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Abstract

The immune system plays a significant role in the development, invasion, progression, and metastasis of head and neck cancer.
Over the last decade, the emergence of immunotherapy has irreversibly altered the paradigm of cancer treatment. The current
treatment modalities for head and neck squamous cell carcinoma (HNSCC) include surgery, radiotherapy, and adjuvant or neo-
adjuvant chemotherapy which has failed to provide satisfactory clinical outcomes. To encounter this, there is a need for a novel or
targeted therapy such as immunological targets along with conventional treatment strategy for optimal therapeutic outcomes.
The immune system can contribute to promoting metastasis, angiogenesis, and growth by exploiting the tumor’s influence on
the microenvironment. Immunological targets have been found effective in recent clinical studies and have shown promising
results. This review outlines the important immunological targets and the medications acting on them that have already been
explored, are currently under clinical trials and are further being targeted.
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Introduction HNC is very poor and the curative treatment options are

limited."'®~'? In addition, these conventional regimen is hazard-
ous, with an 82% rate of grade 3 and 4 adverse events (AEs)."
Therefore, there is a significant need to prolong the survival of
the patients suffering from HNSCC without aggravating
toxicity.

To encounter these problems, the development of novel treat-
ment approaches as effective treatment modalities such as immu-
nomodulatory therapy for the management of HNSCC have
gained much needed attention.'* According to cancer immuno-
therapy, tumors can be detected as foreign rather than internal

The prevalence of head and neck cancer (HNC) and resultant
morbidity and mortality has been rising worldwide. HNC is
one of the most widespread malignancies, with an annual inci-
dence of more than 800,000 cases and 400,000 fatalities.'
Head and neck squamous cell carcinoma (HNSCC) is the
most prevalent type of HNC, accounting for approximately
90% of all occurrences.® Based on anatomical sites, the pyri-
form fossa, oral cavity, oropharynx, hypopharynx, and larynx
are the prominent sites of HNC.** The prevalence of human
papillomavirus (HPV) associated with HNSCC is increasing
apart from conventional risk factors such as tobacco chewing,
smoking, and alcohol consumption.® The treatment of
HNSCC is comprised of surgery, radiotherapy, and neoadju-
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vant or adjuvant chemotherapy.” Despite extensive multimodal
treatments, the 5-year overall survival (OS) of patients suffering
from HNSCC is only 40 to 50%.° The conventional
first-line treatment comprises of platinum analogs, 5-fluoroura-
cil (5-FU), and cetuximab. This has a median survival of just
10.1 months for recurrent or metastatic HNSCC (R/M
HNSCC).? The prognosis of locoregional or distant recurrence
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cells/tissue, and an activated immune system can efficiently
target them. A better understanding related to the dysregulation
and evasion of the immunology might help to optimize current
therapies and improve patient outcomes, especially for
HNSCC." Anti-tumor immunotherapy is premised on the prin-
ciple that immune escape is attainable because of changes in
immune surveillance and the tumor microenvironment.

The rationale of immunotherapy especially in HNSCC has
been strengthened by the fact that the tumor mutation burden
(TMB) in HNSCC is relatively high.'"® This is significant
because a high TMB has been observed to be predictive of
the efficacy of immune checkpoint inhibitors (ICIs), which is
mainly because of the synthesis of antigenic altered proteins
from mutant DNA that act as tumoral immune targets.'”
Malignant cells release cytokines such as transforming
growth factors-f (TGF-f), interleukin(IL)-6, and IL-10,
which inhibit the cell-mediated antitumor immune response
by activating signal transducer and activator of transcription
1 (STAT1) suppression.'®'” HNSCC is an immunosuppres-
sive disease characterized by lower absolute lymphocyte
counts compared to healthy individuals, diminished natural
killer (NK) cell activity, and poor antigen-presenting func-
tion.?°2* In addition, T lymphocytes that infiltrate tumors
have been shown in HNSCC and other malignancies, with
a significant impact on clinical outcomes.”>*® Suppressive
regulatory T cells (Tregs) produce suppressive cytokines
such as TGF-p and IL-10, express cytotoxic T lymphocyte-
associated protein 4 (CTLA-4), and are linked with tumor
growth.?’

Thus, an immunomodulatory approach that overcomes
immune suppressive signals in HNSCC patients shows poten-
tial as a treatment option. Cancer vaccines based on tumor
peptide antigens, viral, bacterial, and DNA-based vectors, and
tumor antigen-specific monoclonal antibodies (mAbs) are
among them. The US Food and Drug Administration has
approved mAbs, which has shown promising clinical outcomes
that are targeting immunological checkpoint receptors, such as
anti-CTLA-4 and anti-programed death-1 (anti-PD-1), sugges-
tive of better clinical outcomes for patients suffering from
HNSCC. The most recent breakthroughs in immunotherapy
for HNSCC that aimed to integrate immunotherapy into estab-
lished treatment protocols are discussed in this review. Notably,
the integration of immunotherapy as neoadjuvant therapy,
definitive concurrent therapy, adjuvant therapy and therapy
for R/M HNSCC are covered in this review.

Immunomodulatory Targets for Head and Neck Tumor

Ehrlich was the first to propose the significant role of immuno-
modulatory therapy in tumor cell growth. The NK cell discov-
ery by Herbermann explained the innate response of the body’s
immune mechanism to protect from malignancies.*®?’
Moreover, a drastic increase in the incidence of tumor forma-
tion was seen in patients suffering from HNSCC with com-
promised immunity due to organ transplants.**>' Thus, the
drugs acting on these immune mediators can be theoretically

used in patients with HNSCC to achieve better clinical out-
comes such as improvement of 1-year disease-free survival
(DFS).

HNSCC is an immunosuppressive malignancy. It is medi-
ated by the influence of the developing tumor on the TME,
these tumor cells manipulate the immune system that leads to
promotion of production of immunosuppressive mediators.*>
Thus, as the tumor grows and subsequently stage advances,
further immune suppression is mediated by tumor cells itself.
This is responsible for metastasis, angiogenesis and ultimately
tumor progression. Thus, it can be inferred that the progression
of tumor through the stages of HNSCC goes parallel with the
level of immunosuppression.®® A study (NCT02759575) was
conducted to evaluate the efficacy of pembrolizumab in patients
with advanced stage HNC. 9 out of 9 patients achieved surgery
free survival when assessed for up to 18 months.>* Based on the
above findings it can be stated that immunotherapy might be
more effective in advanced stages compared to initial stages.
Also, the effectiveness in initial stages is not as strongly estab-
lished as in advanced stages. Further research is warranted in
order to elucidate the role of immunotherapy in early stages
of HNC.

