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Three randomized phase III trials have now conclusively proven that exposure to a PD-1 inhibitor prolongs
survival in recurrent/metastatic (R/M) HNSCC, and it is clear that such agents should be used in the manage-
ment of all patients who do not have contraindications to their use. Two of these phase III randomized trials
showed that the anti-PD1 antibodies nivolumab and pembrolizumab were superior to investigators’ choice
chemotherapy in second-line platinum-refractory R/M HNSCC. Recently, a third phase III randomized trial,
KEYNOTE-048, showed that pembrolizumab with chemotherapy was superior to the EXTREME regimen (cis- or
carboplatin, 5-fluorouracil (5-FU) and cetuximab) in all patients, and pembrolizumab monotherapy was superior
in patients whose tumors express PD-L1 in first-line R/M HNSCC. Pembrolizumab is now approved as mono-
therapy in PD-L1 expressing disease (combined positive score = 1) or in combination with chemotherapy for all
patients with R/M HNSCC. Thus, PD-L1 biomarker testing will be routinely used in R/M HNSCC, and this
employs a scoring system that incorporates immune cell staining, referred to as the combined positive score
(CPS). Additionally, for the 85% of patients with PD-L1 CPS =1, clinical judgment will guide the choice of
pembrolizumab monotherapy or pembrolizumab plus chemotherapy, until more detailed clinical data are
forthcoming to better inform this decision. In this article we discuss the clinical trials leading to these therapeutic
advances and we will review initial results from clinical trials in previously untreated, locally advanced disease,
and those using novel combinations of checkpoint inhibitors, co-stimulatory agonists, and therapeutic vaccines.

Introduction

Worldwide, approximately 830,000 patients develop head and neck
cancer each year.! Approximately 430,000 will die from this disease
[1]. Despite aggressive multimodal strategies to treat head and neck
squamous cell carcinoma (HNSCC) using combinations of surgery,
radiotherapy (RT) and chemotherapy, the 5-year overall survival of
carcinogen-related HNSCC is only 40-50% [2]. In addition, the rapid
emergence of the human papillomavirus (HPV)-associated subset of
HNSCC has motivated novel, immune-based therapies. For recurrent/
metastatic (R/M) disease, median survival is only 10.1 months with the
historic standard first-line EXTREME regimen using the triplet: cis- or
carboplatin, 5-fluorouracil (5-FU) and cetuximab [3]. The toxicity of
the EXTREME regimen is considerable, with an 82% rate of grade 3-4
adverse events (AE) [3]. In HNSCC there is a considerable need to

improve survival without further exacerbating toxicity.

Antitumor immunotherapy is based upon the principle that adap-
tations in immune surveillance and the tumor microenvironment allow
immune escape. The biological rationale for antitumor immunotherapy
specifically in HNSCC is built upon several observations. First, HNSCC
has a relatively high tumor mutation burden (TMB) [4]. This is relevant
because high TMB has been shown to be predictive of efficacy of im-
mune checkpoint inhibitors (ICIs), presumed due to the production
from mutated DNA of altered proteins which are antigenic, and which
serve as tumoral immune targets [5]. Mutagenesis in HPV-mediated
cancers is related to activity of the gene-editing apolipoprotein B mRNA
editing catalytic polypeptide-like (APOBEC) proteins. These are known
viral response genes, and expression of APOBEC3B, APOBEC3C, APO-
BEC3D, APOBEC3F, APOBEC3G, and APOBEC3H are all increased in
HPV-related HNSCC, [6,7] relative to HPV— HNSCC. APOBEC
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enzymatic activity results in a clustered (kaetegis) pattern of C — T and
C — G mutations, classed as signatures 2 and 13 in the COSMIC data-
base. Neopeptides translated from APOBEC mutated sequences exhibit
higher degrees of hydrophobicity, predicted to enhance im-
munogenicity, and correlate with response to ICI [8]. Conversely, the
tobacco mutagenesis and methylation signatures are also associated
with improved ICI responsiveness. Second, while inflammation can
contribute to development of HNSCC, [9] HNSCC can be im-
munosuppressive: many patients with HNSCC exhibit impaired tumor-
infiltrating T lymphocytes via overexpression of PD-1 and other ICR,
[10]impaired natural killer cells, [11] and poor antigen-presenting
function [12]. Third, HNSCC is frequently infiltrated with immune cells
that could be targeted towards anti-tumor effects. Fourth, an increasing
proportion of HNSCC is caused by human papillomavirus (HPV), which
signifies failed immunologic control of this chronic viral infection, as
well as providing a convenient therapeutic and antigenic target.

The PD-1/PD-L1 pathway is a key mechanism of immune escape by
cancers and a pathway that can be targeted. Anti-PD1/PD-L1 agents
block tumors” immunosuppressive signaling and boost the anti-tumor
immune response [13]. The biological rationale for targeting the anti-
PD1/PD-L1 pathway in HNSCC has been reinforced by recent large
clinical trials, demonstrating improved outcomes from ICIs compared
with standard of care therapy. In this review, we will discuss the latest
advances in immunotherapy for HNSCC. This focus of this review will
be on cancers of the oral cavity, oropharynx, larynx, and hypopharynx.

