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Abstract

Head and neck squamous cell carcinoma (HNSCC) is a potential curative disease at its localized stage, by the use of multimodal
treatment including surgery, radiation, and chemotherapy. While the metastatic stage is considered incurable and is characterized by
poor prognosis. Conventional cytotoxic chemotherapy in addition to cetuximab were the only available systemic treatment with
limited efficacy and modest median overall survival barely crossing the | year limit. Inmunotherapy with PD-1| and PD-LI inhibitors
has revolutionized the treatment of multiple cancers. Recently, Immunotherapy is being extensively explored in head and neck cancer
and clinical trials have shown impressive results that allowed to immune check point inhibitors to be the new standard of care. In this
article we tried to explain the rationale and mechanisms of targeting the immune system in head and neck carcinoma and to report

the results from the phase Ill clinical trials that put the immunotherapy as a new standard of care for head and neck cancer.
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Introduction

Worldwide, head and neck cancer accounts for more than
650,000 cases and 330,000 deaths annually.1 In the United
States, head and neck cancer accounts for 3 percent of
malignancies, with approximately 53,000 Americans develop-
ing head and neck cancer annually and 10,800 dying from the
disease.”

The main conventional implicated risk factors are consump-
tion of tobacco and alcohol. However, the incidence of smok-
ing related HNSCC is decreasing over years and the Human
papillomavirus (HPV) is becoming a causative agent in about
25% of all HNSCC especially the HPV 16 and HPV 18.2

The relative prevalence of these risk factors contributes to
the variations in the observed distribution of head and neck
cancer in different areas of the world.

The outcomes of patients with HNSCC have been consider-
ably improved with the multimodal treatment. However the
prognosis of metastatic patients remain poor.

Recently, the better understanding of the immune system
led to development of novel immunotherapies, including
anti-PD-L1 blockers, that had shown promising results with
improvement of survival rates in the advanced stage.

Immunogenicity of Head and Neck Cancers

Head and neck squamous cell carcinoma (HNSCC) is a highly
immunosuppressive cancer characterized by high immune
infiltration.
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Cytotoxic T-lymphocytes, characterized by the expression
of CDS8, play a crucial role in targeting and destroying cancer
cells through binding to MHC class I molecules. The presence
of CD8+ lymphocytes in the tumor microenvironment has
been associated with favorable prognosis.®

Additionally, Human papillomavirus positive (HPV+)
HNSCC has one of the higher levels of infiltrating regulatory
T-cells (Tregs) that has been associated with better prognosis.’
The Tregs may be assessed by immunohistochemical analysis
for FoxP3, which is the most specific Treg marker.They play a
major role in maintaining immunological tolerance and are
consequently considered to be suppressors of the anti-tumor
immune response.

The presence of Tregs in the micro-environment of the
tumor is predictive of unfavorable outcome but with variable
prognostic value among different types of cancer. For HNSCC,
previous studies suggested that high Treg counts are associated
with better prognosis.

Additionally, HNSCC genomes showed high instability
with relatively high tumor mutation burden (TMB). The Can-
cer Genome Atlas (TCGA) has generated a comprehensive
landscape of genomic alterations by analyzing molecularly
279 HNSCC:s. It was found that HPV+- cancers are character-
ized by helicase domain mutations of the oncogene PIK3CA,
loss of TNF receptor-associated factor 3 (TRA ’F), and ampli-
fication of the cell cycle gene E2F1.°

While smoking-related HNSCCs showed loss of TP53
mutations and CDKN2A with frequent alterations including a
novel amplification of 11q22.

In the distinct subgroup of laryngeal cancers, there were
frequent novel loss of function alterations of the chromatin
modifier NSD1, Wnt pathway genes AJUBA and FATI, and
activation of oxidative stress factor NFE2L2.

Regarding oral cavity cancers associated with favorable
evolution, they were found to harbor activating mutations of
HRAS or PIK3CA, in addition to inactivating mutations of
CASP8, NOTCHI and wild-type TP53.°

Various suppressive mechanisms are involved including
alterations of tumor human leukocyte antigen (HLA) class I
molecules expression associated with overexpression of anti-
gens causing T-cell tolerance, and high level of immunosup-
pressive cytokines such 11-10, IL-6 and TGF-B. Another
mechanism is the aberrant activation of the transcription factors
Signal Transducers and Activators of Transcription 3 (STAT3)
in addition to NF-kB, which are linked to IL-6 and TGF-3
signaling. HNSCC is also characterized by the presence of
immunomodulatory agents such as Cytotoxic T-Lymphocyte-
associated antigen 4 (CTLA-4), Programmed death-1 (PD-1)
and their ligands which has allowed the development of new
therapeutic strategies.’