The conventional therapies for HNSCC include surgical
resection, radiation therapy and chemotherapy. Though it
seems unlikely, there might be more to the mechanism of the
chemotherapeutic molecules apart from cytotoxicity. There
have been distant evidences of the influence of chemotherapeu-
tic agents on immune system and them being immunostimula-
tory on some levels.*> Some of these agents have even shown
to increase antigen presentation and PD-L2 induced increased
T cell activation. These agents are also enhancing the effects
of CTLs and thus can induce immunogenic cell death. Thus,
every cytotoxic agent also modulates immune responses medi-
ated by different pathways.*® Some agents act via downregula-
tion of STAT-6 pathway such as docetaxel, TUBB3/TLE
protein overexpression by taxanes, TS protein overexpression
by fluoropyrimidines.’” Radiation therapy is known to exert
its cytotoxic effects by DNA damage induced by production
of reactive oxygen species.*® But apart from this, radiation is
also known to release high mobility group protein Bl
(HMGBI) that is a ligand for pattern recognition receptor
damage-associated molecular patterns (DAMPs).*> This
further activates innate immune responses and induces immu-
nostimulatory activities in the TME. Radiation also leads to
increase expression of MHC-I mediated by interferon (IFN).*
It also increases the infiltration of TILs leading to CTL medi-
ated tumor cell death.*! Based on the above findings, combina-
tion of chemotherapy and radiation with immune targeted
strategies might be proven efficacious.

To understand the utilization of immunomodulatory drugs
for the management of patients suffering from HNSCC, an
understanding related to the mechanism of these drugs is
crucial. Thus, to facilitate the survival of such patients, a
proper apprehension of the targets on which these drugs can
act and how it affects the growth or progression of the head
and neck tumor is required.
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These targets could be divided based on their mechanism and
clinical importance. The initial targeted therapy includes
HRAS, oncogenic endothelial growth factor receptor (EGFR),
Vascular endothelial growth factor (VEGF), STAT-1/3, and
phosphatidylinositol-4,5-bisphosphate ~ 3-kinase  catalytic
subunit alpha (PIK3Ca). The novel immune checkpoint inhib-
itors (ICIs) are also known to play a significant role in HNSCC
and can be explored as potential targets. Several onco-
vaccines that are either peptide or nucleic acid-based targeting
HPV have also shown positive impact in the management
of HNSCC. Other inflammatory mediators as targets include
nuclear factor such as kappa-B (NF-xB), Tregs, human leuko-
cyte antigens (HLA), prostaglandin E2, interferons, Myeloid-
derived suppressor cells (MDSCs), and Tumor-associated
macrophages.

These targets are further being discussed along with their
actions and targeted drug or molecule in regulating the tumor
growth in the head and neck region in Table 1.

Targeted Therapy

Monoclonal antibodies (mAbs) have emerged as a widely
accepted immunotherapy for HNSCC.*® These mAbs are target
specific, which includes tumor antigen (TA)-targeted, tumor
necrosis factor receptors (TNFR) targeted, cytokine-targeted,
and immune checkpoint-targeted. Among all these mAbs, the
TA-targeted mAbs namely cetuximab (an anti-EGFR mAb)
have been approved and utilized mostly for the management of
HNSCC.” The mAbs can be targeted to various overexpressed
receptors or cytokines in HNSCC including but not limited to
EGFR, VEGF, various ILs, PD-1, CTLA-4.°" Numerous such
antibodies are being assessed in various stages of preclinical and
clinical trials. For the use in HNSCC, three mAbs have been
approved namely cetuximab, pembrolizumab and nivolumab.
The former targets EGFR whereas the latter two, targets PD-1.%2
The maximum researched target is EGFR for which many
mAbs are still being developed such as futaximab, modotuximab,
zalutumumab, nimotuzumab, panitumumab. Other important
targets such as PD-1 has many mAbs being currently studied in
the pipeline such as spartalizumab, cemiplimab, budigalimab,
cosibelimab, teslelizumab. Apart from these other targets are
also explores such as human hepatocyte growth factor (HGF),
cluster of differentiation (CD)-70/ 137/ 276, activin receptor
like kinase 1 (ALK 1), VEGF, HER3, IL-6, CTLA4. Despite
being promising strategies theoretically these mAbs have
various gaps in their safety and efficacy which is yet to be
bridged by extensive research and trials. Evidences have
shown that some of the immunotherapy drugs impairs the
functions of DCs thus, leading to decreased immune
response.”® The mAb cetuximab has been showed to have
effectivity in only 10-20% of patients whereas the overex-
pression of EGFR is seen in 80-90% of HNSCC tumors.
The major cause for these limitations might be that the mech-
anism of anti-tumor activity of these agents might not be
solely dependent on modifying immune response such as
mechanism of ADCC related responses in cetuximab.”*

Anti-EGFR Monoclonal Anti-Bodies (MAbs)

The anti-EGFR mAbs are responsible for complement fixation,
or opsonization of tumors. This induces specific cytotoxic T
lymphocyte response via phagocytosis, and subsequent
antigen processing. Cetuximab, a chimeric monoclonal anti-
body of class immunoglobulin (Ig)-G1, binds to the extracellu-
lar domain of human EGFR with high affinity. Cetuximab was
approved by the FDA in March 2006 for its use in treating
HNSCC or as a single agent in patients who have had prior
platinum-based therapy. A lot of trials were conducted to estab-
lish the safety and efficacy of cetuximab alone as well as in dif-
ferent combinations before its use in patients with HNSCC.
Cetuximab provided better clinical outcomes when used in
combination with radiation therapy or as a single agent in
patients treated priory with platinum-based therapy. Lastly,
the addition of cetuximab to platinum-based chemotherapy pro-
longs survival in patients with Recurrent/Metastatic HNSCC
(R/M HNSCCQ).

The EGFR is a type of Tyrosine kinase receptor and belongs
to the ErbB family.” These receptors have an important role in
cell physiology and are discovered to be overexpressed or
mutated in the early carcinogenesis of HNSCC.”
Biochemical, genetic, and structural studies have concluded
that receptor trans-phosphorylation occurring in response to
ligand (EGF, TGFa) binding and stimulation, leads to further
consequent activation of the intracellular signalling cascade.”
Ligand binding facilitates the dimerization of the receptor’’
which leads to activation of the EGFR kinase and trans-
autophosphorylation of a critical tyrosine residue in the cyto-
plasmic receptor tail.”® This, in turn, activates the multiple sig-
nalling cascades including the Ras/mitogen activated protein
kinase (MAPK) pathway, the phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (AKT) signalling pathway, and
Phospholipase C(PLC)/ protein kinase C (PKC) signalling
cascade.”” These signals are important for various functions
of cells like proliferation, differentiation, survival, and motility.
Thus, when in malignant conditions EGFR is overexpressed, it
leads to tumor progression.

Drugs belonging to the mAb IgG1 class binds with high
affinity with the extracellular domain of EGFR. Moreover,
numerous clinical trials have shown the highest affinity of
cetuximab to stimulate antibody-dependent cell-mediated cyto-
toxicity (ADCC)."® It acts by inhibiting intracellular signalling
pathway of EGFR along with stimulation of ADCC by binding
to the Fc receptors on NK cells which leads to activation of NK
cells."" These activated NK cells have the capacity to carry out
serial lyses of tumor cells.'** Along with tumor lyses these NK
cells leads to the release of tumor antigens which are than pre-
sented to the cytotoxic T-cells by the antigen presenting
DCs.'% Thus, multiple cytotoxic immunological cells are acti-
vated by cetuximab in order to carry out immune mediated
tumor cell death.'® The graphical representation of the mecha-
nism of action of cetuximab is shown is Figure 1.

The binding affinity of cetuximab to the extracellular
domain of EGFR is 5 to 10 times higher than the endogenous
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Table 1. Novel Immune Targets and Targeted-Therapy in Head and Neck Cancer.

