence and support the
policy discussion for the broader use of gender-free HPV
vaccination in an additional at-risk population.*>**

Material and methods
Study design

This was a retrospective review of data from OPC patients
receiving care at four major Canadian regional cancer centers:
the Jewish General Hospital, Montreal; the Ottawa Hospital,
Ottawa, Ontario; the London Health Sciences Centre, London,
Ontario; and the Tom Baker Cancer Centre, Calgary, Alberta.
Participating sites identified all sequential patients seen in
a 5-year period between January 1, 2016, and December 31,
2020, who were diagnosed with squamous cell OPC
(International Statistical Classification of Diseases and
Related Health Problems, 10th revision [ICD-10], codes C01,
C05.1, C05.2 and C10), were 18 years of age or older at the time
of diagnosis and in whom pl6 status was confirmed and
recorded. Patient data were obtained from the hospital record
by the study team in each institution as approved by the
respective Research Ethics Board from each institution which
imposed specific guidelines to safeguard confidentiality. Data
variables extracted from the charts included age, sex, marital
status, smoking history and alcohol consumption. Tumor data
included the date of OPC diagnosis, the tumor subsite (base of
tongue, tonsil, other), and clinical staging (tumor stage T1-T4;
nodal stage NO-N3; metastatic stage M0-M1). HPV status was
defined by standardized automated monoclonal p16 protein
immunohistochemical staining methods and was reported as
negative or positive based on strong and diffuse staining
according to the College of American Pathologists
guidelines.'”***> No patient identifiers were collected or
reported in order to protect patient confidentiality.

Statistical analysis

Data management, integration and analysis were conducted
according to a detailed statistical plan, and statistical analysis
was performed using SAS version 9.4. Data screening was
performed prior to analysis to detect missingness, implausi-
ble values and outliers. Missing values were noted but were
not imputed. Implausible values were queried and excluded
if they could not be corrected. Outliers (which were possible
for a defined variable but appeared extreme) were identified

using conventional measures of visualization, distribution
and consistency. Data were summarized by presenting the
numbers of subjects, Descriptive statistics (N, %, mean,
standard deviation (SD), minimum, median, and maximum
values) were generated. Associations with pl6 positivity
were assessed using the Wilcoxon rank test for continuous
variables due to skewness and Chi-square tests for catego-
rical variables. The relationship between sociodemographic
and tumor characteristics and pl6 positivity were further
explored using multiple logistic regression in separate logis-
tic regression models.

Results

A total of 1,154 adult patients were identified during the 5-year
period of observation. Table 1 describes sociodemographic and
tumor characteristics of these OPC cases. Patients were pri-
marily male (85.4%). Smoking was fairly evenly distributed
between past (39.3%), current (28.9%) and never (31.4%)
smokers. Nearly all (91.1%) of the tumors were at the base of
the tongue or tonsil and were metastasis stage 0 (95.3%); over
half (60.2%) were tumor stages 1-2. Of the 1,154 OPC cases,
930 (80.6%) were pl6+. As shown in Figure 1, annual preva-
lence rates of pl6 positivity ranged from 77.3% to 86.8%
per year. There was no significant change in the p16 positivity
rates across the period of observation.

Table 1. Description of OPC Cases from 4 regional cancer centers in Canada,
2016-2020.

Mean SD
Age at diagnosis (years) 62.5 9.4
N %

Sex

Male 985 854

Female 169 14.6
Smoking status

Current 334 289

Past 454 393

Never 362 314

Missing 4 0.3
Alcohol use

Current 629 54.5

Past 97 8.4

Never 412 357

Missing 16 14
Cancer subsite

Base of tongue 536 46.4

Tonsil 516 447

Other 102 8.8
Tumor stage

1 253 219

2 442 383

3 207 17.9

4 252 21.8
Nodal stage

0 142 12.3

1 396 343

2 531 46.0

3 79 6.8

Unknown 6 0.5
Metastasis stage

0 1100 953

1 34 29

Unknown 20 1.7
P16 Positive 930 80.6
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Figure 1. Number of OPC cases identified at 4 regional Canadian cancer centers by year during the observation period of 2016-2020 as well as proportion who were

p16 +by year overall and stratified by sex.

Correlates of pl6 positivity are shown in Table 2. p16
+patients were, on average, younger than p16 negative patients
(p16+ mean age = 61.6 + 8.9 years [CI 65.1-67.9] vs p16- mean
age = 66.5 + 10.5 years [CI: 61.0-62.1]). Males were more likely
to have pl16+ OPC (84.0% males vs 60.9% females, p <.0001)
and this sex difference was consistent across years. p16+ OPC
patients were more likely to be never smokers: 75.2% current
or prior smokers were pl6 +compared with 92.3% nonsmo-
kers, (CI: —0.210 - —0/128, p <.0001), but there was no sig-
nificant association of alcohol consumption to p16 positivity.
Among tumors arising in the base of the tongue or tonsil,
82.6% and 84.9% (CI: 81.5%—-86.0%], respectively, were
pl6 +compared with 48.0% (38.3%-57.7%) at other sites
(p<.0001) and over 80% of stage 1 or stage 2 tumors were
p16 +(CI: 82.2%-87.5%). Of 1,148 patients with data on nodal
stage, over 80% were nodal stage 1 or 2 (91.9 and 80.6%), while
fewer were nodal stage 3 (65,8%) (p <.0001). Of 1,134 patients
with data on metastasis stage, more than 80% who were
metastasis stage 0 (81.1%) at the time of diagnosis were pl16
+, while a minority was more advanced.

