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Abstract

Human papillomavirus (HPV), a known etiology of a subset of head and neck squamous cell
carcinomas (HNCs), causes numerous alterations in normal cellular functions. This article reviews
the biology, detection and treatment of HPV-positive HNC. The role of HPV oncoproteins in
tumor development, the natural history of HPV infection, and risk factors for and prevention of
transmission of oral HPV are considered. Commonly used methods for detecting HPV infection
including limitations of these methods are discussed to aid the practicing clinician in utilizing
these tests in their clinical practice. Clinical characteristics of HPV-positive HNC including
potential explanations for the improved outcomes seen in patients with HPV-positive HNC are
assessed. Ongoing clinical trials specific for patients with HPV-positive HNC are described and
areas in need of additional research are summarized. Until the results of ongoing trials are known,
treatment of HPV-positive HNC should not differ in clinical practice from treatment of similar
non-HPV related cancers.
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INTRODUCTION

Squamous cell carcinoma of the head and neck (HNC) is the sixth most common cancer
worldwide, resulting in over 600,000 new diagnoses annually (1). Traditionally, HNC has
been related to tobacco and alcohol exposure (2); however, over the past decade, a growing
number of head and neck cancers are attributable to human papillomavirus (HPV) infection
(3). HPV-positive cancers are now thought to account for 30-65% of all HNC and 50-80%
of cancers arising in the oropharynx (3, 4). Patients with HPV-positive HNC represent a
distinct patient subgroup with unique epidemiologic and prognostic characteristics (5-14),
and now represent a growing public health concern that is projected to become the primary
cause of HNC in the coming decades (15).

This article attempts to summarize the current understanding of how HPVs cause cancer;
factors in the transmission, detection, and prevention of HPV infection relevant to the
practicing clinician; how HPV status can be integrated into the care of patients with HNC;
and, future directions for research.

Human papillomavirus and its role in tumor formation

Papillomaviruses were first identified from rabbits in 1933 when they were found to be a
transmissible, filterable, cause of the growth of benign papillomas (16). Human
papillomavirus (HPV), first identified in 1956, is associated with a variety of benign growths
in humans (reviewed in (17)). HPV has subsequently been shown to be the cause of multiple
types of human cancer, a discovery highlighted by the awarding of the 2008 Nobel Prize to
Harald zur Hausen for elucidating the role of HPV in the development of uterine cervical
cancer (18).

HPV is a double-stranded, non-enveloped, DNA virus of approximately 8,000 base pairs.
Classified on the basis of their L1 protein, there are currently well over 100 unique subtypes
of HPV that can be sub-classified into cutaneous or mucosal subtypes based on their specific
tissue tropism (19). HPVs can be further separated into low-risk and high-risk types based
on their ability to cause malignant transformation and induce cancer. About 20 HPV strains
are considered high-risk (Table 1) and are known to cause cancers of the uterine cervix,
anus, vagina, vulva, penis, and head and neck (20).

The HPV genome encodes eight viral proteins (Figure 1) that regulate the viral life cycle
(reviewed in (21)). The HPV L1 and L2 genes encode the viral capsid proteins that
encapsulate the viral DNA and play no known role in carcinogenesis, but are important
targets of the immune response to HPV infection (22). The early viral genes E1 and E2 are
important for viral genome replication and play a role in transcriptional regulation of other
viral genes (21). The E4 protein, translated from a spliced E1*"E4 mRNA transcript, is
thought to facilitate viral particle release into the environment and may also play a role in
G2 arrest in HPV infected cells (23). The three HPV oncogenes, E5, E6, and E7 promote
unrestrained cellular proliferation to allow for viral amplification but also contribute to the
initiation and progression of cancer via the same mechanism and by inducing genomic
instability (24-26).
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Appreciating the unique life cycle of HPV infection helps one to understand how the tumor-
promoting roles of HPV oncogenes have evolved from their normal function in the viral life
cycle. Whereas most viruses infect a target cell and produce progeny from that same cell, the
HPV life-cycle requires the infected cell to undergo mitosis and differentiation (27). HPV
infects basal cells in the stratified squamous epithelium. It is thought to be exposed to this,
otherwise protected, layer through micro-abrasions in the epithelial surface. Since
differentiating cells in the suprabasal layer have exited the cell cycle, the basal cells are the
only proliferating cells in the normal epithelium. The HPV genome does not encode
enzymes necessary for viral replication; instead HPVs utilize host cell proteins to replicate
viral DNA. In HPV infections, suprabasal cells that contain HPV genomes remain active in
the cell cycle as they differentiate. This results in these otherwise non-dividing cells re-
entering S-phase and amplifying the HPV genome prior to capsid protein synthesis, viral
assembly, and release (28).

