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ABSTRACT

Background: Human Papillomavirus (HPV) infection is well established in oropharyngeal squamous cell carci-
noma (OPSCC) and cervical cancer (CC). However, the association between both HPV related cancers remains
unclear. The purpose of this study was to investigate the association between HPV related cancers of the or-
opharynx and cervix.

Methods: A provincial cancer registry was used to retrospectively identify all patients diagnosed with OPSCC
from 1997-2015. The standardized incidence ratio (SIR) of CC history in women with p16+/-OPSCC was
measured.

Results: From 372 women with OPSCC included, the SIR of CC was significantly higher across all ages compared
to the general population in Alberta, Canada (p < 0.0001).

Conclusions: Women with HPV/p16 + OPSCC have a significantly higher risk of CC compared to the general

population.

1. Background

A wide variety of human papillomavirus (HPV) related malignancies
affect men and women. Among women across the world, cervical
cancer (CC) is the third most common cancer, with nearly 569,847
cases of CC diagnosed and 311,365 CC fatalities reported yearly [1].
Almost all cases of CC are caused by high-risk HPV infection, mainly
HPV 16 that is found in around 50% of cases. Other subtypes include
HPV 18 seen in 20% of cases [2], and HPV 31, 33, 45, 52, and 58 in
19% [3]. Other HPV related malignancies in women include vulvar and
vaginal cancer, which are infrequent worldwide. In the United States,
CC incidence is declining while the incidence of oropharyngeal squa-
mous cell carcinomas (OPSCCs) is rising [4].

In North America and Europe up to 70-80% of OPSCCs are attri-
butable to HPV as a prevalent risk factor [4]. There has been a notable
increase in prevalence over the years, from 20.9% in the pre-1990s, to
51.4% between 1990-1999, to over 70% in the recent decade [5,6].
High-risk HPV infections have been attributed most particularly to HPV
16, although other subtypes including HPV 18, 31 and 33 were also

implicated but to a lesser degree [7].

HPV +ve OPSCC strikingly differs from HPV-ve OPSCC from clin-
ical, pathologic and molecular perspectives [8-11]. Its implications
affect staging, prognosis and treatment modalities [12,13]. HPV +ve
OPSCC patients are significantly younger than HPV-ve OPSCCs at the
time of diagnosis, with a significant preponderance of Caucasian males
[12]. Whereas classically head and neck cancer (HNC) was attributed to
risk factors such as tobacco and alcohol use, individuals with HPV + ve
OPSCCs have a different risk factor profile, notably less smoking and
alcohol use, more marijuana use, certain sexual behaviors and im-
munodeficiency [12].

Oncogenic HPV infection has been well established in OPSCC and
CC, with HPV16 being the most commonly identified in both [14]. The
primary risk factor for CC and HPV +ve OPSCC is sexual behavior.
Smoking and immunocompromised status are also thought to play a
role [15].

Several studies have looked at the association between OPSCC and
CC [16-26]. Most of these studies included women with CC as their
cohorts, they lacked p16 data and therefore included HNC sites that are
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non-HPV related [16-22]. This lead to unclear associations.

Due to similar risk factors thought to cause coinfection of HPV re-
lated cancers of the cervix and oropharynx, our primary objective was
to determine the association between oropharyngeal and cervical on-
cogenic HPV in patients with confirmed HPV related OPSCC. In
achieving this objective, we aimed to determine the standardized in-
cidence ratio (SIR) of CC history in women with p16+ /-OPSCC. Based
on the shared risk factors, we hypothesized a strong association be-
tween HPV/p16 +ve OPSCC and CC.

2. Methods

We performed a population-based study, which is primarily ob-
servational. Ethics approval was obtained from the University of
Alberta Health Research Ethics Board (Pro00062302) prior to study
commencement.

Data was collected from a provincial cancer registry between 1997
and 2015. The study subjects included retrospectively were women
diagnosed with OPSCC. From 1997-2009, p16 staining was completed
and validated using tissue microarray as described previously [27].
From 2010-2015, pl6 immunohistochemistry was obtained from pa-
tients’ medical records, as this became the standard of practice for all
patients with OPSCC.

Variables and factors were collected prospectively. This included:
surname and first name, age at diagnosis, health care number, date of
birth, primary tumor site and subsite, American Joint Committee on
Cancer (AJCC) Tumor, Node, Metastasis (TNM) staging (7th Edition)
[28], tumor behavior, date of diagnosis, date of death, cell type of
malignancy, initial treatment date, treatment modality, vital status, p16
status, smoking history, CC history and date of diagnosis, positive pa-
panicolaou (PAP) history and date of last PAP performed. CC was de-
fined as either invasive CC or carcinoma insitu. Other premalingnancies
or different grades of dysplasia were not included in the analysis.

