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ABSTRACT: Human papillomaviruses (HPVs) are involved in approx-
imately 5% of all human cancer. Although initially recognized for causing
nearly all cases of cervical carcinoma, much data has now emerged
implicating HPVs as a causal factor in other anogenital cancers as well as a
subset of head and neck squamous cell carcinomas (HNSCCs), most
commonly oropharyngeal cancers. Numerous clinical trials have
demonstrated that patients with HPV+ oropharyngeal squamous cell
carcinoma (OPSCC) have improved survival compared to patients with
HPV— cancers. Furthermore, epidemiological evidence shows the
incidence of OPSCC has been steadily rising over time in the United
States. It has been proposed that an increase in HPV-related OPSCCs is
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the driving force behind the increasing rate of OPSCC. Although some studies have revealed an increase in HPV+ head and neck
malignancies over time in specific regions of the United States, there has not been a comprehensive study validating this trend
across the entire country. Therefore, we undertook this meta-analysis to assess all literature through August 2013 that reported
on the prevalence of HPV in OPSCC for patient populations within the United States. The results show an increase in the
prevalence of HPV+ OPSCC from 20.9% in the pre-1990 time period to 51.4% in 1990—1999 and finally to 65.4% for 2000—
present. In this manner, our study provides further evidence to support the hypothesis that HPV-associated OPSCCs are driving
the increasing incidence of OPSCC over time in the United States.

B INTRODUCTION

Over the past 25 years, human papillomaviruses (HPVs) have
been discovered to cause approximately 5% of all human
cancer." They are etiologically associated with nearly all cervical
carcinomas,” and significant data has emerged revealing the
importance of HPVs in other anogenital cancers® as well as
head and neck squamous cell carcinomas (HNSCCs). Although
HPYV can be detected in numerous aerodigestive cancers of the
head and neck; it is most prevalent in oropharyngeal squamous
cell carcinoma (OPSCC).** The discovery of HPV as a
causative agent in HNSCC represents an important shift in the
epidemiology of this cancer. Historically, patients with HNSCC
were older and had extensive tobacco and alcohol use histories.
In contrast, patients with HPV+ HNSCC tend to be younger
and have risk factors classically associated with cervical cancer,
including a high number of sexual partners, an early age of first
sexual encounter, and prior sexually transmitted infections.%”
HNSCC serves as a major cause of morbidity and mortality
in the United States, representing the sixth most common
cancer.® The standard of care (SOC) for patients with HNSCC
includes a combination of chemotherapy, radiation, and
surgery, all of which can lead to significant acute and long-
term consequences. In clinical trials, patients with HPV+
tumors have consistently demonstrated improved response to
treatment compared to patients with HPV— cancers.”” "> Thus,
HPV status represents an independent and important
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prognostic factor in OPSCC. Moreover, numerous studies
have demonstrated distinct molecular differences between HPV
+ and HPV— HNSCCs, which likely underlie their differential
response to treatment.'*™' Currently, the SOC treatment for
HNSCC is the same regardless of HPV status.'”'® Because
HPV+ HNSCC is now recognized to be a distinct disease from
HPV— HNSCC, there is a move within clinical oncology to
tailor treatment on the basis of the HPV status of the patient’s
cancer.

To evaluate the rationale underlying the drive to stratify
HNSCC treatment by HPV status, it is prudent to investigate
the emergence of HPV as an etiological factor in HNSCC.
Gissmann et al. first described HPV presence in the head and
neck region in 1982 when they noted HPV DNA in patients
with laryngeal papillomas.'® Syrjanen et al. then detected HPV
antigens in oral squamous cell lesions in 1983.*° The first
mention of HPV in the oropharynx, specifically the palatine
tonsils, was documented in 1989 when Brandsma and
Abramson showed the presence of HPV16 DNA in two of
seven tonsillar squamous cell carcinomas.?’ Since that time, an
abundance of data has surfaced implicating HPVs in the
oncogenesis of HNSCC, predominantly OPSCC.*>"** One
large meta-analysis examined worldwide publications through
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2004 employing PCR-based methods for the detection of HPV,
and it showed a HPV prevalence of 35.6% in the oropharynx
and 23.5% at other oral cavity sites.”> However, this study did
not determine if the prevalence of HPV+ cancers was static or
changed over time.

