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ABSTRACT

Head and neck squamous cell carcinoma (HNSCC) is one of the most diffused cancer types, characterized
by a high reoccurrence rate, mainly due to the inability of current therapeutic approaches to completely
eradicate cancer cells. HNSCC patients often have defective immune functions, thus allowing cancer
immune escape and cancer spreading. Particularly important in driving immune escape during HNSCC
progression are T-helper and T-regulatory cells. New insights into their mechanisms of action might
support the development of effective and long-lasting immunotherapy.
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Introduction

Cancer is still a global health problem, as the number of deaths
due to cancer is growing rapidly due to population aging and
increased cancer risk behavior, especially in low-developed
countries.

Head and neck squamous cell carcinoma (HNSCC) is an
aggressive epithelial malignancy and the most common neo-
plasm arising in the upper aerodigestive tract. It is the sixth
most diffused cancer worldwide, with an estimated incidence of
almost 50,000 new cases per year in United States only.>

Despite therapeutic improvements that have brought 5 y
survival rate over 60% in Western Countries, such as United
States,” HNSCC treatment is characterized by high failure rates.
The currently applied treatments in fact often fail in completely
eradicating the primary tumor, thus allowing local or distant
reoccurrence within short time.

HNSCC and immune escape

In recent years, considerable attention has been focused on the
involvement of immune system in the development of a long-
lasting anticancer immunity and consequently on how cancer
cells may escape such a surveillance. Multiple studies have indi-
cated that HNSCC is associated with immune suppression and
this could explain the high reoccurrence rate of this type of
cancer.”*

Malignant HNSCC cells may escape immune surveillance by
different strategies: they can avoid immune recognition or they
may affect immune system efficiency. For instance, recognition
of tumor cell is hampered by the significant decrease of

antigen-presenting cells and their effectiveness.”” In addition,
tumor cells may avoid immune surveillance by downregulating
histocompatibility molecules, such as HLA class I gene,
required to proper antigen presentation.” Besides that, many
cancer cells release cytokines and chemotactic factors in an
unregulated way that might result in an ineffective and more
tumor favorable immune response.

Several pieces of evidence have demonstrated that immune
functions are usually compromised or at least defective in
HNSCC patients. Some reports have shown a decrease of
tumor-infiltrating lymphocytes (TIL) in HNSCC,” but the clini-
cal outcome seems to depend more on the type of TIL rather
than on their total number. For instance, cytotoxic CD8" T
cells are significantly decreased in HNSCC patients if compared
with healthy controls,”'* probably due to an increase apoptotic
rate among this cell population in HNSCC."” On the top of
that T cells isolated from HNSCC patients are significantly less
responsive to in vitro stimulation than those isolated from
healthy controls.’

T-helper cells and HNSCC development

T-helper (Th) lymphocytes, characterized by CD4™ glycopro-
tein expression, are key players in directing the immune
responses. They include many cell subtypes, classified as Thl,
Th2 or Thl17, and their differentiation relies on acquisition of
differential cytokine production. Thl cells are characterized by
the production of INFy and IL-2. Th2 cells instead mainly
release IL-4, IL-6 and IL-10. Finally, Th17 cells are character-
ized by the production and release of IL-17, a pleiotropic
inflammatory cytokine.'®
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As in many other cancer types,'” a progressive increase in
Th2 response has been described in HNSCCG;!82° nevertheless,
the shift toward Th2 cells seems incomplete. Indeed, a concom-
itant increase of both Th1 and Th2 cells with a minimal varia-
tion of Thl over Th2 cells ratio has been often reported in
HNSCC.'*?!

Similarly, a shift toward Th2-related cytokines, with an
increase of IL-4, IL-10 and TGFp, and a subsequent decrease of
the most important Th1l mediator, INFy, is often observed in
HNSCC.>***® The increase of IL-10, known as one of the
strongest immune suppressive factors, is correlated with tumor
staging, nodal involvement and to a worst prognostic factor.””
Moreover, IL-10 levels markedly decrease after chemotherapeu-
tic treatment, thus suggesting that cancer cells are the main
source of this cytokine in HNSCC.*” These results demonstrate
that HNSCC induces a powerful change in Thl and Th2 cyto-
kines, producing an environment that is no more effective in
promoting a proper cell-mediated antitumor response. Never-
theless, the shift toward Th2 response is characterized by an
incomplete decline of Th1 cytokines, as the level of Thl-associ-
ated cytokine IL-2 remains high during HNSCC progression,
while the levels of IL-12 and IL-22, two important mediators of
Thl differentiation and function, are not modulated during
HNSCC progression, as they are the same in HNSCC patients
and healthy controls.*®