It was demonstrated that metastatic sites have different
genomic alterations from the primary site. Therefore, circulat-
ing tumor cells (CTCs) may have a crucial role to identify
patients at-risk of developing metastases. It was also shown
that PD-L1 is expressed in HNSCC tumors and CTCs and may
contribute to the tumors ability to evade the immune system.

Therefore, CTCs may provide the possibility to analyze the
metastatic seeds in circulation and identify patients that are
likely to benefit from PD-L1 blockade.®

Immune-checkpoint inhibitors (ICI) are now the standard of
care in head and neck squamous cell carcinoma (HNSCC).
However, it’s being reported around 60% of primary resistance
to anti-PD-1/PD-L1 in these tumors.” Several mechanisms
might be implicated such as expression of other inhibitory
receptors, activation of immunosuppressive pathways within
the tumor microenvironment and poor immunogenicity of the
tumor with low intratumoral immune cell infiltration.5'°
Therefore, the concept of combination of ICI with other classes
of ICI, chemotherapy, radiotherapy or targeted therapies has
emerged to overcome this resistance in addition to the investi-
gation on potential predictive biomarkers such as PDLI
immune infiltration, tumor mutational burden (TMB) and
immune-gene expression profiling.'’

Phase Ill Clinical Trials Leading to New Standards of Care

In CheckMate-141 phase III study that compared nivolumab to
the investigator’s choice (IC) after failure of platinum-based
therapy,'? nivolumab showed better OS of 7.5 months versus
5.1 months and hazard ratio (HR) = 0.68 (95% CI 0.54-0.86)
(Table 1). Nivolumab demonstrated OS benefit across patients
with tumor PD-L1 expression >1% (HR [95% CI] = 0.55
[0.39-0.78]) and < 1% (HR [95% CI] = 0.73 [0.49-1.09]), and
regardless of tumor HPV status.'? Therefore, the effect of nivo-
lumab on OS was more pronounced in PD-L1 positive (>1%)
patients but there was no correlation in this study where PD-L1
expression was only determined in tumor cells, although the
thresholds used were different (>1%, 5% and 10%). Updated
results concluded that patients benefited from nivolumab
regardless of PD-L1 expression.

In KEYNOTE-040 phase III clinical trial, in second line
after platinum therapy, pembrolizumab compared to che-
motherapy, showed marginal improvement of median OS (8.4
versus 7.1 months, [HR] 0.81 95% CI 0.66-0.99, P = .0204). In
patients with tumors expressing PD-L1, the benefit was signif-
icantly higher with pembrolizumab specifically in patients with
combined tumor and immune cell PD-L1-expression CPS
>1%. Median OS was 8.7 months with pembrolizumab versus
7.1 months with standard treatments (HR 0.75; 95% CI
0.59-0.95, P = .0078), and also in patients with PD-L1-
expression >50% of their cancer cells, median OS was 11.6
versus 7.9 months (HR 0.54; 95% CI 0.35-0.82, P = .0017)."3

These findings support the use of pembrolizumab in this
population, especially among those with high PD-L1
expression.

In first line setting, the phase IIl KEYNOTE-048 study that
randomized patients to platinum-based chemotherapy and
cetuximab versus pembrolizumab alone; or the combination
of pembrolizumab and platinum-based chemotherapy.'*