Discussion
Platinum-refractory, recurrent/metastatic HNSCC

Prior to the advent of ICls, second-line treatment options for R/M
HNSCC refractory to platinum-based chemotherapy included cetux-
imab, taxanes, or methotrexate [14,15]. The response proportions
achieved by these agents varied from 4 to 14%, with a median pro-
gression free survival (PFS) of only 2-3 months [14,15].

KEYNOTE-012 was a phase Ib trial that was the first to demonstrate
durable responses to pembrolizumab in patients with platinum-re-
fractory R/M HNSCC with =1% PD-L1 expression with an overall re-
sponse rate of 16% [16,17].

Soon afterwards data from the randomized phase III CheckMate 141
trial of 361 patients, showed improved overall survival (OS) and quality
of life (QOL) relative to investigator’s choice (IC) of standard of care
systemic therapy for platinum-refractory disease (Table 1) [18]. In this
trial Nivolumab doubled OS at 1 year (36% with nivolumab vs. 17%
with chemotherapy, hazard ratio 0.70, 95% confidence interval
0.51-0.96), a finding which has persisted at minimum 2 years of follow
up [18]. Based on this data both pembrolizumab and nivolumab were
approved by the US FDA in August and November of 2016 respectively.

The activity of pembrolizumab in the platinum-refractory R/M
HNSCC setting was subsequently confirmed in the phase II KEYNOTE-
055 [19] and the phase III KEYNOTE-040 trials [20]. Importantly, the
KEYNOTE-040 registrational trial randomized 495 patients to pem-
brolizumab vs. standard of care chemotherapy [20]. On final analysis,
this study demonstrated an improvement in OS to 8.4 months with
pembrolizumab vs. 6.9 months with chemotherapy (HR 0.80, CI
0.65-0.98, p = 0.0161). The pre-specified efficacy boundary of
p < 0.0175 was narrowly missed on initial presentation (p = 0.0204)
[21]. However, with full acquisition of survival status from 11 out-
standing patients the pre-specified efficacy boundary was met. In
KEYNOTE-040 there was a confounding effect of subsequent ICIs in the
standard of care arm (13% vs. 5% with pembrolizumab) that may have
decreased the magnitude of benefit in OS observed in the pem-
brolizumab arm. In addition, the control arm of this trial had a higher
median survival than previously described for platinum-resistant dis-
ease. Possible explanations are the exclusion of patients who had pro-
gressed within the first 3 months of platinum exposure and the higher
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dose every 3-week docetaxel regimen employed. Furthermore, perhaps
informed by the results of Checkmate 141, investigators were more
likely to choose docetaxel as standard of care therapy in this study, thus
yielding a control arm with much higher survival than seen in an IC arm
in Checkmate-141, although the agents permitted for IC were identical.

The available long-term data for both nivolumab and pem-
brolizumab appear to demonstrate a tail to the survival curve with a
durable survival benefit in a minority of patients [16,18]. Analysis of
patients in CheckMate 141 with a minimum of 2 years of follow-up
demonstrates that nivolumab continued to improve OS compared with
chemotherapy, with a near tripling of OS at 2-years (17% vs. 6%) [22].
Interestingly, long-term results for nivolumab demonstrate that OS
benefit is maintained regardless of PD-L1 expression, supporting a dy-
namic effect of this type of therapy over time, further differentiating its
mechanism of action from chemotherapy, where benefits are often
static and short-lived [22].

Assessing response and treatment duration

One challenge in interpreting clinical trials of ICI vs. chemotherapy
is assessing response to therapy. Response proportion has been con-
ventionally measured using the Response Evaluation Criteria in Solid
Tumors (RECIST) v1.1 guidelines developed for tumors treated with
chemotherapy [23]. RECIST guidelines presume that early tumor
growth on treatment indicates progressive disease. The kinetics of RE-
CIST measurements may initially favor chemotherapy. Using standard
RECIST criteria to assess response with ICIs could result in an incorrect
finding of disease progression and premature discontinuation of treat-
ment. While ICIs may exhibit a distinct response pattern, with early
pseudoprogression as a result of immune cell infiltration of tumors
followed by objective response, radiographically documented pseudo-
progression in HSNCC is rare [24].

In CheckMate 141, patients who experienced progression as defined
using RECIST v1.1 with stable performance status, were permitted to
receive treatment beyond progression. These patients received nivo-
lumab until further progression as defined by an additional > 10% in-
crease in tumor volume [25]. One hundred forty-six patients experi-
enced RECIST-defined progression on nivolumab, and 62 of them
received treatment beyond progression [25]. Of 60 evaluable patients,
25% had no change in size, 25% had a 10-30% reduction in size and
5% had > 30% reduction. These results indicate that a substantial
proportion of patients treated beyond progression with ICI experience
benefit. The high proportion of patients who did not continue nivo-
lumab beyond progression suggests an important element of patient
selection, as nivolumab may have been less likely to be continued in the
face of toxicity or rapidly progressive disease. Clinicians should be
aware of the altered kinetics of response to ICI, and that delayed re-
sponse may be seen even in initially PD-L1" patients.