Drugs Action on Targets

Name of Target Brief Mechanism of Action (mAbs/Immunotherapy)
Targeted therapy
HRAS e HRAS is a proto-oncogene when mutated it promotes tumor growth.*> Tipifarnib
(HRas Proto-Oncogene, e This type of mutations mostly seen in 4 to 8% of R/M HNSCC patients.*?
GTPase)
Oncogenic EGFR e Downregulation of HLA, APM components, and STAT1 activation. Cetuximab
e Suppressive STAT3 signalling which leads to tumor cell proliferation and Panitumumab
invasion causing angiogenesis and tumor survival.'? Zalutumumab
Afatinib
Gefitinib
VEGF e [t is a promoter of angiogenesis and leads to an increase in the ratio of Lenvatinib
immature to mature DCs in the tumor microenvironment ** Bevacizumab
e Thus, VEGF contributes to immune suppression by binding of VEGFR1 Ramucirumab
onto myeloid derived stem cells. This prevents their differentiation into
mature cells by inducing PD-L1 expression on DCs which leads to T-cell
activation, adhesion and extravasation along with Tregs differentiation*>*®
STAT-1/3 e STAT-3 is activated by EGFR as well as IL-6 expression induced by Danvatirsen
NF-xB.*
e Itisoverexpressed in malignant cells of head and neck region subsequently
causing alteration in cell cycle. This prevents apoptosis and mediates
proliferation leading to survival of tumor cells****’
e STAT-1 on the other hand, is involved immune stimulation by Th1 as well
as shows proapoptotic functions thus showing tumor suppressor activities
by counteracting effects of STAT-3.5
PIK3Ca e PIK3Ca gene alteration has been observed in many HNSCC patients with Buparlisib

Immune checkpoint inhibitors
TLRs .
e TLR-9

LAG-3 or the
KIRs

IDO °

Costimulatory agents e °
ICOS

the prevalence of 56% in HPV positive and 39% in HPV negative HNSCC
patients.>!

They stimulate the production of proinflammatory cytokines such as
TNF-a, IFN-y with a T-cell-stimulating effect.

In addition it induces the maturation and cross-priming of DCs and have
been shown to induce NK cell-dependent lysis of tumor cells >

KIRs are basically important and key receptors for NK cells.>
They interact with MHCI molecules and regulate immune response.
It enhances Treg function.>*

IDO is responsible for the depletion of tryptophan and accumulation of its
metabolite kynurenines.

This is the main mechanism behind its immunosuppressive mechanism that
diminish the immune function and promotes T-cell death.

Thus,5 5’[}512 tumor escapes immunosurveillance because of upregulation of
IDO.>>

HNSCC patients have shown lower expression of costimulatory receptors,
which are essential for T cell activation.

Intratumoral SDS-101

Eftilagimod alpha
Relatlimab

Epacadostat

GSK609 (ICOS agonist)

(continued)
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Table 1. (continued)

Name of Target

Drugs Action on Targets

Brief Mechanism of Action (mAbs/Immunotherapy)

B7-H3 (CD276)

NK cell receptor NKG2A

TGF-p

TILs

CTLA-4

PD-1, PD-L1

Therefore, in absence of this stimulation immune response will diminish
because of abnormal T cell apoptosis.

Thus, it contributes in tumor progression and metastasis.>’~>°

This is a member of B7 ligand family which is overexpressed in several ~ Enoblituzumab
malignant cells and has a normal presence in nonmalignant cells.**¢"'

B7-H3 has both immunogenic and nonimmunogenic effects.

It diminishes immune response against tumor-specific antigen.

Its nonimmunogenic functions include tumor growth, invasion,

angiogenesis and chemoresistance.

NK cell receptor NKG2A is a inhibitory receptor as it contains a Monalizumab
tyrosine-based inhibitory motif.®?

Both T and NK-cells express this receptor in the peripheral blood.

However, cytokines such as interleukin-15 and antigenic stimulation can

upregulate its expression on NK-cells. 5>

This upregulated receptor can promote tumor growth and its inhibition has

shown beneficiary anti-tumor activity.®®

It suppresses cell-mediated antitumor immunity while inducing suppression Bintrafusp alfa
of STAT1 and NK cells and T-cell activation.
It is a key cytokine in the differentiation of Tregs.®®

A few solid malignancies have shown clinical activity in response to TILs LN-145
derived from primary tumors and genetically engineered T-cell receptor/
T-cell based treatments.®’

It competes with CD28 to bind to stimulatory ligands CD80 and CD86.%®  Ipilimumab
CTLA4 has an important role in downregulation of T-cell activation in Tremelimumab
order to maintain immune homeostasis thus, its absence leads to lethal

immune hyperactivity.®

It induces a loss of function of cytotoxic T lymphocytes. Pembrolizumab
It has a greater overall antitumor immune response, because Nivolumab
proinflammatory conditions can stimulate PD-L1 expression. Durvalumab
Also, causes downregulation of T-cell activation on binding to PD-1 in both Atezolizumab
murine and human systems by suppressing type 1-based antitumor Avelumab
immunity 77

Onco-vaccines. The overexpression of the HPV oncogenes E6-7 in majority of the malignant cells has provided the opportunity for vaccine

development.”
Live-vector vaccines

Peptide/protein-based
vaccines

Live-vector vaccine is attenuated vaccine which carries specific antigen that ~ Axalimogene filolisbac
mimic the immunogenic response.” (Terminated due to systemic
listeria infection)

A synthetic tumor-related epitope found in peptide vaccines is identified by ISA101b
immune cells when they are complexed with MHC I or II on APCs.

This results in immune activation, memory formation, and targeting/

clearance of tumor cells.

(continued)
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Table 1. (continued)

Drugs Action on Targets

Name of Target Brief Mechanism of Action (mAbs/Immunotherapy)
Nucleic acid-based e The transfer of plasmid DNA or messenger RNA and subsequent MEDI0457
vaccines transcription of a target protein are made possible by nucleic acid
vaccines.”
Oncolytic virus e By deleting important virulence genes required for replication in the normal Intratumoral talimogene
host, oncolytic viruses can specifically multiply in tumor cells. laherparepvec

Miscellaneous cytokines and inflammatory mediators involved in tumor growth and progression
IFNs e [FN-a induces immunosuppression in HNSCC by expression of PD-1 and None
PD-L17%. Its synergistic antitumor actions are also revealed along with
EGFR- targeting HNSCC therapies’’.
e On the other hand, INF-y which is one of the important Th1 pathway
cytokine has a proapoptotic effect on tumor growth which activates
leukocyte migration, antigen presentation, and inflammation thus showing
a protective and positive prognostic effects in patients.”®*°

NF-«xB e It is activated in malignant cells of head and neck region proving its None
involvement in invasion as well as metastasis.®'"*
e Itis of critical importance in carcinogenesis via chemoresistance as well as
protection from apoptosis.®*

TIM-3 e [t is a negative immune checkpoint initially expressed on CD4 Thl and None
CD8 cells.
e [t plays an important role in immune suppression mediated by tumor in
HNSCC.*

e Thus, it is a marker or a mediator for immunosuppression.®®

MDSCs e It has a diverse cellular population of myeloid origin with T-cell None
suppressive functions.®®
e It produces nitric oxide and reactive oxygen species, which interacts to
catalyse the nitration of the T-cell receptor.
e This inhibits T-cell receptor and HLA interaction, signalling, and
subsequent activation 7

