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Synopsis
Recurrent and/or metastatic head and neck cancer portends a poor prognosis with traditional
treatments, but current immunotherapy with immune checkpoint inhibitors has the potential to
improve these clinical outcomes. This review focuses on the major breakthroughs that have led to
our current understanding of immunotherapy in head and neck cancer as well as the future
direction of the field. Ultimately, this understanding will guide clinicians on the selection of head
and neck cancer patients and practical considerations prior to starting immunotherapy.
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Introduction

An important paradigm shift in oncology in the past several years has been the adoption of
immunotherapy for recurrent and/or metastatic cancer. While cancer immunotherapy using
anti-tumor T-cells and interleukins have been used for melanoma previously, clinical trials
for various forms of immunotherapy for epithelial cancers had not shown any clinical
efficacy. Immune checkpoint inhibitors (PD-1/PD-L1/CTLA-4), however, have altered the
oncologic landscape such that many of the near future clinical trials may be based primarily
on immuno-oncologic platforms. Head and neck carcinomas have not been immune from
this revolution, and we review the historical and immunological basis of immunotherapy for
head and neck squamous cell carcinoma.
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Recurrent and/or metastatic head and neck squamous cell carcinoma (R/M HNSCC) remains
a disease with poor morbidity and mortality. Traditional cytotoxic chemotherapy agents have
been the only systemic treatment option until recently. Both single agents and two
combination agents (“doublets™) have demonstrated modest response rates with no survival
advantage noted for combinations of drugs over single agents in the recurrent/metastatic
(R/M) setting. (1-8) The introduction of cetuximab, (an 1gG1 chimeric monoclonal antibody
to the epidermal growth factor receptor (EGFR)), to the armamentarium of agents for R/M
HNSCC represented an important step away from dependence on traditional cytotoxic
agents as the only systemic option for R/M disease. Clinical studies revealed that EGFR was
overexpressed in >90% of human HNSCC tissue samples and associated with poorer clinical
outcomes.(9, 10) In an ECOG Phase III randomized trial of cisplatin plus placebo compared
with cisplatin plus cetuximab in R/M HNSCC, the combination of cisplatin plus cetuximab
(26% v 10%, p=0.03) compared to cisplatin alone, with trends toward PFS and OS as the
study was not powered for survival.(11) The landmark EXTREME phase 3 trial randomized
patients to platinum and fluorouracil based therapy with or without cetuximab and
demonstrated a survival benefit in R/M HNSCC since the approval of cisplatin in the 1980s.
(12) The addition of cetuximab to a platinum doublet chemotherapy improved median OS to
10.1 months and median PFS to 5.6 months (HR 0.8, 95% CI 0.64 — 0.99, p=0.04).
Currently, cetuximab is approved in first-line treatment (for non-salvageable recurrent/
metastatic settings) when combined with platinum/FU and in platinum-refractory treatment
as monotherapy. Further investigations in other EGFR inhibitors such as monoclonal
antibodies (panitumumab and zalatumumab) and tyroskine kinase inhibitors (gefitinib,
erlotinib, and lapatinib) have not demonstrated any significant benefits. Afatinib, an
irreversible pan-ErbB inhibitor to EGFR, HER2, and HERA4, initially demonstrated
comparable activity to cetuximab, especially in the setting of cetuximab failure. However,
LUX-Head & Neck 1, a phase 3 trial in R/M HNSCC, which compared afatinib to
methotrexate in the second-line setting failed to demonstrate a significant OS benefit.(13)
Thus, prior to immunotherapy, oncologists were presented with a therapeutic challenge for
patients who failed first -line treatment as second-line regimens had no significant proven
efficacy.