HNSCC development is accompanied by a significant
increase of both circulating and tumor-infiltrating Th17 cells
with a concomitant decrease of Th1/Th17 ratio.”>*° Further-
more, enhanced levels of Th17 cells strongly correlated with
metastasis occurrence.”® Th17 cells proliferation is probably
fostered by the high level of IL-6 and IL-23 released by cancer
cells. These data are sustained by studies in a murine model of
4-nitroquinoline-1-oxide induced oral carcinogenesis, where
the progression from premalignant lesion to oral squamous cell
carcinoma (OSCC) was characterized by a progressive increase
of Th17 cells and IL-17.**' How Th17 cells increase may be a
favorable factor in tumor progression is still a matter of debate;
nevertheless, one convincing hypothesis is that Th17 cells
might have a significant role in promoting intra-tumor
angiogenesis.”

IL-17 steadily increases during HNSCC progression.”
Indeed, although HNSCC patients have lower IL-17 plasma lev-
els than patients harbouring premalignant lesions, their levels
are higher than those in healthy controls.’** Above reported
data demonstrate that IL-17 increases during HNSCC progres-
sion, although a slight decrease is often observed in the latest
phases, probably due to the high levels of TGFg, which may
inhibit Th17 differentiation while promoting regulatory T
(Treg) cells differentiation.”

On the other hand, Punt and coworkers did not find any sig-
nificant variation in T cells frequency between OSCC and
healthy controls.*® Their results showed that Th17 cells infil-
trate more easily HPV™" than HPV™ tumors. Interestingly, they
found high levels of IL-17" but non-Th17 cells in HPV™
tumors, and this is correlated with a worst prognostic value.
The authors concluded that Th17 cells are associated with bet-
ter prognosis, while elevated levels of IL-17* cells, whose only
6% are Th17 cells, are related to a poor prognosis.”” These data
also suggest that many previously reported studies could be

biased by the high levels of IL-17 releasing non-Th17 cells,
such as macrophage and granulocytes, that might have been
counted as Th17 cells.

The mechanisms of HNSCC immune escape may be briefly
reassumed as follows: in premalignant lesions, there are high lev-
els of inflammatory cytokines, such as IL-2, IL-6 and IL-17,
released mainly by IL-17* Th17 cells, whose proliferation is sus-
tained by the elevated levels of IL-23. However, immune
response may fail to counteract tumor growth with a subsequent
decrease of many pro-inflammatory cytokines and with a switch
toward Th2 cytokines, probably driven by mediators, ie., TGES,
released by cancer cells themselves.” Therefore, in the latest
phases of HNSCC progression, the elevated levels of TGFS seem
to unbalance the ratio between Th17 and Treg cells, promoting
Treg differentiation with a consequent increase of anti-inflamma-
tory cytokine IL-10 (Fig. 1). As a result, the original antitumor
response is converted into a more tumor favorable response.

All available studies regarding Th cells and Th-related cyto-
kines modulation in HNSCC are summarized in Tables 1 and
2, respectively.

Regulatory T cells in HNSCC development

Treg cells represent a minor heterogenic subset of CD4" Th
lymphocytes, accounting for less than 5% of them in peripheral
blood. Treg are committed to regulate immune response to pre-
vent an excessive immune reactivity and their activity is mainly
toward other immune cells such as effector T cells.”* These cells
are often involved in cancer; indeed, unfortunately, the mecha-
nisms that prevent autoimmunity are the same that limit the
immune system to recognize tumor cells since the majority of
tumor-associated antigens are self-antigens or only minimal
modified self-antigens harboring genetic modifications.”