TAMs e It has a strong antitumor activity and possess a so-called M1 phenotype, = None
which is characterized by the production of IFN-y and other type 1
cytokines.
e It produces EGF, IL-6, and IL-10 and have been associated with
angiogenesis, local tumor progression, and metastasis 58

Abbreviations: HLA, human leucocyte antigen; APM, antigen-presenting machinery; STAT, signal transducer and activator of transcription; HPV, human
papilloma virus; moAbs, monoclonal antibodies; TGF, transforming growth factor; NK, natural killer cells; IL, interleukins; INF, interferons; CTLA, cytotoxic
T-lymphocyte associated protein; DC, dendritic cells; Treg, T regulatory cells; CD, cluster of differentiation; PD, programmed cell death protein; LAG,
lymphocyte-activation gene 3; TIM, transmembrane immunoglobulin and mucin domain; MDSC, myeloid-derived suppressor cells; TAM, tumor-associated
macrophages; EGF, endothelial growth factor; MHC, major histocompatibility complex; APCs, antigen-presenting cells; HNSCC, head and neck squamous cell
carcinoma; EGFR, endothelial growth factor receptor; VEGF, vascular endothelial growth factor; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha; TLR, toll-like receptors; KIR, killer-cell immunoglobulin-like receptor; IDO, indoleamine 2, 3-dioxygenase 1; ICOS, inducible T-cell
co-stimulator; IFN, interferon; NF-kB, nuclear factor k light chain-enhancer of activated B cells.
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Figure 1. Mechanism of action of cetuximab, blocks and interferes with the ligand binding to EGFR (tyrosine kinase receptor) leading to

decreased cellular functions like proliferation, invasion, and survival.

Thus, reducing tumor progression. Abbreviations: TK, tyrosine kinase;

EGF, epidermal growth factor; TGF, transforming growth factor; EGFR, epidermal growth factor receptor).

ligands. Thus, it blocks or interferes with the binding of these
ligands leading to competitive inhibition of the receptors.
Cetuximab also internalizes the EGFR leading to its
downregulation, resulting into an overall control in tumor
progression. '0%:10¢

Erin MB et al conducted a phase 1 trial in order to evaluate
the ADCC of cetuximab and lenalidomide in colorectal cancer
as well as HNSCC. A total of 22 patients were enrolled out of
which 3 patients were of HNSCC and were evaluated on the
basis of measurement of ADCC, FcyRIIIA polymorphism gen-
otyping, serum cytokine levels and flow cytometric analysis of
immune cells. The trial concluded that the cetuximab based
combination have shown clinical benefits with good efficacy
and well tolerated.'"’

Similarly, panitumumab which was an IgG2 isotype of
EGFR, however, it doesn’t lead to ADCC and activation of
NK cells which is the main difference between these two
mAbs. Moreover, the greater level of immune mediated cell
death was reported by IgG1 mAb compared to IgG2 mAb.'*®

The mutation in the EGFR is the most common and
maximum targeted therapy research has been focused on devel-
oping molecules targeting this mutation. Apart from this
various other immune target have an impact in HNSCC.

HRAS gene mutations are prevalent up to 4-8% in R/'M
HNSCC. It is a type of mutation in Ras proto-oncogene.
They are of three types namely, KRAS, NRAS and HRAS.
Out of these only HRAS mutation is solely dependent upon far-
nesylation for its pathway activation whereas the other two
mutations can bypass farneylation by other prenylation path-
ways. Thus, HRAS mutations are uniquely susceptible to block-
ing of farnesyl pathway by farnesyl transferase inhibitors (FTI).
Thus FTIs such as tipifarnib had significant effects on HRAS
mutated HNSCC but not on wild type Ras mutated HNSCC.'"

Another interesting approach to target the HNSCC tumors is
targeting the angiogenesis via anti-angiogenic agents. The prox-
imal angiogenic factor VEGF can be targeted to manipulate
angiogenesis. As mentioned above the HPV-negative HNSCC
have higher expression of EGFR which is associated angiogen-
esis via STAT activation. The association of VEGF is also asso-
ciated with STAT activation. The tumor is responsible for
secretion of VEGF which stimulates tumor associated angio-
genesis. VEGF expression is also associated with HPV status
but there is no significant evidence pertaining to it. The overex-
pression of VEGF is also associated with COX-2 expression
suggesting the possible role of COX inhibitors as an adjuvant
in VEGF mutated HNSCC.'"?
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STAT family of proteins are majorly responsible for various
host responses. The upregulation of STAT-3 is seen in all cases
of drug resistant HNSCC. STAT inhibition has been known to
reverse the immunosuppression in HNSCC. STAT3 is activated
in HNSCC tumors by its upstream factors including VEGF and
EGFR. Activation subsequent to phosphorylation leads to its
dimerization with STAT3 or hetero dimerization with
STATI. This leads to translation of proteins responsible for for-
mation of immunosuppressive cytokines as well as proto-
oncogenes. Thus, blocking of the activation of STAT activation
directly by targeting its transcription or direct inhibition as well
as indirectly by targeting upstream regulators responsible for
STAT activation such as inhibitors of Jak pathway or mAbs
against IL-6 can prove to of significant importance.'"!

Mutation in PIK3CA is also quite commonly seen not only
in HNSCC but also in a lot of human malignancies. These muta-
tions are associated more frequently in HPV positive oropha-
ryngeal cancer and also responsible for poorer disease
prognosis and renders the tumor resistant to chemotherapy.
Evidence have shown the that PI3K/mTOR inhibitors have a
positive effect on outcomes of HNSCC. Thus, dual targeting
at this pathway can also be explored for HNSCC.''?

Labetuzumab, a mAb targeting specific surface marker, car-
cinoembryonic antigen that is present on the surface of many
solid tumors including HNSCC. This was explored via clinical
trials in thyroid tumors along with conventional chemotherapy.
Similarly, numerous mAbs specific to different targets have
been extensively studied.'"

Immune Checkpoint Inhibitors (ICls)

Immune checkpoints are important and can be altered to
support tumor immune escape.''* The novel immune check-
point inhibitors (ICIs) namely toll-like receptors (TLRs),
lymphocyte-activation gene (LAG-3) or the killer-cell
immunoglobulin-like receptors (KIRs), indoleamine 2, 3-diox-
ygenase 1, Costimulatory agents, B7-H3, NK cell receptor
NKG2A, transforming  growth  factor-p  (TGF-f),
Tumor-infiltrating lymphocytes (TILs), CTLA-4, and PD-1,
PD-L1 are responsible for the tumor growth and progression.
A T-cell can be activated only when all the signals are
present, namely T-cell receptor engagement as well as the cos-
timulatory signals. Immune checkpoints modulate the immune
response. These checkpoints are controlled by receptor-ligand
binding for example CTLA-4 with its ligands CD80 and CD84,
and PD-1 with its ligands PD-L1 and PD-L2. Studies have
demonstrated that anti-CTLA4 treatment leads to cancer rejec-
tion.''> Patients with tumors expressing these specific recep-
tors shows significant efficacy when administered these
targeted antibodies, it is possible to give immunotherapy in a
personalized way based on the tumor expression of different
antigens. Anti-CTLA-4 drugs include Ipilimumab''® and
Tremelimumab,  whereas  anti-PD-1  drugs  include
Pembrolizumab and Nivolumab.''”'"® PD-L1 and PD-L2
downregulate T-cell activation on binding to PD-1, a receptor
present on activated T-Cells, B-Cells, and myeloid cells.'"’

