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Overcome Resistance in Viral-
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A subset of head and neck cancers arising in the oropharynx and the nasopharynx are
associated with human papillomavirus or Epstein–Barr virus. Unfortunately, limited
treatment options exist once patients develop recurrent or metastatic disease in these
cancers. Interest has risen in utilizing novel strategies including combination immune
checkpoint inhibitors, vaccines, and adoptive cellular therapy, to improve treatment
response and outcomes. Several ongoing studies are investigating the potential to
overcome resistance to standard of care chemoradiation therapy with monotherapy or
combination immunotherapy strategies in these viral-associated head and neck cancers.
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INTRODUCTION

Head and neck cancers (HNC) are a heterogenous group of malignancies. Historically, the risk
factors for developing HNC were tobacco, betel nut, and alcohol consumption. With emerging data,
chronic viral infections such has human papillomavirus (HPV) and Epstein–Barr virus (EBV) have
also been associated with the development of cancer. Generally, HPV-negative HNCs are found in
older individuals with a history of tobacco and alcohol use. On the other hand, HPV-positive HNCs,
which develop in the oropharynx, are seen in much younger patients with associated risk factors
such as sexual behavior and marijuana use. EBV-associated HNCs, which develop in the
nasopharynx, are also found in younger patients often in endemic areas and are associated with
risk factors such as high consumption of salt-cured foods and tobacco use. We will focus on HPV
and EBV in the development of oropharyngeal squamous cell carcinoma (OPSCC) and
nasopharyngeal cancer (NPC), respectively.

HPV has been implicated in cervical, oropharynx, anal, and penile cancers (1). HPV is
transmitted through skin-to-skin or skin-to-mucosa contact, typically through sexual
transmission. The causative link with HPV and OPC was first described in 2000 (2). The
number of reported cases has risen over the past 20 years; it is presumed up to 70–80% of all
OPSCC in North America and Europe are now HPV-related (3, 4). Although there are
approximately 200 different HPV strains, HPV-16 makes up more than 90% of HPV-induced
OPSCC (5, 6). IHC p16 staining is a surrogate marker for HPV however, ISH (In-situ hybridization)
or PCR (polymerase chain reaction) is the gold standard for testing and can be used for
confirmatory testing. Patients diagnosed with HPV-related OPSCC are considerably younger
with a biphasic distribution which peaks at 30 to 55 years of age (4–6). Up to 10–25% of these
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patients will recur or develop metastatic disease following
definitive treatment depending on tumor biology and clinical
risk factors (7).

EBV has been implicated in multiple malignancies including
NPC, gastric carcinoma, and lymphoma. EBV is transmitted
through bodily fluids, especially saliva, as well as sexual
transmission. In developed countries, NPC has been associated
with smoking history; however, it is endemic in areas of China and
Africa (8). EBV-encoded RNA (EBER) ISH determines if NPC is
of EBV etiology. In high incidence areas, risks may be
multifactorial including EBV, tobacco, diets high in preservatives
and genetic predisposition (9). Patients in high risk populations to
develop EBV-related NPC are generally diagnosed at 50–59 years
of age (10). Approximately, 10–45% of treated NPC patients will
recur. Since the landmark trial of chemoradiation followed by
consolidative chemotherapy (11), there have been few new options
for both curative intent and palliative treatments of NPC.

Most peoplewhobecome infectedwitha virus clear the infection
and develop no sequelae. Few become chronically infected with
high risk HPV strains or EBV and those individuals may
subsequently develop cancer. Immune dysfunction is implicated
in development and progression of all head and neck malignancies
and, given the bodies expected immune response to viral infection,
thismay be especially true for viral-mediatedOPSCC(12). Immune
therapy has emerged as a treatment to overcome dysfunction in the
definitive and palliative settings for HPV- and EBV-mediated
OPSCC and NPC, respectively.
THE IMMUNE SYSTEM

There are two types of immunity, innate and adaptive. The
innate system is primitive, nonspecific and responds rapidly
utilizing barriers that already exist in the body, examples of
these are skin or cough. Cellular components of the innate
system include phagocytic cells (e.g., macrophages, dendritic
cells, and neutrophils) and Natural Killer (NK) cells which
induce apoptosis. The adaptive immune system is acquired and
involves the use of self-proteins to recognize foreign materials.
Additionally, it has ability to develop memory through use of B
and T lymphocytes for humoral and cell-mediated immunity. It
is the adaptive system of immunity that is predominately
targeted to develop immune therapies. This has been a
successful approach that is furthest along in development for
patients with leukemia/lymphoma, melanoma and lung cancers
who have progressed on other therapies.

The tumor microenvironment (TME) consists of various
components including tumor cells, endothelial cells, and
immune cells such as lymphocytes, macrophages, and
cytokines. In the TME, tumor cells gain control of signaling
pathways using components of the TME to evade detection by
the immune environment as well as promote tumor growth and
metastasis. Immune dysfunction plays a role in development and
progression of HNC. Specifically, T cytotoxic cells are
responsible for cancer immune surveillance. Disruption of T
cell response to tumor by immunosuppression in the TME or by
Frontiers in Oncology | www.frontiersin.org 2
cancer evasion mechanisms may play a role in progression of
cancer (12). In viral-associated HNCs, the immune system is
responsible for detecting the virus, but these viruses employ
immune evasion strategies to escape detection and allow
tumorigenesis. This makes the immune system a perfect target
to exploit for treatment.

Potential targets of the immune system include, cytokine
therapies, antibody-dependent cellular cytotoxicity (ADCC),
checkpoint inhibition, vaccination, and cellular adoptive
therapies. In HNC, the use of cetuximab has shown activity,
which inhibits EGFR signaling and ADCC is believed to be a
critical component of its response (13–15). Checkpoint inhibitor
immunotherapy is an accepted paradigm for treatment in lung
cancer, melanoma, and microsatellite instability (MSI)-high
colorectal cancer (16–18). More recently, checkpoint inhibitors
have shown promise in HNC with or without chemotherapy for
treatment of metastatic disease (19). To leverage more durable
response to immunotherapy in solid tumor malignancies, ongoing
trials are investigating new immune checkpoint inhibitors,
immunotherapy combination regimens including addition of
cytokines, other checkpoint inhibitors, oncolytic virus, vaccines
(VERSATILE-002 announced at the ESMO2020AnnualMeeting),
or cellular therapies such as chimeric antigen receptor therapy
(CAR T) to program death ligand-1 (PD-L1) blockade.
OPSCC, HPV-INDUCED

OPSCC is a subset of HNC originating in the base of tongue or
tonsils which can be caused by chronic HPV infection. HPV, a
prevalent viral infection, is a DNA oncovirus with numerous
subtypes that have been implicated in tumorigenesis of several
primary sites including the oropharynx and cervix (HPV 16 and
18). The FDA approved a HPV vaccine series targeted as a
preventative measure against HPV-associated cancers (20).
Majority of people exposed to HPV will not develop cancer;
however, in some cases, viral HPV DNA oncogenes for E6 and
E7 will integrate into the DNA of the host cell and ultimately lead to
degradation and loss of p53 and RB tumor suppressor genes (21).
This dysregulation of p53 and RB leads to cancer cell
immortalization and uncontrolled cell proliferation. During its life
cycle, HPV minimizes antigen production in order to evade
recognition by the host immune system (Figure 1) (22). As well,
oncoproteins E6 and E7 bind to immune regulator proteins to
reduce and block immune responses, thus achieving immune
evasion for the virus as well as the tumor, which may create a
challenge when incorporating immunotherapy in treating HPV-
positive OPSCC.

The incidence of HPV-associated OPSCC has risen over the
past several decades while HPV-negative OPSCC has steadily
declined (6). It has been previously reported that HPV-positive
OPSCC is associated with better survival and overall prognosis
compared to its HPV-negative counterpart due to their different
etiologies (23–26). However, clinicians have found no difference in
rates of development of distant metastases between HPV and non-
HPV OPSCC (27). Treatment of early stage or locally advanced
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OPSCC generally incorporates a multi-modality approach while
recurrent or metastatic OPSCC is treated with systemic therapy.