Numerous groups have examined the prevalence of HPV in
HNSCCs across time. Chaturvedi et al. evaluated the incidence
of head and neck cancer between 1973 and 2004 from nine
SEER databases.”® They did not carry out any molecular
analyses to identify patients with HPV+ cancers, but they
instead stratified patients into either HPV-related or -unrelated
groups on the basis of the anatomic site of their cancer
(oropharynx versus all other sites, respectively). Their study
revealed a statistically significant increase in HPV-related
cancers and a decrease in HPV-unrelated cases.”® In another
study, they evaluated 271 oropharyngeal cancer cases from
three SEER databases for the presence of HPV DNA and found
that HPV prevalence increased from 16.3% during 1984—1989
to 72.7% for 2000—2004.”" Similarly, Ernster et al. assessed
incidence data for oropharyngeal cancer from 1980 to 1990
compared to 1991—2001 for Colorado and the United States
via the Colorado Central Cancer Registry and the SEER
program, respectively.”® They showed an increased incidence of
oropharyngeal cancers in both Colorado and the United States
between the two time periods. Furthermore, they analyzed
oropharyngeal cancer specimens from 72 patients in one
county in Colorado and demonstrated a rise in HPV prevalence
from 20% in 1980—84 to 82% in 2000—04.*° Simard et al.
revealed a similar trend of increasing incidence for orophar-
yngeal cancer in white men and women of 4.4 and 1.9% per
year, respectively, between 1999 and 2008 on the basis of data
from the North American Association of Central Cancer
Registries.29

Thus, on the basis of the current literature, it is evident that
OPSCC is on the rise in the United States. Interestingly,
Chaturvedi et al. revealed the number of OPSCC cases in men
and women combined has surpassed the number of cervical
cancer cases in women in recent years.27 It is imperative to
understand the driving force behind the increasing incidence of
OPSCC. The current belief is that a steadily rising rate of HPV-
associated malignancies is driving the incidence of OPSCC, but
the majority of studies solely examine a cross section of
individuals at one time and a single location in the United
States. Therefore, we undertook this meta-analysis to evaluate
changes in the prevalence of HPV in OPSCC across the United
States over the last several decades. Our results demonstrate a
highly statistically significant increase in the prevalence of HPV
+ OPSCCs across the three time periods analyzed: pre-1990,
1990—1999, and 2000—present. This analysis provides further
evidence for the hypothesis that the rising incidence of OPSCC
in the United States is a result of HPV-associated malignancies.
Thus, it is important moving forward to consider HPV status in
clinical trials for HNSCC, particularly OPSCC.

B EXPERIMENTAL PROCEDURES

Article Selection. The NIH PubMed search engine was used to
identify publications via the following keyword searches: “HPV
prevalence in oropharyngeal cancer”, “HPV and tonsillar cancer”,
and “HPV prevalence in tonsillar cancer”. Titles and abstracts were
examined to identify articles through August 2013 that presented data
on the prevalence of HPV in OPSCC by polymerase chain reaction
(PCR), in situ hybridization (ISH), pl6 immunohistochemistry
(IHC), or other methods for HPV detection. Any articles that fit
within the scope of these broad criteria were selected for the
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assessment of the entire study. Additional relevant papers were
identified by methodically evaluating the reference sections of other
review articles”*® and meta-analyses.”>*"** In a similar manner to the
process described above, abstracts were screened to identify articles
reporting on the prevalence of HPV in OPSCC based on molecular
detection methods. Articles meeting these criteria were then subjected
to a more complete and thorough review.