The viral E7 protein plays a critical role in promoting the proliferation of HPV-infected cells
by binding members of the pocket protein family and targeting them for degradation (25,
29). Rb, the most well known pocket protein family member functions to prevent excessive
cell growth by inhibiting cell cycle progression(30). Degradation of Rb results in E2F
transcription factors driving expression of S phase genes, promoting progression through the
cell cycle. While essentially all HPV E7 proteins bind Rb family members, the avidity of
this interaction is significantly greater in high-risk E7 proteins (25). p53-dependent growth
inhibition and apoptosis can occur as a result of E7-mediated proliferation. To counteract
this, HPV EB, via activation of the ubiquitin ligase E6AP, causes degradation of p53 leading
to inhibition of apoptosis and consequently unrestrained cellular growth (17, 24). While
their relative contributions vary by epithelial site, both E6 and E7 contribute to
carcinogenesis (29). Additionally, the high risk E5 protein cooperates with E6 and E7 to
promote proliferation in infected cells and is thought to play a minor role in transformation
(26).

Despite the strong growth promoting effects of HPV oncogenes, additional oncogenic events
are necessary for malignant transformation. Both high-risk E6 and E7 independently cause
genomic instability (31). While the mutation rate in HPV-positive cancers appears to be
lower than that in HPV-negative cancers (32, 33), expression of E6 and E7 can cooperate to
cause errors in chromosomal segregation and the development of aneuploidy (34). Multiple
rounds of centrosome synthesis can be induced by E7, resulting from the formation of
multiple immature centrioles in a process that is linked to E7-mediated activation of CDK2
activity (35). Finally, E6 and E7 cooperate to allow cells with abnormal mitoses to
accumulate by interfering with the G2-M checkpoint and inhibiting apoptosis (36). While
their above roles are those that are best described, it has become clear that both E6 and E7
interact with a large number of additional cellular proteins (37, 38). The oncogenic role of
these additional interactions remains the subject of further investigation.

While additional high-risk HPV strains have been identified in recent years (20), HPV-16
and HPV-18 remain the causative factor in the majority of HPV-associated cancers (20). For
example, about 70% of cervical cancer cases are associated with either HPV-16 or HPV-18
(20). About 50% of penile cancers contain HPV DNA, mostly HPV-16 (20). HPV-16 or
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HPV-18 is responsible for a similar percentage of other male and female anogenital cancers.
In the oropharynx, HPV-16 accounts for over 90% of all HPV-associated cancers (39, 40).

Risk factors for and natural history of oral HPV

The Centers for Disease Control and Prevention (CDC) classifies high-risk HPV as the most
common sexually transmitted infection in the United States (41). The prevalence of oral
HPV and of HPV-positive HNC has increased significantly during the last 20 years (3, 15), a
change that is likely due to several overlapping factors: 1) increased awareness of the
association of HPV and HNC, 2) improved identification of HPV within tumors cells, and 3)
a true increase in the prevalence of HPV-associated cancers (particularly in the head and
neck region). While the prevalence of oral HPV infection is 5-10 fold lower than that of
genital HPV, transmission of both genital and oral high-risk HPVs is highly correlated with
sexual activity (41-44). For example, the risk of having HPV isolated from the oral cavity is
eight times greater among sexually experienced than in sexually inexperienced individuals;
likewise, oral HPV infection is strongly associated with early sexual debut, multiple sexual
partners, open-mouth Kissing, and oral sex in both the oral-oral and oral-genital forms (42,
43, 45).

