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Immunotherapy for head and neck cancer:
latest developments and clinical potential

Joshua M. Bauml, Roger B. Cohen and Charu Aggarwal

Abstract: Head and neck squamous cell cancer [HNSCC) is a malignancy with a rapidly
changing demographic profile, given the recent epidemic of human papilloma virus related
cancers. Most patients present with locally advanced disease and receive combination
therapeutic approaches with curative potential, albeit with significant toxicity. Up to a third

of patients, however, will eventually develop recurrent or metastatic disease. The prognosis
of such patients is dismal, as palliative treatment options remain limited. Immune-directed
therapies offer a novel therapeutic strategy beyond cytotoxic chemotherapy and are currently
being evaluated in a wide variety of malignancies. HNSCC is a particularly favorable disease
for immunotherapy, as immune evasion and dysregulation have been shown to play a key role
in the initiation and progression of HNSCC. This review focuses on the latest developments in
immunotherapy in HNSCC, with a particular focus on checkpoint inhibitors, adoptive cellular
therapies, and vaccines.
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Introduction

Head and neck squamous cell carcinoma
(HNSCQC) is a relatively common cancer, with
about 500,000 cases worldwide every year [Siegel
et al. 2015]. A majority of the patients with
HNSCC present with locally advanced disease
and are managed in a multidisciplinary setting
[Pignon et al. 2009]. Radiation therapy, surgery
and chemotherapy are used in combination to
maximize therapeutic benefit. For patients who
experience disease recurrence not amenable to
curative intent treatment and for those presenting
with distant metastases, chemotherapy is the
mainstay of therapy. Despite recent advances in
treatment, including approval and use of epider-
mal growth factor receptor directed targeted ther-
apies [Vermorken er al. 2008a, 2008b], overall
survival in very advanced and recurrent or meta-
static HNSCC remains very poor.

The immune system plays a key role in the
development and progression of HNSCC.
Recent advances in our understanding of the
immune system and oncogenesis have acceler-
ated development of the field of immunotherapy
for cancer generally and for HNSCC in particu-
lar, with the genuine promise of expanding

useful and potentially less toxic treatment
options for patients. A variety of approaches are
under evaluation, including immune checkpoint
inhibitors, therapeutic vaccines, and adoptive
T-cell therapies. We will summarize the latest
developments in the emerging field of immuno-
therapy in HNSCC, with a particular focus on
these modalities.

Immune checkpoint inhibitors

The human body utilizes a number of check-
points to dampen the immune response and in
this fashion limit damage to normal human tis-
sues that would otherwise occur with an uncon-
trolled immune response to exogenous threats.
By coopting these normal adaptive and protective
pathways, tumor cells are thought to evade the
immune system and grow uncontrolled in the
host [Keir er al. 2008]. Checkpoint inhibitors
block these normal immunoregulatory pathways,
thereby enhancing immune surveillance and
tumor cell clearance. While no checkpoint inhibi-
tors have been approved to date for the treatment
of HNSCC, multiple agents have been evaluated
in clinical trials with preliminary and highly prom-
ising evidence of clinical efficacy.
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Inhibition of the programmed death 1 (PD-1)
pathway has been evaluated in multiple tumor
types. PD-1 is a receptor frequently expressed on
activated T cells. PD-L1 and PD-L2, the key
ligands of PD-1, are expressed on normal tissues
and lead to T-cell anergy when bound. Multiple
tumors, including HNSCC, can express PD-L1,
which contribute to the tumor’s ability to evade
the immune system [Topalian ez al. 2012; Lyford-
Pike er al. 2013]. Pembrolizumab (Keytruda,
Merck, Kenilworth, NJ) is a humanized immuno-
globulin (Ig)-G4 monoclonal antibody with a high
affinity for PD-1 [Hamid ez al. 2013; Garon et al.
2015]. Pembrolizumab was studied in a phase I
‘basket study’ that included a cohort of patients
with recurrent or metastatic HNSCC. In a heavily
pretreated population of 150 patients (37.9% of
patients had received at least three prior lines of
therapy for metastatic disease), an overall response
rate of 24.8% was observed, including one com-
plete response. The median duration of response
had not yet been reached at the time of presenta-
tion, with a range of 7.3-25.1 weeks. Response
rate did not differ based upon pl6 expression, a
surrogate biomarker of human papilloma virus
(HPV) status [Seiwert et al. 2015]. A phase IT and
phase III study are currently underway to more
precisely characterize the efficacy (response rate,
response duration and side effects) of pembroli-
zumab in recurrent or metastatic HNSCC
[ClinicalTrials.gov identifiers: NCT02255097,
NCT02252042]. Durvalumab (Medimmune,
Gaithersburg, MD), an engineered IgG1 antibody
to PD-L1, has also been evaluated in 62 patients
with recurrent or metastatic HNSCC. The overall
response rate was 12%, and the duration of
response had not been reached at the time of pres-
entation (range 4-43 weeks) [Segal ez al. 2015].
Further studies are currently underway to evaluate
this agent in HNSCC [ClinicalTrials.gov identi-
fier: NCTO02207530]. Nivolumab (Opdivo,
Bristol-Myers Squibb, New York, NY) is another
PD-1 inhibitor that is currently being evaluated
in HNSCC, although no data have been pre-
sented to date [ClinicalTrials.gov identifiers:
NCT02105636, NCT02488759].