PD-1 is responsible for tumor growth inhibition thus when
blocked by either of its ligands may lead to tumor immune
evasion. Based on the outcomes of the clinical trials, a combi-
nation of two ICIs seems to provide better clinical outcomes in
HNSCC compared to using a single agent. A combination of
PD-1 blocker and CTLA-4 blocker has been approved for mel-
anoma and can also be considered for use in HNSCC after
being evaluated.'?® Cost benefit analysis of ICIs being used
as second line agents have been shown to have significant effi-
cacy around 15% objective response rate .'*' Apart from PD-1
and CTLA-4 various other receptors are targeted such as TILs,
TGF-p and TLRs. The inhibitors of these receptors are also a
part of ICIs. The ICIs can be important targets in HNSCC as
they directly target the abnormal tumor cells without affecting
the normal cells thus, reducing the major toxicities of conven-
tional therapies.

Preventive/Prophylactic HPV-Vaccines

Apart from the molecular differences between HPV positive and
negative HNSCC tumors, there is a difference in the immune
responses exerted by them. The major difference is in the
tumor antigen expression. In case of HPV positive tumors, the
major antigen will be the viral particles and proteins whereas
for HPV negative tumors, there is major overexpression of
various genes due to random mutations.'?*'*> Another point of
difference is based on the prognostic factor TILs. There is
higher level of expression of TILs with HPV positive tumors
that is associated with better clinical response compared to
HPV negative tumors.'**'* Also, the overexpression of
immune checkpoint PD-1 that inhibits the antitumor functions
of T cells is more significant in HPV positive tumors. In contrast,
higher expression of PD-L1 is seen in HPV negative tumors and
is associated with better prognostic outcomes.'*® A higher level
of expression of various T cell exhaustion markers is present on
HPV positive tumors. Thus, recognition of HPV positive markers
and reactivation of the exhausted T cells can be used as a strategy
against HPV positive tumors.'?” The expression of MHC- is still
controversial in HPV positive tumors.'**'** However, it is gen-
erally downregulated in HPV negative tumors.'* Another posi-
tive prognostic marker is the B cell infiltration in TME which is
distinctively higher in HPV positive tumors than HPV negative
tumors.'*!"'3% On the contrary, a negative prognostic marker, C
reactive protein is highly expressed on HPV positive
tumors.'*> Thus, the understanding of these differences
between the HPV positive and negative tumors is necessary as
it guides the prognosis and the treatment of the patient.

HPV may increase a person’s risk of HNC, especially oropha-
ryngeal cancer. Approximately 63% of oropharyngeal cancer is
caused due to HPV infections.'** HPV is also a major cause of
tonsil cancer. The most successful HNSCC-targeted immuno-
therapy will likely be HPV-targeted immune-preventive vac-
cines. Inhibition of viral infection is the main function of
preventive vaccines which subsequently hinders cancer forma-
tion. Additionally, vaccination is unlikely to result in



‘BUIOUIOIRD [[90 snowrenbs 3oou pue peay ‘DDHSNH :2suodsal Jo uoneInp o[ il [BAIAINS [[BIIA0 SO ([BAIAINS [[BIQA0 ‘SO ‘[BAIAINS 921j-uolssaiFoid ‘Sid o1ed Jo piepuels ‘HOS
{[BATAINS 90JJ-1UIAD ‘S IH ‘osuodsax o13ojoyyed 1ofewr YA ore1 asuodsar ojqeinp Y [eAIAINS 9AIJ-0SBISIP ‘S J( ‘UONIBAI UTRYD ISeISWAJOd YD IUSAS ISIOAPE “JV (91l 9SU0dSl [[BIOA0 YO :SUOHRIAIQQY

B} AN
syjuaned ¢ YO
sypuowr 8°6 :SO

syuoned

qewnzijoiquad +

SQuowW € :SAd  %9°SS :Ayorxoy Sunruy 9soq - oondaredioyey duadowre], DOSNH W/d a 9¢ 00097920LON
Adeayiounuur onA[0duQ

(Apmys

DOSNH 3uro3-uQ)

Kyorua3ounuuur pajeroosse-AdH (6102)
- “Ayiqead|o) “Kjoyes - LSYOIAdN paoueApe A[[eoo T 11/qI 1T [p12 D [emiedsy

%CCC 440
S[[90 I, dytoads-AdH %l'LL Sw 0G| qewmpeanp OOSNH

‘saIpoquue Jo uononpul  (sgV pare[er jusunean) Aojes - + 8w / LSH0IadN IN/Y PoreIdosse-AdH BI1/aL 33 YCTTOTE0LON
SOUIOOBA PISBQ-PIOE JIO[INN

(Apmas

s1o1owered onounjooeureyd qewnzijoiquad Surog-uQ)
p:k: (0] ‘saNIoTX0) Junruwy 8so( + 101-4ND 101-4ND DOSNH N/ I c8 awome\MoHUZ

prys

100ued [BoSukreydoio Surog-uQ)
Sdd 4SO “¥IO0 SHV Paje[al Jusueal] - durddeA LH-Xdd paje[al-AdH 9[qeInduy 1 T S mﬁmom\moHUZ

pris

qewnIuol + 100ued [EOFuAIeydolo Suro3-uQ)
Sdd pae[el Sunwiwl ‘SgV ki (0] - opndad/Souwr 001 q101VSI paje[al-AdH 9[qemouy I € 8008SCEOLON

sypuowr ¢*LT SO
syuowr /g :SAd Syy/Bw ¢ qewn[oAru DJSNH
sfqauowr €01 ~Jod %€ dIO - +opndad/Sri 001 101VSI paje[al-AdH 9[qemoduf I 14 C689CYCOLON
saurodeA paseq-urojordepndod
UOT)OQJUT BLIOISI

OIWISAS JO aSNBIAq A[JBd PajeuIuLId) Udaq sey Aprys oy ], - JBQSI[O[Y dudZowI[exy 100ued [BoFukreydoi) 1 4 T6L86STOLON
QUIOJBA PIJBNUNIB-OAI]
jutodpuy AIepuosds jutodpuy Arewng 7 WY Judujear], [ Wy judujeal], 10903014 [eOIUI]) aseyd syuaned (oweu
[eLLL Jo'oN 10 ‘ON [emn) Aprug

"DOSNH Ut saurooeA onnaderay] JO SSOUsAndlyH SuneSnsaAu] saIpmg [eorur)) Jo Arewwung g d[qe],



10

Technology in Cancer Research & Treatment

immunological tolerance because the proteins present in the
vaccine are exogenous.'>

Currently, a recombinant vaccine approved by the FDA
named Gardasil 9, for the prevention of throat cancer is based
on a study recruiting 6000 patients suggesting that the subjects
receiving vaccines were at a lesser risk of developing throat
infection by HPV.'?¢

There are approximately 200 genotypes of the HPV based on
the genome sequence.'*’ The open reading frames (ORFs) in
the HPV genome are based on; the time when the genes are
expressed in accordance with the viral life cycle: early
(E1-E7) and late (L1 and L2) genes."*® E6 and E7 play a
major role in the initial steps of HPV infection contributing to
carcinogenesis in head and neck squamous cells by causing
cell cycle dysregulation. E6 and E7 are oncoproteins that are
overexpressed before significant viral replication.'*® The viral
deoxyribonucleic acid (DNA) gets incorporated into the host
DNA with consequent production of E6 and E7 oncoproteins.
E6 oncoprotein targets a tumor protective gene, p53 (a
protein responsible for cell division and cell death) and
causes its degradation.'”® E7  oncoprotein targets

retinoblastoma protein (pRb) leading to its proteolytic destruc-
tion and inhibits its activity leading to excessive cell growth.'*!
Various other proteins transcribed also leads to cell membrane
signal transduction dysfunction as well as the acceleration of
the G1-S phase, all leading to malignant proliferation and
carcinogenesis.'*?