Additional risk factors that have been correlated with oral HPV transmission include current
tobacco use, marijuana use, and alcohol consumption; all factors that may be linked to
sexual activity (42, 43, 45). Although the reasons remain unclear, several studies have found
that men are at 2-3 fold greater risk for becoming infected with oral HPV than are women
(43, 45). At the present time, these gender differences in oral HPV infection cannot be
explained by differences in sexual behavior suggesting that there are still poorly understood
gender-based differences in the natural history of infection and/or exposure to co-factors of
infection. Oral HPV prevalence shows a bimodal distribution with the largest peak in men
and women 55-64 years of age and a second, smaller, peak at 30-34 years. (43, 45).
Characteristics of non-malignant HPV infection vary significantly across patients. In many
people with oral or genital HPV, infection is asymptomatic and is successfully eradicated by
the normal immune system within a few months (46, 47). Recent data from a prospective
trial in women suggested that low-risk HPV types are cleared from the oral cavity more
quickly than high-risk HPVs (46). Consistent with the findings in HPV-positive HNC,
several studies show the most common HPV type detected in the oral cavity is HPV-16 (48,
49). Unfortunately, the reasons for this HPV subtype-specific tropism remain unclear.
Differences in individual immune-system responses to HPV infection likely underlie some
of these differences. However, even in patients who develop HPV-positive HNC, significant
differences in viral titers have been seen (8), suggesting that robust clearance of the incident
infection may not prevent malignant transformation or that immune recognition occurs late
in the oncogenic process.

Finally, why high-risk HPVs do not appear to infect all mucosal sites of the head and neck at
the same rate remains unclear; an overwhelming proportion of HPV-positive HNC occurs in
the mucosa lining the oropharynx (3, 4). One possibility is that the local microenvironment
of the tonsil and base of tongue provide an optimal setting for infection to occur; the deep
mucosal crypts trap HPV viral particles and prolong the contact time between the virus and
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the mucosa. Another possibility is that the local immune environment associated with these
lymphatic rich sites results in a prolonged inflammatory state ultimately resulting in either
clearance or malignant transformation. Finally, viral receptors (which have not been
definitively identified to date) may be differentially expressed on the mucosa of these
regions compared to that of the oral cavity or larynx. Ultimately, additional studies of the
natural history of oral HPV infection and further delineation of the molecular targets
involved in viral entry are needed to better define the transmission, incidence, clearance,
persistence, and predictors of transformation for oral HPV infection.

Primary prevention of high risk HPV infection

The recognition that HPV causes cervical cancer, one of the most common cancers
worldwide, led a number of groups to work to develop an HPV vaccine. In 2013, two
separate vaccines are available in the US to decrease the burden of HPV-associated disease.
Gardasil (Merck and Co.) and Cervarix (GlaxoSmithKline, Inc.) target four and two
subtypes of HPV, respectively (50). Neither vaccine contains HPV DNA,; rather they each
make use of virus-like particles composed of the major capsid protein, L1, of the targeted
HPV subtypes. The L1 protein constitutes 90-95% of the HPV outer covering (19), and
immune-system surveillance for HPV-L1 results in acquired immunity. Both vaccines
prevent infection with HPV-16 and HPV-18, the two most common strains linked to cancer.
Unfortunately, use of the currently available vaccines following the development of cancer
is unlikely to provide clinical benefit, as expression of the capsid proteins is usually lost
during transformation. Current estimates in the US are that only 35% of the population
completes the three injection series as currently recommended (51), meaning that we are
likely to continue seeing a significant number of patients with HPV-associated cancers for
the foreseeable future. Oncologists can play an important role in advocating for universal
HPV vaccination of both boys and girls, a recommendation shared by the CDC and the
American Academy of Pediatrics (50).

