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ABSTRACT
Background

Sexually transmitted infection with the human papil-
lomavirus (Hpv) is responsible for a significant burden
of human cancers involving the cervix, anogenital
tract, and oropharynx. Studies in the United States
and Europe have demonstrated an alarming increase
in the frequency of Hpv-positive oropharyngeal cancer,
but the same direct evidence does not exist in Canada.

Methods

Using the London Health Sciences Centre pathology
database, we identified tonsillar cancers diagnosed
between 1993 and 2011. Real-time polymerase chain
reaction was then used on pre-treatment primary-site
biopsy samples to test for pna from the high-risk Hpv
types 16 and 18. The study cohort was divided into three
time periods: 1993—-1999, 20002005, and 2006—2011.

Results

Of 160 tumour samples identified, 91 (57%) were
positive for nev 16. The total number of tonsillar
cancers significantly increased from 1993—1999 to
20062011 (32 vs. 68), and the proportion of cases
that were Hpv-positive substantially increased (25%
vs. 62%, p < 0.002). Those changes were associated
with a marked improvement in 5-year overall survival
(39% in 1993—1999 vs. 84% in 20062011, p < 0.001).
When all factors were included in a multivariable
model, only Hpv status predicted treatment outcome.

2 These authors contributed equally to the manuscript.
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Interpretation

The present study is the first to provide direct
evidence that nev-related oropharyngeal cancer is
increasing in incidence in a Canadian population.
Given the long lag time between Hpv infection and
clinically apparent malignancy, oropharyngeal
cancer will be a significant clinical problem for the
foreseeable future despite vaccination efforts.
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1. INTRODUCTION

Historically, head-and-neck squamous cell carci-
noma has been known to strike elderly patients with
a prolonged history of tobacco and alcohol abuse.
After decades of public health initiatives, smoking
rates have declined markedly since the 1960s!. Paral-
leling that decline, rates of head-and-neck squamous
cell carcinoma have declined significantly. The ex-
ception has been the rate of oropharyngeal cancers
(orcs), particularly those involving the tonsils and the
base of the tongue?. In the United States and Europe,
orc has been shown to be dramatically on the rise
because of newfound associations with the human
papillomavirus (apv)>*.

Because of changes in sexual practices, rates of
sexually transmitted infections have risen steadily
over the last several decades’. Indeed, Hpv-related opc
has been specifically linked to increased numbers
of oral sex partners, especially in men®. Up to 80%
of sexually active individuals acquire an Hpv infec-
tion at some point in life, often in their late teens
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and early twenties; however, these infections for the
most part clear spontaneously’®. A fraction result
in the integration of viral pna into the genome of the
host’s cells. This integrated pna can induce cancers
years—often decades—Ilater. Indeed, most patients
with Hpv-related opc are diagnosed in their fifties and
sixties>!?. The contributors to this delay between
infection and development of cancer are not clearly
understood, but because of it and because of the in-
creasing rates of sexually transmitted infections, it is
likely that rates of Hpv-related orc will continue to rise
dramatically. This formidable trend has been called a
“slow epidemic,” and it holds profound implications
for health care resources. It also highlights the need
for new treatments for this subset of patients.

Although there is indirect evidence for this phe-
nomenon in Canada?!"!2_ it has not been confirmed
with Hprv-tested samples. The goal of the present
study was to provide the first direct evidence of this
dramatic trend in Canada.

2. METHODS
2.1 Study Population

Study approval was obtained from the University of
Western Ontario Research Ethics Board. A retrospec-
tive search of the London Health Sciences Centre
pathology database was performed for three time in-
tervals: 1993—1999, 2000—2005, and 2006—2011. All
available pathology reports were reviewed to identify
samples representing pre-treatment tonsillar biopsy
specimens of squamous cell cancer. Hematoxylin
and eosin slides were reviewed by study patholo-
gists (BW, KK) to confirm the presence of tumour.
For samples meeting the criteria, a retrospective
chart review extracted patient data, including age
at diagnosis, use of tobacco and alcohol, American
Joint Committee on Cancer TNM stage, treatment
regimen, and post-treatment follow-up information.