Exclusion Criteria. Studies were initially excluded for the following
reasons: review articles, papers in which molecular methods to detect
HPV were not employed, failure to distinguish oropharyngeal cancers
from other oral cavity sites, and patient populations outside the United
States. To be evaluated in the context of our meta-analysis, articles
required a minimum amount of data. This included a description of
the type of samples analyzed, detection method, time period of sample
collection, number of HPV+ OPSCCs, and total number of OPSCCs
analyzed (Table S1). However, five articles did not report the sample
collection time period,'"****73 and two did not describe the number
of HPV+ OPSCCs detected.””*® Therefore, we e-mailed authors from
these seven articles to glean this information (if available), which
allowed us to increase the number of articles included in our analysis.
Furthermore, four other articles®*”° reported HPV positivity at
some sites in the oropharynx such as the tonsil, but they then provided
information for broader anatomic areas (tongue, pharynx, and palate)
that could have included additional oropharyngeal samples. We e-
mailed these authors to ask them to breakdown tongue into base of
tongue (oropharynx) versus oral tongue, pharynx into lateral/posterior
pharyngeal walls (oropharynx) versus other pharynx, and palate into
soft palate (oropharynx) versus hard palate. If they provided us with
this information, then we could increase the sample size for that article.
However, if the authors did not reply or could not breakdown these
anatomic areas further, then we still included data from these articles
by utilizing information for samples in their study that definitively
arose from the oropharynx or anatomic subsites within the oropharynx
and not including samples from broader anatomic regions. Overall, we
received responses related to eight of the 11 articles, and the insight
gained from these correspondences is detailed in the footnotes of
Table SI. Lastly, additional articles were excluded because of
redundant patient populations (here, we included the articles reporting
on the larger number of patients), failure to provide the time period
for their sample collection, and failure to report the number of HPV+
OPSCCs detected (Figure 1).

Data Abstraction. Data collected from all articles included title,
authors, journal, year published, country, description of patients,
anatomical sites of cancers analyzed, type of sample (formalin-fixed,
paraffin-embedded versus fresh frozen), HPV detection method,
sample collection period, overall number of head and neck cancers
analyzed, and number of cancers that were HPV+. We stratified the
head and neck cancers from these studies into oropharyngeal (tonsil,
base of tongue, soft palate, lateral, and posterior pharyngeal walls) and
nonoropharyngeal (all other sites). Our final data included the overall
number of HPV+ OPSCCs out of the total number of OPSCCs
analyzed by a specific article and stratified by the time period from
which the samples originated.

Statistical Analysis. The statistical analyses were performed with
the goal of estimating the prevalence of HPV in OPSCC in the United
States from 1980 through August 2013. HPV prevalence was defined
as the number of patients with OPSCC whose tumors demonstrated
the presence of HPV divided by the total number of OPSCCs
analyzed. Linear regression was used on the basis of log-transformed
prevalence values and was weighted by the number of OPSCCs
assessed in each study. HPV prevalence was subsequently stratified by
year on the basis of the midpoint of the first and last years of the study
collection period.>* As shown in Table S1, three articles separated their
samples into multiple time periods. In this manner, we had a total of
38 data points from the 30 studies included in our analysis (Figure
2A). The midpoint year was used in the model as a categorical variable
grouped as pre-1990, 1990—1999, and 2000—present. In addition, we
evaluated the prevalence of HPV based on the method employed for
HPYV detection. Only studies with a midpoint year of 1997 or later that
used PCR- or ISH-based methods were included in this analysis. To
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Figure 1. Flow diagram depicting the exclusion and inclusion of
articles used in our meta-analysis.

evaluate whether HPV prevalence differed by time period or method
of detection, two-sided 95% confidence intervals were calculated and
adjusted using the Bonferroni method. All analyses were performed
using the procedure PROC GLM from SAS/STAT software (version
9.3).