HPV Detection

Accurate detection of HPV within tumor tissue is critical if we are to attempt personalizing
therapy for patients with HPV-related cancers. Several potential techniques are available to
detect the presence of HPV (Table 2 and reviewed in (52)). Southern blots are one of the
oldest, most reliable methods still used to detect HPV DNA, giving low false positive rates,
high sensitivity, and the ability to identify specific HPV subtypes (53). Southern blots utilize
HPV subtype-specific probes that hybridize to total cellular DNA to identify specific HPV
subtypes. Unfortunately, Southern blots are time intensive and require large quantities of
cellular DNA, making them unsuited for routine clinical use. In situ hybridization (ISH,
Figure 2A/B) is often used in diagnostic labs to detect a panel of HPV subtypes (54). ISH
has lower specificity than Southern blots but it can be used on fixed or paraffin-embedded
samples with very little additional processing (55). Polymerase chain reaction (PCR) and
reverse transcriptase-PCR (RT-PCR) are other methods of detection that are highly sensitive
at detecting HPV DNA or RNA within small amounts of tumor samples. However, they can
lead to false positive results due to their high sensitivity to HPV genomes that may be
present in oral tissues but that are unrelated to the malignancy (56, 57).
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In many labs, the standard test for HPV involvement in a tumor (and for clinical trial
enrollment) is detection of Cyclin-dependent kinase inhibitor 2A (a.k.a., p16'"k4A or p16) by
immunohistochemistry (IHC) (Figure 2C/D) (58, 59). The HPV-16 E7 protein results in
downregulation of Rb thus freeing E2F, its regulatory partner. Free E2F results in
upregulation of p16. IHC detection of p16 is a quick, inexpensive, and readily available
technique and has become the de facto standard for clinical assessment of HPV status (59).
It should be noted that not all p16 positive tumors are HPV positive: across multiple studies,
about 10-20% of p16 positive HNC show no evidence of HPV infection (6-8, 60, 61). While
p16 status retains prognostic significance even in the absence of coincident HPV positivity
(6-8, 60), the cause of p16 overexpression in these cases remains unclear, however other
causes could include an alternative viral infection, carcinogen-induced mutations leading to
p16 overexpression, or another etiology. In addition, whether HPV-negative, p16 positive
tumors should be grouped with HPV-positive tumors in terms of personalized therapy and
clinical trials is unclear and an issue that requires further study.

Tests adapted from cervical cancer screening programs can identify a group of high-risk
HPV subtypes by using oligonucleotide probes and a variety of amplification chemistries
(62, 63). ISH tests allow direct identification of HPV DNA within tumor cells, can be used
for gross estimation of viral genome copy number (64), and can be designed to identify
specific subytpes if sufficient tissue is available for testing. PCR-based tests can be designed
to detect the most common high-risk HPV types and can be integrated with commercially
available genotyping Kits to identify the specific HPV type present in a PCR sample (65).
Ultimately, next-generation sequencing technology can use high throughput methodology to
rapidly examine tumor samples for HPV subtypes by sequencing the entire tumor genome,
transcriptome, or a subset of pre-selected genes (66, 67). While not routinely used for
clinical decision making due to high costs and challenges with data interpretation, next-
generation sequencing will likely play a greater role in future trials and clinical decision
making.

While it is possible to determine the specific HPV-subtype within an individual tumor, in
many hospitals, clinically used tests do not pursue this degree of specificity. In head and
neck cancer, identification of the specific HPV type does not currently play a clinical role
due both to the >90% incidence of HPV-16 and to the lack of knowledge regarding how to
utilize this information if it were routinely obtained. However, in the cervix, two separate
groups have reported evidence of clinically relevant differences between HPV-16 and
HPV-18 infection that could be used to guide clinical decision making (68, 69). If similar
data is found in the head and neck, tests to determine not only the presence of HPV but also
the individual subtype will become more important.

Clinical characteristics of patients with HPV-positive HNC

Patients with HPV-positive HNC often present at a younger age and with a more advanced
stage of cancer than those with HPV-negative HNC (4, 14, 70). HPV-positive HNC patients
are less likely to use tobacco, less likely to develop a second malignancy, and equally likely
to be male as patients with HPV-negative HNC. They present with a tumor arising in the
oropharynx and often present with stage 111 or 1V disease due to the presence of involved
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regional lymph nodes. Numerous clinical reports provide convincing evidence of improved
outcomes in patients with HPV-positive HNC compared to those with HPV-negative HNC,
a result that spans multiple continents and treatment approaches (5-12, 14). The true biologic
basis for this improvement remains unclear; although, it has been postulated that enhanced
sensitivity to radiation underlies much of the observed difference (13, 39) and recent
preclinical data provides support for this hypothesis (71, 72).