Treatment for Locally Advanced HNC
Patients with locally advanced HNC, independent of HPV status,
have been treated with multimodality treatments, often including
some combination of surgery, radiation, and/or concurrent
chemoradiotherapy. In HPV-mediated disease, there has been
a paradigm shift to reduce long-term toxicity by de-escalating
treatment recommendations. To date, the significance of
immunotherapy has been realized in patients with metastatic
Frontiers in Oncology | www.frontiersin.org 3
HPV-mediated OPSCC and interest has risen in exploring its use
in de-escalation strategies for definitive treatment. To date, there
is little data in this indication with immune therapy. Recently,
the Radiation Therapy Oncology Group (RTOG 1016) explored
HPV-positive OPSCC patient outcomes and concluded that
concurrent chemoradiation therapy with systemic treatment of
cisplatin demonstrated superior 5-year overall survival (OS) and
progression-free survival (PFS) compared to cetuximab (28). The
phase III De-ESCALaTE trial confirmed these findings (29).

Most studies incorporating immune therapy with HNC have
included all primary sites, including OPSCC irrespective of HPV
FIGURE 1 | Mechanisms of immune evasion by HPV and EBV: decreased antigen production and establishment of viral latency. Adapted from “Viral
Carcinogenesis”, by BioRender.com (2021). Retrieved from https://app.biorender.com/biorender-templates.
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status. Additionally, the use of response rates as primary
endpoint has generated a lot of thought-provoking data. Some
of these data are encouraging as response rates are high; however,
OS and distant failure rates are also of concern. While patients
with HPV-induced OPSCC conventionally have better survival,
approximately 10–25% of patients will develop disease
recurrence (30). HPV-positive patients also develop distant
metastasis approximately 2–3 years later than non-HPV
OPSCC patients (31). Given there may be an immune defect in
these patients, it is unclear if immune therapies in the definitive
indication will be sufficient, but there are ongoing trials.

Clinical Trials of Checkpoint Inhibitors in Locally
Advanced HNC
Locally Advanced HNSCC, Unselected Population
Historically, patients with early or locally advanced disease have
been treated with curative intent. Curative intent treatments may
include surgery, radiation, and combined chemoradiation.
Several clinical trials are currently underway in locally
Frontiers in Oncology | www.frontiersin.org 4
advanced HNSCC (Table 1). In the neoadjuvant/adjuvant
setting, there are preliminary data available for two trials.
Preliminary results from an ongoing phase II trial
(NCT02296684) of neoadjuvant and adjuvant treatment with
pembrolizumab in surgically resectable HNSCC patients showed
safety, tolerability, and response to treatment although further
investigation is necessary (32). Preliminary results for the
IMCISION trial for 32 advanced HNSCC patients treated with
neoadjuvant nivolumab monotherapy or in combination with
ipilimumab (33) demonstrated 31% (9/29) near complete
pathological response (≥90% pathological response) and 31%
of patients 20–89% pathological response in the primary tumor
specimen at resection (33). A trial combined definitive
concurrent chemoradiation therapy with pembrolizumab (six
doses every 3 weeks) in locally advanced HNSCC patients with
high risk features of high T stage and/or nodal disease
(NCT02641093). Roughly 47% (9/19) patients demonstrated a
pathological response which was correlated with increased
immune cell infiltration into the tumor (34).
TABLE 1 | Ongoing clinical trials investigating novel immunotherapy drugs or combinations in locally advanced HNC and HPV-positive OPSCC.

Study Title NCT Primary
Endpoint

N Phase Experimental Control Definitive
treatment

IMMUNEBOOST: Feasibility and Tolerance of
Nivolumab Neoadjuvant Immunotherapy in High Risk
HPV Driven OPSCC

03838263 Feasibility 61 2,
Randomized
Multicenter

Neoadjuvant nivolumab No neoadjuvant
treatment

CRT with
high dose
cisplatin

Durvalumab Before Surgery in Treating Patients with
Oral Cavity or OPSCC

02827838 Effect of
durvalumab on
local and
systemic immune
activation

20 2
Single
center
Pilot trial

Neoadjuvant durvalumab N/A Surgical
Resection

Stereotactic Body Radiation Therapy and
Durvalumab With or Without Tremelimumab Before
Surgery in Treating Participants with HPV Positive
OPSCC

03618134 Safety, PFS,
incidence of
severe adverse
events

82 1b/2
Single
center

Neoadjuvant stereotactic
body radiotherapy and
durvalumab, plus/minus
tremelimumab

N/A Surgical
resection

Radiotherapy, Carboplatin/Paclitaxel and Nivolumab
for High Risk HPV-related HNC

03829722 PFS 40 2
Single
center

CRT plus nivolumab
followed by adjuvant
nivolumab

CRT with
carboplatin and
paclitaxel

CRT with
carboplatin
and
paclitaxel

Testing Immunotherapy Versus Observation in
Patients with HPV OPSCC

03811015 PFS and OS 744 2/3
Randomized
Multicenter

Adjuvant nivolumab after
chemoradiation therapy
with weekly cisplatin

CRT with weekly
cisplatin

CRT with
weekly
cisplatin

Ipilimumab, Nivolumab, and Radiation Therapy in
Treating Patients with HPV Positive Advanced
OPSCC

03799445 Dose-limiting
toxicity, complete
response rate,
and PFS

180 2
Single
center

Concurrent radiation
therapy, nivolumab, and
ipilumumab

N/A Radiation
therapy

Radiation Therapy with Durvalumab or Cetuximab in
Treating Patients with Locoregionally Advanced
HNC Who Cannot Take Cisplatin

03258554 Dose-limiting
toxicity, PFS, and
OS

523 2/3
Randomized
Multicenter

Concurrent radiation
therapy with durvalumab

CRT with
cetuximab

CRT with
cetuximab

De-intensified Radiation Therapy with Chemotherapy
(Cisplatin) or Immunotherapy (Nivolumab) in Treating
Patients with Early-Stage, HPV-Positive, Non-
Smoking Associated OPSCC

03952585 PFS and quality
of life

711 2/3
Randomized
Multicenter

Concurrent reduced
radiation therapy with
nivolumab q 2 weeks

Concurrent
reduced
chemoradiation
therapy with
cisplatin x 2 doses

CRT

Adjuvant Therapy for High-Risk HPV 16-Positive
OPSCC Patients with Durvalumab and MEDI0457
(INO-3112)

04001413 Clearance of HPV
biomarkers post-
treatment

66 2
Randomized
Multicenter

Adjuvant durvalumab
plus or minus DNA
vaccine, MEDI0457

Observation N/A

E7 TCR Cell Induction Immunotherapy for Stage II
and Stage III HPV-Associated OPSCC

04015336 Feasibility 180 2
Single
center

E7 TCR therapy N/A N/A
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Locally Advanced HNSCC With HPV Subset Analysis
A phase Ib trial of pembrolizumab in combination with
concurrent cisplat in-based chemoradiat ion therapy
(NCT02586207) enrolled 59 locally advanced HNSCC patients
(35). In the HPV-positive cohort (N = 34), 85.3% of patients
achieved a complete response. The study demonstrated safety
and tolerability of standard multi-modality treatment involving
pembrolizumab as the results are similar to the expected level of
response with conventional platinum-based chemoradiotherapy.

Locally Advanced HPV-Positive OPSCC
In viral-associated cancers such as OPSCC, CheckMate 358
examined the efficacy of nivolumab in the neoadjuvant setting
and presented promising results at ESMO (NCT02488759). In
the cohort ofOPSCC patients enrolled in the trial, tumor reduction
was seen in approximately 48% of evaluable patients (11/23, (5/10
HPV+, 6/13 HPV−)) prior to surgery (36). Final results from the
CIAO (Checkpoint Inhibitors Assessment in Oropharynx
Carcinoma) trial was recently published (37). Locally advanced
OPSCC patients (N = 28), 24 (86%) were HPV+, were randomized
1:1 to receive durvalumab alone or combination with anti-CTLA-4
monoclonal antibody tremelimumab prior to surgery. The primary
objective was to determine the impact of immunotherapy pre-
treatment on CD8+ tumor infiltrating lymphocyte (TIL) count in
tumor specimen. The overall response rate (ORR) was 43% in both
treatment groups and 29% of patients showed a major pathologic
response after treatment. The study concluded that although
combination durvalumab and tremelimumab did not increase
CD8+ TIL cells compared to monotherapy durvalumab, there is
clinical rationale to continue investigating immunotherapy in the
neoadjuvant setting. There are several recruiting clinical trials
examining more combination immunotherapy strategies in early
stage or locally advanced HNC and HPV-driven OPSCC in the
neoadjuvant, concurrent, and adjuvant setting (38, 39) (Refer
to Table 1).