A definitive Treg marker has not been discovered yet. Recent
approaches have used multiple markers to delineate Tregs,
including the IL-2 receptor CD25, the « chain of IL-7 receptor
CD127, the cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) and forkhead/winged-helix transcription factor box
P3 (FOXP3). The levels of expression and the intracellular
localization of such markers are important factors for Treg
identification. For instance, high expression level of CD25 is a
peculiar sign of activated Treg. Conversely, CD127 expression
on Treg inversely correlates to Foxp3 expression; therefore, low
CD127 expression level is considered a reliable marker of acti-
vated Treg.’® Thus, a general now accepted panel for Treg iden-
tification is CTLA-4%, CD25"8", CDI127"°" and nuclear
expression of Foxp3. Nevertheless, Foxp3 expression has been
reported also in HNSCC cells; thus, it is hard to surely state if
studies that evaluated Treg infiltrate analyzing Foxp3 expres-
sion have identify proper Treg and not Foxp3™ cancer cells.””

Elevated levels of Treg have been found in several cancer
types, including lung, breast and pancreatic cancer.*® Multiple
pieces of evidence show a general increase of both circulating
and  infiltrating Treg  during HNSCC  develop-
ment,' 272935373942 Fyrthermore, Treg levels increase
accordingly with tumor staging and they are particularly ele-
vated in patients with active disease.”>*>>’

A murine model of oral carcinogenesis demonstrated a can-
cer cells promoted skew toward Treg, probably due to the
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Figure 1. Cytokines modulation during HNSCC progression. HNSCC development is characterized by the progressive decline of Th1 related cytokine INFy. Conversely, IL-
23 levels increase steadily, probably as the result of an inflammatory response against cancer. Nevertheless, as HNSCC progresses, a significant rise of TGF3 and a concom-
itant decrease of IL-23 levels promote Treg differentiation with a consequent decline of Th17 cells. As a result, in the latest phase of HNSCC progression, anti-inflammatory

and anti-immune cytokines such as IL-4 and IL-10 prevail.

decreased levels of IL-23, also observed in the late phase of
HNSCC development in humans.*® Accordingly, Treg would
increase in advanced stage HNSCC as a result of the unbalance
of Th17-promoting cytokines.”> Th17 and Treg cells share a
common lineage and a high plasticity degree, even though their
mediator effects are opposing. Thus, a shift in cytokine milieu
form the Thl7 sustaining pro-inflammatory IL-23 toward
TGFpB may easily result in a significant skew toward Treg as
premalignant lesions progress to oral cancer.”'

Treg significance in HNSCC prognosis

An agreement regarding the prognostic value of Treg in
HNSCC has yet to be found. Several data strongly sustained a
negative prognostic index associated to high levels of

Table 1. Studies evaluating T-helper cells modulation in HNSCC.

Tregs,'™*>*' but other studies described a completely different
situation, with high numbers of Treg associated to an improved
loco-regional control and better overall survival.'>***>*® These
apparent contradictions might be explained, in part by the diffi-
culties to proper identify Treg cells and in part by the tissue
dependent modulation of Treg levels; indeed, tumors arising in
the rich lymphoid tissue oropharynx have higher level of infil-
trating Treg than cancer types arising in larynx.*>*® Further-
more, synchronous multifocal cancers, the cancers arising at
the same time in different oral cavity area, have more elevated
numbers of Treg.** This aspect sustains a model where Treg
increase is a promoting factor rather than a consequence of
cancer development.

HPYV infection is an important etiologic factor for oropha-
ryngeal SCC. HPV' HNSCC have a significantly better

Specimens Methods Main findings Reference

45 HNSCG, stage -1V Flow cytofluorimetric analysis of PBMC Decrease of CD11" DC, increase of Th1 and Th2 cells, no 2
variation in Th1/Th2 ratio

42 HNSCC stage |-IV Flow cytofluorimetric analysis of PBMC Decrease of total CD4™ T cells, increase of Th1 and Th2 o1
cells (upon PHA stimulation), no variation in Th1/Th2

10 HNSCC stage ll-IV Flow cytofluorimetric analysis of PBMC

12 0SCC
25 HNSCC, stage
not specified

Flow cytofluorimetric analysis of PBMC
Flow cytofluorimetric analysis of PBMC and TIL