Several prospective trials and retrospective reviews utilizing radiation alone have reported
outcomes based on HPV status (reviewed in (13) and (73), respectively). Each of these
studies support the hypothesis that patients with HPV-positive HNC have significantly better
overall survival and local/regional control than those with HPV-negative disease. Patients
with HPV-positive disease have a 60-80% reduction in mortality, a result that has been
repeated across multiple trials. Consistent with this, in a retrospective analysis of the RTOG
0129 trial, 3 year progression free survival for patients who were found to be HPV-positive
was better than those who were HPV-negative (74% vs. 43%, respectively) (4). Likewise, in
the TAX 324 study, the proportion of HPV-positive patients free of progression was
improved compared to HPV-negative patients (73% vs. 29%) (14).

A consistent theme across studies that utilize radiation is that the primary benefit to HPV-
positivity appears to be an improvement in local/regional control; although small
improvements in the rates of metastatic disease are also seen. For example, in RTOG 0129
fewer local/regional failures were seen in HPV-positive patients (14% vs. 35% at 3 years)
(4). Similarly, in the TAX 324 study, local/regional failure was seen less frequently in HPV-
positive than in HPV-negative patients (13% vs. 42%) (14). These data could be interpreted
to suggest that HPV positivity may correlate with an intrinsic enhanced sensitivity to
radiation but do not rule out alternative biologic factors such as improved immune
surveillance of HPV-positive tumors as the cause of improved outcomes.

Multimodality therapy for HNC is associated with a high risk of both acute and long-term
treatment-related toxicity. Based upon the improved outcomes seen in patients with HPV-
positive HNC, recent discussions have focused on treatment de-intensification in an effort to
decrease morbidity while maintaining favorable survival outcomes. To aid in this process,
several groups have published retrospective analyses to help identify patients in whom
deintensification of therapy is a reasonable risk (74-76). For example, O'Sullivan and
colleagues recently reported upon a cohort of 500 patients with oropharyngeal carcinoma
(both HPV-positive and HPV-negative) uniformly treated with either radiotherapy alone
(usually with an accelerated schedule) or combined chemoradiotherapy in a single institution
(74). Patients were analyzed based on their HPV status as well as their tumor and treatment
characteristics. They found that advanced T or N stage were both predictors for distant
metastatic recurrence, regardless of HPV association, with similar rates seen in both HPV-
positive and HPV-negative cohorts. This implies that there could be a limit to the biologic
favorability conferred by HPV-positivity. Thus, increased local/regional disease burden at
diagnosis could be used to identify an HPV-positive subgroup that may benefit from the use
of chemotherapy to treat early micrometastatic disease. Other groups have shown that
tobacco use of greater than 10 pack years decreases the progression free survival rate in
HPV-positive HNC patients (74-76), suggesting interplay between HPV-mediated and
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carcinogen-induced oncogenesis. These reports have led cooperative groups to embrace both
HPV status and tobacco use as stratification factors to identify patients with an extremely
good prognosis for inclusion in deintensification trials. However, they should also be taken
as a cautionary tale that both known, and perhaps unknown, risk factors may influence
disease control in these patients.

De-Intensified therapy for HPV-positive HNC patients

A number of large clinical trials that investigate therapeutic dose reduction and are specific
for patients with HPV-positive HNC are currently underway (Table 3). In broad terms, these
trials can be divided into two camps: 1) deintensification of local therapy via use of
alternative chemotherapy, reduced dose radiation, or surgery; and, 2) use of induction
therapy to identify good responding patients for subsequent dose reduction.