Multivariable analyses

Multiple logistic regression of sociodemographic characteris-
tics (Table 3) and tumor characteristics (Table 4) confirmed
these bivariate associations. As shown in Table 3, pl6
+patients were more likely to be male (OR: 3.703, CIL:
2.50-5.49) (p <.0001), younger (OR: 0.940, CI: 0.92-0.96)
and nonsmokers (current smoker OR: 0.139, CI: 0.09-0.22);
past smoker OR 0.452, CI: 0.28-0.73). With regard to tumor
characteristics (Table 4), pl6 positivity was associated with
tumor origin in the tonsil or at the base of the tongue (OR:

5.256, 95% CI: 3.249-8.501 and 5.603, 95% CI: 3.432-9.150,
respectively) compared with other sites and with early tumor
stages compared with stage 4 (stage 1 OR: 2.617, 95% CI:
1.569-4.363 and stage 2 OR: 1.922, 95% CI: 1.288-2.869).
Nodal stage 1 was associated with increased odds for p16+.

Discussion

This study presents current data from four large regional
Canadian cancer centers representative of the structured
national framework for cancer management. It describes the
largest cohort to date of Canadian OPC cases, demonstrates
that four out of five cases of OPC in adults are now attributable
to HPV; 80.6% of squamous cell OPC diagnosed during the
5-year period from 2016 to 2020 were pl6+. These findings
confirm the current phenotype of this cancer in which patients
with HPV positive tumors were more commonly male,
younger in age, and were more likely to never have smoked.
These findings are also consistent with prior reports that HPV-
related OPC occurred more commonly at the base of tongue or
tonsil and were generally diagnosed at an early stage.” Alcohol
consumption was not a statistically significant contributor in
either univariable or multivariable analyses. While there is
some debate in the literature, our findings align with several
studies reporting no statistically significant correlation
between pl6 overexpression and alcohol consumption. This
supports the notion that HPV-driven carcinogenesis may fol-
low a distinct molecular pathway, independent of the carcino-
genic effects of alcohol.”**” It is unlikely that the disease rates
or attributable fraction reported here were influenced by the
Canadian HPV vaccination programs which commenced
between 2008 and 2016.°
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Table 2. Sociodemographic and tumor correlates of P16 positivity among OPC
cases from Canada 2016-2020.

P16 Positive P16 Negative
(N =930) (N=224) p value®
Mean age at diagnosis (SD)  61.6 (8.9) (9.4)  66.5 (10.5) <.0001
N (%) N (%)
Sex
Male 827 (84.0%) 158 (16.0%) <.0001
Female 103 (60.9%) 66 (39.1%)
Smoking status
Current 217 (65.0%) 117 (35.0%) <.0001
Past 376 (82.8%) 78 (17.2%)
Never 334 (92.3%) 28 (7.7%)
Missing 3 (30%) 7 (70%)
Alcohol use
Current 497 (79.0%) 132 (21.0%) .0753
Past 74 (76.3%) 23 (23.7%)
Never 346 (84.0%) 66 (16.0%)
Missing 13 (81.2%) 3 (18.8%)
Cancer subsite
Base of tongue 443 (82.6%) 93 (17.4%) <.0001
Tonsil 438 (84.9%) 78 (15.1%)
Other 49 (48.0%) 53 (52.0%)
Tumor stage
1 223 (88.1%) 30 (11.9%) <.0001
2 367 (83.0%) 75 (17.0%)
3 165 (79.7%) 42 (20.3%)
4 175 (69.4%) 77 (30.6%)
Nodal stage
0 84 (59.2%) 58 (40.8%) <.0001
1 364 (91.9%) 32 (8.1%)
2 428 (80.6%) 103 (19.4%)
3 52 (65.8%) 27 (34.2%)
Unknown 2 (33.3%) 4 (66.7%)
Metastasis stage
0 892 (81.1%) 208 (18.9%) 1126
1 25 (73.5%) 9 (26.5%)
Unknown 13 (65.0%) 7 (35.0%)

?Chi square test for significance for categorical variables, Mann-Whitney U for

continuous. Statistical testing did not include missing category.

The HPV-attributable fraction of OPC demonstrated
herein is notably higher compared with Canadian rates of
25% to 71% noted in earlier studies®*** and with international
reports over the prior decade which indicated a frequency of
52% to 71% in the UK and USA, respectively.” The frequency
of OPC attributed to high-risk HPV types has risen sharply in

Table 3. Multiple logistic regression analysis: relationship of sociodemographic
characteristics and p16 positivity.