B RESULTS

Article Selection and Characteristics. In all, 643 articles
were identified from our broad PubMed searches. After
examining titles and abstracts to select articles that reported
on the prevalence of HPV in OPSCC or at anatomic subsites in
the oropharynx, 512 were excluded. An additional 10 studies
assessing patients from the United States were identified b
evaluating the reference sections of other articles.”***°~** Of
the 141 articles that underwent full review, 42 were excluded
because they were either review articles, did not employ
molecular techniques to detect HPV, or did not distinguish
anatomical sites of the oropharynx from other areas within the
head and neck. Subsequently, 63 articles were excluded because
they reported on patient populations outside the United States.
Thus, we were left with 36 articles. Next, as detailed in the
Experimental Procedures, we contacted authors from 11 studies
to gather further information about their work (if available) that
allowed us to either (a) include articles that initially would have
met exclusion criteria (specifically, did not report sample
collection time period (n = S) or number of HPV+ OPSCCs
detected (n =2)) or (b) increase the sample size for a particular
article by further stratifying specific anatomic areas: tongue,
pharynx, and palate (n = 4). We received responses related to
four of five articles in which the authors were queried regarding
the time period for their sample collection,""****** two of two
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Figure 2. Prevalence of HPV in OPSCC over time in the United
States. (A) Scatterplot demonstrating the prevalence of HPV in
OPSCC reported by each article included in our analysis. The median
year for the study’s sample collection period was used as the time
point. (B) Boxplots of the HPV prevalence in OPSCC stratified into
three time periods: pre-1990, 1990—1999, and 2000—present.

articles in which the authors were queried regarding the
number of HPV+ OPSCCs detected””*® (only one had the
requested data®”), and two of four in which the authors were
queried regarding stratification of anatomic sites®®*® (again,
only one group could provide this information®®). More
detailed descriptions of the data gathered from these authors
are described in the footnotes of Table S1. Importantly, this
correspondence led to the identification of additional articles
that needed to be excluded because of redundant patient
populations (n = 4)""****! (here, we included the articles
reporting on the larger number of patients). Lastly, two more
articles were excluded: one for failing to provide the time
period for their sample collection®® and another that did not
report the number of HPV+ OPSCCs detected.*® Ultimately,
we included 30 articles in this meta-analysis (Figure 1 and
Table S1).

The 30 articles in our study reported on the HPV prevalence
in 3428 patients with HNSCC. There were 2099 patients with
OPSCC. On average, each article presented on the HPV status
for 70 (range 7—323) patients with OPSCC. Twenty-three
studies analyzed formalin-fixed, paraffin-embedded (FFPE)
tumors, five used fresh frozen tissue, and two used a
combination of FFPE and fresh frozen samples. A variety of
molecular methods were utilized for the detection of HPV. In
some studies, multiple methods were employed to compare
their efficacy. For our analysis, we collected data on the basis of
the method utilized to make the final decision on HPV status.
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In this context, 18 studies used PCR-based methods, eight, ISH,
two, PCR with flight mass spectroscopy (Attosense HPV Test),
one, Southern blot, and one, a combination of pl6 IHC
followed by ISH and PCR. Specific data for each article can be
found in Table S1. Importantly, these studies reported on
patients from across the United States including California,
Colorado, Connecticut, Hawaii, Iowa, Louisiana, Maryland,
Massachusetts, Michigan, Minnesota, Missouri, New York,
North Carolina, Pennsylvania, Vermont, and Washington.
HPV Prevalence in Oropharyngeal Cancer. The
prevalence of HPV in OPSCC (HPV prevalence) in each
study group is displayed in Figure 2A as a function of the
median year of the sample collection period. To assess the
relationship between HPV+ OPSCCs and time in greater detail,
we divided the articles into three time periods on the basis of
the median year of the sample collection period: pre-1990,
1990—1999, and 2000-present. Figure 2B displays the raw data
for the prevalence of HPV in OPSCC across the three time
periods. On the basis of our statistical analysis, the mean
prevalence of HPV was 20.9% (95% CI: (11.8, 37.0%)) in pre-
1990, 51.4% (95% CI: (45.4, 58.2%)) from 1990 to 1999, and
65.4% (95% CI: (60.5, 70.7%)) for 2000—present (Table 1).