The promise of immunotherapy

Cancer immunotherapy was first introduced in the 1890s, by Dr. William B. Coley, who
demonstrated anti-tumor responses in sarcoma patients who received “toxins” consisting of
killed bacteria.(14) Despite such anecdotal reports, immunotherapeutic modalities were not
developed as a significant component of cancer therapy until more recently in the form of
immune checkpoint inhibitors. From preclinical models and the infectious disease processes,
T-cell responses were thought to be activated based on a “two-signal” model requiring
engagement of T-cell receptor (TCR) - major histocompatibility complex (MHC) class
molecules (‘signal 1”) and co-stimulatory molecules, B7 and CD28 (*signal 2”). However,
the discovery of negative regulators of T-cell activation in the form of checkpoint inhibitors
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in the 1990s changed this paradigm. Cancer research shifted from enhancing anti-tumor T
cell response to removing the negative regulators of anti-tumor T cell response. The
scientific basis for these novel therapies originated from the discovery of the first
checkpoint, cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and the clinical
development of ipilimumab (the monoclonal 1gG1 antibody that blocks CTLA-4’s activity),
which showed remarkable improvements in survival for metastatic melanoma.(15) However,
this success came with a unique and significant safety profile (up to 30% of patients with
significant adverse events - SAE) defined by immune related adverse events (irAEs). These
irAEs are common among immune checkpoint inhibitors (ICI) and are characterized by
various forms and degrees of autoimmunity mediated damage by T cells to normal tissue.
The clinical manifestations can range from manageable arthritis, dermatitis, and
endocrinopathies to life threatening colitis, pneumonitis, hepatitis and endocrinopathies.

Anti-PD-1 therapy

In parallel to the research and development of ipilimumab, Honjo and others who studied
other regulators of T-cell activation discovered that programmed death 1 (PD-1) and ligand,
PD-L1 can also inhibit this anti-tumor process through multiple, non-redundant regulatory
pathways.(16-18) Pre-clinical models revealed that the blockade of this PD-1/PD-L1
interaction led to activation of T-cells and development of anti-tumor responses.(16, 19)
These led to the development of nivolumab, a fully human 1gG4 anti-PD-1 monoclonal
antibody, and pembrolizumab, a humanized monoclonal 1gG4-kappa isotype antibody
against PD-1. Various trials found these anti-PD-1 therapies improved clinical outcomes in
many epithelial cancers and had a significantly better tolerated safety profile as compared to
ipilimumab.(20, 21) As of 2016, anti-PD-1 therapies have been approved for melanoma,
lung cancer, kidney cancer, and Hodgkin’s lymphoma. (20-26) (Table 1)

Anti-PD-1 therapy has been investigated in R/M HNSCC with both pembrolizumab and
nivolumab. Pembrolizumab was first investigated in a phase 1b trial (KEYNOTE-012) as
second line therapy in R/M HNSCC.(27) Patients with at least 1% of PD-L1 expression
received pembrolizumab at 10 mg/kg IV every 2 weeks. Of the 60 patients treated, only 17%
had any grade 3-4 drug-related adverse events. In terms of efficacy, 18% (8/45 evaluable
patients) had an objective response (OR) among all patients. Notably, there was a higher
response rate in HPV-positive patients (25%) as compared to the HPV-negative (14%)
patients. An expansion cohort of 132 patients regardless of PD-L1 expression was also
studied with pembrolizumab at 200 mg IV every 3 weeks.(28) Central imaging vendor
review and investigator review revealed an ORR of 18% and 20%, respectively and a median
OS of 8 months. These results were encouraging as they were comparable to contemporary
treatments, while maintaining a better tolerated safety profile.(12, 13, 29). The preliminary
results from the non-randomized phase 2 trial (KEYNOTE-055 with pembrolizumab
confirmed these results with an ORR of 18%.(30) The phase 3 trial with pembrolizumab is
on-going. In CheckMate 141, a phase 3 clinical trial, nivolumab (3 mg/kg every 2 weeks)
was compared to standard therapy (single-agent methotrexate, docetaxel, or cetuximab) in
patients with platinum-refractory R/M HNSCC.(31) The study demonstrated superior
efficacy in nivolumab based on overall survival (HR 0.70, 97.73% CI 0.51 to 0.96, P=0.01),
median OS (7.5 v 5.1 months), and 1-year survival (36% v 16.6%). In terms of safety, only
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13.1% of patients developed serious grade 3—4 treatment-related adverse events with
nivolumab as compared to 35.1% in those that received standard therapy. Based on the
evidence from these clinical trials, pembrolizumab and nivolumab have been FDA approved
in 2016 for the use in second-line therapy in R/M HNSCC.