Ongoing efforts to identify a predictive biomarker
of response to PD-1 blockade have been very chal-
lenging. PD-L1 staining was initially thought to be
an appealing and scientifically rational option, and
many studies of PD-1 inhibitors have been
designed around this biomarker [Garon er al
2015]. The use of PD-L1 as a biomarker is quite
controversial, however, as PD-L1 expression is

dynamic over time and predictably also displays
intratumor heterogeneity [Taube er al. 2014].
Given these limitations, it is not surprising that the
utility of this biomarker has been inconsistent
[Brahmer ez al. 2015; Garon et al. 2015; Gettinger
et al. 2015; Rizvi et al. 2015]. In the two reported
studies of PD-1 inhibition in HNSCC, responses
do seem to be higher among patients with PD-L1
staining cancers [Seiwert er al. 2014; Segal er al.
2015]. Pembrolizumab recently gained approval
in non-small cell lung cancer with a companion
diagnostic PD-L1 assay to guide its use, so there
may at least be emerging standardization in meas-
urement of this biomarker. Whether this bio-
marker assay will be a part of any eventual US
Food and Drug Administration labeling in
HNSCC remains to be seen.

In general, the side-effect profile associated with
PD-1 and PD-L1 blockade has been favorable.
Side effects typical of cytotoxic chemotherapy,
such as nausea and cytopenias, are nearly absent.
The most common side effect of these agents is
fatigue, usually grade 1-2. While there is a mech-
anistic concern for significant immune-mediated
toxicity in normal tissues, which in the case of
other checkpoint inhibitors such as ipilimumab
has included cases of severe colitis, pneumonitis,
hepatitis, hypophysitis and dermatitis, these
events occur in less than 5% of patients (all can-
cer types) receiving PD-1 or PDL-1 inhibitors
[Brahmer ez al. 2015; Garon et al. 2015; Rizvi
et al. 2015; Seiwert ez al. 2015].

Novel pharmacologic agents that target other
immune checkpoints and costimulatory recep-
tors, including CTLA4, OX40, 4-1BB, LAG-3
and HLA-E, are currently being evaluated in a
wide variety of tumors, including HNSCC. In
addition, there are significant efforts underway to
evaluate combinations of immune checkpoint
inhibitors with a variety of other anticancer thera-
pies, including radiation, surgery, and cytotoxic
chemotherapy.

Vaccines

HPV-related HNSCC represents an ideal target
for development of preventive and therapeutic
HPYV vaccines [Gillison ez al. 2008]. Preventive
HPYV vaccines generate neutralizing antibodies
against HPV major capsid protein L1, which
are expressed on the mucous membranes, neu-
tralizing the presenting HPV virus immediately
and preventing infection. Commercially available
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vaccines include a bivalent vaccine (Cervarix;
GlaxoSmithKline, Brentford, Middlesex, UK)
approved for the prevention of HPV infections
from types 16 and 18 and a nine-valent HPV vac-
cine (Gardasil-9; Merck and Co, Kenilworth, NJ)
for prevention of HPV types 16, 18, 31, 33, 45,
52, and 58. These vaccines do not exert therapeu-
tic effects on existing HPV-related lesions and do
not have any effect on HPV-associated malig-
nancy because they do not induce a cytolytic
T-cell response. A cytolytic T-cell response is
required to eliminate virally infected cells.

HPV-specific immunotherapeutic approaches are
being developed to generate cellular immunity
against HPV-infected cells with the goal of clear-
ing existing HPV infections, eliminating preexist-
ing HPV-related lesions and preventing the
formation of new lesions. An understanding of the
molecular progression of HPV-associated cancer
has led to the conclusions that the HPV E6 and
E7 proteins are useful targets for the development
of HPV therapeutic vaccines [Bagarazzi et al
2012]. These viral oncoproteins are expressed
early in the course of infection and have multi-
functional roles in oncogenesis. E6 promotes deg-
radation of p53, indirectly activates telomerase,
and disrupts the function of the cellular phos-
phatase tumor suppressor PTPN13, resulting in
invasive tumor growth [Spanos et al. 2008]. E7
inactivates pRb and activates Mi2beta, a compo-
nent of a histone deacetylase complex essential for
oncogenic transformation [Brehm ez al. 1999].