In the comparison of pembrolizumab alone to standard treat-
ment, results showed that OS was significantly improved
with pembrolizumab for the subgroups of patients with
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Table 1. Phase Ill Trials Testing Anti-PD-1 Agents in Recurrent/Metastatic HNSCC by PD-L| Status.
No of  PD-LI Expres- OS (HR) OS (HR) OS (HR)
Trial Tumor type Interventions patients  sion location Cut-off Overall PD-LI+  PD-LI-
Checkmate-141 Metastatic HNSCC Nivollumab vs 240 TGCs > 1% 0.68 0.55 0.73
(phase Ill) in second line Chemotherapy
KEYNOTE-040 Metastatic HNSCC Pembrolozumab vs 247  TCs+les (CPS) CPS> 1% 0.80 (P0.016) 0.74 %]
(phase Ill) in second line Chemotherapy TCs (TPS) TPS > 50% 0.53 o
KEYNOTE-048 Metastatic HNSCC Pembrolizumab vs 882  TCs+ICs(CPS) CPS> 1% 0.77 (P 0.0034) 0.78 %]
(phase Il) in first line chemo CPS > 20% 0.6l %)
Pembrolizumab -+ CPS > 1% 0.71 %)
chemo vs chemo CPS > 20% 0.69 %)

Abbreviations: OS, overall survival; HR, hazard ratio; TCs, tumor cells; ICs, immune cells; CPS, number of PD-L|-positive cells divided by total number of tumor
cells 100; TPS, percentage of tumor cells with membranous PD-L| expression; @, data no available.

PD-L1 CPS >1 and PD-L1 CPS >20. In the CPS >1 subgroup,
the median OS was 12.3 months for the pembrolizumab arm
and 10.3 months for the standard treatment (HR = 0.78;
95% CI = 0.64-0.96; P = 0.0086). For the CPS >20 subgroup,
the median OS was 14.9 months with pembrolizumab and
10.7 months with standard treatment (HR = 0.61; 95%
CI = 0.45-0.83; P = 0.0007).

There was no significant difference in OS between the
2 arms for the overall population.'

In the second comparison of the combination of pembroli-
zumab and platinum-based chemotherapy versus standard
treatment in all comers regardless of PD-L1 status, OS was
improved with the combination in overall population
(13.0 months versus 10.7 months, HR 0.77, P = 0.0034).

Results were similar in the CPS >20 subgroup (HR = 0.69;
95% CI = 0.51-0.94) and CPS >1 subgroup (HR = 0.71; 95%
CI = 0.57-0.88).° Therefore, the addition of chemotherapy to
pembrolizumab has an additional effect in PDL-L1 negative
HNSCCs by improving significantly survival in this subgroup
of patients where the monotherapy with pembrolizumab didn’t
show significant benefit.

Regarding safety, grade 3 or worse all-cause adverse events
occurred in (55% of treated partients in the pembrolizumab
alone group, 85% in the pembrolizumab with chemotherapy
group, and 83% in the cetuximab with chemotherapy group.
Adverse events leading to death were noted in 8% of partici-
pants in the pembrolizumab monotherapy group, 12% in the
pembrolizumab with chemotherapy group, and 10% in the
cetuximab with chemotherapy group.'*

After these findings, Pembrolizumab was approved for use
as first line treatment in combination with platinum and fluor-
ouracil (FU) for all patients and as a single agent for patients
whose tumors express PD L1 ([CPS] >1). These results also
established PD-L1 CPS as a valid marker for head and neck
cancer that should be measured to select patients for pembro-
lizumab alone, or combined with chemotherapy.

Higher PD-L1 expression is associated with more benefit
but more analyses are needed to determine the right cut-off and
potential new biomarkers especially in patients who have

tumors with low or absent PD-L1 expression such as human
papillomavirus (HPV) status, tumor immune infiltration or
TMB.

Learned Lessons and Future Research

KEYNOTE-048 showed improvement of OS with pembrolizu-
mab monotherapy in first line R/M HNSCC when PD-L1
expression >1% and >20% by CPS. While combination of
pembrolizumab and chemotherapy showed benefit regardless
of PDL-1 expression.

However, in KEYNOTE-040, the correlation with clinical
outcome was also strongly positive when using PD-L1 expres-
sion in tumor cells only (TPS >50%).

In contrast, no correlation in the nivolumab CHECKMATE-
141 study where PD-L1 expression was exclusively determined
in tumor cells. No firm conclusion can be made, although CPS
seems to be more predictive than TPS in HNSCC.

To date, no validated predictive biomarkers that are appli-
cable uniformly to all HNSCC patients, other biomarkers are
under investigation: HPV status, tumor immune infiltration, gut
microbiota and TMB. More research is needed to validate these
new promising prognostic and predictive biomarker in this
disease.

Future directions should focus on next generation sequen-
cing and identification of more refined biomarkers for better
selection of patients who can benefit from different immune
check inhibitors.
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