Several trials investigating alternative chemotherapy are underway. Accrual is nearly
completed in Radiation Therapy Oncology Group (RTOG) 1016, a phase 11 trial
randomizing HPV-positive HNC patients to cisplatin vs. cetuximab given concurrent with
70 Gy radiation. This study hopes to definitively answer the question of whether cetuximab,
with its favorable toxicity profile, can be safely substituted for cisplatin in patients with
HPV-positive HNC. In addition, the University of Michigan and the University of North
Carolina (UNC) are pursuing Phase 2 trials investigating dose de-intensification without
induction therapy using either cetuximab + standard dose radiation or cisplatin + reduced
dose radiation, respectively. Both of these trials are based upon the premise that the
experimental treatment is less toxic than standard of care therapy. While still preliminary,
the UNC trial has shown promising results in HPV-positive patients treated with reduced
dose radiation (60 Gy), less toxic weekly cisplatin (30 mg/m?), and undergoing a mandatory
post treatment biopsy of the primary site and a supra-selective neck dissection of the pre-
therapy involved neck (Personal Communication, Bhishamjit Chera, UNC) Mount Sinai is
leading a group of several institutions randomizing patients with HPV-positive HNC to one
of two regimens: either carboplatin + cetuximab with 56 Gy radiation or carboplatin alone
with 70 Gy radiation.

Two additional randomized trials investigating whether surgery can be incorporated into a
radiation dose reduction paradigm for patients with HPV-positive HNC are currently
underway in the US (Table 3). The Eastern Cooperative Oncology Group (ECOG) 3311 trial
is a recently approved randomized phase 2 study investigating whether upfront surgical
excision and pathologic staging of all evident disease can permit reduced dose adjuvant
therapy. Several surgical approaches are permitted and patients receive either observation
(low risk pathologic stage I-11); trimodality therapy with 66 Gy and weekly cisplatin (high
risk cohort); or, are randomized to 50 Gy vs. 60 Gy (intermediate risk cohort). Using a
similar approach, Washington University School of Medicine is leading a group of
institutions studying patients undergoing minimally invasive surgery with removal of all
known disease and with lymph nodes showing extracapsular spread who are then
randomized to postoperative radiation only vs. radiation plus weekly cisplatin.

Several other groups are proceeding with phase |1 studies investigating the role of induction
chemotherapy and response-adapted radiation in patients with HPV-positive HNC (Table 3).
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Use of induction therapy is based on data suggesting that initial response to therapy can
predict overall tumor control (reviewed in (77)). It is hypothesized that the use of induction
therapy will deliver successful cytotoxic therapy to micrometaststic disease at the earliest
time point, thus improving distant disease control without compromising local/regional
control. The recently closed ECOG 1308 phase Il trial utilized induction chemotherapy to
select patients for radiation dose modification (from 66-70 Gy to 54 Gy) based on whether
or not they achieved a complete response to induction therapy. Results from this study are
currently pending. Both North Shore Long Island Jewish Health System and the Univ. of
California Davis are pursuing this approach, albeit with the use of different induction and
concurrent chemotherapy regimens (Table 3). If these studies provide promising results, it
may be time to pursue studies comparing induction therapy with upfront definitive therapy
for patients with HPV-positive HNC.

Several important caveats to these approaches should be mentioned and are being
considered as the next generation of trials is being developed. First, there is significant
uncertainty regarding the value of therapies targeting the epidermal growth factor receptor
(EGFR) in HPV-positive HNC patients. There is no preclinical data currently published that
examines the role of EGFR inhibition in HPV-positive HNC. Two large clinical studies have
demonstrated contrasting results regarding the role of EGFR inhibitors in HPV-positive
HNC. In the landmark study demonstrating an overall survival benefit with the addition of
cetuximab to radiation in patients with locally advanced head and neck cancer, the greatest
apparent benefit was in patients whose tumor originated in the oropharynx (78). While no
tumor blocks were available for HPV testing in this study, oropharyngeal tumors are thought
to be the most likely to be HPV-positive, suggesting a potential interplay between HPV-
positivity and EGFR inhibition. Alternatively, in a study investigating the role of
panitumumab, an alternative anti-EGFR antibody, there was no apparent benefit to EGFR-
directed therapy in HPV-positive patients with recurrent or metastatic HNC (79). Thus,
defining the role of EGFR inhibitors in HPV-positive HNC awaits the completion of
ongoing clinical studies such as the RTOG 1016 study described above. Finally, several
groups have now reported preclinical data supporting increased radiation sensitivity in HPV-
positive HNC (71, 72). Thus, one potential concern regarding the use of induction
chemotherapy is that it may result in the delay of what could potentially be the most
effective therapy available for these tumors (i.e., radiation).