Together, these oncogenic alterations drive rapid
cellular proliferation, suppress or downregulate
key tumor suppressor proteins, and lead to cel-
lular immortality. In addition, E6/E7 expression
is required to maintain a malignant transformed
phenotype. Persistence of malignant cells, in fact,
requires the continuous expression of the human
papillomavirus oncogenes [Scheffner ez al. 1990].
Consequently, these oncoproteins provide ideal
nonself antigenic targets for immune-based
therapies.

Current treatment of HPV-positive HNSCC
could potentially be improved across the spectrum
of treatment settings with the addition of immu-
notherapy directed against HPV and its activated
oncoproteins. Several experimental HPV vaccine
strategies including vector-based, peptide-based,
protein-based, nucleic-acid-based, dendritic vac-
cines and RNA replicon approaches have been
shown to enhance HPV-specific immune -cell

activity and antitumor responses in murine model
tumor systems. Clinical trials are currently under-
way, based on encouraging preclinical results from
these therapeutic HPV vaccines.

The most advanced program involves VGX-
3100, a novel and highly immunogenic
HPV16/18-specific DNA vaccine, which consists
of synthetic consensus DNA sequences from
HPV16 and HPV18 E6 and E7. Therapeutic
DNA vaccines represent a novel approach and
one that offers several potential advantages. DNA
vaccines do not elicit antivector immune
responses, for example, and thus have the capac-
ity for the repeated administrations that may be
required to achieve and maintain target immune
responses. DNA vaccines are also relatively easy
to manufacture.

In a phase I study in women with cervical intraep-
ithelial neoplasia (CIN), VGX-3100 was capable
of stimulating robust immune responses to anti-
gens from high-risk HPV serotypes (16 and 18)
in the majority of patients [Bagarazzi et al. 2012].
In a subsequent phase II study the efficacy,
safety, and immunogenicity of VGX 3100 was
assessed in patients with HPV-16 and HPV-18
associated CIN2/3 [ClinicalTrials.gov identifier:
NCTO01304524]. A total of 167 patients received
either VGX-3100 (n = 125) or placebo (n = 42)
[Trimble ez al. 2015]. About half of the patients,
n = 53 (49.5%) who received vaccine and 11
(30.6%) of 36 placebo recipients showed histo-
pathological regression (p = 0.034). Concomitant
histopathological regression and viral clearance
were significantly greater after therapeutic vacci-
nation with VGX-3100 compared with placebo.
In addition, in patients treated with VGX-3100
whose lesions regressed, the intensity of CD8-
positive infiltrates increased in normal mucosa in
the stromal compartment, whereas in recipients
of the placebo whose lesions regressed, the inten-
sity of CD8-positive infiltrates in normal mucosa
did not change. This was the first trial to success-
fully demonstrate that a therapeutic vaccine
inducing immunity to HPV oncoproteins can
elicit therapeutically useful T-cell and antibody
responses in patients with preinvasive cervical
disease caused by HPV-16 and HPV-18 [Trimble
et al. 2015].

Based on safety and immunogenicity results in
CIN, we designed a phase I/Ila open-label study
to evaluate the safety, tolerability, and immuno-
genicity of INO-3112 [VGX 3100 plus INO
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Figure 1. Generation of humoral and cellular immunity with INO-3112 (VGX 3100 plus INO 9112, adjuvant
interleukin 12) and electoporation [ClinicalTrials.gov identifier: NCT02163057]. Image courtesy of Dr Mark
Bagarazzi, Inovio Pharmaceuticals, Plymouth Meeting, PA, USA.

9112, adjuvant interleukin (IL)-12] delivered by
electroporation to subjects with HPV-associated
HNSCC [ClinicalTrials.gov identifier:
NCT02163057] (Figure 1). INO-3112 (6 mg of
VGX-3100 plus 1 mg of INO-9012) is delivered
intramuscularly followed by electroporation with
the CELLECTRA (Inovio, Plymouth Meeting,
PA) device, once every 3 weeks for a total of four
doses. Patients are enrolled in two cohorts (cohort
I: pre and post definitive surgery; cohort II:
patients post chemoradiation). Preliminary data
presented at the 2015 SITC meeting [Aggarwal
et al. 2015] showed that the vaccine administra-
tion is safe, with no grade 3 or higher treatment-
emergent adverse effects (AEs).