2.1. Statistical analysis

Basic descriptive and comparative statistics were used to analyze
the patients’ cohort. Non-parametric Mann Whitney and t tests were
used to compare means. Chi-square was used for categorical variables.
SPSS version 25 (IBM, Chicago, IL) was used for the analysis. The SIR
was calculated for CC history in women with p16+ /-OPSCC. This was
calculated based on the observed incidence of CC in women with
OPSCC and the expected incidence of CC according to the year and
region rates in the province of Alberta as per the Canadian Cancer
Statistics [29] as previously reported [30]. SIRs were age-adjusted, with
comparisons to expected incidence of CC for women of that age. A p-
value below 0.05 was considered statistically significant.

3. Results

According to our retrospective data and based on the Alberta Cancer
Registry between 1997-2015, 1864 patients were diagnosed with
OPSCC. 1,490 male OPSCC patients were excluded. Two additional
patients were excluded due to incorrect cancer sites labeling. A cohort
of 372 women were included in the analysis (Fig. 1).

Demographics, clinical and pathologic characteristics of the patient
cohort are described in Table 1. The data was stratified based on the
presence or absence of CC history. Of all women with OPSCC, 33 were
identified as having as ever having a history of CC. Patients with CC
history presented with OPSCC at a significantly younger age
(p = 0.002). The mean age that women presented with CC in
pl6+ OPSCC patients was 39.3 yrs compared to 44.4 yrs (p = 0.47) in
patients without p16+OPSCC. The mean pack year in smoking was
similar between groups (~ 24%).

Tumor characteristics were also similar in both groups. OPSCC
women with and without CC presented with comparable tumor stages,
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with (66.7 vs 59.2%) early- and (33.3 vs 40.6%) advanced-stage dis-
ease.

Tumor subsite distribution was also comparable. Women with
OPSCC and no history of CC most commonly presented with tumors in
the tonsil (51.9%), followed by the base of the tongue (BOT) (32.4%),
soft palate (8.6%), and posterior pharyngeal wall (PPP) (7.1%).
Similarly, women with OPSCC and CC most commonly presented with
tonsillar tumors (63.6%), followed by the BOT (27.2%) and soft palate
(9.1%). None had tumors arising from the PPP. Most importantly,
women with history of CC had a significantly higher pl6 positivity
(p = 0.04). It was identified in (54.7%) of women with OPSCC, and a
significantly higher percentage in those with positive history of CC
(76.1%).

The mean time from diagnosis of CC to OPSCC was 15.3 (SD 16.1)
years (Fig. 2). Most patients had a diagnosis of CC several years prior to
the development of OPSCC (84.8%). One patient was found to have CC
within the same year of OPSCC diagnosis.

When calculating the age-specific incidence (per 100,000) for CC in
patients with OPSCC compared to the general population in Alberta,
women with OPSCC who were above the age of 40 and below the age of
70 had a significantly higher SIR of CC in comparison to the general
population (p < 0.0001). Across all ages, women with OPSCC had a
significantly higher SIR of CC in comparison to the general population
(p < 0.0001). The age-specific incidence was low and similar in pa-
tients below the age of 40 (Fig. 3).

4. Discussion

Our study is consistent with several previous studies, which iden-
tified that women with a history of CC and/or premalignancies (spe-
cifically cervical intraepithelial neoplasia (CIN) and/or adenocarci-
noma in situ) are at increased risk of OPSCC [16-22]. Most of these
studies were limited by the heterogeneity of patient populations, which
included HNC sites other than the oropharynx such as the oral cavity
and larynx (not HPV-related). Although Svahn et al. [17] divided their
HNC groups based on the predicted level of association with HPV, they
all lacked p16 staining.

Some studies investigated smaller retrospective cohorts of women
with OPSCC to identify their risk of CC [22-25]. However, some lacked
pl6 status [22,25], while others stratified their data based on p16 status
when available [23,24]. Skinner et al. [22] studied a mixed small co-
hort of men and women (n = 143) with multiple potentially HPV-re-
lated cancers at different sites. Despite the lack of p16 information,
inability to identify the different sites and subsites of HNC, only half of
their diagnosed HNC patients were from the oropharynx.

A recent Danish study [23] found no difference in the association
between HPV/p16 +ve OPSCC and CC. However, they identified 1.35
greater odds of developing HPV/p16 +ve OPSCC in women with high
grade squamous cell abnormalities or CC. They attribute the lack of
statistical significance to the different oncogenic HPV subtypes avail-
able. We identified a p16 + ve status in 76.1%, which is more than 2/3
of the patients with history of CC (n = 33). In contrast, only 1.2% of
females in their patient cohort had a history of CC (3 patients among
the HPV +ve group and in 2 patients among the HPV-ve group) [23].
This may also be due to the shorter duration of their study that hindered
the ability to identify more patients diagnosed with CC or dysplasia.

Rietbergen et al. [24] studied a smaller cohort (n = 308) of patients
and showed that female patients with HPV+ve OPSCC had a sig-
nificantly higher history of suspicious PAP results compared to the
HPV-ve patients (16.1% vs. 4.2%), which is in agreement with our re-
sults. However, they did not define what a suspicious PAP meant,
whether CC or dysplasia.