25 HNSCC, stage not specified
and tumor infiltrating CD4™ T-helper cells

67 HNSCC, stage I-IV
Th17

54 HNSCC, stage I-IV Flow cytofluorimetric analysis of PBMC

42 Laryngeal SCC,

stage I-IV
30 OSCC, stage I-IV

Flow cytofluorimetric analysis of PBMC

and tumor infiltrating T lymphocytes
162 0SCC, stage I-IV, HPV'
vs. HPV™ tumors

Flow cytofluorimetric analysis of peripheral blood

Flow cytofluorimetric analysis of peripheral blood

Flow cytofluorimetric analysis of peripheral blood

Immunofluorescence staining for CD3 and IL-17 in TIL

cells

Reduced count of total white cells, reduction of CD4™
and CD8™ T cells

No variation in CD4" and CD8™ T cells 31

Increase amount of circulating and infiltrating TH17 cells, »
decrease of circulating Th1 cells, decrease of Th1/Th17
cells ratio

Decrease of circulating and infiltrated CD161" Th17 cells,
decrease of CD1617 Th17 cells in metastatic HNSCC

Increased levels of Th17 cells, correlating to tumor stage 0

Increase amount of CD8" anCD4™ T cells in HPV+ 15
specimens
No variation in CD4" and CD8" T cells, Th1 cells decrease 20

Decrease of circulating and infiltrating CD4™ T cells

Higher levels of CD3* T cells and Th17 cells in HPV™ 3
tumors
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Table 2. Studies analyzing T-helper-related cytokines in HNSCC.

Specimens Methods Main findings References
101 HNSCG, stage I-IV ELISA analysis of serum cytokine levels Increased levels of IL-1b, IL-2, IL-4, IL-6, IL-10. 2
Decreased levels of INFy
58 HNSCC, stage I-IV ELISA analysis of serum cytokine levels Increased IL-6, IL-10 levels, positive z
correlation to stage. Increased levels of IL-
12, negative correlation to stage
55 pre-surgical HNSCC ELISA analysis of serum cytokine levels Increase levels of IL-12, decreased level of IL- %
10
10 HNSCC stage llI-IV ELISA analysis on culture supernatant of Increase levels of IL-4 and IL-10 o
HNSCC PBMC
25 HNSCC, stage not specified Flow cytometric analysis on cancer cell High amount of IL-1b, IL-23 and IL-6 positive »
suspension and TIL cells in tumor tissue
150 HNSCG, stage I-IV ELISA analysis on serum of HNSCC patients IL-10 detected in more HNSCC patients than 2
pre- vs. post-treatment in healthy controls, no differences
between pre-treatment or post-treatment
17 larynx SCC, 6 larynx Flow cytofluorimetric analysis on serum Increased levels of IL-6, IL-8, IL-10 in both SCC 2
dysplasia and dysplasia
Premalignant oral lesion and Flow cytofluorimetric analysis of cytokine in Increased levels of IL-2, IL-6, IL-17 and INFy in 2
0SCC, stage lI-IV plasma, tissue lysate and supernatants of premalignant lesions
dissociated tissue
78 OSCC, mainly stage ll-IV ELISA analysis of serum cytokine levels Increased levels of IL-2, IL-4, IL-10, INFy and 2

34 premalignant oral lesion, 61

HNSCC, stage II-IV lysate

Cytometric array analysis of plasma and tissue

TGFB
Increased levels of IL-6 and IL-17 in
premalignant lesion and in HNSCC

31

prognosis than HPV ™~ tumors.*” The role of immune cells in
this aspect has been investigated by Punt and colleagues in a set
of oropharyngeal SCC. They found a higher infiltration of
Foxp3™ Treg cells both in stroma and in the epithelium of
HPV* tumors, which significantly correlated with improved
survival.” These data are in agreement with the findings from
Mandal and coworkers, reporting high levels of both CD8* T
cells and Treg in a large set of HPV" HNSCC.* Interestingly,
HPV* tumors had almost twice ratio of total T cells over Treg
cells if compared with HPV™ tumors, thus suggesting that the
better prognosis of HPV* tumors might not be directly related
to Treg infiltration but rather to the higher number of immune
cells infiltrated. Consistently, Mandal and coworkers empha-
sized that CD8"/Treg cells ratio was higher in patients having a
relative low immune infiltrate if compared with patients with
high levels of T cells infiltration.*® This suggests that immune-
high HNSCC are subjected to a higher degree of immunoregu-
lation and only the relationship between the different players of
immune response could give significant information about
prognosis and potential immunotherapy effectiveness.