The most common AEs were injection site pain (n
= 11), local erythema (n = 4) and hematoma/
swelling (n = 2, each). Among samples tested to
date, four of five evaluable patients showed ele-
vated anti HPV16 and 18 E6/E7 antibody titers
compared with baseline. Nine of 10 evaluable
patients exhibited increased HPV-specific cellular

responses by interferon y ELISpot. Seven of eight
evaluable patients had HPV-specific CD8-positive
T-cell activation concurrent with increased lytic
proteins (granzymes and perforin) by flow cyto-
metric analysis. All tested patients had positive
cellular immune responses in at least one assay
[Aggarwal er al. 2015]

There are other therapeutic vaccines moving into
advanced stages of clinical investigation in
HNSCC, including ADXS11, a live attenuated
Listeria monocytogenes (Lm) based immuno-
therapy that secretes an antigen-adjuvant fusion
(Lm-LLO) protein consisting of a truncated frag-
ment of the Lm protein listeriolysin O (LLO)
fused to HPV-16 E7. This vaccine has been
shown to decrease regulatory T cells and cause
complete regression of established, transplanted
HPV-TC-1 tumors in mice [Wallecha ez al. 2012;
Chen et al. 2014]. A phase II trial of ADX11
[ClinicalTrials.gov identifier: NCT02002182] is
accruing newly diagnosed patients with stage II-
IV HPV16-positive squamous cell carcinoma of
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the oropharynx who are scheduled to receive
ablative transoral robotic surgery. Patients on this
trial will receive vaccine in the neoadjuvant set-
ting, and immune responses will be assessed seri-
ally after surgery. The primary endpoint is change
in HPV E6/E7-specific CD8-positive cytotoxic
lymphocyte responses.

Overexpression of the cellular protein pl6 is a
hallmark of HPV-associated cancers. As this pro-
tein is preferentially expressed in tumors, pl6 is
an interesting and attractive vaccine target.
Results from a phase I/IIa first-in-humans trial to
evaluate the safety and immunogenicity of vacci-
nation with 12 subcutaneous applications of a
pl6INK4peptide (P16_37-63) mixed with
Montanide ISA-51 VG (Seppic, Fairfield, NJ)
were reported recently. Twenty patients received
at least four applications and were evaluable for
induction of an immune response. Vaccination
with P16_37-63 induced cellular and humoral
immune responses against the P16_37-63 peptide
without significant toxicities. CD4 T cells directed
against p16 positive cells were induced in 11 of 20
patients, CD8 T cells in 4 of 20 and antibodies in
14 of 20 patients [Reuschenbach ez al. 2015].

Combining immunotherapy with traditional
treatments such as chemotherapy may be another
option for improving the prognosis and quality of
life of those with HPV-associated cancers. One
clinical trial is evaluating cisplatin-based chemo-
therapy combined with pl16_37-63 peptide vac-
cination in patients with HPV-positive cancers
[ClinicalTrials.gov identifier: NCT02526316].
Combination checkpoint inhibition and vaccine-
based approaches have been evaluated in the pre-
clinical setting. In a TC-1 mouse tumor model,
combination of Lm-LLO immunotherapy with
anti-PD-1 antibody was associated with signifi-
cant increase in antigen-specific immune
responses in periphery and CD8 T-cell infiltra-
tion into the tumor. In virro infection with Lm
results in significant upregulation of surface
PD-L1 expression on human monocyte-derived
dendritic cells. This combination treatment also
led to significant inhibition of tumor growth and
prolonged survival and complete regression of
tumors in treated animals [Mkrtichyan er al.
2013]. Based on synergistic data, clinical trials
evaluating combinations of vaccine and check
point inhibition in the metastatic, recurrent,
refractory setting are underway [Cohen ez al.
2015]. As we gain a greater understanding of the
interaction of complex immune pathways, these

combination therapies will be critical as a multi-
pronged approach to address the tumor microen-
vironment. As data mature, application of these
results in the earlier disease setting (adjuvant and
postdefinitive chemoradiation setting) would be
the logical next step.

With continued progress in HPV vaccine develop-
ment, we may soon be able to incorporate a variety
of safe and effective preventive and therapeutic
vaccine strategies for the control of HPV-associated
cancers, including those of the head and neck.