As with previous studies, our data suggests that CC is most often
identified prior to OPSCC in cases patients who develop both cancers,
however, this does not demonstrate causality [17,22-24]. The asso-
ciation between OPSCC and CC is not surprising due to the mutual
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All OPSCC cases diagnosed in Alberta, obtained from
Alberta Cancer Registry from 1997-2015. N=1864

Men with OPSCC

N=1,490

Incorrect subsite

(1 hypopharynx, 1 oral cavity)
N=2

Women with OPSCC in Alberta

N=372

Fig. 1. Inclusion of patients included for retrospective analysis in this study.

Table 1
Clinical and pathologic characteristics of women with oropharyngeal cancer in
this study.

Characteristic All (N = 372) No history of History of P-value®
Cervical Cancer Cervical Cancer
(N = 339) (N =33)

Age (mean) 63.3 63.9 56.8 0.002
Mean pack years 24.1 24.1 24.3 0.96
T-stage (%)

T1 22.1 22.0 23.8

T2 37.7 37.2 42.9

T3 16.7 16.1 23.8

T4 23.3 24.5 9.5 0.43
N-stage (%)

NO 22.0 22.2 20.0

N1 17.7 17.9 15.0

N2 54.7 54.2 60.0

N3 5.5 5.6 5.0 0.97
Tumor subsite (%)

Tonsil 52.9 51.9 63.6 0.34

BOT 31.9 32.4 27.2

Soft palate 8.6 8.6 9.1

PPP 6.4 7.1 0
P16 positive (%) 56.8 54.7 76.1 0.04

2 Denotes statistical significance between patients with or without a history
of cervical cancer. BOT, base of tongue; PPP, posterior pharyngeal wall.

shared risk factors, biologic characteristics and pathogenesis in both
HPV related cancers [15,31,32]. Multiple theories contribute to carci-
nogenesis within the oropharynx, predominantly within the palatine
tonsils and BOT (lingual tonsils). Squamous epithelium from the head
and neck as with the cervix is derived embryologically from endoderm
and is predisposed to metaplasia. Other theories include factors such as
macroanatomy, microanatomy, microabrasion, M-cells and cytokines
[31,32].

Our results show that the SIR of developing CC in p16+OPSCC
patients in Alberta is considerably higher. This is in support of an older
study from our institution that analyzed a smaller cohort of patients

(n = 248), however pl6 status was not available [25]. The results re-
vealed an amplified risk of developing CC in OPSCC patients of at least
25 times greater in comparison to the general population. Multiple
studies calculated the SIR in CC or CIN patients for developing a second
primary [16,21,33], [18]. However, comparing our SIR with these
studies was not particularly useful; as they used non specific terms to
describe the different HNC sites [16,18,21,33].

One of the limitations of the study is related to the lack of identi-
fiable risk factors such as human immunodeficiency virus status, im-
mune status and sexual behavior that have been reported to play a role
in both OPSCC and CC. The strengths of our study were the ability to
obtain high-quality, individual-level data from a comprehensive pro-
vincially mandated cancer registry over a long time frame, which re-
duced the risk of selection bias and recall bias. Our study not only
looked at the oropharynx site specifically, but it also used pl6 as a
surrogate marker for oncogenic HPV. Our results clarify previously
unclear and conflicting literature regarding the association of CC in
HPV +ve OPSCC patients. The results increase our awareness to have
women with OPSCC counseled and screened for CC and vice versa to
identify suspicious lesions early and offer the necessary treatment in a
timely fashion.

Future prospective studies may help address the limitations of the
retrospective nature of the current study.

5. Conclusion

Women with HPV/p16+ OPSCC have a significantly higher risk of
CC compared to the general population. Based upon the known in-
creased risk of a subsequent HPV related cancer in this patient popu-
lation, patients should be counseled appropriately when seen in the
outpatient setting.
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Boxplot of Cervical Cancer Diagnosis in Oropharyngeal Cancer Patients
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Fig. 2. Temporal relationship between time of cer-
vical cancer and oropharyngeal cancer diagnosis. Dot
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plot demonstrates cases of oropharyngeal cancer in
women relative to previous diagnosis of cervical
cancer. Cases above 0 denote OPSCC cases diagnosed
after cervical cancer. Mean time from diagnosis of
cervical cancer to OPSCC is 15.3 (SD 16.1) years.
Mean time to diagnosis according to subsite was as
follows: 14.5 years for tonsil, 18.0 years for BOT and
13.7 years for soft palate (p = 0.61 between tonsil
and BOT, p = 0.92 between tonsil and soft palate).

Age-specific incidence of cervical cancer

Total for all ages: p<0.0001
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Fig. 3. Age-specific incidence of cervical cancer in patients with oropharyngeal cancer. Age-specific incidence is shown (per 100,000) for cervical cancer in patients
with OPSCC compared to the general population in Alberta. Statistics for the population in Alberta was obtained from the 2018 Canadian Cancer Statistics Report.
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