Treatment for Recurrent and
Metastatic HNC
The first FDA approved immune therapy in HNC was single
agent cetuximab. Cetuximab as a single agent has a 12.6%
objective response rate and median survival of 5.9 months in
patients who failed platinum-based therapy (13). With the
addition of cetuximab to platinum-based therapy (EXTREME
Trial), the median OS improved from 7.4 to 10.1 months (14).
The EXTREME trial did establish a new standard of care;
however, the survival remained poor (12).

Checkpoint Inhibitors in Metastatic HNC
KEYNOTE-012 trial demonstrated the efficacy of immune
checkpoint inhibitors in HNC (19). The ORR was 21% and
median OS was 13 months in HNC patients who had failed prior
platinum therapy and who had PD-L1 combined positivity score
(CPS) of 1% or greater. These findings were confirmed in the
expansion cohort using fixed 3-week dosing (40). The degree of
PD-L1 expression was noted to be strongly predictive of overall
response, PFS and OS. The ORR was 22% and 4% for PD-L1
positive and negative patients, respectively. Additionally, HPV-
Frontiers in Oncology | www.frontiersin.org 5
positive HNC had a higher ORR of 32% compared to HPV-
negative patients at 14% when treated with pembrolizumab.

Checkmate-141 trial was a similar checkpoint inhibitor trial
which was ongoing at the same time as KEYNOTE-012 (41).
Checkmate-141 also evaluated recurrent/metastatic HNC
patients who had failed prior platinum therapy. These trials
demonstrated similar findings although, cross-trial comparisons
need to be interpreted with caution. The Checkmate-141 trial
compared nivolumab to standard second line therapies and
demonstrated that nivolumab nearly doubled 1-year OS from
16.6% with standard therapies vs 36% with nivolumab; ORR and
OS were 16.6%, 5.1 months versus 36%, 7.5 months for standard
therapy versus nivolumab, respectively. Additionally,
exploratory analysis from the trial suggested that HPV-
associated disease appeared to benefit most with response rates
of 8% in HPV-negative and 15.9% in HPV-positive patients. This
is interesting with both KEYNOTE and Checkmate studies
suggesting HPV-positive patients have greater improvement
with checkpoint inhibition then non-HPV-mediated HNC.
Although this is provocative data, more work needs to be done
using HPV ISH or PCR as a marker opposed to p16 used in these
studies given recent data (42).

KEYNOTE-048, a phase III trial, demonstrated efficacy of
pembrolizumab monotherapy or combination treatment in
patients with recurrent or metastatic HNC (43). This trial
revolutionized first line treatment of recurrent or metastatic HNC
which was previously limited to chemotherapy and cetuximab. In
the trial, patients (N = 882) were randomized to receive
pembrolizumab monotherapy (N = 301), pembrolizumab and
chemotherapy combination (N = 281), or cetuximab and
chemotherapy combination treatment (N = 300). PD-L1
expression via CPS was tested and patients were stratified into
groups based on CPS. The primary endpoint of median OS
demonstrated significant superiority in the pembrolizumab
monotherapy group compared to cetuximab and chemotherapy
group in patientswho exhibitedaCPSof 20%ormore (14.9months
vs 10.7months, p = 0.0007) and patients who exhibited a CPS of 1%
or more (12.3 months vs 10.3 months, p = 0.0086). In the overall
trial population, pembrolizumab and chemotherapy combination
treatment demonstrated significant improved OS compared to
cetuximab and chemotherapy (13.0 months vs 10.7 months, p =
0.0034). In the subgroup of patients with CPS of 20% ormore, CPS
of 1% or more, and in the total patient population treated with
pembrolizumab and chemotherapy, the ORR was 43%, 36%, and
36% respectively. Although pembrolizumab alone or in
combination with chemotherapy did not show improved PFS in
any subgroup analysis, the OS results were significant enough to
transform first line standard-of-care practice in recurrent or
metastatic HNSCC.

Ongoing Trials and Development in HNC
Checkpoint Inhibitors
Immunotherapy is being exploited in clinical studies of HNC and
OPSCC in the recurrent or metastatic setting. Currently in
recurrent and/or metastatic HNC, there are approved antibody
treatments targeting PD-1 (pembrolizumab and nivolumab)
(44). However, since only a small cohort of patients respond to
July 2021 | Volume 11 | Article 649963
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immune checkpoint inhibitors, other strategies are under
investigation to increase efficacy and response to immunotherapy.

Clinical trials on novel combination regimens with other
immune checkpoint inhibitors or chemotherapy agents are
currently under examination in HNC and OPSCC. Recently, the
phase III EAGLE study failed to demonstrate superior OS with
durvalumab monotherapy or in combination with tremelimumab
compared to standard-of-care in recurrent or metastatic HNSCC
patients (45). Results from a phase II trial of combination
pembrolizumab and a histone deacytelase (HDAC) inhibitor,
vorinostat, were recently published (46). In the recurrent or
metastatic HNC arm, 25 patients were reenrolled to receive both
drugs, of which the majority achieved either a partial response
(32%) or stable disease (20%). ThemedianOSwas 12.6months and
the median PFS was 4.5 months, ultimately suggesting clinical
activity in HNC patients however, further study is needed.

In patients with HPV-positive tumors, M7824, a bifunctional
fusion protein that targets both PD-L1 and transforming growth
factor-b (TGF-b) is currently under investigation. TGF-b has
been previously reported to be upregulated in HPV-associated
cancers (47), and thus dual targeting of PD-L1 and TGF-b
should ideally produce a more durable response. Results from
a phase I clinical trial investigating M7824 found an ORR of
37.5% in HPV-associated cancers (48) and it is under continued
evaluation in a phase II trial (NCT03427411).

Vaccines
Over the past several years, scientists began to study the feasibility of
combining immune checkpoint inhibitors with vaccines as a way to
augment therapeutic responses. The MASTERKEY-232 phase Ib
study enrolled recurrent ormetastatic HNSCC patients (N = 36) to
undergo treatment with pembrolizumab and talimogene
laherparepvec (T-VEC), a genetically modified oncolytic viral
therapy originally manufactured to treat melanoma (49). The
objectives were to understand any dose-limiting toxicities,
examine the safety of the combination, as well as OS and PFS.
Confirmed partial responses were observed in 13.9% of patients (N
= 5), and the median OS and PFS was 5.8 months and 3.0 months,
respectively. The trial failed to demonstrate superior efficacy in this
novel combination compared to monotherapy pembrolizumab,
thus follow-up studies were discontinued. Another clinical trial
combined nivolumabwith anHPV-16 vaccine (ISA101) to increase
therapeutic response in HPV-positive solid tumor malignancies
(50).With24patients enrolled in the trial, theORRwas33%and the
median duration of responsewas 10.3months.MedianOSwas 17.5
months and the median PFS was 2.7 months. Overall, this study
demonstrated clinical benefit in the addition of a vaccine to
immunotherapy although further studies are warranted.
Currently, there is an ongoing phase II trial of anti-PD-1
monoclonal antibody cemiplimab alone or in combination with
cancer vaccine ISA101b targeted at oncogenic E6 and E7 antigens
fromHPV-16 (NCT03669718). Another ongoing phase I/II trial is
utilizing modified viruses, HB-201 and HB-202, as single vector/
two-vector therapies engineered to recognize antigens specific to
HPV-16 (NCT04180215).

Le Tourneau et al. presented interim results of their phase Ib/
II trial investigating TG4001, a HPV vaccine targeting E6 and E7,
Frontiers in Oncology | www.frontiersin.org 6
in combination with avelumab, an anti-PD-L1 monoclonal
antibody, in HPV-16 positive recurrent or metastatic solid
tumors (NCT03260023) (51). The results showed increased
CD8+ T cell infiltration as well as detectable vaccine responses
against E6 and E7. Aggarwal et al. reported the results of a phase
Ib/II study in HPV-associated recurrent or metastatic HNSCC
treated with HPV DNA vaccine MEDI0457 and durvalumab
(NCT03162224) (52). The trial reported an ORR of 22.2% with
three each confirmed complete and partial responses. The
authors also noted increased levels of peripheral HPV-specific
T cells and CD8+ T cells in their treated patients. Another phase
I/II trial is investigating M7824, the anti-PD-L1/TGF-b fusion
protein, in combination with HPV-16 cancer vaccine PDS0101
and immunocytokine NHS-IL12 in metastatic/refractory HPV-
associated solid tumor malignancies (NCT04287868). M7824 is
also under examination in another phase I/II trial in combination
with PRGN-2009, a novel gorilla adenovirus GAd HPV vaccine
with agonist epitopes of E6 and E7 (NCT04432597), based on
previously reported data that demonstrated preclinical efficacy and
increased immune response in mouse models (53). VERSATILE-
002, a phase II trial, is studying the PDS0101 vaccine and
pembrolizumab combination in recurrent/metastatic HPV-
positive HNC.