2.2 Analysis of Pathology Samples

Deparaffinization, bNa extraction, and detection of
high-risk Hpv types 16 and 18 by multiplex real-time
polymerase chain reaction (pcR) was performed as
previously described'?. Standard curves were pro-
duced from 10-times serial dilutions of CaSki cell
genomic DNA. CaSki cell pna was used as a positive
control for Hpv 16, and HeLa cell genomic pNna was
used as the positive control for vpv 18.

2.3 Statistical Analysis

The statistical analysis used the R system (The R
Foundation for Statistical Computing, Vienna, Aus-
tria), including the survival and mass packages. For all
analyses, a p value of 0.05 or less was considered sta-
tistically significant. Patient variables were compared

using the Fisher exact test. Changes in the proportion
of total and Hpv-positive patients over the three
time intervals were compared using the Cochran—
Armitage test. Recurrence-free survival was defined
as the time from completion of treatment to local,
regional, or distant recurrence. Survival curves were
created using the Kaplan—Meier method. The Cox
proportional hazards model was used to estimate
the relative hazard of mortality or recurrence during
the follow-up period and to perform univariable and
multivariable analyses. Variables identified in the
univariable model with a value of p <0.1 were selected
for inclusion in the multivariable model.

3. RESULTS

A search of the pathology database yielded 260
samples. Review of the pathology reports revealed
that 224 samples represented pre-treatment tonsil-
lar cancer biopsies, of which 184 were able to be
retrieved. Sufficient tissue for Hpv testing was avail-
able from 174 samples. Patient data for 14 patients
were inadequate, including 7 from 1993—-1999 (all
HPv-negative samples) and 3 from each of the sequen-
tial time intervals (2000—-2005: 2 of 3 nHpv-positive;
2006—-2011: 2 of 3 npv-positive). Among the remain-
ing 160 samples, Hpv 16 was detected in 91 (57%); no
sample was positive for upv 18.

3.1 HPV-Related OPC Occurs More Often in Young
Nonsmokers with Advanced Nodal Disease

Table 1summarizes patient demographics, tumour stag-
ing, and treatment details by npv status. Consistent with
other reports, HPv-positive tumours were associated with

younger nonsmokers with advanced nodal disease'.

3.2 HPV-Positive OPC Is on the Rise in
Southwestern Ontario

We observed a significant increase in the number of
total and Hpv-related tonsillar cancers over the sequen-
tial time intervals (Figure 1, Table 11, p < 0.002). In
contrast, the number of HPv-negative cases remained
stable (p > 0.05). This change was associated with
the change in patient demographics to younger pa-
tients with advanced nodal disease. From the first
time interval to the second and third, we observed a
significant change in treatment regimens, with most
patients receiving concurrent chemoradiation instead
of radiation alone (Table 1, p < 0.001).

3.3 Survival for Tonsillar Cancer Improved Over
Each Sequential Time Interval, Partially
Because of Changes in the Prevalence of HPV-
Positive Disease

Compared with HPv-negative patients, patients positive
for Hpv experienced markedly improved recurrence-free
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TABLE 1  Patient factors by positivity or negativity for the human
papillomavirus (HPV)

Characteristic Patient group (n) p
Overall — HPY—  HPV+ Value
Age
<60 Years 91 25 66 <0.001
>60 Years 69 44 25
Sex
Male 125 50 75 0.18
Female 35 19 16
T Classification
1 41 14 27 0.42
2 61 26 35
3 40 19 21
4 18 10 8
N Classification
0 33 23 10 0.004
1 24 11 13
2 86 29 57
3 17 6 11
Overall stage
1 8 6 2 0.015
i 16 11
1 27 13 14
v 109 39 70
Smoking
Never 30 4 26 <0.001
1-9 py 11 4 7
10-19 py 21 6 15
>20 py 88 50 38
Unknown 10 5 5
Alcoholic drinks
<21 Weekly 109 42 67 0.17
>21 Weekly 44 24 20
Unknown 7 3 4
Treatment
CRT 97 28 69 <0.001
Radiation 50 34 16
Induction+crr 6 3 3
Surgery+crr
TORSHND 2 0 2

2 By Fisher exact test.
py = pack—years; crT = chemoradiation; TOrRs = trans-oral robotic
surgery; ND = neck dissection.

and 5-year overall survival (recurrence-free survival:
82% vs. 53%; overall survival: 83% vs. 37%; p <0.0001;
Figure 2). Because most patients received either radia-
tion or concurrent chemoradiation, we excluded the 13
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FIGURE 1 Proportion of tonsillar carcinomas positive and negative
for the human papillomavirus (upv) (4) by year of diagnosis and
(B) during three sequential time intervals.

patients who received alternative treatment regimens,
leaving 147 patients for analysis.