Table 1. Prevalence of HPV in OPSCC in the United States

number total number of mean HPV+ OPSCC

time period of studies OPSCCs analyzed  prevalence (95% CI)
pre-1990 s 82 209 (11.8, 37.0)
19901999 15 684 S1.4 (454, 58.2)
2000—present 18 1333 65.4 (60.5, 70.7)

The differences in HPV prevalence values across the three time
periods, pre-1990, 1990—1999, and 2000—present, were found
to be highly statistically significant, with p values of 0.004 (pre-
1990 vs 1990—1999), 0.002 (1990—1999 vs 2000—present),
and <0.001 (pre-1990 vs 2000—present).

Next, we investigated whether the detection method utilized
led to a difference in HPV prevalence. Because the majority of
studies employed either HPV DNA PCR- or ISH-based
methods, we compared HPV prevalence between these two
categories. The first year ISH was employed in these studies
was 1997. Therefore, we restricted our evaluation to studies
from 1997 to the present because, had we included studies
prior to 1997, we would have artificially lowered the prevalence
of HPV detected by PCR because HPV prevalence was lower in
earlier populations. Overall, we compared eight articles
reporting on 718 OPSCC specimens via ISH and nine articles
evaluating 501 OPSCC samples by PCR (Table 2). The

Table 2. Frequency of HPV+ OPSCC Detected by PCR
versus ISH

detection  number of total number of mean HPV+ OPSCC

method studies OPSCCs analyzed prevalence (95% CI)
ISH 8 718 63.1 (55.7, 71.6)
PCR 9 501 633 (544, 73.6)

observed HPV prevalence value from each article is displayed in
Figure 3, with the relative size of the data point representing the
number of OPSCCs analyzed. By weighting the studies on the
basis of the number of OPSCCs analyzed, the estimated HPV
prevalence was 63.1% (95% CI: (55.7, 71.6%)) and 63.3%
(95% CI: (54.4, 73.6%)) for ISH and PCR, respectively. Thus,
there was no statistically significant difference between the
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Figure 3. Frequency of HPV+ OPSCC detected by PCR versus ISH.
The prevalence of HPV in OPSCC for articles with a median sample
collection year from 1997 to the present employing ISH- or PCR-
based methods for HPV detection. The relative size of the data point
circle is dependent on the number of OPSCCs analyzed in the article.

mean HPV prevalence detected by ISH compared to PCR (p
value = 0.98).

B DISCUSSION

Numerous groups have noted a steady rise in the incidence of
OPSCC in the United States.*****® It is now well-accepted that
HPV represents an etiologic agent in a proportion of
OPSCCs,* and it has been hypothesized that the driving
force behind the rising incidence of OPSCC in the United
States is an increase in HPV-related malignancies. To date,
there has not been a meta-analysis focusing on the trend of
HPYV prevalence in OPSCC across the United States over time.
By analyzing all of the published literature reporting on patient
populations in the United States on this topic, we have
demonstrated a clear increase in the proportion of HPV-
positive OPSCCs since 1980 until present day. Separating the
samples into three discrete time periods, pre-1990, 1990—1999,
and 2000—present, the mean prevalence of HPV detected in
OPSCC rose from 209 to 51.4 to 65.4% (Table 1),
respectively. This analysis provides further evidence that HPV
represents the likely culprit underlying the increasing incidence
of OPSCC in the United States. Moreover, our results are in
agreement with another meta-analysis that assessed the global
prevalence of HPV across time, although that article did not
distinguish the United States from North America.*”