Adoptive Cell Therapies
In addition to vaccines, several clinical trials have been initiated to
study treatment strategies using adoptiveTcell therapy againstHPV-
associated cancers. A phase I/II trial enrolled patients with HPV-
positive tumors (N = 12) to undergo treatment with genetically
engineered T cells with receptors targeting HPV-16 E6-expressing
tumor cells as well as cyclophosphamide, fludarabine, and
aldesleukin (NCT02280811) (54). Post-treatment results
demonstrated anti-tumor response and decrease in tumor size,
highlighting a role for adoptive T cell therapy in treating HPV-
associated cancers. To that same effect, a phase I/II trial is currently
recruiting patients to determine the dose and efficacy of engineeredT
cells targeting tumors cellswithE7protein (NCT02858310).Another
phase II trial mimicked the study design of the previous trials with
TILS treatment in combinationwith cyclophosphamide,fludarabine,
and aldesleukin in HPV-associated cancers (NCT01585428). The
trial showed an association between clinical response and HPV
reactivity of the modified T cells as well as their presence in the
peripheral blood (55). Potential biomarkers may predict response to
novel therapeutics that utilize the patient’s cells will be important
when utilizing this treatment method.
NASOPHARYNGEAL CARCINOMA,
EBV-POSITIVE

NPC is a rare epithelial cancer type of the nasal cavity occurring
most commonly in Southeastern Asia, China, Hong Kong, and
Taiwan (8). It is characterized as an aggressive, locoregional
disease that primarily affects males of Asian descent. Globally,
there are approximately 129,079 new cases of NPC and 72,987
deaths from NPC annually, with a high incidence rate in males
(3:1) (3, 56). Although early stage disease portends great 5-year
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survival rates of greater than 80%, stage IV metastatic disease is
associated with poor survival rates of less than 25% (57, 58). NPC
has been demonstrated to be highly sensitive to radiation therapy
and chemotherapy, although resistance to therapy frequently
occurs and patients with relapsed or metastatic disease inevitably
recur with limited options for treatment (59–61).

Treatment for Locally Advanced
EBV+ NPC
EBV is anoncogenic, human-tropic g-herpesvirus that infects >90%
of the global population,mainly infecting epithelial andB-cells (62–
64). After primary infection occurs, EBV establishes life-long
residency in its host through establishment of latency in infected
cells, although under different stimuli the virus can become
reactivated and undergo lytic replication to result in the
production of new virions (65). Similar to HPV, EBV miRNAs
minimize antigen production in order to evade recognition by the
immune system of the host, thus allowing for immune evasion and
EBV latency in the host cells (Figure 1) (66). Over time, these EBV-
affected cells can result in the development of various cancers. Both
viral life stages havebeenassociatedwith the development of several
malignancies of lymphoid and epithelial cell origin including
Burkitt’s lymphoma and Hodgkin lymphoma (65, 67). Of these
malignancies, NPC holds the strongest association to EBV, with
most NPC cases being EBV-positive (EBV+) (8, 62). The
association between EBV and NPC was initially reported in 1973.
Of the 129,000 cases ofNPCglobally diagnosed eachyear, ~97%are
EBV+, with those occurring in high and intermediate incidence
areas being 100%EBV+ and those in low incidence areas being 80%
EBV+ (62, 68). Of the ~72,000 annual deaths attributed to NPC,
~97% are associated with EBV (68).

Treatment of locally advanced NPC typically involves
multimodality therapy with concurrent chemoradiation
treatment using platinum-based agents. Post-treatment plasma
EBV levels have become a prognostic indicator of response and
clinical outcomes in NPC (69, 70). To date, there are no licensed
EBV-targeted strategies against EBV+ NPC.

Interest initially arose in utilizing individual patient’s immune
cells to attack EBV-mediated cancers in order to leverage durable
responses to this aggressive cancer. Ongoing clinical trials are
exploring immunotherapy approaches using autologous and
allogeneic EBV-specific T cells against NPC with promising
interim results (71, 72).

Treatment for Metastatic/Recurrent NPC
Unfortunately, recurrent ormetastatic NPC is associated with poor
outcomes and a median OS of 20 months (73). Standard-of-care
treatment of recurrent/metastatic NPC involves platinum-based
doublet chemotherapy. A milestone phase III clinical trial
investigated the efficacy of platinum-based doublet chemotherapy
treatment with cisplatin/gemcitabine or cisplatin/5-fluorouracil (5-
FU) (74). 362 recurrent/metastatic NPC patients were randomized
1:1 to receive either combination. The ORR was 64% in the
cisplatin/gemcitabine group versus 42% in the cisplatin/5-FU
while median PFS was 7.0 months (cisplatin/gemcitabine) versus
5.6 months (cisplatin/5FU) (p <0.0001). This trial demonstrated
statistically superior PFS with cisplatin/gemcitabine treatment,
Frontiers in Oncology | www.frontiersin.org 7
establishing the combination as standard first-line treatment for
recurrent/metastatic NPC.

Although EBV-associated NPC results from EBV latency in the
host cells due to immune evasionmechanismsbyEBV, studies have
been initiated to examine the potential of incorporating
immunotherapy in NPC. Delord et al. presented the results from
the NPC cohort in CheckMate 358, a phase I/II study evaluating
nivolumab in virus-associated tumors (75). 24 patients with
recurrent/metastatic NPC were enrolled, of which 88% were EBV
positive tumors. TheORRwas 20.8%, however theORRwas higher
inpatients thatdidnot receiveprior therapy in themetastatic setting
(N = 5).With a median follow-up of 26 weeks, median PFS was 2.4
months while median OS was not reached. Another multicenter
study (NCI-9742) examined the clinical efficacy of nivolumab in
recurrent and metastatic NPC (76). Of the 44 patients that were
enrolled in the trial, nine patients (20%) received nivolumab for
over 12 months. The ORR was 20.5% (N = 9), the median PFS was
2.8 months, and the median OS was 17.1 months. The trial also
examined the possible correlations of PD-L1 expression, human
leukocyte antigens A and B expression, or EBV virus DNA levels
with ORR and OS. They found that patients with greater than 1%
PD-L1 expression were more likely to respond to nivolumab
compared to PD-L1-negative NPC while EBV virus DNA levels
had no impact. Interestingly, tumors that lacked human leukocyte
antigens A and/or B expression were correlated with superior PFS
versus tumors that expressed both antigens (30.9% versus 5.6%, p =
0.1). Overall, these trials demonstrated promising clinical results in
treating this aggressive disease with nivolumab.

Keynote-028, phase Ib trial, evaluated the safety and efficacy of
pembrolizumab 10mg/kg every two weeks in PD-L1 positive (>1%
expression) recurrent or metastatic NPC (77). With a median
follow-up period of 20 months, the ORR was 25.9% of the 27
patients that were enrolled in the trial. By investigator review, the
median PFS was 6.5 months and the median OS was 16.5 months.
Although majority of patients were heavily pre-treated,
pembrolizumab showed good safety profile and favorable anti-
tumor activity in NPC patients with PD-L1 expression.

Ongoing Trials and Development in NPC
Checkpoint Inhibitors in Locally Advanced NPC
Trials are underway to investigate the role of immune checkpoint
inhibitors in the locally advanced setting given the encouraging
results from metastatic/recurrent NPC trials. Lim et al. recently
presented interim results from their phase II trial of nivolumab
and ipilimumab in EBV+ locally advanced NPC (NCT03097939)
(78). Eligible patients had EBV+ NPC, measurable blood EBV
DNA levels, and a history of only one line of treatment. Of the 26
evaluable patients at the time of the presentation, the median
duration of response was 5.9 months. The median PFS was 5.3
months with a median follow-up period of 10.6 months.
Interestingly, they noted a difference in median PFS of EBV-low
versus EBV-high patients (6.8 months versus 2.7 months,
respectively). Overall, Lim at al. revealed encouraging preliminary
results in combination PD-1 and CTLA-4 blockade in NPC
patients. There are several ongoing trials evaluating monotherapy
and combination immunotherapy strategies in locally advanced
NPC, see Table 2.
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Checkpoint Inhibitors in Recurrent/Metastatic NPC
In the recurrent/metastatic setting, camrelizumab is also under
investigation in combination with cisplatin and gemcitabine in a
phase III clinical trial (NCT03707509). Prior results were
published from two phase I trials where previously treated
recurrent or metastatic NPC patients received camrelizumab
monotherapy while treatment naïve patients received six cycles
of camrelizumab, cisplatin, and gemcitabine with adjuvant
maintenance camrelizumab (80). In the camrelizumab
monotherapy trial versus the camrelizumab combination trial,
the ORR was 34% versus 91%, demonstrated promising clinical
activity. Interim results from a phase II trial of patients
randomized to receive spartalizumab (PDR001), a humanized
anti-PD-1 IgG4 mAb, or chemotherapy (NCT02605967) were
recently presented (81). The trial did not reach its primary
endpoint of PFS (median PFS of 1.9 months in the spartalizumab
arm versus 6.6 months in the chemotherapy arm). However, the
duration of response at 12 months in patients responding in the
spartalizumab group was 61.0%. While spartalizumab
monotherapy did not improve PFS compared to chemotherapy
regimens, a subset of patients could potentially benefit with durable
response to the monotherapy treatment.