A subset of patients with HNSCC treated with PD-1 or PD-L1 in-
hibitors may exhibit accelerated tumor growth, in a pattern referred to
as hyperprogression [26]. Several definitions for hyperprogression have
been proposed, including a doubling of growth rate over that docu-
mented on the last therapy prior to ICI, or a 50% increase in target
lesions over 4weeks. Typically, hyperprogression is the enhanced
growth of existing lesions, rather than development of many new le-
sions, although such a pattern is also described. In HNSCC, the pattern
is predominantly observed in patients with locoregional recurrence,
rather than those being treated for distant metastases only, [27] and the
rate of hyperprogression for ICI therapy alone may be as high as 29%.
The effects of hyperprogression can be devastating when anatomic lo-
cation of the progressing lesion leads to compromise of adjacent
structures, as in a recent case report of blindness resulting from hy-
perprogression of a sinus cancer following a single dose of nivolumab
[28]. Preclinical modeling of this phenomenon in non-small cell lung
cancer indicates a role for tumor-associated macrophage reprogram-
ming after PD-1 receptor engagement by the immune checkpoint
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inhibitor, an area for further study in HNSCC. Most critically, combi-
nations of ICI with chemotherapy, antiangiogenic or other therapies
which abrogate the risk for hyperprogression merit rapid development
in this disease.

Toxicity

Anti-PD1 agents demonstrate different patterns of toxicity and
overall improved QOL compared to standard cytotoxic chemotherapy
[29]. Toxicity has been similar in both nivolumab and pembrolizumab
trials. In both CheckMate 141 and KEYNOTE-040, 13% of patients
treated with anti-PD-1 agents experienced grade 3-4 AE, compared to
35-36% of patients treated with chemotherapy [18,30]. ICIs introduce
the potential for immune related AE that can affect any organ system
[16,18,30]. In HNSCC, consistently reported immune related AE in-
clude rash, hepatitis, pneumonitis, colitis, and endocrinopathies like
hypothyroidism.

On detailed QOL analysis, nivolumab improved QOL across do-
mains, including social function, swallowing, talking, eating, and xer-
ostomia. In contrast, standard cytotoxic chemotherapy led to dete-
rioration in QOL [29].Similarly, KEYNOTE-040 found that
pembrolizumab stabilized QOL domains, and that QOL declined with
use of chemotherapy [31].

First-line R/M HNSCC

Recently, results of the randomized three-arm phase III KEYNOTE-
048 trial in first-line R/M HNSCC were presented (NCT02358031)
[32,33] The trial examined 882 patients who received either a) pem-
brolizumab monotherapy or b) a novel combination of pembrolizumab,
5-FU and cisplatin or carboplatin or c¢) the EXTREME regimen of cis-
platin, 5-FU and cetuximab as a control arm [32]. Chemotherapy plus
an anti-PD1 therapy is a rational combination strategy. Chemotherapy
disrupts the architecture in the tumor microenvironment, which may
help to overcome immune exclusion and produce antigen shedding
[34]. Chemotherapy also produces rapid responses, and may do so in
patients who would be unresponsive or progressive on ICI. Given the
observation that pembrolizumab monotherapy response is lower in
bulky tumors, chemotherapy-induced reduction in tumor volume might
improve sensitivity simply on this basis [35]. Chemotherapy was given
for up to 6 cycles, pembrolizumab for up to 24 months and cetuximab
indefinitely, until treatment was discontinued for progressive disease or
toxicity. Approximately 25% of patients had HPV-associated (p16+)
cancers. This trial is the first trial in HNSCC to prospectively use a
biomarker of PD-L1 expression level in the primary endpoint analysis.
In this trial, combined proportion score (CPS) was used as a biomarker.
CPS is defined as the sum of PD-L1 stained tumor cell and surrounding
lymphocytes and macrophages divided by the total number of viable
tumor cells multiplied by 100 [36]. In contrast, tumor proportion score
(TPS) which is the proportion of viable tumor cells.