Other immune checkpoint inhibitors

Other than nivolumab and pembrolizumab, other immune checkpoints that target the
PD-1:PD-L1 pathway have been investigated in HNSCC clinical trials. These include
PDRO001, PF-06801591, and REGN-2810 to name a few, which have been developed by
other pharmaceutical companies. Most of these have gone into patients already, and their
phase I clinical trials have either closed or ongoing. There are also several anti-PD-L1
blocking antibodies — atezolizumab (Genentech) and durvalumab (AZ-Medimmune) —
which h ave treated HNSCC patients in various ongoing clinical trials as well. There are no
clear consensus that one of these PD-1:PD-L1 blocking agents are better for HNSCC
patients, and, unfortunately, there are no trials that will compare them in a head-to-head
manner. Outside of these PD-1:PD-L1 targeting agents, CTLA-4 is the other immune
checkpoint inhibitor that has been used to treat HNSCC patients.

Ipilimumab (Merck) and tremelimumab (AZ) are the two well characterized CTLA-4
blocking agents, and there are ongoing clinical trials for these two agents in the HNSCC
space. The mmuno-oncologic field has rapidly expanded recently to develop other
immunomodulatory agents that targets other “druggable” cell surface molecules on the
immune cells. Typically, these antibodies target other immune checkpoint inhibitors or co-
activators that can either “release the brake” or “push the gas” on the cytoly tic activity of
the tumor specific T-cells, respectively. Anti-LAG-3 (BMS-986916), anti-TIM-3 (TSR-022),
and anti-KIR (BMS-986015) are examples of such other immune checkpoint inhibitors
while, anti-4-1BB (PF-05082566) and anti-OX40 (PF-04518600, MEDI16469) are examples
of the immune co-activators. Preliminary results from many of these agents are promising,
and the investigators have been actively pursuing optimal combinations of these agents for
recurrent and metastatic cancer.

Considerations prior to institution of anti-PD-1 therapy in R/M HNSCC

There are many factors to consider when selecting candidates for ICI therapy in R/M
HNSCC. In essence, immune checkpoint inhibitors induce some degree of autoimmunity in
the context of recurrent/metastatic cancer. Attendant side effects that range from tolerable
inflammation such as arthritis and dermatitis to life threatening pulmonary pneumonitis are
possible sequelae that must be discussed with the patients. First, patients and clinicians must
both understand that due to their mechanism of action, the safety profile of IClIs differs
significantly to traditional systemic chemotherapies and the consequences of irAEs needed
to be thoroughly discussed with patients with pre-existing co-morbidities including
advanced age, autoimmune disease and baseline organ dysfunction. Advanced age has been
associated with immunosenescence, but retrospective studies have shown no significant
difference with efficacy or safety profile with ICls in the elderly population.(32, 33)
Conversely, a rare pattern of hyper-progression of the tumor has been observed
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retrospectively in patients on anti-PD-1/L-1 therapy that has been observed more frequently
in elderly patients.(34) There are no clinical or molecular biomarkers to segregate these
patients who can potentially hyper-progress. While patients with pre-existing autoimmune
conditions were excluded from clinical trials, retrospective studies in patients with
autoimmune conditions and melanoma have shown that irAEs were relatively more frequent,
but mild and manageable, while still providing clinical responses.(35) Additionally, a
retrospective cohort study of patients with baseline organ dysfunction on anti-PD-1 therapy
did not reveal significant worsening of organ function or irAEs, while still inducing clinical
response in some patients.(36) All these findings were retrospective and more research is
needed to address some of these questions. Second, there are no available standardized
biomarkers on tissue or blood now to predict response with anti-PD-1 therapy. While, there
has been suggestions from clinical trials in other tumor types that higher PD-L1 expression
on tumor correlates with improved response, even patients with no PD-L1 expression can
achieve a clinical response.(37) Additionally, issues with heterogeneity of samples, lack of
standardization among PD-L1 assays, and an unclear definition of PD-L1 positivity limits
the utility of PD-L1 expression. Further efforts are needed to evaluate other predictive
biomarkers with anti-PD-1 therapy to select candidates for ICls. Finally, while HPV status in
oropharyngeal HNSCC predicts improved survival with chemotherapy, the role of HPV
status with ICI is currently unknown.(38) Early studies have suggested a trend towards
improved survival with HPV positivity but larger prospective studies are needed.(31)