Keynote-122, an active phase II study of pembrolizumab versus
chemotherapy (capecitabine, gemcitabine, or docetaxel) inplatinum-
pretreated recurrent or metastatic NPC (NCT02611960) (82), was
initiated due to results from the phase IB Keynote-028 reporting an
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ORR of 25.9% as well as promising median PFS/OS in heavily pre-
treated NPC patients treated with pembrolizumab (77). A phase III
trial of tislelizumab, ahumanizedmonoclonal antibodyagainstPD-1,
with cisplatin and gemcitabine versus chemotherapy alone is
currently underway (NCT03924986) after preliminary results from
the phase II trial showed 80%of patients (N=9 out of 15) achieving a
partial response or stable disease with monotherapy tislelizumab
treatment (83). Results from a trial examining an EBV-specific
immunotherapy drug (NCT00834093) demonstrated a poor ORR,
a median PFS of 2.2 months, and a median OS of 16.7 months (84).
Please refer toTable 2 for a list of ongoing trials recruitingmetastatic/
recurrent NPC patients to investigate the role of novel monotherapy
and combination immunotherapy drugs.

Vaccine Therapy in NPC
EBV+ NPC cancers express a select set of latent EBV antigens,
which offers an excellent opportunity for targeted therapeutics
(85–87). NPC is characterized by the expression of the latent
antigen EBNA1, responsible for maintenance of the viral genome
in infected cells, and the latent antigen LMP2, which supports
proliferation, survival and migration of infected cells (67, 88–90).
Currently, these two antigens are being tested together as
components of a therapeutic vaccine candidate in phase I/II
clinical trials against EBV+ NPC, and have been shown to be
immunogenic and able to elicit EBV-specific CD4+ and CD8+
T-cell responses (91, 92).
TABLE 2 | Ongoing clinical trials investigating monotherapy and combination immunotherapy strategies in locally advanced, recurrent, or metastatic NPC.

Study Title NCT Primary
Endpoint

N Phase Experimental Control Definitive treatment

Sintilimab (PD-1 Antibody) and
Chemoradiotherapy in
Locoregionally-Advanced NPC

03700476 Failure-free
survival

420 3
Randomized
Multicenter

CRT with cisplatin,
gemcitabine, and sintilimab

CRT with cisplatin and
gemcitabine

CRT with cisplatin and
gemcitabine

Neoadjuvant and Adjuvant Anti-
PD-1 Antibody Toripalimab
Combined with CCRT in NPC
Patients

03925090 PFS 138 2
Randomized
Single
center

Neoadjuvant toripalimab
followed by CRT with high
dose cisplatin and toripalimab

Neoadjuvant placebo
followed by CRT with
high dose cisplatin

CRT with high dose
cisplatin

Concurrent and Adjuvant PD-1
Treatment Combined with
Chemo-radiotherapy for High-risk
NPC

04453826 PFS 388 3
Randomized
Multicenter

Induction cisplatin and
gemcitabine followed by CRT
with high dose cisplatin and
camrelizumab

Induction cisplatin and
gemcitabine followed by
CRT with high dose
cisplatin

Induction cisplatin and
gemcitabine followed by
CRT with high dose
cisplatin

PACIFIC-NPC: Camrelizumab
(PD-1 Antibody) After
Chemoradiotherapy in
Locoregionally Advanced NPC

03427827 Disease-
free survival

400 3
Randomized
Multicenter

Adjuvant camrelizumab Observation N/A

Programmed Death-1 (PD-1)
Antibody Combined with IMRT in
Recurrent NPC Patients

03907826 OS 212 3
Randomized
Multicenter

Radiation therapy with
concurrent and adjuvant
toripalimab

Radiation therapy alone Radiation therapy

PD-1 Knockout EBV-CTLs for
Advanced Stage EBV Associated
Malignancies (79)

03044743 Participants
with
adverse
events

20 1/2
Single
center
Pilot study

Fludarabine and
cyclophosphamide followed by
PD-1 knockout EBV-CTLs and
interleukin-2

N/A Fludarabine and
cyclophosphamide

EBV-TCR-T YT-E001)for Patients
With EBV-positive Recurrent or
Metastatic NPC

03648697 Participants
with
adverse
events

20 1/2
Single
center
Pilot study

Fludarabine and
cyclophosphamide followed by
EBV-TCR-T (YT-E001) cell
infusion

N/A Fludarabine and
cyclophosphamide

LMP2 Antigen-specific TCR T-cell
Therapy for Recurrent and
Metastatic NPC Patients

03925896 Maximum
tolerated
dose

27 1
Single
center

LMP2 Antigen-specific TCR T
cells

N/A N/A
July 2021 | Vo
N/A, not applicable.
lume 11 | Article 649963

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Pharaon et al. Immunotherapy in Viral-Associated Cancers
Adoptive Cellular Therapy in NPC
The ability to target EBV as a therapeutic option represents an
important milestone, especially in light of limited treatment
strategies available for recurrent/metastatic EBV+ NPC. Adoptive
cellular therapy utilizes individual patient’s immune cells to
attacked EBV-mediated cancers including NPC. VANCE, a phase
III trial is currently underway investigating carboplatin and
gemcitabine doublet chemotherapy with infusions of autologous
EBV-specific cytotoxic T cells in advanced NPC (NCT02578641).
This trial was initiated based on the phase II trial results which
demonstrated superior survival outcomes with 2-year OS at 62.9%,
amedian PFS of 7.6months, and amedianOS of 29.9months in 35
recurrent/metastatic NPC patients who received the combination
therapy (93). They also found that high EBV-DNA levels were
correlatedwithhigh tumorburdenandpoorprognosis.Anongoing
phase Ib/2 trial (NCT03769467) is assessing the tolerability and
anti-tumor activity of combination tabelecleucel, an allogeneic T-
cell immunotherapy, and pembrolizumab in platinum-treated
recurrent/metastatic EBV+ NPC (94). The primary objective of
the phase Ib portion is to identify the maximum tolerated dose and
any dose-limiting toxicities while the phase II portion’s aims are
safety andORR.Additional trials are currently recruitingpatients to
investigate other adoptive T cell therapies in recurrent/metastatic
NPC (Table 2).
CONCLUSIONS

There has been vast work in employing the immune system in
HNSCC. Most immune therapy clinical trials include a very
heterogenous population of HNSCC patients and may only
stratify OPSCC and NPC based on viral etiology resulting
in small subgroups hence, direct comparisons of viral and
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non-viral-related HNSCC are difficult to compare statistically.
Given the implications of immune dysfunction in viral-
associated malignancies, treatment targeting the immune
system is a reasonable option for clinical success but may be
challenging. Most clinical work with immune therapy has been
done in the metastatic setting with some encouraging results.
There are subsets of patients who respond very well while others
have no response at all. Lack of response is likely multifactorial
and may be due to the difficulty in leveraging the immune system
in viral-associated HNCs that employ various mechanisms of
immune evasion. There are many levels of investigation which
need attention to ensure success with these strategies including
the identification of: who is most likely to respond, the
confounding factors of non-responsiveness, which immune and
non-immune targets should be addressed, and which strategies
alone or together have a higher likelihood of eradicating the cancer.
Further work is needed to identify the line of therapy which ismost
conducive for immune therapies. Many of these immune targeted
strategies are currently under evaluation in earlier settings and
including, curative intent treatments of virally inducedOPSCC and
NPC. We believe immune resistance is multifactorial and the
biological properties of this disease need to be further delineated
to better understand mechanisms of immune resistance. Future
directions involve combination regimens including doublet
immune checkpoint inhibitors, immune checkpoint inhibitors
and vaccines, as well as adoptive cellular therapy.
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Pembrolizumab Versus Chemotherapy for PD-L1–Positive Non–Small-Cell
Lung Cancer. New Engl J Med (2016) 375(19):1823–33. doi: 10.1056/
NEJMoa1606774

17. Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L, et al.
Pembrolizumab Versus Ipilimumab in Advanced Melanoma. New Engl J
Med (2015) 372(26):2521–32. doi: 10.1056/NEJMoa1503093

18. Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al. PD-1
Blockade in Tumors With Mismatch-Repair Deficiency. New Engl J Med
(2015) 372(26):2509–20. doi: 10.1056/NEJMoa1500596

19. Seiwert TY, Burtness B, Mehra R, Weiss J, Berger R, Eder JP, et al. Safety and
Clinical Activity of Pembrolizumab for Treatment of Recurrent or Metastatic
Squamous Cell Carcinoma of the Head and Neck (KEYNOTE-012): An
Open-Label, Multicentre, Phase 1b Trial. Lancet Oncol (2016) 17(7):956–65.
doi: 10.1016/S1470-2045(16)30066-3

20. Gardasil 9–a Broader HPV Vaccine.Med Lett Drugs Ther (2015) 57(1465):47–
8. https://pubmed.ncbi.nlm.nih.gov/25853579/

21. Oh JE, Kim JO, Shin JY, Zhang XH, Won HS, Chun SH, et al. Molecular
Genetic Characterization of P53 Mutated Oropharyngeal Squamous Cell
Carcinoma Cells Transformed With Human Papillomavirus E6 and E7
Oncogenes. Int J Oncol (2013) 43(2):383–93. doi: 10.3892/ijo.2013.1953

22. Westrich JA, Warren CJ, Pyeon D. Evasion of Host Immune Defenses by Human
Papillomavirus. Virus Res (2017) 231:21–33. doi: 10.1016/j.virusres.2016.11.023

23. Benson E, Li R, Eisele D, Fakhry C. The Clinical Impact of HPV Tumor Status
Upon Head and Neck Squamous Cell Carcinomas. Oral Oncol (2014) 50
(6):565–74. doi: 10.1016/j.oraloncology.2013.09.008

24. Chaturvedi AK. Epidemiology and Clinical Aspects of HPV in Head and Neck
Cancers. Head Neck Pathol (2012) 6(Suppl 1):S16–24. doi: 10.1007/s12105-
012-0377-0

25. Fakhry C, Westra WH, Li S, Cmelak A, Ridge JA, Pinto H, et al. Improved
Survival of Patients With Human Papillomavirus-Positive Head and Neck
Squamous Cell Carcinoma in a Prospective Clinical Trial. J Natl Cancer Inst
(2008) 100(4):261–9. doi: 10.1093/jnci/djn011

26. Ang KK, Harris J, Wheeler R, Weber R, Rosenthal DI, Nguyen-Tan PF, et al.
Human Papillomavirus and Survival of Patients With Oropharyngeal Cancer.
N Engl J Med (2010) 363(1):24–35. doi: 10.1056/NEJMoa0912217

27. O'Sullivan B, Huang SH, Siu LL, Waldron J, Zhao H, Perez-Ordonez B, et al.
Deintensification Candidate Subgroups in Human Papillomavirus-Related
Oropharyngeal Cancer According to Minimal Risk of Distant Metastasis.
J Clin Oncol (2013) 31(5):543–50. doi: 10.1200/JCO.2012.44.0164

28. Gillison ML, Trotti AM, Harris J, Eisbruch A, Harari PM, Adelstein DJ, et al.
Radiotherapy Plus Cetuximab or Cisplatin in Human Papillomavirus-Positive
Oropharyngeal Cancer (NRG Oncology RTOG 1016): A Randomised,
Multicentre, non-Inferiority Trial. Lancet (2019) 393(10166):40–50. doi:
10.1016/S0140-6736(18)32779-X

29. Mehanna H, Robinson M, Hartley A, Kong A, Foran B, Fulton-Lieuw T, et al.
Radiotherapy Plus Cisplatin or Cetuximab in Low-Risk Human
Papillomavirus-Positive Oropharyngeal Cancer (De-ESCALaTE HPV): An
Open-Label Randomised Controlled Phase 3 Trial. Lancet (2019) 393
(10166):51–60. doi: 10.1016/S0140-6736(18)32752-1

30. Faraji F, Eisele DW, Fakhry C. Emerging Insights Into Recurrent and
Metastatic Human Papillomavirus-Related Oropharyngeal Squamous Cell
Carcinoma. Laryngoscope Investig Otolaryngol (2017) 2(1):10–8. doi:
10.1002/lio2.37

31. Huang SH, Perez-Ordonez B, Weinreb I, Hope A, Massey C, Waldron JN,
et al. Natural Course of Distant Metastases Following Radiotherapy or
Chemoradiotherapy in HPV-Related Oropharyngeal Cancer. Oral Oncol
(2013) 49(1):79–85. doi: 10.1016/j.oraloncology.2012.07.015

32. Uppaluri R, Zolkind P, Lin T, Nussenbaum B, Jackson RS, Rich J, et al.
Neoadjuvant Pembrolizumab in Surgically Resectable, Locally Advanced HPV
Negative Head and Neck Squamous Cell Carcinoma (HNSCC). J Clin Oncol
(2017) 35(15_suppl):6012–. doi: 10.1200/JCO.2017.35.15_suppl.6012
Frontiers in Oncology | www.frontiersin.org 10
33. Zuur L, Vos JL, Elbers JB, Krijgsman O, Qiao X, van der Leun A, et al. LBA40
Neoadjuvant Nivolumab and Nivolumab Plus Ipilimumab Induce (Near-)
Complete Responses in Patients With Head and Neck Squamous Cell
Carcinoma: The IMCISION Trial. Ann Oncol (2020) 31:S1169. doi:
10.1016/j.annonc.2020.08.2270

34. Wise-Draper TM, Old MO, Worden FP, O'Brien PE, Cohen EEW, Dunlap N,
et al. Phase II Multi-Site Investigation of Neoadjuvant Pembrolizumab and
Adjuvant Concurrent Radiation and Pembrolizumab With or Without
Cisplatin in Resected Head and Neck Squamous Cell Carcinoma. J Clin
Oncol (2018) 36(15_suppl):6017–. doi: 10.1200/JCO.2018.36.15_suppl.6017

35. Powell SF, Gold KA, Gitau MM, Sumey CJ, Lohr MM, McGraw SC, et al.
Safety and Efficacy of Pembrolizumab With Chemoradiotherapy in Locally
Advanced Head and Neck Squamous Cell Carcinoma: A Phase IB Study.
J Clin Oncol Off J Am Soc Clin Oncol (2020) 38(21):2427–37. doi: 10.1200/
JCO.19.03156
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Prognostic Factors and Outcome for Nasopharyngeal Carcinoma. Arch
Otolaryngology–Head Neck Surg (2003) 129(7):794–9. doi: 10.1001/
archotol.129.7.794

58. Jin Y, Shi YX, Cai XY, Xia XY, Cai YC, Cao Y, et al. Comparison of Five
Cisplatin-Based Regimens Frequently Used as the First-Line Protocols in
Metastatic Nasopharyngeal Carcinoma. J Cancer Res Clin Oncol (2012) 138
(10):1717–25. doi: 10.1007/s00432-012-1219-x

59. Ngan RK, Yiu HH, Lau WH, Yau S, Cheung FY, Chan TM, et al. Combination
Gemcitabine and Cisplatin Chemotherapy for Metastatic or Recurrent
Nasopharyngeal Carcinoma: Report of a Phase II Study. Ann Oncol (2002)
13(8):1252–8. doi: 10.1093/annonc/mdf200

60. Taamma A, Fandi A, Azli N, Wibault P, Chouaki N, Hasbini A, et al. Phase II
Trial of Chemotherapy With 5-Fluorouracil, Bleomycin, Epirubicin, and
Cisplatin for Patients With Locally Advanced, Metastatic, or Recurrent
Undifferentiated Carcinoma of the Nasopharyngeal Type. Cancer (1999) 86
(7):1101–8. doi: 10.1002/(SICI)1097-0142(19991001)86:7<1101::AID-
CNCR2>3.0.CO;2-R