Moreover, HPV is a factor that can induce carcinogenesis in
the head and neck, HPV-targeted immunoprevention vaccines
will prevent viral infection by activation of immune B-cells
and formation of antibodies that will act and fight the infection,
thus hindering the cancer formation.'** Role of HPV infection
in development of HNSCC and the protective action of prophy-
lactic HPV wvaccines is depicted in Figure 2.

Therapeutic Vaccines

The overexpression of the HPV oncogenes E6—7 in majority of
the malignant cells has provided the opportunity for therapeutic
vaccine development.”® These vaccines are investigated for
their therapeutic applications along with other ICIs for the
better clinical outcomes in HNSCC. Apart from the above
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Figure 2. Pathology of HPV infection in the development of HNSCC and effect of vaccination in the prevention of HPV-associated HNSCC.
After infection, the viral DNA is integrated with the host genome resulting in altered expression of Tumor suppressor genes, and overexpression
of E6 and E7 mRNA that is translated to oncoprotein E6 and E7 respectively leading to dysregulation of the cell cycle and malignant proliferation.
Abbreviations: HPV, human papillomavirus; VLP, virus-like proteins; pRb, retinoblastoma protein; IFN, interferon; STAT, signal transducer and
activator of transcription; ISGs, interferon stimulated genes; EGFR, epidermal growth factor receptor; MHC, major histocompatibility complex;
PKR, protein kinase R; HNSCC, head and neck squamous cell carcinoma.
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mentioned viral based vaccine, other strategies of therapeutic
vaccines are also being researched such as live vector based,
DNA/RNA based, DC based or peptide-based vaccines. Live
vector-based vaccine uses bacteria such as lactobacilli or viruses
such as adenovirus as vectors to trigger innate or adaptive response
in hosts. Gene based vaccines combines the DNA/RNA strands
with a lipid carrier which acts as immunogenic agents activating
the innate responses via immune receptors. DNA based vaccines
are preferred over RNA based vaccines as they are easier to
prepare and are much more stable. A DC based vaccine initiates
adaptive immune response and cross-presents the antigens to
immune cells. Peptide based vaccines contains epitopes that are
capable to induce an immune response which will be recognized
by the APCs."** The outcome of these therapeutic vaccines clinical
studies has been mentioned in the table 2.'*>'43

Miscellaneous Cytokines and Inflammatory Mediators
Involved in Tumor Growth and Progression

Cytokines

The tumors of HNC possess high inflammatory properties and
express a lot of cytokines and other factors involved in inflam-
mation.'*’ Recently, a lot of research has shown that imbalance
in the expression of pro-inflammatory and anti-inflammatory
cytokines occurs in patients having HNSCC. Thus, theoreti-
cally, it may have a role in tumor formation, immunomodula-
tory targets for therapy or aid in diagnostics. IL-8, a
pro-inflammatory cytokine is raised in the serum of patients
having HNSCC proving its role in the invasion, metastasis,
and angiogenesis of cancer.'>® The mAbs against IL-6, tocilizu-
mab is also being studied for a treatment option in HNSCC.'>!

HNSCC cells produce cytokines that lead to immune sup-
pression.'>? Major cytokines involved in immune suppression,
that can be targeted are TGF-B, IL-6, and IL-10. The TGF-§
produced by HNSCC cells suppresses the activation of
T-Cells and NK cells. It also plays an important role in the dif-
ferentiation of Tregs which are involved in tumor development

and progression by inhibition of antitumor immunity.*® IL-6
leads to activation of STAT3 signalling which further inhibits
activation of NK cells, T-Cells, neutrophils, macrophages, and
maturation of dendritic cells (DCs).*® This inhibition of activation
and maturation has been correlated with survival and recur-
rence.'>® STATS3 signalling is also responsible for further activa-
tion of immunosuppressive pathways like IL-10,">*
downregulation of IL-12,'>> generation of Tregs,'>® and suppres-
sion of DCs."”” IL-10 further leads to the activation of the
STAT-1 signalling pathway. HNSCC cells produce proangiogenic
molecules like Prostaglandin E (PGE)'** ' and promoters of
angiogenesis like VGEF.'®"' This leads to an increase in imma-
ture cells resulting into dysfunction and inactivation of T cells.**
Mechanism of the cytokine mediated development and progres-
sion of HNSCC is shown in Figure 3.

Inflammatory Mediators

Inflammation that occurs in the tumor microenvironment is due
to the production of inflammatory mediators produced by the
tumor itself and its infiltrating and stromal cells.'*” NF-kB is
an injury signal transcription factor that contributes to cell sur-
vival, proliferation, invasion, inflammation, and angiogenesis
which is activated in many tumors. Inhibition of NF-xB func-
tion in HNSCC results in reduced tumor growth by decreasing
the expression of IL-6 and IL-8 along with many other
pro-inflammatory cytokines and chemokines.

Inhibition of apoptosis by upregulation of B-cell lymphoma
2 (Bcl-2) is carried out by one of the members of the prostaglan-
dins class, namely PGE2 which is increased in HNSCC. It also
induces the production of angiogenic factors and causes inva-
sive and metastatic growth of tumors, thus promoting tumor
growth." A specific cyclooxygenase (COX-2) inhibitor, cele-
coxib is currently being studied in various trials to prevent the
recurrence of HNC in high-risk patients.'®

A preclinical model in phase 1 has demonstrated that STAT3
decoy oligonucleotides possess the angiogenic activity and that
it inhibits STAT3. Since EGFR and IL-6 activate STAT3,
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Figure 3. Process of cytokine-mediated loss of anti-tumor immunity by activation of signaling pathways by cytokines produced by the cancer cells.
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STAT decoy oligonucleotides can be used in synergism with
EGFR or IL-6 antagonists.'®*

Clinical Trials: Neoadjuvant, Definitive, Adjuvant and
R/M HNSCC Including Immunotherapy for the
Management of HNSCC

The numerous clinical trials have been conducted in HNSCC to
evaluate safety and efficacy of neoadjuvant, adjuvant as well as
definitive immunotherapy. The significant landmark clinical
trials have been mentioned in the table 3 which are completed
and table 4 which are currently on-going to explain about the
efficacy and safety of immunotherapy agents.

Neoadjuvant Immunotherapy

The immunomodulatory agent against PD-1 receptor, nivolu-
mab has been approved along with other chemotherapy or
immunotherapy. Its use as neoadjuvant ie, without surgical
resection of the tumor has been explored through various clin-
ical trials.