Improved survival was noted for each sequential
time interval (Figure 3, p <0.001). Univariable analy-
sis over the entire period revealed that age greater
than 60 years, tobacco and alcohol use, HPV-negative
status, radiation alone, and receiving treatment in
the 1993—-1999 interval were each associated with a
poorer outcome (Table 111, p <0.05). When all factors
reaching p < 0.1 were included in a multivariable
model, only Hpv status predicted treatment outcome
(Table ).

It should be noted that the TNM staging system
changed during the intervals studied. Imaging was
not consistently available for all patients, and thus a
retrospective restaging of patients from the earlier
intervals was not possible. To determine if stag-
ing played a significant role in patient survival, we
specifically analyzed the effect of T and N stage by
HPV status for the entire cohort and each time period
(Table 1v). In all scenarios, T and N stage were not
statistically significant predictive factors.

4. INTERPRETATION

In the United States and Europe, there is compel-
ling evidence that opc is on the rise, and that the
increase is primarily a result of increasing rates of
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TABLE I  Patient factors and human papillomavirus (Hpv) status by time interval

Characteristic

Patients by time interval (n)

p
Overall 1993-1999  2000-2005 2006-2011 Value®
Age <60 Years 91 11 35 45 0.01
>60 Years 69 21 25 23
Sex Male 125 24 46 55 0.77
Female 35 8 14 13
T Classification 1 41 12 20 0.84
2 61 11 26 24
3 40 16 15
4 18 3 6 9
N Classification 0 33 9 11 13 0.015
1 24 11 5 8
2 86 9 37 40
3 17 3
Overall stage 1 8 3 3 0.02
1 16 3
1 27 12
v 109 14 46 49
Smoking Never 30 3 10 17 0.65
1-9 py 11
10-19 py 21 6 6 9
>20 py 88 20 34 34
Unknown 10 1 5 4
Alcoholic drinks <21 Weekly 109 19 38 52 0.12
>21 Weekly 44 13 18 13
Unknown 7 0 4 3
Treatment CRT 97 4 46 47 0.001
Radiation alone 50 25 14 11
Induction+crr 0 6
Surgery+crt 3 0 2
TORSHND 0
HPV Negative 69 24 19 26 0.0001
Positive 91 8 41 42

2 By Fisher exact test.

py = pack—years; crRT = chemoradiation; TOrRs = trans-oral robotic surgery; ND = neck dissection.

upv-related opc3#. The strongest study was carried out
by Chaturvedi and colleagues®, who used multiple
methods to test for Hpv in 271 specimens collected by
three population-based cancer registries in the Sur-
veillance, Epidemiology, and End Results Residual
Tissue Repositories Program. They definitively found
that the prevalence of Hpv increased significantly
from 1984 to 2004 and that survival was significantly
improved for HPv-positive patients compared with upv-
negative patients. It has been assumed that this same
phenomenon is occurring elsewhere in the world.
In Canada, population-based studies have
provided indirect evidence of the phenomenon by

demonstrating that the incidence of head-and-neck
cancers at Hpv-related anatomic sites (oropharynx)
are rising and that those of smoking-related sites (for
example, oral cavity) are declining?-!!12. However, no
previous study has performed npv testing of tumour
samples, and thus we have attempted to provide the
first direct evidence of this dramatic shift in disease
prevalence and demographics.

The data we provide have several potential meth-
odologic shortcomings:

* Inclusion of patients in the pathology database
may have varied over time.
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FIGURE 2 (A) Disease-free and (B) overall survival for tumours
positive and negative for the human papillomavirus (apv).

* Changes in the catchment area of our institution
are possible.