Many aspects of our study make these results robust. First,
we made a strong and concerted effort to exclude any articles
with redundant patient populations. This was accomplished by
correspondence with authors who published multiple articles
on this subject. We discovered this was a relatively common
occurrence, and it would have been difficult to recognize this
problem without direct discussions with the authors. In
addition, we gathered new information from multiple authors,
which allowed us to expand the number of articles included in
our study (Table S1). Furthermore, we did not exclude articles
on the basis of sample size, but instead, we employed statistical
models to weight studies on the basis of the number of OPSCC
specimens analyzed.

dx.doi.org/10.1021/tx500034c | Chem. Res. Toxicol. 2014, 27, 462—469



Chemical Research in Toxicology

Despite these efforts, there are, of course, limitations to this
analysis. First, we focused on the published literature and did
not delve into unpublished data. In this manner, it is possible
we have introduced publication bias into this work. Another
potential area for concern is that the articles examined a wide
range of specimens from varying years and therefore the less
frequent detection of HPV in earlier time periods could simply
be a consequence of reduced quality of those samples.
However, most of the studies (13 out of 18) that included
specimens from more than 10 years prior to the publication
date carried out quality-control analyses on all of their samples
using PCR amplification of beta-globin, beta-actin, or another
housekeeping gene to determine whether the tissue was of high
enough quality to undergo further analysis.””*****7>' Like-
wise, six of the seven articles with samples from 15 years or
greater before the year of publication carried out similar quality-
control measurements.””*****~* Thus, poor quality of older
samples should not have significantly affected our data because
a high proportion of these articles verified the integrity of their
tissue prior to HPV detection. Along the same line, it is possible
that changes in the sensitivity of HPV detection methods over
time could have influenced this analysis. Two recently
published articles (2011*7 and 2007°®) evaluated samples
from the 1980s through early 2000s. They divided their
specimens into four or five consecutive time periods on the
basis of the year that the samples originated in order to assess
for any changes in HPV prevalence across time. Importantly,
they performed quality-control evaluations, as described above,
to ensure that degradation of tissue did not influence their
results.””*® Utilizing present-day HPV detection methods, both
articles revealed a rising prevalence of HPV+ OPSCCs across
the different time periods, consistent with the pattern seen in
our meta-analysis. Therefore, it is unlikely that changes in the
sensitivity of HPV detection methods over the time period in
which the included studies were performed confound the
interpretation of our meta-analysis. Lastly, the data was
collected in a retrospective fashion, and the studies were
carried out by numerous groups utilizing a variety of criteria for
patient inclusion/exclusion, gold standards for determining
HPV-positivity, and many different assays for HPV detection.

The majority of studies in this analysis used HPV DNA ISH-
or PCR-based methods for HPV detection. Although there was
not a statistically significant difference in the prevalence of HPV
detected by ISH or PCR (Table 2), it is important to assess the
commonly utilized methods for HPV detection (reviewed in ref
52). For PCR, there a number of primer sets available that
target degenerate sequences common in multiple HPV
genotypes or gene regions specific to certain HPV genotypes
such as HPV 16 (implicated in almost 90% of HPV-associated
OPSCCs),” 18, 31, 33, and others. PCR assays are highly
sensitive and can detect a small quantity of HPV DNA.
However, PCR cannot distinguish whether the HPV originated
within tumor or adjacent nontumor cells, leading to the
concern that PCR alone could lead to false positive results.
Similar to PCR, there are numerous molecular probes available
for HPV DNA ISH. One advantage to ISH is that it
demonstrates the cellular location of the HPV. However, a
key pitfall to both HPV DNA PCR- and ISH-based methods is
that they determine solely the presence of HPV DNA in the
sample, but this does not indicate if the virus is transcriptionally
active. pl6 IHC has been used in the clinical realm as a
surrogate for transcriptionally active HPV infections. Briefly,
E7, a vital HPV oncogene, leads to downregulation of the
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tumor suppressor retinoblastoma (Rb). A decrease in Rb
levels/activity leads to a rise in p16.>> Overexpression of p16
has been demonstrated to be consistent with HPV infection in
OPSCC.>**> However, this assay lacks specificity for HPV, and
there exists a subset of pl6-positive/HPV DNA-negative
tumors.>® For this reason, multiple studies have examined
using a multistep process of plé IHC (highly sensitive)
followed by HPV DNA ISH (highly specific) to demonstrate
both the presence and activity HPV.>”® This two-step process
compared well to HPV E6/E7 RT-PCR, which was utilized as
the gold standard in these studies. Lastly, a novel E6/E7 RNA
ISH assay was evaluated in two studies, and both indicate that it
is very sensitive and specific to the presence of transcriptionally
active HPV.>**° Given the wide array of available assays, there
is a clear need to establish standards for HPV detection.%