Odds Ratio  95% Cl for OR  P-value
Age (years) 0.94 (0.923,0.957) <.0001
Male Sex 3.703 (2.499, 5.488)  <.0001
Alcohol (Reference = never drinker)
Current drinker 0.719 (0.5, 1.035) 0.076
Past drinker 0.787 (0.434, 1.428)  0.4308
Smoking (Reference = never smoker)
Current Smoker 0.139 (0.086, 0.225)  <.0001
Past Smoker 0.452 (0.279,0.732)  0.0013

the past decades in Canada - continuing the increasing trend
observed by Habbous et al. - and other advanced economies
such as the USA and Australia/New Zealand, as well as in
many other regions around the world.**'**° = ** The 2016
Canadian Cancer Statistics Report documented an increase in
annual percentage change of incidence from 1.4% to 3.1% over
2 decades.” These increases likely reflect several factors, includ-
ing increasing awareness, the evolution in diagnostic methods,
and the change in screening practices to include plé6
scr(:‘:ening.Z()’34’35

In 2012, 35% of new HPV-attributable cancers in Canada
were OPC, the same proportion as cervical cancer.” Canada has
a well-established screening program for cervical cancer.
However, despite the strong association reinforced here, there
are no formal screening programs for HPV-associated OPC, or
screening program for HPV in men.*® The success of cervical
screening programs provides promise for the development of
screening programs for HPV-associated OPC.*” Primary pre-
vention of HPV-associated OPC can also be affected through
HPV vaccination. Since 2007, all Canadian provinces and terri-
tories have had a publicly funded HPV vaccination program in
girls. Vaccination for boys was added some 10 years later
although uptake rates have been below 70% and catch-up vacci-
nation policies and uptake rates still vary greatly between
regions.”® While the benefit of vaccination in prevention of
OPC remains to be formally established,” evidence suggests
that HPV vaccination is associated with a reduction in HPV-
16 exposure in the oropharyngeal cavity.** This study provides
important data on the HPV attributable fraction of OPC, data
which can inform the current discussion regarding the burden
of disease and the potential for primary prevention by
vaccination.

The study was designed to ensure maximum rigor and
objectivity and to avoid the potential of funder bias. The
protocol was based on robust scientific rationale, guided by
established epidemiological methods, and in consultation
with independent academic experts in the field. The statis-
tical plan was defined prior to data collection, minimizing
the potential for post-hoc bias. Data were analyzed by an
expert team external to the study sponsor and interpretation
of the results followed rigorous internal and external scru-
tiny by the authors. Despite these cautions, there are several
limitations that should be noted with this study. While the
study included a large pragmatic sample from 4 major
Canadian referral centers, data were not available from all
provinces. Caution is therefore required in generalizing the
findings to the entire Canadian population. However, inclu-
sion of patients from Canadian cancer centers not included
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Table 4. Multiple logistic regression analysis: relationship of tumor characteristics to p16 positivity.

Parameters Odds Ratio 95% Cl for OR p-value
Metastasis Stage (MO = reference)

Metastasis Stage M1 1.084 (0.458, 2.569) 674
Metastasis Stage Unknown 0.565 (0.177, 1.798) .8544
Nodal Stage (N1 = reference)

Nodal Stage NO 7.313 (4.384, 12.198) <.0001
Nodal Stage N2 2420 (1.560, 3.753) <.0001
Nodal Stage N3 4.996 (2.670, 9.347) <.0001
Nodal Stage (Unknown vs. NO) 11.164 (1.563, 79.757) 0162
Cancer Subsite (Other = reference)

Cancer subsite Base of Tongue 5.256 (3.249, 8.501) <.0001
Cancer subsite Tonsil 5.603 (3.432, 9.150) <.0001
Tumor State (T4 = reference)

Tumor State T1 2.617 (1.569, 4.363) .0002
Tumor Stage T2 1.922 (1.288, 2.869) .0014
Tumor Stage T3 1.527 (0.961, 2.427) .0732

in prior reports’ increased the representativeness of the
Canadian OPC population in this study and strengthens
the generalizability of its findings. While information bias
due to missingness or misclassification cannot be entirely
excluded, strict data extraction protocols and data screening
were employed to minimize any such bias. Finally, we must
recognize that pl6 immunohistochemistry testing varied
slightly between sites and is not a perfect surrogate marker
for HPV-driven oropharyngeal carcinoma, with a reported
sensitivity of 90-95% and specificity of 80-90% depending
on the assay protocols, interpretation criteria and intrinsic
biology of the tumors. HPV DNA testing may therefore be
required in settings where precise determination of HPV
status is necessary.

Conclusion

This study, which is the largest cohort of Canadian patients
with OPC yet reported, shows that approximately 80% of cases
are attributable to HPV. HPV tumors are more likely in men,
younger individuals and in those who do not smoke. These
findings highlight the increasing prevalence of OPC in Canada,
and support gender-neutral HPV vaccination as an important
public health strategy to prevent head and neck cancer.
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