The primary outcomes were OS and progression-free survival (PFS)
tested sequentially for CPS =20, CPS =1, and total population. The
second interim analysis and final analysis have been publically pre-
sented [32,33]. Objective response rate (ORR) was 36% with EX-
TREME, 36% with pembrolizumab plus chemotherapy, or 16% with
pembrolizumab monotherapy in the overall population. ORR was im-
proved for pembrolizumab plus chemotherapy (43%) vs. the EXTREME
regimen (38%) in the CPS =20 population. PFS for pembrolizumab
plus chemotherapy in the CPS =20 group was HR 0.76 (CI 0.58-1.01)
and in the CPS =1 was HR 0.84 (0.69-1.02) and in the total population
was HR 0.92 (CI 0.77-1.10). PFS for pembrolizumab monotherapy in
the total population was 2.3 months vs. 5.2months (HR 1.34; CI
1.13-1.59). Although pembrolizumab plus chemotherapy had longer
PFS than pembrolizumab monotherapy, at 2years an identical per-
centage were progression-free, indicating that the chemotherapy effect
is early but not durable, and further that chemotherapy does not blunt
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the durability of pembrolizumab. Final analysis of this study identified
that pembrolizumab plus chemotherapy significantly improved OS for
the CPS =20 (14.7 vs. 11.0months, HR 0.60, CI 0.45-0.82,
p = 0.0004), CPS =1 (13.6 vs. 10.4 months, HR 0.65, CI 0.53-0.80,
p < 0.0001) and overall populations (13.0 vs. 10.7 months, HR 0.72,
CI 0.60-0.87). Pembrolizumab monotherapy also significantly im-
proved OS for the CPS =20 (14.8 vs. 10.7 months) and CPS =1 (12.3
vs. 10.3 months, HR 0.74) populations, and was noninferior to EX-
TREME in the overall population (11.5 vs. 10.7 months, HR 0.83, CI
0.70-0.99, P = 0.0199). Despite the inferior ORR, the OS benefit was
driven by longer duration of response (DOR) in the pembrolizumab
cohort (20.9 months vs. 4.5 months). Furthermore, the OS curve for the
pembrolizumab cohort continues to run considerably above the PFS
curve at 3 years suggesting that some patients who do not meet ob-
jective PFS criteria experience OS benefit from pembrolizumab. Po-
tential mechanisms include an alteration in the natural history of dis-
ease or an increased sensitivity to subsequent therapies.

Grade 3-5 treatment related AE was observed in 71% of patients
receiving pembrolizumab plus chemotherapy, 69% with the EXTREME
regimen and 17% with pembrolizumab monotherapy. These findings
indicate that pembrolizumab can be safely added to platinum-based
combination chemotherapy with a similar safety profile to the
EXTREME regimen. Exposure to subsequent ICIs after progression has
not yet been reported, however, it would be expected that any exposure
to subsequent ICIs in patients treated on study with the EXTREME re-
gimen would blunt the OS benefit observed in this study. This trial led
to US FDA approval of pembrolizumab as first-line for R/M HNSCC in
combination with platinum and 5-FU in all patients, or as monotherapy
in tumors with a PD-L1 combined positive score (CPS) =1.

In summary, three randomized phase III trials have now con-
clusively proven that exposure to a PD-1 inhibitor prolongs survival in
R/M HNSCC, and it is clear that such agents should be used in the
management of all patients who do not have contraindications to their
use. In the 85% of R/M HNSCC whose tumors are PD-L1 positive (CPS
=1), [32] these results also pose new questions about whether to
choose pembrolizumab monotherapy or pembrolizumab plus che-
motherapy as first-line therapy. Important factors to consider in treat-
ment selection in patients with R/M HNSCC include prior exposure to
systemic therapy, tumor burden and location, symptom burden, PD-L1
expression, and toxicity. Pembrolizumab plus chemotherapy should be
considered in cases where response rate is critical, such as for symp-
tomatic disease, or patients with bulky locoregional disease at risk of
airway or bleeding complications. It may be preferred for patients with
lower PD-L1 expression, given the somewhat lower pembrolizumab
monotherapy response proportion in this subset. However, in patients
with less symptomatic disease, those with lung metastases only, and
high PD-L1 expression, pembrolizumab monotherapy will be highly
attractive, as for these patients, the median OS with pembrolizumab
monotherapy vs. pembrolizumab plus chemotherapy was similar (14.8
vs. 14.7 months) and was achieved with considerably less toxicity.

Nonetheless, many uncertainties remain regarding the relative
benefit of these agents in the first line or platinum-refractory setting,
the role of chemotherapy in increasing the likelihood of objective re-
sponse, and the worth of novel combination immunotherapies in clin-
ical testing. The treatment algorithm presented in Fig. 1 reflects the US
FDA approved indications for ICI in R/M HNSCC. These treatment re-
commendations need to be tailored to account for patient preferences
and individual circumstances. Additionally, consensus guidelines de-
veloped by the Society for the Immunotherapy of Cancer Head and
Neck Guidelines Subcommittee provide some guidance for treatment
decision-making [37] (see Fig. 2).

Biomarkers of response to ICIs

PD-L1 expression
As highlighted in KEYNOTE-048, higher levels of PD-L1 expression
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Recurrent / Metastatic HNSCC
No salvage surgery or radiation option

—

No Previous Platinum
Chemotherapy DFI > 6 months

v : v
PD-L1 Negative PD-L1 Positive
(CPS <1) (CPS 21)

N

Pembrolizumab plus
cisplatin/5-FU

Pembrolizumab or
Pembrolizumab plus
cisplatin/5-FU

y

Previous Platinum Chemotherapy
DFI £ 6 months

L

Nivolumab or
Pembrolizumab

Fig. 1. Algorithm for management of recurrent or metastatic HNSCC. Abbreviations: DFI = disease free interval, CPS = combined proportion score.

are associated with an increased likelihood of response to anti-PD1
therapy [16,18]. Around 50-60% of HNSCC tumor cells express PD-L1
(measured using TPS), [38] but this percentage increases to 85% when
considering tumor cells and surrounding immune cells (measured with
CPS) [32]. The predictive value of PD-L1 expression is increased when
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Anti-PD1 Therapy T cell
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PD-L1 interaction PD- -
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Chemotherapy
Cisplatin
Q
5-Flurouracil K
o N
Both inhibit DNA replication & mRNA
transcription
Chemotherapy produces rapid response