Mechanism of Treg accumulation in HNSCC

The mechanisms underlying the potential Treg driven pro-
tumor effect remain elusive. Four independent studies have
studied the immunolocalized Treg cells in HNSCC and they all
highlighted a marked presence of cells in the tumor microenvi-
ronment.”>*”*>** Two studies prevalently found Tregs at the
tumor margins,”>** thus sustaining the hypothesis that these
cells might oversee the interactions between SCC cells and
effector immune cells at the border between tumor and normal
tissue.

The accumulation of Treg in tumor might be the result
of CD4"CD25% T-cells recruitment from the periphery or
of the activation of resting naive CD4™ T cells directly into
the tumor tissue. The proportion of Foxp3™ cells is signifi-
cantly more elevated in TIL than in peripheral blood

mononuclear cells (PBMC).*> Moreover, immune-staining

data show high Treg frequency in the peripheral area of the
tumor, sometimes in the stroma, but never in the tumor
nest,'' in such a way supporting the hypothesis that these
cells are recruited from peripheral circulation into the
tumor by chemotactic factors released by cancer cells. Con-
sistently with this hypothesis the increased expression of
Monocyte Chemotactic Protein-1 (MCP-1), C-C motif
Chemokine Ligand 22 (CCL22), C-C chemokine receptors
type 4 and 7 (CCR4 and CCR7), that are associated to a
migratory phenotype, has been observed on HNSCC iso-
lated Treg and in HNSCC tissue.'®'*>*® In addition,
ligands for CCR4 and CCR7 were more expressed in
HNSCC if compared with the adjacent healthy tissue.'” In
partial disagreement with the above-reported data, Sun and
coworkers found high level of CCR7* cells in the peripheral
blood of HNSCC, but CCR7 expression was elevated in all
T lymphocytes, irrespective of the subsets.** Only the
increased expression of CCR4 is a peculiar characteristic of
Treg isolated from HNSCC patients. CCR4 expression is a
marker of Treg activation as CCR4™ Tregs are readily sup-
pressive in vitro, while CCR4™ Treg needs further activation
before becoming suppressive."” The fundamental role of
CCR4 in driving Treg migration toward tumor tissue has
been further confirmed by experiments in mice, where
blocking of MCP-1/CCR4 signaling came out in a lower fre-
quency of Treg infiltrating the tumor and a significant inhi-
bition of tumor growth.*®

Tumor-isolated Treg have a more immunosuppressive phe-
notype, with elevated expression of ectonucleotidase CD39,
TGFp and CTLA-4. These cells are also more effective in inhib-
iting T cells proliferation in vitro than those isolated from
peripheral blood, hence sustaining the activator effect of tumor
microenvironment.”> Importantly, a murine model unveiled
that peripheral CD4"CD25 FoxP3~ T cells convert extra-
thymically into FoxP3" Treg cells under conditions found in
tumor environment.”® Therefore, it is likely that peripheral



Treg are recruited into the tumor tissue where they are induced
toward a highly immunosuppressive phenotype by tumor-asso-
ciated factors, such as TGFg.

On the other hand, some reports have also shown the
increased frequency of activated Treg in peripheral blood of
HNSCC patients.*> Moreover, activated CD4*CD25"Foxp3™ T
cells in peripheral blood of HNSCC patients are significantly
more effective in inhibiting effector T cells than those from
healthy controls.”® Therefore, it is conceivable that cancer-
released cytokines might affect Treg cells development outside
the tumor tissue, although at a lesser degree than in tumor
stroma.

Mechanisms of Treg-induced immunosuppression
in HNSCC

Treg-mediated immunosuppression may occur by cell-to-cell
contact or by cytokines secretion.

Many pieces of evidence sustain a soluble factor mediated
suppressive action of Treg. A significant increase of IL-10 and
TGEFB levels has been reported in tumor, probably promoted
by Tregs since Treg isolated from OSCC significantly induced
IL-10 and TGFB release from co-cultured allogenic PBMC.”"
Nevertheless, Strauss and colleagues demonstrated that, at least
for circulating Treg, immune suppression is mainly due to
direct cell-to-cell interaction. In fact, co-incubation of periph-
eral blood isolated Treg with autologous T cells separated by
permeable transwell insert resulted in no suppression, thus
indicating that soluble factors diffusion is not enough to medi-
ate immune suppression and that it rather relies on direct cell-
to-cell contact."