Adoptive T-cell therapy

Adoptive immunotherapy involves the adminis-
tration of T cells that have been artificially manip-
ulated to target tumor cells. Such therapies have
already shown striking efficacy in the treatment of
hematologic malignancies and certain solid
tumors such as melanoma [Rosenberg, 2004;
Porter er al. 2011; Garfall ez al. 2015]. In the case
of a virally mediated cancer such as Epstein-Barr
virus (EBV) or HPV related HNSCC this is a
potentially appealing approach, as there is a clear
nonhost target at which to direct T cells.

Adoptive immunotherapy targeting EBV has been
evaluated in multiple studies of patients with
nasopharyngeal cancer. In a phase I study, 24
patients with recurrent or metastatic EBV-
associated nasopharyngeal cancer received ex vivo
expanded autologous T cells. These cells were
directed towards EBV using a ADE1-LMPpoly
adenoviral vector, and administered without any
preceding lymphodepleting chemotherapy [Smith
et al. 2012]. EBV-activated T-cell persistence in
peripheral blood was brief, and no radiologic
responses were seen. In spite of this, patients who
received T-cell infusions had significantly longer
overall survival than those patients whose T cells
failed to expand ex vivo (523 versus 220 days). In
another phase I study of patients with recurrent or
metastatic EBV-associated nasopharyngeal can-
cer, 38 patients received a protocol of four cycles
of gemcitabine and carboplatin followed by six
infusions of autologous T cells. The cells were iso-
lated from samples of peripheral blood mononu-
clear cells, and then EBV transformed using an
EBV lymphoblastoid cell line [Chia er al. 2014].
While it is difficult to parse out the relative bene-
fits of immunotherapy from chemotherapy in this
single-arm study, it is notable that after adoptive
immunotherapy five patients did not require any
further chemotherapy for more than 34 months.
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Adoptive immunotherapy has also been explored
in post-transplant lymphoproliferative disease
(PTLD), another condition associated with EBV.
EBV-directed allogeneic T cells were generated
through enrichment of peripheral blood mononu-
clear cells. Once T cells were enriched, they were
sensitized with irradiated EBV-transformed B
cells. In this fashion, investigators were able to
create a bank of EBV-directed cytotoxic lympho-
cytes to be used for the treatment of patients. Both
HLA compatible and incompatible transfusions
have been explored [Doubrovina et al 2012].
Using this technique, investigators were able to
achieve 1-year overall survival of approximately
50% in patient with rituximab-refractory PTLD, a
disease usually associated with a survival meas-
ured in days to weeks [Prockop ez al. 2015].

No study to date has reported the results of adop-
tive immunotherapy for HPV-related HNSCC.
HPV-directed adoptive immunotherapy has been
reported in a cohort of nine patients with meta-
static cervical cancer. Tumor-infiltrating lympho-
cytes were obtained from resected tumors and
then expanded with IL-2 in culture. Lymphocyte
colonies with activity against E6/E7 were selected
for further expansion and reinfusion into patients
following lymphodepleting chemotherapy. An
overall response rate of 33% was seen, including
two complete responses, both continuing at 15
and 22 months at the time of publication. HPV
reactivity of the autologous T-cell infusion and the
persistence of HPV-reactive T cells 1 month after
infusion were predictive of response [Stevanovic
et al. 2015]. Further study of HPV-directed adop-
tive T-cell therapy is underway in other cohorts of
HPV-related cancers, including HNSCC
[ClinicalTrials.gov identifier: NCT02280811]. In
this ongoing trial, patients undergo an autologous
stem cell transplant using T cells transduced with
a E6 T-cell receptor. The field of adoptive T-cell
therapy has been transformed by the emerging
technology of chimeric antigen receptor T cells
(CAR-T), which allow for more precision in T-cell
targeting [Porter et al. 2011; Maude ez al. 2014;
Garfall er al. 2015]. HPV and EBV are both likely
targets for future CAR-T trials.

Conclusion

There have been significant recent advances in the
use of immunotherapy for the treatment of patients
with advanced HNSCC. New insights into our
understanding of the tumor microenvironment and
its relationship to the immune system, mechanisms

of immune evasion and oncogenesis are already
changing the therapeutic landscape and improving
patient outcomes for previously intractable dis-
eases. Immune checkpoint inhibitors have firmly
secured their place in the treatment paradigm of
patients with melanoma and non-small cell lung
cancer, with emerging efficacy data in advanced
HNSCC. Several new approaches, including thera-
peutic vaccines with potential applications for the
curative therapy of HNSCC and adoptive T-cell
therapy for recurrent or metastatic disease, are
under active development. Because of the complex
biology and diversity of tumor evasion strategies,
combination approaches will be crucial for the
broadest application and utility of immune-directed
therapies.
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