In a phase-II clinical trial (eligible for > T2 or node-positive)
NCT02919683, Schoenfeld and his colleagues investigated
neoadjuvant Nivolumab (N) or Nivolumab plus Ipilimumab
(N+I) in 29 untreated oral cavity cancer patients. Patients
received Nivolumab 3 mg/kg on weeks 1 and 3 and
Ipilimumab 1 mg/kg was given only on week 1. There were
no surgical delays even though 21 patients had AEs, including
grade 3 or 4 AEs in two (N) and five (N+I) patients. The volu-
metric response rate was seen in three patients more for N+I
group compared to N group. Four patients (N, n=1; N+I,
n=3) had shown a complete response which suggests a positive
response in both the arms. Objective response was seen in 38
patients receiving N+I and 13 patients receiving N only.
These indicate the clinical tolerability and efficacy of immuno-
therapy. We can also conclude that combining two immuno-
therapy agents would have an improved response when
compared to monotherapy of immunotherapy. Also, addition
of another agent did not show significant increase in toxicity.

The IMCISION study was conducted in stage II-Iva HNSCC
patients to examine neo-adjuvant nivolumab and ipilimumab
(NCT03003637) which were presented at the European
Society of Medical Oncology (ESMO) 2020. Patients undergo-
ing either definitive or salvage therapy were included in this
study and found that the therapy was safe, with 16/26 patients
(61.5%) having pathologic responses and 8/26 patients (31%)
having a complete response, respectively.

Another similar clinical trial NCT03238365 that is currently
ongoing, to compare the efficacy and safety of nivolumab along
with ipilimumab.

These indicate the clinical tolerability and efficacy of immu-
notherapy. We can also conclude that combining nivolumab
with ipilimumab would have an improved response when com-
pared to monotherapy of immunotherapy. Also, addition of
another agent did not show significant increase in toxicity.

Similar other trials have shown significant response in
HNSCC when nivolumab was combined with conventional
chemotherapy. Nivolumab alone was used in presurgical oral
cavity cancer in a clinical trial NCT03021993.

As per the results of the above trials it can be inferred that
nivolumab in combination with other immunotherapy drugs
should be evaluated as it has the potential to show promising
results in terms of safety and efficacy.

Another PD-1 targeted immunomodulatory agent pembroli-
zumab is also assessed alone as well as in combination.
Pembrolizumab (neoadjuvant/adjuvant) was investigated in
patients with locally advanced, resectable HPV-negative
HNSCC in a phase-II clinical trial NCT(02296684. A total of
36 patients were included (T3/T4; 80%, stage IV; 92%) and
were given a single dose of neoadjuvant Pembrolizumab
200 mg followed by surgery two or three weeks. The safety,
pathologic tumor response rate (pTRR), and relapse rate with
Pembrolizumab were assessed. Patients with positive surgical
margins or extra-nodal extension were treated with adjuvant
pembrolizumab and postoperative RT or concurrent chemora-
diation therapy (CCRT) were performed as standard of care.
There were no grade 3 or 4 major AEs or surgery delays, dem-
onstrating the safety of neoadjuvant immunotherapy.
Moreover, in high-risk patients, the one-year relapse rate was
16.7%. Two independent pathologists have examined the
pTR scores and graded them on a scale of pTR-0 (<10%),
pTR-1 (10-49%), and pTR-2 (>50%). The pTR-0 and pTR-1
were observed in 44% of patients, while pTR-2 was found in
22%. Primarily, pTR following neo-adjuvant Pembrolizumab
was associated with baseline tumor, PD-L1, immune infiltra-
tion, and IFN-activity, but not with TMB.'®> These findings
demonstrate that the reactivity of neoadjuvant immunotherapy
is associated with the immunogenic phenotype before treat-
ment, implying that patients could be selected for neoadjuvant
immunotherapy before surgery in the future. The efficacy and
safety of neoadjuvant pembrolizumab can thus be established.
Another clinical trial NCTO03765918 which is currently
ongoing also tests pembrolizumab along with radiation
therapy. As shown in the above trial it is also expected to get
results proving the safety and efficacy of pembrolizumab as
neoadjuvant therapy.

Apart from this various other PD-1 inhibitors such as durva-
lumab studied with or without tremelimumab and atezolizumab
are under clinical trials

Based on the above results clinical trials it can be inferred
that these PD-1 inhibitors alone or in combination with other
PD-1 inhibitors have acceptable efficacy and safety profiles.
Still a lot of combinations can be explored to find the safest
and most effective combination.

Adjuvant Immunotherapy

Nivolumab as an adjuvant therapy has not been studied much
until lately. Two clinical trials are currently ongoing using nivo-
lumab in combination with conventional chemotherapy or
ipilimumab.
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IMVoke010 (NCT03452137) is a phase 3 study currently
ongoing in patients who have received a definitive local/
regional therapy for stage III HPV-positive oropharyngeal
cancer or stage IVA/IVB HPV-negative HNSCC to assess the
safety and efficacy of atezolizumab as adjuvant therapy. The
primary endpoint of this study includes IRF-assessed EFS and
OS whereas the secondary outcomes are investigator-assessed
EFS, safety and patient reported outcomes.

Apart from this durvalumab is also assessed for its efficacy
via measuring pathologic and clinical CRR, PFS and OS
along with its safety for adjuvant use in HNSCC.

The clinical trials for adjuvant immunotherapy are currently
ongoing and thus it cannot be said that these PD-L1 inhibitors
can be effective or not. The results of these clinical trials
might help in giving an idea about the practical applicability
of PD-L1 inhibitors as adjuvants in HNSCC.

Definitive Immunotherapy

A comparison of nivolumab and cetuximab alone as well as in com-
bination with conventional chemotherapy and radiotherapy was
carried out via a clinical trial (NCT03349710). The main objective
was to measure the safety of these drugs alone and in combination.
There was a higher chance of adverse events and immune mediated
toxicities with combining cetuximab and nivolumab. However no
serious toxicities were seen with the combination so as to cause
dose reduction or death. Thus, it might be helpful to target two
immune targets at a same time. Trials measuring the efficacy of nivo-
lumab along with conventional chemotherapy are currently ongoing.
Durvalumab and cetuximab as monotherapy is also assessed
(NCT03258554) in combination with radiation therapy. This trail
measures the efficacy and safety of these agents. Another phase-III
randomized trial, KEYNOTE-412/MK-3475-412, recently com-
pleted enrolment of neo-adjuvant and adjuvant pembrolizumab
versus placebo in definitive CRT (NCT03040999). But efficacy
studies regarding combinations are yet to be done to see the magni-
tude of outcome improvement. Efficacy study combining cetuximab
and avelumab is currently ongoing measuring PFS and OS as safety
measures. These results might help to extrapolate the efficacy param-
eters to the nivolumab combination.

Recurrent/ Metastatic HNSCC Immunotherapy

Comparison of pembrolizumab and cetuximab along with
definitive chemotherapy was carried out through a clinical
trial (KEYNOTE-048). The subjects received either pembroli-
zumb or cetuximab along with cisplatin, 5-FU and carboplatin.
The primary outcome of this study was progression free sur-
vival (PFS) and overall survival (OS) wherein the observation
showed a better PFS and OS in the arm receiving cetuximab.
Thus, both the treatments can be effective in patients with R/
M HNSCC. Another study (KEYNOTE-037) evaluating the
safety of combination epacadostat and pembrolizumab in
patients with advance HNSCC exhibited a good tolerability
and anti-tumor activity thus encouraging the use of this combi-
nation. Apart from this pembrolizumab alone against the

combination of methotrexate, docetaxel and cetuximab was
assessed for OS in a phase-III trial (NCT02252042).