The ectonucleotidases CD39 and CD73 and the Immune-
Checkpoint Receptors (ICRs) have been proposed as key mole-
cules for Treg immunosuppression. ICRs include CTLA-4, the
programmed cell death-1 (PD-1), expressed on activated lym-
phocytes and glucocorticoid-induced tumor necrosis factor
receptor (GITR), a T-cell stimulatory molecule.

CTLA-4 prevents the activation of the co-stimulatory mole-
cule CD28 on T cells, hence significantly reducing T-cell prolif-
eration. CTLA-4 blockade inhibits immunosuppressive activity
of Treg.”> CD39 and CD73 sequentially convert ATP and ADP
into adenosine, which is a very effective suppressive factor,
since it inhibits dendritic cells and macrophages functions.”
Anti-CD39 blocking antibodies almost completely abrogate
Treg immunosuppressive function while restoring effector T
cells activity.> Jie et al. evaluated the expression of ICRs on
Treg.*’ They observed a higher percentage of CTLA-4 and PD-
1-positive Treg cells in TIL compared with circulating paired.
Similarly, CD39 and CD73 expression levels were higher in TIL
than in peripheral blood. In particular, the majority of tumor-
infiltrated Treg co-expressed both CTLA-4 and CD39, suggest-
ing that these two molecules are fundamental in mediating
immunosuppression in the tumor microenvironment.*’

Another molecule potentially involved in cell-to-cell medi-
ated immune suppression is p-galactoside binding protein
(B-GBP). B-GBP is overexpressed in both OSCC cells and acti-
vated Treg cells and its blockade significantly attenuate the
inhibitory effects of Treg cells.*” The surface bound form of
B-GBP mediates T-cell suppression by interacting with

ONCOIMMUNOLOGY €1325066-5

glycoproteins on T-cell surface and by inducing growth arrest
and apoptosis on activated T cells. 8-GBP plays a double role
since it promotes cancer cell proliferation and at the same time
it impairs T-cell effectiveness by promoting IL-10 and IL-35
release. Intriguingly, using a specific 8-GBP inhibitor, thiodiga-
lactoside, a decrease of IL-10" and IL-35" Tregs and an
impairment of cancer cells growth were observed.>

The data reported above, although far from definitely
depicting the Treg way of action in HNSCC, suggest that cyto-
kine mediators released by cancer cells activate and recruit cir-
culating Treg. As a result, Treg migrate into the tumor tissue,
where they are further activated by the cytokine milieu found
in tumor stroma. Finally, Treg suppress the activity of cytotoxic
and effector cells via both cell-to-cell contact and humoral
mechanisms, thanks to the expression of CTLA-4, B-GBP and
CD39 and the release of immune modulating factors such as
IL-10, IL-35 and TGFB.

Immune therapy: A new promising strategy
for HNSCC treatment

Immune-based therapy has recently gained consideration and it
is now considered the new frontier in anticancer strategies. The
aim of immune therapy is to modulate immune response, shift-
ing the balance toward an antitumor response, to achieve long-
lasting tumor suppression.

Current immunotherapies adopt different strategies to sus-
tain immune response by adoptive T-cell transfer, dendritic
cells vaccine or by infusion with adjuvant cytokines, such as IL-
1B, IL-2, INFy and TGFa.”*>® Recent approaches tried to mod-
ulate immune response by directly targeting molecules involved
in the interactions between cancer and the immune system. In
particular, several experimental pieces of evidence have demon-
strated that Treg eradication by chemical drugs or specific anti-
bodies is a promising strategy to induce a significant anticancer
immune response.”® Low doses of anti-proliferative drugs such
as Indomethacin or Cyclophosphamide and human monoclo-
nal antibodies against CTLA-4, PD-1 and GITR have been
used to selectively target Treg.>”® Nevertheless, these
approaches are often hampered by the occurrence of autoim-
mune diseases; therefore, it is necessary to refine these strategies
allowing to selectively target Treg inside tumor tissue, without
depleting them systemically.