May disrupt immune exclusion & produce
antigen shedding

C

TCR
L Antigen

considering the combined expression on tumor cells and infiltrating
immune cells. In the KEYNOTE-012 study the response rate was 21%
PD-L1+ vs. 6% in PD-L1- by CPS compared with 18% in PD-L1+ vs.
19% in PD-L1- by TPS assessment [16]. In CheckMate 141, the presence
of PD-L1 expressing immune cells in the tumor microenvironment was

Proportion of patients
that respond to treatment

B

Respond to
combination
chemotherapy

anti-PD1 therapy
(Increases based on
PD-LI level)
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Chemotherapy Anti-PD1 Therapy Combination anti-PD1
& chemotherapy
s E E
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Fig. 2. Mechanisms of combination immunotherapy and chemotherapy in HNSCC. A. Molecular mechanism of action of anti-PD1 therapy and chemotherapy. B.
Depiction of response rate to anti-PD1 therapy and chemotherapy. Response rates will vary based on the specific chemotherapy regimen used. Each person represents
approximately 2%. Red colored persons represent those that respond to anti-PD1 therapy and blue colored persons represent those that respond to combination
chemotherapy. C. Depiction of overall survival curves observed in HNSCC with anti-PD1 immunotherapy and chemotherapy. Anti-PD1 therapy produces a dra-
matically improved duration of response (i.e. tail of the curve) that has powered the overall survival benefit with this therapy despite a modest response rate. The
images in part A are a derivative of cell_membrane, antibody, receptor, nucleus and dimeric receptor by Idoya Lahortiga & Luk Cox (https://www.somersault1824.
com/) used under Creative Commons BY-NC-SA 4.0 https://creativecommons.org/licenses/by-nc-sa/4.0/. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)
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more predictive of response than were PD-L1 expression in tumor cells
[39].

The ability to predict response to anti-PD1 therapy may be further
improved by also considering other biomarkers. Expression of PD-L2,
the other ligand of PD-1, is another potential biomarker of response to
anti-PD1 therapy. Data from KEYNOTE-012 also showed that PD-L2
protein expression was a biomarker for response to anti-PD1 therapy,
independent of PD-L1 expression [40].

Interpreting PD-L1 expression (or PD-L2) as a biomarker across
trials is challenging beyond the companion diagnostic test approved in
first-line R/M HNSCC. Different studies use a variety of different assays
and cut points making cross study comparisons difficult. Importantly,
the challenge of interpreting PD-L1 expression across studies has led to
harmonization projects for PD-L1 assays in non-small cell lung cancer
by regulatory agencies and the scientific community [41,42]. These
studies have identified which anti-PDL1 antibodies are largely inter-
changeable. As future trials are reported using a variety of new agents,
a similar understanding of PD-L1 assays will be necessary in HNSCC.

Relevantly, the FDA approval of pembrolizumab monotherapy only
in patients with a CPS score =1 represents the first mandated bio-
marker testing for selection of immunotherapy in HNSCC in the United
States [32]. In conjunction with the first-line approval for pem-
brolizumab in the US, the FDA also extended the use of the PD-L1 IHC
22C3 pharmDx kit as a companion diagnostic device to measure CPS
and help in selecting patients for treatment with pembrolizumab
monotherapy. Currently, most laboratories do not routinely employ
CPS in reporting of PD-L1 expression. In response to the FDA approval
of pembrolizumab monotherapy only in biomarker-selected popula-
tions, it will be critical to expand availability of CPS testing into routine
practice.

While PD-L1 expression level may help to select patients in the first-
line R/M setting for pembrolizumab in combination with chemotherapy
vs. monotherapy, some patients with PD-L1 negative HNSCC also derive
benefit from anti-PD1 agents. In KEYNOTE-012 patients with < 1% PD-
L1 expression treated with pembrolizumab had a response rate of 4%
compared with 22% for patients with =1% PD-L1 expression [43]. In
Checkmate 141 patients with a TPS < 1% experienced a trend towards
improved survival (HR 0.89, CI 0.54-1.45) compared with TPS =1%
(HR 0.55, CI 0.36-0.83) [18]. The proportion of PD-L1 negative pa-
tients who respond is smaller, but even in the absence of PD-L1 ex-
pression, ICI naive patients should be offered second-line ICI treatment
with an approved PD-1 inhibitor or on a clinical trial of a novel im-
munotherapy strategy.