61. Siu LL, Czaykowski PM, Tannock IF. Phase I/II Study of the CAPABLE Regimen
for Patients With Poorly Differentiated Carcinoma of the Nasopharynx. J Clin
Oncol (1998) 16(7):2514–21. doi: 10.1200/JCO.1998.16.7.2514

62. Cohen JI, Fauci AS, Varmus H, Nabel GJ. Epstein-Barr Virus: An Important
Vaccine Target for Cancer Prevention. Sci Trans Med (2011) 3(107):107fs7–
fs7. doi: 10.1126/scitranslmed.3002878

63. Stanfield BA, Luftig MA. Recent Advances in Understanding Epstein-Barr
Virus. F1000Res (2017) 6:386–. doi: 10.12688/f1000research.10591.1

64. Young LS, Yap LF, Murray PG. Epstein–Barr Virus: More Than 50 Years Old
and Still Providing Surprises. Nat Rev Cancer (2016) 16:789. doi: 10.1038/
nrc.2016.92
Frontiers in Oncology | www.frontiersin.org 11
65. Li H, Liu S, Hu J, Luo X, Li N, M Bode A, et al. Epstein-Barr Virus Lytic
Reactivation Regulation and Its Pathogenic Role in Carcinogenesis. Int J Biol
Sci (2016) 12(11):1309–18. doi: 10.7150/ijbs.16564

66. Ressing ME, van Gent M, Gram AM, Hooykaas MJ, Piersma SJ, Wiertz EJ.
Immune Evasion by Epstein-Barr Virus. Curr Top Microbiol Immunol (2015)
391:355–81. doi: 10.1007/978-3-319-22834-1_12

67. Shannon-Lowe C, Rickinson A. The Global Landscape of EBV-Associated
Tumors. Front Oncol (2019) 9(713):1–23. doi: 10.3389/fonc.2019.00713

68. Khan G, Hashim MJ. Global Burden of Deaths From Epstein-Barr Virus
Attributable Malignancies 1990-2010. Infect Agents Cancer (2014) 9(1):38.
doi: 10.1186/1750-9378-9-38

69. Chan AT, Lo YM, Zee B, Chan LY, Ma BB, Leung SF, et al. Plasma Epstein-
Barr Virus DNA and Residual Disease After Radiotherapy for
Undifferentiated Nasopharyngeal Carcinoma. J Natl Cancer Inst (2002) 94
(21):1614–9. doi: 10.1093/jnci/94.21.1614

70. Lin JC, Wang WY, Chen KY, Wei YH, Liang WM, Jan JS, et al. Quantification
of Plasma Epstein-Barr Virus DNA in Patients With Advanced
Nasopharyngeal Carcinoma. N Engl J Med (2004) 350(24):2461–70. doi:
10.1056/NEJMoa032260

71. Chua D, Huang J, Zheng B, Lau SY, Luk W, Kwong DL, et al. Adoptive
Transfer of Autologous Epstein-Barr Virus-Specific Cytotoxic T Cells for
Nasopharyngeal Carcinoma. Int J Cancer (2001) 94(1):73–80. doi: 10.1002/
ijc.1430

72. Straathof KC, Bollard CM, Popat U, Huls MH, Lopez T, Morriss MC, et al.
Treatment of Nasopharyngeal CarcinomaWith Epstein-Barr Virus–Specific T
Lymphocytes. Blood (2005) 105(5):1898–904. doi: 10.1182/blood-2004-07-
2975

73. Wei WI, Sham JS. Nasopharyngeal Carcinoma. Lancet (2005) 365
(9476):2041–54. doi: 10.1016/S0140-6736(05)66698-6

74. Zhang L, Huang Y, Hong S, Yang Y, Yu G, Jia J, et al. Gemcitabine Plus
Cisplatin Versus Fluorouracil Plus Cisplatin in Recurrent or Metastatic
Nasopharyngeal Carcinoma: A Multicentre, Randomised, Open-Label,
Phase 3 Trial. Lancet (2016) 388(10054):1883–92. doi: 10.1016/S0140-6736
(16)31388-5

75. Delord J-P, Hollebecque A, Boer JPD, Greve JD, Machiels J-PH, Leidner RS,
et al. An Open-Label, Multicohort, Phase I/II Study to Evaluate Nivolumab in
Patients With Virus-Associated Tumors (CheckMate 358): Efficacy and Safety
in Recurrent or Metastatic (R/M) Nasopharyngeal Carcinoma (NPC). J Clin
Oncol (2017) 35(15_suppl):6025–. doi: 10.1200/JCO.2017.35.15_suppl.6025

76. Ma BBY, Lim WT, Goh BC, Hui EP, Lo KW, Pettinger A, et al. Antitumor
Activity of Nivolumab in Recurrent and Metastatic Nasopharyngeal
Carcinoma: An International, Multicenter Study of the Mayo Clinic Phase 2
Consortium (NCI-9742). J Clin Oncol (2018) 36(14):1412–8. doi: 10.1200/
JCO.2017.77.0388

77. Hsu C, Lee S-H, Ejadi S, Even C, Cohen RB, Tourneau CL, et al. Safety and
Antitumor Activity of Pembrolizumab in Patients With Programmed Death-
Ligand 1–Positive Nasopharyngeal Carcinoma: Results of the KEYNOTE-028
Study. J Clin Oncol (2017) 35(36):4050–6. doi: 10.1200/JCO.2017.73.3675

78. Lim DW-T, Ng QS, Hong R-L, Tan DS, Tan E-H, Goh B-C, et al. Abstract
CT203: A Phase II Trial of Ipilimumab in Combination With Nivolumab in
EBV-Associated Advanced Nasopharyngeal Carcinoma (NCT03097939).
Cancer Res (2020) 80(16 Supplement):CT203–CT. doi: 10.1158/1538-
7445.AM2020-CT203

79. Wei J, Yan J, Su S, Shao J, Zhao Y, Xu Q, et al. A Phase I/II Trial of CRISPR-
Cas9-Mediated PD-1 Knockout Epstein-Barr Virus Cytotoxic Lymphocytes
(EBV-CTLs) for Advanced Stage EBV Associated Malignancies. J Clin Oncol
(2018) 36(15_suppl):TPS3118–TPS. doi: 10.1200/JCO.2018.36.15_suppl.
TPS3118

80. Fang W, Yang Y, Ma Y, Hong S, Lin L, He X, et al. Camrelizumab (SHR-
1210) Alone or in Combination With Gemcitabine Plus Cisplatin for
Nasopharyngeal Carcinoma: Results From Two Single-Arm, Phase 1
Trials. Lancet Oncol (2018) 19(10):1338–50. doi: 10.1016/S1470-2045(18)
30495-9

81. Lim DW-T, Wang H-M, Li S-H, Ngan R, Dechaphunkul A, Zhang L, et al.
Abstract CT150: Phase II Study of Spartalizumab (PDR001) vs Chemotherapy
(CT) in Patients With Recurrent/Metastatic Nasopharyngeal Cancer (NPC).
Cancer Res (2019) 79(13 Supplement):CT150–CT. doi: 10.1158/1538-
7445.AM2019-CT150
July 2021 | Volume 11 | Article 649963