Some of the above-mentioned therapies have proved prom-
ising in preclinical studies and they are now in clinical trials;
indeed, a recent query in the ClinicalTrials.gov database for
“HNSCC and immunotherapy” revealed 54 ongoing studies,
the most of them being phase I and I1.”°

One of the most promising approaches to prevent suppres-
sion of anticancer immunity is the blockade of immune check-
point receptors (ICRs) by blocking antibodies. Thus, new
monoclonal antibodies against PD-1 and CTLA-4, such as
Pembrolizumab, Nivolumab, Durvalumab, Tremelimumab and
Ipilimumab, have been developed and they are now in clinical
trials. Ongoing trials for antibodies targeting ICR are summa-
rized in Table 3.

Pembrolizumab is a humanized antibody targeting PD-1
receptor; it has been approved for melanoma treatment by
Food and Drug Administration (FDA) and is in clinical trials
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for HNSCC therapy. Although all the studies are ongoing, pre-
liminary results confirmed that Pembrolizumab is better toler-
ated than traditional chemotherapy and it has achieved
encouraging results as 25% of the patients responded to treat-
ment.®” Three phase III studies have been recently set up to
evaluate Pembrolizumab efficacy in increasing overall survival
in metastatic HNSCC patients in comparison with 5-fluoroura-
cil or cetuximab plus a platinum-based drug therapy
(NCT03040999, NCT02252042 and NCT02358031).

Nivolumab is another humanized antibody targeting PD-1,
approved by FDA for the treatment of melanoma and renal
carcinoma. Interestingly, a phase III study aiming to unveil
whether Nivolumab would improve overall survival in compar-
ison to cetuximab, carboplatin or methotrexate in patients with
recurrent or metastatic head and neck carcinoma completed
the results analysis. Nivolumab showed a significant superior
performance of the understudied item (NCT02105636).

Durvalumab instead targets the ligand of PD-1, PD-L1, and
it has been recently approved for use in bladder cancer by FDA.

CTLA-4 is another hotspot of immune therapy in HNSCC;
indeed, there are several clinical trials for antibodies targeting
this receptor. Ipilimumab is a monoclonal human antibody
that targets CTLA-4; it was approved by FDA in 2011 for the
treatment of advanced melanoma and it is now being evaluated
for HNSCC. In particular, a large phase III trials has been
recently set up to analyze its efficacy in combination with Nivo-
lumab in patients with recurrent or metastatic HNSCC
(NCT02741570).

Safety and tolerability of Tremelimumab, a human mono-
clonal antibody against CTLA-4, is being evaluated in eight
studies, in combination therapy with Durvalumab and stand-
ards of care such as cisplatin, carboplatin, azacitidine, 5-fluoro-
uracil (please see Table 3 for references). Two phase III trials
are now recruiting participants to determine the efficacy and
safety of Tremelimumab plus Durvalumab combination ther-
apy versus standards of care in HNSCC.

Conclusion

The above-reported data strongly confirmed the role of
immune system in regulating HNSCC development. In particu-
lar, Treg cells play a pivotal role in modulating immune system
response in a tumor favorable way. New insights coming from
preclinical studies are mandatory since they will further unveil
the mechanisms underlying this process, thus allowing the opti-
mization of new strategies to let the immune system re-gain
control over tumor development.

Given the extremely complex relations between immune
system and cancer cells, it is necessary to deeply analyze the
immune scenario characterizing each patient and each tumor.
The role of Th and Treg cells in cancer is context dependent
and it should always be examined in relation to other effector T
cells.

The fragile balance between the different Th subtypes and
effector T cells seems the true determinant of the immune
response; hence, the success of any potential therapy aiming to
restore cancer immune surveillance would rely on a slight mod-
ulation of such a balance. Successful therapy should target a
precise molecular target in a tailored fit treatment, where the

ability to hit a chosen mechanism on a wanted cell subtype
would be more important than the quantity of the modulation
achieved.

In this context, immunotherapy is a very promising strategy
for the treatment of HNSCC, as sustained by preliminary data
from clinical trials. Intriguingly, immunotherapy would permit
to obtain long-lasting effects and a better disease control over
time, thus preventing re-occurrence and metastasization. It is
likely that a combination of traditional standards of care and
immunotherapy would be particularly effective. Nevertheless,
the preliminary results obtained so far need to be confirmed in
enlarged phase IIT and IV trials. Moreover, the optimization of
knowledge about Treg cell interactions with both cancer cells
and other Th cells will surely provide better tool to selectively
target cancer driven immune suppression, thus avoiding unde-
sirable non-selective unbalance of immune regulation that
could come out in autoimmunity.
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