HPYV status

HPV+ HNSCC is more likely to exhibit an immunologically active
tumor microenvironment [44] highlighting the potential for improved
activity in this population. Some data suggest that HPV status is pre-
dictive of response to anti-PD1 agents. KEYNOTE-012 showed an im-
proved objective response rate in HPV + (24%) compared with HPV —
(169%) [16]. In CheckMate 141, patients with HPV + cancers treated
with nivolumab were more likely to experience benefit (HR 0.56, CI
0.32-0.99) compared with HPV — patients (HR 0.73, CI 0.42-1.25)
[18]. In contrast, in KEYNOTE-040, HPV — cancers appeared to ex-
perience greater benefit from pembrolizumab (HR 0.77, CI 0.61-0.97)
compared with HPV + cancers (HR 0.97, CI 0.63-1.49). Overall, pa-
tients with both HPV+ and HPV — cancers appear to derive benefit
from ICIs. In KEYNOTE-048, the HR of 0.54 for pembrolizumab plus
chemotherapy was very significant for HPV+ making them potentially
better candidates for combination therapy [45]. HPV specific regimens
using DNA immunotherapy targeting HPV16/18 E6/E7 with IL12
plasmids or HPV-16 vaccines have shown promise in small phase Ib/II
trials [46,47]. Outside of research studies, HPV status is not re-
commended to select patients for treatment with ICIs.
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Tumor mutation burden

High tumor mutational burden has been strongly associated with
response to ICIs in other solid tumors [5]. HNSCC exhibits moderate to
high mutational load, as described above. Immune gene expression
profile scores analyzed via RNA expression to identify a genetic sig-
nature of T cell activation has been used to predict anti-PD1 efficacy
(GEP) in HNSCC [16,48]. At present, these biomarkers are investiga-
tional, and should not be used to select patients for ICI therapy.

Important patient subgroups
Cetuximab-treated patients

As the data supporting ICIs in HNSCC have matured, several im-
portant subgroups have emerged that may impact response to therapy.
Recently, pre-planned subset analysis of the CheckMate 141 rando-
mized trial revealed significant differences in response based on prior
cetuximab use, which was a pre-specified stratification factor in this
trial [49]. Nivolumab reduced the risk of death by 16% in patients with
prior cetuximab use and by 48% in patients without prior cetuximab
use [49]. Cetuximab down-regulates interferon y-induced PD-L1 ex-
pression in HNSCC cell lines, [38] which may help to explain these
differences. The reduced efficacy of nivolumab in patients with prior
cetuximab exposure could also be attributed to patient or disease
characteristics. However, Eastern Cooperative Oncology Group (ECOG)
performance status was similar among patients with and without prior
cetuximab use.

In contrast, in the larger KEYNOTE-040 trial prior cetuximab
therapy was not a significant predictor of response to ICL In this study,
in patients without prior cetuximab median OS was 8.2 months with
pembrolizumab vs. 6.9 months with standard of care (HR 0.78; CI
0.56-1.07) [50]. In contrast, for patients who had prior cetuximab
survival was 8.4 months with pembrolizumab vs. 7.1 months with
standard of care (HR 0.89; CI 0.68-1.16) [35]. However, KEYNOTE-040
did not pre-specify prior cetuximab therapy as a stratification factor and
it is not yet clear whether differences in trial design or patient popu-
lation explain this difference between the trials, or if the finding from
Checkmate 141 was a random effect [50]. Trials are currently in-
vestigating strategies to combine anti-PD1 inhibitors with cetuximab
and RT in a prospective fashion (NCT03258554).

Subgroup analysis based on age

As a high proportion of patients with HNSCC are older the 65 years,
[51] an important question is whether the effectiveness of ICIs varies
across age groups. Post hoc analysis of CheckMate 141 identified that
nivolumab improved OS compared with chemotherapy in both young
(< 65 years old HR 0.63, CI0.47-0.84) and old patients ( =65 years old
HR 0.75, CI0.51-1.12) [52]. This study also showed that the incidence
of treatment related AE was similar across age groups.

Understudied populations

Prospective clinical trials of ICIs in HNSCC have largely excluded
patients with advanced performance status (ECOG =2) or a history of
autoimmune disorders, HIV positivity or organ transplantation.
Strategies to extend the benefit to ICIs to these populations are being
cautiously examined. In patients with HIV, in a study of multiple dif-
ferent tumor types treatment with ICIs was safe and associated with a
22% partial response rate and 22% cancer stabilization rate [53]. In
contrast the experience with ICIs in solid organ transplant recipients in
another study of multiple different tumor types was associated with an
allograft rejection rate was 41% with high mortality [54].



J.D. Cramer, et al.

Combination immunotherapy strategies under investigation

While ICIs provide a major advance for patients with HNSCC, only a
minority derives long-term clinical benefit from anti-PD1 monotherapy.
In an effort to decrease the proportion that develops recurrent disease,
ICIs are being investigated in the locally advanced setting. Multiple
clinical trials are investigating ICIs in combination with im-
munostimulatory agents. In this review we will focus on phase II and III
trials of combination strategies.

Combination anti-PDL1 and anti-CTLA4 therapy

Durvalumab, an antibody to PD-L1, has been extensively in-
vestigated, but it is not FDA approved in HNSCC [55,56]. The phase 11
CONDOR [57] and phase III EAGLE [56] studies both investigated
durvalumab monotherapy vs. durvalumab combination therapy vs. IC.
The EAGLE trial included 736 randomized patients with platinum-re-
fractory R/M HNSCC [56]. Durvalumab monotherapy produced a si-
milar response rate (18%) to other ICIs [56]. However, durvalumab
monotherapy (HR 0.88, CI 0.72-1.08) did not improve OS, compared
with chemotherapy [56].