A phase III clinical trial comparing Nivolumab and the stan-
dard combination of methotrexate, docetaxel and cetuximab
showed better overall survival with nivolumab than the stan-
dard therapy. Thus, patients with PD-L1 expression may
respond better with nivolumab. Other phase III trial comparing
combination of nivolumab and ipilimumab with standard
therapy showed no significant difference in OS. However, the
study supports the indication of the combination due to favour-
able safety profile than the standard therapy.

Durvalumab as a monotherapy was compared with durvalu-
mab and tremelimumab combination for OS in another phase III
study (NCT02369874). However, no significant difference was
observed between both the groups indicating that durvalumab
alone may suffice the outcome as compared to the combination.

Various other trials evaluated Overall response rate for
Bintrafusp (NCT02517398), monalizumab and cetuximab com-
bination (NCT02643550) and Tipifarnib (NCT02383927).

Efficacy studies of pembrolizumab in combination with radi-
ation therapy (NCT04862455) or Lenvatinib (NCT04199104)
or eftilagimod alpha (NCT03625323) are still ongoing whose
result may give a better understanding for the drug to be best
combined with pembrolizumab for the management of R/M
HNSCC.

Shortcomings of Immunotherapy

Progression and response to immunotherapy may vary in patients
such as progression, pseudoprogression or hyperprogression.'® A
response following progression is termed as pseudoprogression. It
can also be stated as increase in primary tumor size followed by a
response to immunotherapy. Thus, it is not a genuine tumor pro-
gression. " This may be due to delayed immunologic response
along with inflammatory response.'®® On the other hand, hyper-
progression is when the disease appears to grow at a faster rate
after starting the immunotherapy.'®®

In a randomized phase 3 study CheckMatel41 (NCT0210
5636), 240 patients with R/M HNSCC received nivolumab.
Among them 146 (61%) noticed progression. Of the 146
patients with progression nivolumab was continued in 62
(41%) patients and discontinued in the remaining 84(58%)
patients. The study concludes that treatment beyond progres-
sion in patients with R/M HNSCC was tolerable and also corre-
lated to reduction in tumor size.'®

There are four basic immunotherapeutic strategies in treat-
ment of HNSCC including oncolytic viral therapy, monoclonal
antibodies, CAR-T cell therapy and therapeutic vaccines.
Majorly immunotherapy works in patients with tumor
showing some expression of checkpoints or that is positive
for some specific mutation. For instance, patients with PD-1
positive status are sensitive to ICIs targeting PD-1 receptor or
patients with positive EGFR status are sensitive to TKIs.'”
This seems to be a major challenge of monoclonal antibodies-
based immunotherapy. Patients that lack particular immune
islands or predictive biomarkers cannot be reliably given
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these antibodies. Though there are case reports showing effec-
tiveness of PD-1 targeted ICI pembrolizumab in patients with
PD-1 negative tumors .'”' In order to overcome the unpredict-
ability of response in these patients, an approach is being devel-
oped that corelates microbiota as a biomarker for response to
immunotherapy. This has been evaluated in two preclinical
studies on murine models that revealed an impact of commensal
intestinal microbiota on the effectiveness of ICIs.'”>'”* A single
trial CHECKMATE-141 corelated the influence of oral microbiota
with the response to nivolumab therapy in R/M HNSCC. This
study showed a no significant correlation with efficacy or sur-
vival.'”* Thus, studies with better designs and wider perspectives
are yet to be carried out in order to establish a reliable correlation
and thus help in predicting response of immunotherapy in patients
with negative expression of immune islands.

Immunotherapy is comparatively safer compared to chemo-
therapy. However, it is also associated with numerous toxicities.
A meta-analysis was carried out in order to elucidate the toxicity
profile of these immunotherapeutic agents. The results showed
16.5% patients with more than grade 3 adverse events.'” ICIs
are commonly associated with gastrointestinal (GI) side effects
and hepatic complications such as hepatitis.'”® The GI side
effects vary from diarrhoea to enterocolitis, intestinal perforation,
and even death.'”” GI complications are most significant. Colitis
caused due to ICIs is reversible and could be treated as per
immune mediated adverse reaction management guidelines. The
frequency of ICIs induced hepatic adverse events (AEs) are com-
paratively less common.'”® Reports about acute pancreatitis have
been received but its clinical occurrence is rare.'’® Other
Immune-related adverse events (irAEs) associated with ICIs are
cutaneous irAEs, pulmonary irAEs, endocrinological SEs like
hypophysitis and thyroid irAEs, cardiac irAEs, neurological
irAEs, hematological irAEs and renal irAEs.!”*'%

Conclusion

Immunotherapy in cancer is a fast-expanding arena where
researchers have recently begun to shed some light on the
complex interaction between cancer and the host immune
system. The immunomodulatory drugs have the benefit of spe-
cific targeting that is a major drawback of the conventional che-
motherapy. These agents can clearly discriminate between healthy
and cancerous cells and thus show a lot of promising use in the
future. The drugs acting on immunologic targets are emerging
into routine practice. Immunotherapy is currently being explored
through clinical trials. It is thus advancing from an alternative ther-
apeutic option to first-line drugs of choice in the treatment of
HNSCC as an adjuvant to existing chemotherapeutic regimens.
Despite current advances in immunotherapy, there are many
immune targets which are yet to be studied closely.

Future Approaches to Develop MAbs/Immunotherapy
for HNSCC

Monoclonal antibodies are a type of targeted therapy in cancer
which marks various tumor cells thus leading to their destruction.

Currently, three mAbs are approved for use in HNSCC by the
FDA that are cetuximab, pembrolizumab and nivolumab. The
numerous other targets and their corresponding antibodies
are under development. Apart from cetuximab, various other
mADbs acts on EGFR which includes tomuzotuximab, Sym004,
Zalutumumab, nimotuzumab, GA201 (RG7160), GBR 1372,
and panitumumab. Moreover, the different biosimilar versions
of cetuximab are also currently being developed by various
pharmaceutical industries. Asciminib is another mAb acting
on VEGF receptors apart from bevacizumab.'®' Apart from
extensive research regarding development of newer drugs
acting on the immunologic targets, a nano-technological approach
is also drawing attention. Active or passive targeting through nano-
particles can be carried out by coating them with antibodies.
Moreover, HNSCC is majorly a heterogenous tumor and the
immunotherapy targets very specific mutations which might
not be applicable in a generalized pattern to all the tumors.
Thus, very specific biomarkers showing the impact of these
agents on the tumor are required to prevent unwanted toxicity
and achieve proper disease related outcomes to the patients.
Looking at the results of various studies and preclinical as
well as clinical trials it can be said that immunotherapy might
be an answer to the limitations and shortcomings of the
current strategies in treatment of HNSCC. Thus, further work
in development of mAbs based strategies will provide paradigm
shifting treatment options for HNSCC.'®?
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