Overall, each of the studies described varies in terms of radiation dose, chemotherapy, and
specific selection criteria but are similar in that they enroll only patients with HPV-positive
HNC. Until we have results from these, and other studies, it is our opinion that at this time,
no treatment decisions should be made outside the setting of a clinical trial based solely
upon HPV status for patients with HNC. As 3 year overall survival for patients with HPV-
positive HNC in recently completed studies still hovers around 70-75%, we urge caution in
pursuing dose reduction regimens outside the setting of a clinical trial due to the possibility
of increases in treatment failures.
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Potential explanations for improved outcomes

There are several potential explanations for the improved outcomes seen in patients with
HPV-positive HNC (Figure 3). Over the last several years, it has become accepted that
factors intrinsic to individual tumors (e.g., specific mutations or, potentially, HPV status)
can play a major role in modulating the tumor microenvironment (reviewed in (80)). These
alterations can affect immune cell infiltration, stromal architecture, and tumor vasculature,
among other factors. In addition, the viral oncogenes may alter tumor cell regulation of
genomic instability and remove the selective pressure for tumors to develop mutations in
TP53.

It has been hypothesized that the immune system plays a more important role in clearance of
HPV-positive cancers due to the expression of viral proteins within HPV-positive HNC.
Growing data over the last several years appear to support this hypothesis. Using mouse
models, Spanos and colleagues demonstrated better tumor control in HPV-positive cell lines
implanted into immune competent (as opposed to immunocompromised) mice (81). In
patients with HPV-positive HNC, HPV-specific T-cells have been described (82). Another
group demonstrated a shift from naive to effector and memory T cells in patients with HNC
when compared to healthy donors (83). This shift was greater in HPV-positive, than in
HPV-negative patients suggesting a greater immune response to HPV-positive tumors (83).
The presence of programmed death-1 (PD-1) positive T-cells has been correlated with
improved survival in HPV-positive HNC (84). Finally, radiation can induce loss of CD47 (a
cell surface marker that plays a role in identification of self) expression in HPV-positive cell
lines, providing a potential explanation for the proposed interaction between the immune
system and radiation therapy (85).

Several studies have utilized lab correlates of hypoxia to examine its relationship to HPV
status; the results from these studies have been mixed. For example, in the Danish Head and
Neck Cancer Group (DAHANCA) 5 study, a subset of patients underwent testing for plasma
osteopontin (a marker of hypoxia). The proportion of patients with high osteopontin levels
was greater in HPV-negative than in HPV-positive tumors, a result suggesting more hypoxia
in HPV-negative tumors (86). On the other hand, in a different group of patients, neither
carbonic anhydrase IX (upregulated in hypoxic tissues) or tumor pO2 were found to
correlate with tumor HPV status (87). Two prospective trials have investigated the effect of
hypoxic modification (with nimorazole or tirapazamine) in HNC. In both studies, the use of
a hypoxic modifier resulted in a trend toward improved local-regional control in HPV-
negative tumors, but had no measurable effect in HPV-positive tumors (9, 88). These results
suggest that hypoxia, and hence resistance to radiation, may play a more important role in
HPV-negative tumors. While these studies largely measured surrogates of tumor
oxygenation, several groups have examined imaging markers of hypoxia (e.g., dynamic
contrast enhanced-MRI (DCE-MRI), proton magnetic resonance spectroscopy ((1)H-MRS),
and (18)F-fluoroazomycin arabinoside positron emission tomography/computed tomography
(FAZA PET/CT)) and have failed to show any correlation between imaging measured intra-
tumoral hypoxia and HPV status (89, 90).