One of the most anticipated agents combined with anti-PD1/PD-L1
therapy in HNSCC was anti-CTLA4 therapy. Anti-CTLA4 agents produce
distinct and potentially complementary effects on T cells [58] and it
was hoped that combination anti-CTLA4 and anti-PD1/PD-L1 agents
would produce synergy in HNSCC, as has been seen in melanoma [59].
Combination studies adding anti-CTLA4 agents to anti-PD1/PD-L1
therapy in HNSCC proceeded rapidly despite limited evidence of single
agent activity with anti-CTLA4 in HNSCC. In both the phase Il CONDOR
[57] and phase III EAGLE [56] trials, durvalumab was investigated in
combination with the anti-CTLA4 antibody, tremelimumab. Dis-
appointingly, durvalumab in combination with tremelimumab did not
improve OS (HR 1.04, CI 0.85-1.26) compared with chemotherapy, in
the phase III EAGLE trial [56]. Overall response rate with durvalumab
plus tremelimumab was 18%, similar to durvalumab monotherapy.
Combination therapy increased toxicity. Surprisingly, the IC arm out-
performed historical results in this setting. Subsequent ICI was more
common in the IC arm (15% vs. 2-5% in the durvalumab or durva-
lumab plus tremelimumab arms) and may have confounded OS results.
Additionally, there was an imbalance in the ECOG performance status
in favor of the IC arm, providing further potential for confounding.
However, these potential confounding variables may not explain the
lack of enhanced efficacy with adding anti-CTLA4 antibodies. The
CheckMate 714 phase II randomized using an alternative combination
anti-CTLA4 and anti-PD1 trial of nivolumab vs. nivolumab/ipilimumab
trial did not meet its primary endpoint in the platinum refractory po-
pulation, according to a April 2019 press release [60]. Ongoing phase
III studies are investigating alternative combinations of anti-CTLA-4
and anti-PD1 therapy in HNSCC (NCT02741570, NCT02551159).

Use of ICIs prior to surgery has also been investigated in several
small studies with promising efficacy. Uppaluri et al reported initial
results of a single-arm phase II trial of 21 patients treated with
neoadjuvant pembrolizumab prior to surgery [61]. They found neoad-
juvant pembrolizumab to be safe and feasible and further found that
43% of patients showed pathologic treatment response to a single dose
of neoadjuvant pembrolizumab. The Checkpoint Inhibitors Assessment
in Oropharynx cancer (CIAO) investigated durvalumab vs. durvalumab
plus tremelimumab, each given for two cycles prior to surgery in 28
patients with oropharyngeal cancer [62]. Interim results presented at
the American Society of Clinical Oncology meeting on May 31, 2019
showed an overall response rate of 43% with equivalent efficacy with or
without tremelimumab [62]. 79% of patients displayed treatment ef-
fects and 57% of patients did not require adjuvant RT after surgery
[62]. Another small phase II study showed a similar 44% response rate
using neoadjuvant nivolumab followed by surgical resection [63].
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Toll-like receptor agonists

Toll-like receptors (TLR) are a family of innate and adaptive im-
munity receptors that help fight viral and other pathogens. The Active8
study was a randomized phase II study of the TLR8 agonist motolimod,
with or without the EXREME regimen, in 195 patients with R/M HNSCC
[65]. Adding motolimod to the EXTREME regimen did not improve OS
in the overall population. However, prespecified subgroup analysis
found that motolimod improved OS (15.2 vs. 12.6 months) in HPV-
positive patients and in those with injection site reactions indicating
potential activity in certain populations [65].

Alternative immunotherapy combination strategies

A variety of novel combination strategies of ICIs and other im-
munostimulatory agents are underway. Small phase I/II trials have
shown encouraging responses to ICIs combined with: TLR9 agonists,
[66] multiple therapeutic vaccines, [67-69] the anti-EGFR antibody
cetuximab [70] or the anti-VEGF multiple kinase inhibitor lenvatinib
[71]. Other co-stimulatory agonists being tested include 0X40, CD40L,
CD137, STING, IDO1 and STAT3 inhibitors [64,72].

Immunotherapy combined with radiation

The interaction of RT on the tumor microenvironment is complex,
and may both enhance and suppress the immune system. In some cir-
cumstances RT may strengthen the anti-tumor immune response by
releasing cytokines and tumor-associated antigens. ICIs are being in-
vestigated in various combinations with radiation in both the locally
advanced and R/M setting. Unfortunately, data on the efficacy of anti-
PD1/anti-PDL1 agents in combination with radiation is sparse at the
present time.

In the R/M setting, radiation combined with ICIs may produce a
response in both irradiated sites of disease and in distant un-irradiated
sites [73]. This so-called abscopal effect of radiation occurs when ra-
diation produces immune stimulatory properties that improve systemic
anti-tumor effects. In R/M HNSCC, the abscopal effect was examined in
a randomized phase II study of 53 patients examining nivolumab with
or without stereotactic body radiotherapy (SBRT) [74]. The addition of
SBRT did not improve efficacy. The objective response rate with nivo-
lumab alone was 27%, compared to 22% with nivolumab plus SBRT
[74].