» The TMN staging system changed over the study
period.

* A small but increased potential for bias is present
because, in the early time frame, patients were
lost because of charts being unavailable.

+ Patients and samples were drawn from a single
centre.

* The samples obtained reflect a relatively small
proportion of the patients actually treated at
our centre.

The fact that Hpv-negative cases remained stable
during the three time intervals while the Hpv-positive
cases increased dramatically argues against the first
two points playing a major role. Although the TNM
staging system did change over time, our analysis
stratified by time period and T and N stage (Table 1v)
argues against that factor being a major confounder.
Regarding chart unavailability, 7 of 39 patients were
excluded for the 1993—1999 period compared with 3
of 60 and 3 of 68 for the 2000—2005 and 2006—2011
periods respectively (p < 0.05). However, all 7 of the
patients from the earliest period were HPv-negative,
compared with only 1 of 3 patients from each of the
two subsequent periods, which would result in a con-
servative bias (toward a null result), and thus would
be unlikely to have affected the validity of the study.

Although a single-centre study raises questions
about generalizability, the head-and-neck cancer
team at London Health Sciences Centre manages
a high-volume program that treats approximately
400 newly diagnosed head-and-neck cancers each
year, approximately one quarter of which are opcs.
Although it is just one centre, it may be even more
representative of the Canadian experience than that
studied by Chaturvedi et al.3, particularly when ac-
counting for the disparity in country population size.

Of approximately 100 orcs handled at the Lon-
don Health Sciences Centre annually, about 60% are
tonsillar cancers, implying that roughly 1000 cases
were treated during the entire study period. However,
many patients are initially biopsied in the community
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FIGURE 3 (A) Recurrence-free and (B) overall survival during three
sequential time intervals.

(with the biopsy thus being unavailable) or are treated
based solely on fine-needle aspiration of a cervical
lymph node. Indeed, Chaturvedi et al. were able to
retrieve samples from fewer than 5% of the patients
identified in their three population-based registries,
compared with approximately 16% of the patients
located in our study.

Given that Hpv status is being incorporated into
clinical care pathways and clinical trials, accurate
determination of Hpv status has become extremely
important in contemporary head-and-neck oncology
practice. Immunohistochemical expression of pl6
in oropharyngeal samples is highly correlated with
upv status'4!3 and is used in many centres through-
out Canada because it is inexpensive and easily
implemented in any pathology lab. Although most
orcs are clearly positive or negative by pl6 immu-
nohistochemistry, ambiguous staining patterns are
not infrequent!>. In addition, pl6 appears to be a
highly sensitive (96.8%), but only moderately spe-
cific (83.8%) marker of Hpv status compared with the
“gold standard” of Hpv E6/E7 expression by reverse
transcriptase real-time pcr!3. Other methods include
conventional pcr, which appears to yield a high rate
of false positives'?, in situ hybridization, and real-time
pcR. The authors have had experience with in situ hy-
bridization and have previously demonstrated a very
high correlation with pl6 status'4; however, other
investigators have reported difficulties optimizing
the assay and a poorer correlation with pl6 and E6/
E7 expression!>. We currently favour real-time pcr,
with all samples tested in triplicate and repeated if
any discrepancies arise. We reported a very high
correlation with p16 status!3, and our method has the
advantage of working with pNaA, which is significantly
more stable than rRNa. The pcr techniques also offer
the ability to carry out HPv type-specific testing,
which may be important, because different upv-types
may portend a different prognosis, as is observed in
cervical cancer!31°,

The implications of what has been described as a
“slow epidemic” of head-and-neck cancer are signifi-
cant. Given the trends that have been observed and
the approximately 40-year lag time between infection
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TABLE 111 Univariable and multivariable predictors of recurrence-free and overall survival

Variable Univariable analysis Multivariable analysis
HR 95% cr® p Value® HR 95% ci? p Value®
Recurrence-free survival

Age >60 vs. <60 Years 2.13 1.10t0 4.10 0.02 0.31 0.63 t02.73 0.48
Sex Male vs. female 1.14 0.52 t0 2.50 0.74