Finally, several groups have hypothesized that viral oncogenes play an important role in
increased sensitivity to therapy. They have systematically investigated HPV-positive HNC
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cell lines and demonstrated enhanced sensitivity to radiation in HPV-positive HNC cells (71,
72). We have shown that low levels of residual wild-type p53 present in HPV-positive cells
can become activated following radiation resulting in cell death (72), while Rieckmann and
colleagues have suggested that HPV-positive cells have a defect in DNA damage repair
capacity (71). Each of these pathways may contribute to increased intrinsic sensitivity to
DNA damage induced by radiation. Unfortunately, there is essentially no data in the
literature addressing whether HPV-positive HNC is more sensitive to chemotherapy than
HPV-negative HNC. In our own work we see a significant overlap in the concentration of
drug required to achieve 50% growth inhibition between HPV-positive and HPV-negative
cells treated with cisplatin, a result that suggests little difference in sensitivity, at least in
vivo. Clearly, further work is needed to better define the molecular determinants of
increased sensitivity to both radiation and chemotherapy in HPV-positive HNC cells and in
HPV-positive HNC patients.

Future Directions

A number of groups are attempting to better understand the biology of HPV-positive HNC
using in vitro and in vivo model systems to improve prevention, screening, diagnosis, and to
identify and validate novel therapeutic targets. Unfortunately the limited number of
available HPV-positive cell lines has hampered progress in understanding the sensitivity of
these cancers to current and investigational therapeutics. While thousands of patients with
HPV-positive HNC have been treated worldwide, there are only a handful of documented,
HPV-positive HNC cell lines available. The lack of established HPV-positive HNC cell
lines raises interesting questions regarding the biology of this unique disease and why it has
been so challenging to establish HNC cell lines from patients with HPV-positive tumors. In
light of this limitation, we have spent the last several years developing a patient-derived
xenograft system that utilizes fresh tumor obtained by our surgical colleagues and
immediately implanted into mice (91). We are using this system to compare the sensitivity
of HPV-positive and HPV-negative HNC to a variety of therapies and to probe the
mechanisms underlying differential responses between HPV-positive and HPV-negative
HNC in the hopes of identifying improved therapeutic approaches.

Conclusions

The improved outcomes seen in patients with HPV-positive HNC are, at this time, thought
to be independent of treatment approach. Thus, until sufficient data accumulates to state
otherwise, patients with HPV-positive HNC should be treated using standard of care
approaches unless they are enrolled on a prospective clinical trial. Successful treatment of
HNC carries significant risks for treatment-related toxicities that may adversely impact on
patient quality of life. The improved outcomes seen in patients with HPV-positive HNC
have made many in our field hopeful that the intensity of treatment can be decreased while
maintaining good tumor control. However, care must be taken so as to not adversely affect
outcomes by trying to decrease toxicity without sufficient supporting data. In much the same
way we differentiate estrogen receptor positive from estrogen receptor negative breast
cancer, one day soon we may employ significantly different treatments for patients with
HPV-positive as compared to HPV-negative HNC. Within the next few years, we will likely
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use tumor HPV-status not only to aid in prognostic discussions with patients, but also to aid
in the selection of treatment approaches. Understanding the biology of HPV-positive
cancers, how HPV modulates the way in which tumors respond to specific therapies, and the
clinical implications of HPV in head and neck cancer should provide patients and providers
with the ability to rationally personalize therapy to improve therapeutic outcomes for those
with this previously overwhelming disease.
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Figure 1.
The HPV genome is a double-stranded circular DNA containing approximately 8000 base

pairs and encoding eight proteins (A). E6 (B) and E7 (C) are the predominant HPV
oncogenes and target a variety of diverse cellular processes.
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Figure 2.
The only clinically used test that detects HPV DNA, in situ hybridization (ISH), utilizes

oligonucleotide probes specific for the DNA of several high-risk HPV types (A, 40X
magnification). Also shown is a slide stained as negative control for ISH (B).
Immunohistochemistry for p16 (A, 4X magnification & B, 40X magnification) is another
commonly accepted test to assess for HPV status with p16-positive tumors being deemed
HPV-positive.
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d tumor control

improve

Potential factors contributing to improved outcomes in patients with HPV-positive HNC
include the presence of viral-specific anti-tumor immunity, wild-type p53, HPV oncogene

modulated genomic instability, and alterations in tumor microenvironment leading to
improved tumor oxygenation.
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