Candidacy for anti-PD-1 therapy

PD-1 blocking antibodies — either nivolumab or pemb rolizumab — are approved as second
line agents for patients with R/M HNSCC that progress on or after a platinum-based therapy,
based on the results from CheckMate 141 and KEYNOTE-012, respectively. As expected,
study criteria for both trials included patients that were healthy with ECOG performance
status of 0—1 and adequate organ function. Both studies excluded patients with CNS
metastasis, autoimmune diseases, or systemic immunosuppression. Unlike CheckMate 141,
KEYNOTE-12 also required patients to have at least 1% of PD-L1 tumor expression.
However, there are no predicative biomarkers, including PD-L1 expression, to assist in
selecting patients currently. Future clinical and correlative studies will help to inform the
generalizability of these results in other clinically relevalant populations stratified by HPV
status, bulky disease, or anatomic site as well as the development of clinical and molecular
criteria to determine the appropriate candidates for therapy.

Future direction with combination therapy

With the success with anti-PD-1 therapy in HNSCC, combination therapies with anti-PD-1
agents are currently being studied. These combinations include ICI, targeted therapy,
chemotherapy, and radiation. Success with dual blockade of PD-1 and CTLA-4, with
nivolumab and ipilimumab, has already been shown in metastatic melanoma with a superior
efficacy in the combination arm over both monotherapy arms (ORR 58% in combination vs
44% with nivolumab and 19% with ipilimumab).(39) This combination has been open in a
clinical trial as first line therapy for R/M HNSCC (CheckMate 651, NCT 027414570).
Further combinations are being explored in other immunomodulatory agents such as anti-
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LAGS, anti-TIM3, anti-KIR, anti-41BB and anti-OX040 therapies as noted previously
above. Given the multi-modal nature of HNSCC therapy including targeted therapy,
chemotherapy and radiotherapy; multiple studies are exploring such modalities in various
combinations with anti-PD-1 therapy. Current on-going trials include studies with
pembrolizumab, cetuximab, and chemotherapy (NCT 02358031), nivolumab, cetuximab and
motolomid (NCT 02124850), pembrolizumab and radiation (NCT 02318771), and
nivolumab and SBRT (NCT 02684253). (Table 1)
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Key Points:

1. Immunotherapy with checkpoint inhibitors are now FDA approved for
recurrent and/or metastatic head and neck carcinoma.

2. Cancer immunotherapy has distinct adverse events that are related to an
induction of autoimmunity.

3. Predictive biomarker analysis for head and neck immunotherapy is ongoing.

4, Combinatorial trials for head and neck carcinoma is an active area of clinical
research to improve the clinical efficacy of immunotherapy.
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Table 1.

Summary of approved immune checkpoint inhibitors and combination therapies

Agent Class Tumor Types Approval Date  Combo HNSCC trials  NCT trial No.
Ipilimumab Anti-CTLA4  Melanoma 3/28/2011 Enoblituzumab NCT02381314
Cetuximab/Radiation NCT01860430
Nivolumab Anti-PD-1 Melanoma 12/22/2014 Ipilimumab NCT02741570
NSCLC 3/4/2015 Varlilumab NCT02335918
RCC 11/23/2015 Epacadostat NCT02327078
Hodgkin 5/17/2016 Motolimod NCT02124850
HNSCC 11/10/2016 Radiation NCT02684253
Chemotherapy NCT02764593
Pembrolizumab  Anti-PD-1 Melanoma 9/4/2014 Epacadostat NCT02178722
NSCLC 10/2/2015 \orinostat NCT02538510
HNSCC 8/5/2016 Chemoradiation Multiple
T-VEC NCT02626000
Cetuximab/Chemo NCT02358031
Nivolumab and  Anti-PD-1 Melanoma 1/23/2016
Ipilimumab Anti-CTLA-4
Atezolizumab Anti-PD-L1 Bladder 5/18/2016 Alone NCT01375842
NSCLC 10/18/2016 Varlilumab NCT02543645

Otolaryngol Clin North Am. Author manuscript; available in PMC 2018 December 06.

Page 10



	Synopsis
	Introduction
	Historical Perspective of Recurrent and/or Metastatic Head and Neck Squamous Cell Carcinoma
	The promise of immunotherapy
	Anti-PD-1 therapy
	Other immune checkpoint inhibitors
	Considerations prior to institution of anti-PD-1 therapy in R/M HNSCC
	Candidacy for anti-PD-1 therapy
	Future direction with combination therapy
	References
	Table 1.