ICIs are being tested in a variety of combinations with surgery, ra-
diation and chemotherapy in the locally advanced setting. Phase I re-
sults from NRG-HNOO3 found that adding pembrolizumab to adjuvant
cisplatin/radiation was feasible with manageable toxicity [75]. Phase I/
II safety data from the GORTEC 2015-01 PembroRad and RTOG-3504
trials both found that adding anti-PD1 antibodies to definitive cetux-
imab/RT was feasible with manageable toxicity [76,77]. Multiple on-
going phase III trials are investigating combining anti-PD1 antibodies
with definitive CRT in locally advanced HNSCC (NCT02952586,
NCT3040999, NCT02999087, NCT03349710, NCT03258554, Table 2).
Among these trials, the Javelin Head and Neck 100 trial examining
adding avelumab to definitive CRT in high-risk HNSCC recently com-
pleted accrual and results are expected in the next 2years
(NCT02952586). KEYNOTE-412/MK-3475-412 another phase III ran-
domized trial of adding neoadjuvant and adjuvant pembrolizumab
versus placebo to definitive CRT that also recently completed accrual
(NCT03040999). Another relevant study to several types of HNSCC in
the locally advanced setting is CheckMate 358 is also recently com-
pleted accrual (NCT02488759). This trial is investigating neoadjuvant
nivolumab or nivolumab plus combination therapy with anti-CTLA4
therapy vs. anti-LAG3 therapy vs. antiCD-38 therapy in virus-associated
cancers including HPV-associated and EBV-associated cancers.
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Table 2
Ongoing Phase III Trials In Locally Advanced HNSCC.
Study Population Treatment arms Recruitment
Neoadjuvant
KEYNOTE-689 Stage III-IVA oral cavity/larynx/ Neoadjuvant pembrolizumab and adjuvant pembrolizumab Recruitment ongoing,
(NCT03765918) hypopharynx and HPV— OPSCC or added to surgery and standard risk-based adjuvant therapy vs. planned participant count

Adjuvant immunotherapy after

definitive CRT
W0420242
(NCT03452137)

ECOG ACRIN EA3161

Stage III (AJCC 8th ed) HPV+ OPSCC

HNSCC requiring multimodality therapy

Phase II/11I trial,

surgery and standard risk-based adjuvant therapy

Adjuvant atezolizumab vs. placebo after definitive local therapy
(surgery or RT)

Nivolumab plus cisplatin/RT vs. cisplatin/RT

704

Recruitment ongoing,
Planned participant count
400

Recruitment ongoing,

(NCT03811015) intermediate-risk HPV+ OPSCC planned participant count
(=10 pack-year smoking and stage I AJCC 744
8th ed or < 10 pack-year smoking and stage
TI-11T AJCC 8th ed)
Definitive
JAVELIN Stage III-IVB HPV — HNSCC or T4 or N2¢/N3  Avelumab plus cisplatin/RT vs. cisplatin/RT Accrual completed,
(NCT02952586) (AJCC 7th ed) HPV+ OPSCC Participant count 697
GORTEC 2017-01 (REACH) Stage III-IVB HNSCC Cisplatin eligible patients: Avelumab plus cetuximab/RT vs. Recruitment ongoing,
(NCT02999087) Cisplatin/RT planned participant count
Cisplatin ineligible patients: 688
Avelumab plus cetuximab/RT vs.
cetuximab/RT
NRG HN-004 Phase II/111, Durvalumab/RT Recruitment ongoing,
(NCT03258554) Cisplatin ineligible, vs. cetuximab/RT Planned participant count
Stage III-IVB oral cavity/larynx/ 523
hypopharynx or HPV — OPSCC,
Stage I-Il HPV+ OPSCC with > 10 pack
years or
Stage III OPSCC
NRG HN-005 Phase II/111, Nivolumab/reduced dose RT (60 Gy) vs. Recruitment ongoing,
(NCT03952585) HPV+ non-smoking associated OPSCC Cisplatin/reduced dose RT (60 Gy) vs. cisplatin/standard dose Planned participant count
RT (70 Gy) 711
KEYNOTE-412 HNSCC, Pembrolizumab plus cisplatin/RT vs. cisplatin/RT Accrual completed
(NCT03040999) oral cavity cancers need to be unresectable Participant count 780
(NCT03349710) LA HNSCC Cisplatin eligible patients: Active, not recruiting
Nivolumab plus cisplatin/RT Planned participant count
vs. cisplatin/RT 1046
Cisplatin ineligible patients:
Nivolumab/RT vs. cetuximab/RT
Conclusion Declaration of Competing Interest

Immunotherapy is rapidly altering the therapeutic landscape in
HNSCC improving survival and reducing toxicity compared with es-
tablished treatments. ICIs have now advanced from the second-line
treatment for R/M HNSCC to the first-line treatment. ICIs are being
investigated in earlier stages of HNSCC, to determine whether more
patients may benefit from them. Data on the use of ICIs in the locally
advanced setting, as intensification for high risk disease, or as de-in-
tensification to permit reduced/eliminated chemotherapy or radio-
therapy, are emerging and potentially practice changing phase III trials
are maturing.
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