T stage 3+4 vs. 1+2 0.99 0.51t0 1.95 0.98

N stage N2/3 vs. N1/0 0.69 0.37 t0 1.29 0.25

Smoking >10 py vs. <10 py or unknown 1.96 1.00 to 3.86 0.05 1.41 0.67 t0 2.98 0.36
Alcoholic drinks > 21 vs. <21 weekly and unknown 2.05 1.05 to 4.00 0.03 1.68 0.83t0 3.38 0.15
HPV Positive vs. negative 0.25 0.13t0 0.49  <0.001 0.37 0.17 to 0.81 0.01
Treatment RT VS. CRT 2.78 1.46 t0 5.28 0.002 2.15 0.95 to 4.89 0.06
Time interval 20002011 vs. 1993-1999 0.46 0.23t0 0.92 0.03 1.47 0.60 to 3.60 0.4

Overall survival

Age >60 vs. <60 2.49 1.41 to 4.40 0.002 1.51 0.81 t0 2.83 0.2
Sex Male vs. female 1.64 0.88 t0 3.04 0.12

T stage 3+4 vs. 1+2 1.43 0.83t0 2.46 0.20

N stage N2/3 vs. N1/0 0.69 0.41to1.17 0.17

Smoking >10 py vs. <10 py or unknown 1.79 1.01to 3.17 0.05 1.07 0.57 t0 2.00 0.84
Alcoholic drinks >21 vs. <21 weekly or unknown 2.25 1.3t03.9 0.004 1.79 1.00 to 3.22 0.05
HPV Positive vs. negative 0.21 0.11t0 0.39  <0.001 0.29 0.14t00.58  <0.001
Treatment RT VS. CRT 2.09 1.21 to 3.61 0.008 1.03 0.50t02.13 0.95
Time interval 20002011 vs. 1993-1999 0.41 0.23t0 0.73 0.002 0.78 0.37 to 1.64 0.50

2 By Cox proportional hazard analysis.
b Wald test.

HR = hazard ratio; c1 = confidence interval; py = pack—years; RT = radiotherapy; crT = chemoradiation.

and manifestation of the disease, HPv-positive cancer
will be a problem for the foreseeable future. Although
HPV vaccination offers the potential to stem this trend,
vaccination rates in Canada remain low!” and will not
demonstrate an effect on head-and-neck squamous
cell carcinoma rates for decades. In the interim, the
HPv opc epidemic will have tremendous implications
for health care resources: These typically younger,
healthier patients have a high chance of surviving
their disease®, and they will have to live with the
toxicity of treatment for many decades.

In Canada, most centres favor concurrent che-
motherapy and radiation for the primary treatment of
these cancers. This treatment is effective, and most
patients have an excellent post-treatment quality of
life. However, a subset of patients suffer severe side
effects, including hearing loss, neuropathy, renal
failure, dysphagia requiring long-term gastrostomy
tube dependence, and osteoradionecrosis!'®. Given the
favourable prognosis in this patient cohort, tremen-
dous interest has been expressed for de-escalating
therapy to decrease toxicity. Potential de-escalation
strategies include reduced doses of radiation or che-
motherapy (or both), or avoidance of chemotherapy

entirely for low-risk patients. Indeed, O’Sullivan and
colleagues!® retrospectively demonstrated that upv-
positive patients with early-stage neck disease (N2B
or less) may be adequately treated with radiotherapy
alone. Future prospective trials focusing solely on
Hpv-positive disease—such as Radiation Therapy
Oncology Group 1016, which is comparing chemo-
radiation with radiation and cetuximab (http:/www.
clinicaltrials.gov/ct2/show/NCT01302834)—are essential
to optimize treatment for this patient cohort.

5. CONCLUSIONS

The rates of npv-related tonsillar cancer are on the
rise in Canada. Although patients tend to experi-
ence improved survival after treatment, this rising
burden of disease has tremendous implications for
the demand on health care resources. Furthermore,
these young patients (and the health care system)
will also have to deal with the toxicity-related con-
sequences of their cancer treatment for decades to
come. Available prophylactic vaccinations hold the
potential to eradicate nrv-related disease in the long
term; however, further public health interventions are
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needed to increase vaccination uptake. In the interim,
prospective trials are needed to delineate the optimal
management of this patient cohort.
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