The increasing burden of HPV+ OPSCC raises an important
public health issue: will vaccinating against HPV decrease the
incidence of OPSCC in the future? Currently, the U.S. Food
and Drug Administration (FDA) has approved the use of two
vaccines against HPV: Gardasil (targets HPV subtypes 6, 11,
16, and 18) and Cervarix (targets HPV subtypes 16 and 18).
Both vaccines have demonstrated the ability to decrease rates of
cervical intraepithelial neoplasia in large, randomized clinical
trials in women.’*> However, vaccine efficacy specifically
against oropharyngeal cancer is not clear and has yet to be
examined in the literature. Considering that more than 90% of
OPSCCs are caused by HPV-16 and 18,> it is likely that these
vaccines would reduce the future incidence of OPSCC. This is
an especially important issue for males because they bear the
greater burden of this disease.””” The Advisory Committee on
Immunization Practices (ACIP) recommends routine vacci-
nation of males at age 11 or 12 (can be started at 9), with
additional recommendations for unvaccinated males aged 13—
21 and 22—26.%® A national survey of 13—17 year old males in
2010 found the vaccination rate was quite low, with less than
2% receiving at least one dose of the vaccine.** Clearly, further
efforts are needed to increase the vaccination rate among
males.’® In the mean time, we expect the role of HPV in
OPSCC to continue its upward trend for at least the next few
decades because there is a long lag time between infection and
cancer development.66 Thus, it is important to continue
investigating the molecular mechanisms underlying this cancer
as well as different treatment options for patients.

Indeed an important value of assessing OPSCCs for the
presence or absence of HPV is the prognostic information that
this carries for patients.””"* Patients with HPV+ OPSCC have
significantly improved outcomes compared to those with
HPV— OPSCC. This is likely due to underlying molecular
differences between HPV+ and HPV— cancers."*'® On the
basis of the improved survival outcomes seen in patients with
HPV+ OPSCC, the major cooperative groups that enroll
HNSCC patients have embarked on a series of studies
specifically targeting these patients. However, pending these
results, there is currently no difference in the SOC treatment
for patients on the basis of the HPV status of their cancer.
Many of these ongoing trials attempt to maintain the improved
survival outcomes for patients with HPV+ cancers while
minimizing treatment-related morbidity. Currently, these trials
are focusing on using relatively standard treatments for patients
with HPV+ OPSCC (reviewed in ref 67), but in the future, we
predict that treatments targeting either the viral oncogenes or
critical molecular pathways may play a role in therapy.
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In addition to these important clinical trials, a number of
groups are attempting to understand the biology of HPV+
cancers better using both in vitro and in vivo model systems.
Our own groups have developed transgenic models of HPV+
oral cancer in mice as well as a E)atient—derived xenograft system
for studying human tumors.'*®® These preclinical animal
models as well as established cell lines derived from human
head and neck cancers®® can be used to evaluate the efficacy of
novel therapies, to test unique combinations of treatment, and
to identify informative biomarkers that can be validated in
prospective clinical trials. Testing for and identifying patients
with HPV+ cancers will play a critical role in the care of
patients with OPSCC, and this should be considered a standard
part of the multidisciplinary care for patients with head and
neck cancer.
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