https://doi.org/10.1200/JCO.2018.36.15_suppl.3007
https://doi.org/10.1158/1078-0432.CCR-20-1170
https://doi.org/10.1001/jamaoncol.2018.4051
https://doi.org/10.1001/jamaoncol.2018.4051
https://doi.org/10.1093/annonc/mdz253.036
https://doi.org/10.1016/j.annonc.2020.08.1031
https://doi.org/10.1172/jci.insight.141912
https://doi.org/10.1172/jci.insight.141912
https://doi.org/10.1200/JCO.18.02424
https://doi.org/10.1158/1078-0432.CCR-18-2722
https://doi.org/10.1001/jamaoncol.2019.2996
https://doi.org/10.1001/archotol.129.7.794
https://doi.org/10.1001/archotol.129.7.794
https://doi.org/10.1007/s00432-012-1219-x
https://doi.org/10.1093/annonc/mdf200
https://doi.org/10.1002/(SICI)1097-0142(19991001)86:7%3C1101::AID-CNCR2%3E3.0.CO;2-R
https://doi.org/10.1002/(SICI)1097-0142(19991001)86:7%3C1101::AID-CNCR2%3E3.0.CO;2-R
https://doi.org/10.1200/JCO.1998.16.7.2514
https://doi.org/10.1126/scitranslmed.3002878
https://doi.org/10.12688/f1000research.10591.1
https://doi.org/10.1038/nrc.2016.92
https://doi.org/10.1038/nrc.2016.92
https://doi.org/10.7150/ijbs.16564
https://doi.org/10.1007/978-3-319-22834-1_12
https://doi.org/10.3389/fonc.2019.00713
https://doi.org/10.1186/1750-9378-9-38
https://doi.org/10.1093/jnci/94.21.1614
https://doi.org/10.1056/NEJMoa032260
https://doi.org/10.1002/ijc.1430
https://doi.org/10.1002/ijc.1430
https://doi.org/10.1182/blood-2004-07-2975
https://doi.org/10.1182/blood-2004-07-2975
https://doi.org/10.1016/S0140-6736(05)66698-6
https://doi.org/10.1016/S0140-6736(16)31388-5
https://doi.org/10.1016/S0140-6736(16)31388-5
https://doi.org/10.1200/JCO.2017.35.15_suppl.6025
https://doi.org/10.1200/JCO.2017.77.0388
https://doi.org/10.1200/JCO.2017.77.0388
https://doi.org/10.1200/JCO.2017.73.3675
https://doi.org/10.1158/1538-7445.AM2020-CT203
https://doi.org/10.1158/1538-7445.AM2020-CT203
https://doi.org/10.1200/JCO.2018.36.15_suppl.TPS3118
https://doi.org/10.1200/JCO.2018.36.15_suppl.TPS3118
https://doi.org/10.1016/S1470-2045(18)30495-9
https://doi.org/10.1016/S1470-2045(18)30495-9
https://doi.org/10.1158/1538-7445.AM2019-CT150
https://doi.org/10.1158/1538-7445.AM2019-CT150
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Pharaon et al. Immunotherapy in Viral-Associated Cancers
82. Ng QS, Spreafico A, Lee V, Ngan RKC, To KF, Ahn MJ, et al. KEYNOTE-122:
Phase 2 Study of Pembrolizumab Versus Standard-of-Care Chemotherapy in
Platinum-Pretreated, Recurrent or Metastatic Nasopharyngeal Carcinoma.
Ann Oncol (2016) 27:viii15. doi: 10.1093/annonc/mdw525.48

83. Wang S, Huang X, Bai Y-X, Yuan Y, Li J, Wang Z, et al. Preliminary Results
With Tislelizumab, an Investigational Anti-PD-1 Antibody, in Chinese
Patients With Nasopharyngeal Cancer (NPC). J Clin Oncol (2019) 37
(15_suppl):2556–. doi: 10.1200/JCO.2019.37.15_suppl.2556

84. Huang J, Fogg M, Wirth LJ, Daley H, Ritz J, Posner MR, et al. Epstein-Barr Virus-
Specific Adoptive Immunotherapy for Recurrent, Metastatic Nasopharyngeal
Carcinoma. Cancer (2017) 123(14):2642–50. doi: 10.1002/cncr.30541

85. Kimura H, Fujiwara S. Overview of EBV-Associated T/NK-Cell
Lymphoproliferative Diseases. Front Pediatr (2019) 6:417–. doi: 10.3389/
fped.2018.00417

86. van Zyl DG, Mautner J, Delecluse HJ. Progress in EBV Vaccines. Front Oncol
(2019) 9:104. doi: 10.3389/fonc.2019.00104

87. Lin W, Yip YL, Jia L, Deng W, Zheng H, Dai W, et al. Establishment and
Characterization of New Tumor Xenografts and Cancer Cell Lines From EBV-
Positive Nasopharyngeal Carcinoma. Nat Commun (2018) 9(1):4663–. doi:
10.1038/s41467-018-06889-5

88. Frappier L. The Epstein-Barr Virus EBNA1 Protein. Scientifica (Cairo) (2012)
2012:438204–. doi: 10.6064/2012/438204

89. Tsao SW, Wang X, Liu Y, Cheung YC, Feng H, Zheng Z, et al. Establishment
of Two Immortalized Nasopharyngeal Epithelial Cell Lines Using SV40 Large
T and HPV16E6/E7 Viral Oncogenes. Biochim Et Biophys Acta (2002) 1590(1-
3):150–8. doi: 10.1016/S0167-4889(02)00208-2

90. McCormack E, Adams KJ, Hassan NJ, Kotian A, Lissin NM, Sami M, et al. Bi-
Specific TCR-Anti CD3 Redirected T-Cell Targeting of NY-ESO-1- and
LAGE-1-Positive Tumors. Cancer Immunol Immunotherapy CII (2013) 62
(4):773–85. doi: 10.1007/s00262-012-1384-4

91. Hui EP, Taylor GS, Jia H, Ma BB, Chan SL, Ho R, et al. Phase I Trial of
Recombinant Modified Vaccinia Ankara Encoding Epstein-Barr Viral Tumor
Frontiers in Oncology | www.frontiersin.org 12
Antigens in Nasopharyngeal Carcinoma Patients. Cancer Res (2013) 73
(6):1676–88. doi: 10.1158/0008-5472.CAN-12-2448

92. Taylor GS, Jia H, Harrington K, Lee LW, Turner J, Ladell K, et al. A
Recombinant Modified Vaccinia Ankara Vaccine Encoding Epstein-Barr
Virus (EBV) Target Antigens: A Phase I Trial in UK Patients With EBV-
Positive Cancer. Clin Cancer Res Off J Am Assoc Cancer Res (2014) 20
(19):5009–22. doi: 10.1158/1078-0432.CCR-14-1122-T

93. Chia W-K, Teo M, Wang W-W, Lee B, Ang S-F, Tai W-M, et al. Adoptive
T-Cell Transfer and Chemotherapy in the First-Line Treatment of Metastatic
and/or Locally Recurrent Nasopharyngeal Carcinoma. Mol Ther (2014) 22
(1):132–9. doi: 10.1038/mt.2013.242

94. Siu LL, Bauml J, Adkins D, Colevas AD, Perez CA, Choe JH, et al.
Tabelecleucel in Combination With Pembrolizumab (Pembro) in Platinum-
Pretreated, Recurrent/Metastatic Epstein-Barr Virus (EBV)-Positive
Nasopharyngeal Carcinoma (EBV+NPC). J Clin Oncol (2019) 37(15_suppl):
TPS6092–TPS. doi: 10.1200/JCO.2019.37.15_suppl.TPS6092

Conflict of Interest: VV reports consultant/advisory fees for AstraZeneca, Bristol-
Myers Squibb, and Genentech. MA reports consultant/advisory fees for Lilly,
Adaptimmune, Regeneron, and AstraZeneca, and speaker bureau participation for
Bristol-Myers Squibb and Bayer.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Pharaon, Xing, Agulnik and Villaflor. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
July 2021 | Volume 11 | Article 649963

https://doi.org/10.1093/annonc/mdw525.48
https://doi.org/10.1200/JCO.2019.37.15_suppl.2556
https://doi.org/10.1002/cncr.30541
https://doi.org/10.3389/fped.2018.00417
https://doi.org/10.3389/fped.2018.00417
https://doi.org/10.3389/fonc.2019.00104
https://doi.org/10.1038/s41467-018-06889-5
https://doi.org/10.6064/2012/438204
https://doi.org/10.1016/S0167-4889(02)00208-2
https://doi.org/10.1007/s00262-012-1384-4
https://doi.org/10.1158/0008-5472.CAN-12-2448
https://doi.org/10.1158/1078-0432.CCR-14-1122-T
https://doi.org/10.1038/mt.2013.242
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS6092
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Role of Immunotherapy to Overcome Resistance in Viral-Associated Head and Neck Cancer
	Introduction
	The Immune System
	OPSCC, HPV-Induced
	Treatment for Locally Advanced HNC
	Clinical Trials of Checkpoint Inhibitors in Locally Advanced HNC
	Locally Advanced HNSCC, Unselected Population
	Locally Advanced HNSCC With HPV Subset Analysis
	Locally Advanced HPV-Positive OPSCC


	Treatment for Recurrent and Metastatic HNC
	Checkpoint Inhibitors in Metastatic HNC
	Ongoing Trials and Development in HNC
	Checkpoint Inhibitors
	Vaccines
	Adoptive Cell Therapies



	Nasopharyngeal Carcinoma, EBV-Positive
	Treatment for Locally Advanced EBV+ NPC
	Treatment for Metastatic/Recurrent NPC
	Ongoing Trials and Development in NPC
	Checkpoint Inhibitors in Locally Advanced NPC
	Checkpoint Inhibitors in Recurrent/Metastatic NPC
	Vaccine Therapy in NPC
	Adoptive Cellular Therapy in NPC


	Conclusions
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


