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A B S T R A C T

Cancer occurrence can be understood as the result of dysfunctions in immune tumoral microenvironment. Here
we review the recent understandings of those microenvironment changes, regarding their causes and prognostic
significance in head and neck (HN) carcinoma. We will focus on HN squamous cell cancer (SCC) and naso-
pharyngeal carcinomas (NPC). Their overall poor prognosis may be improved with immunotherapy in a subset of
patients, as supported by current clinical trials. However, finding reliable markers of therapeutic response is
crucial for patient selection, due to potential severe adverse reactions and high costs.

Half of HNSCC exhibit PD-L1 expression, this expression being higher in HPV-positive tumors. In recent
clinical trials, a better therapeutic response to anti-PD-1 was obtained in patients with higher PD-L1 expression.
The Food and Drug Administration (FDA) approved the use of these therapeutics without stating a need for
patient selection regarding PD-L1 status. Activation status, density and localization of TIL as well as PD-L2, γ-
interferon, inflammatory cytokines, epithelial-mesenchymal transition phenotype and mutational burden may
all be potential therapeutic response markers.

In Epstein-Barr Virus (EBV)-induced nasopharyngeal non-keratinizing cancer, PD-L1 is over-expressed com-
pared to EBV-negative tumors. A 22% response rate has been observed under anti-PD-1 treatment among PD-L1-
positive NPC patients.

A better understanding of immune checkpoint regulation processes may allow patients to benefit from these
promising immunotherapies.

Introduction

The role of the immune system in anti-tumor defense is now widely
recognized. Although every kind of immune cell may have anti-tumoral
activity, main findings in the recent years have involved the adaptive
specific immune system, focusing on T lymphocytes (TL, T cells) and B
lymphocytes (BL) derived antibodies.

Occurrence, growth, persistence and progression of a tumor may be
considered as a successful escape from the anti-tumoral immune

system. In the past few years, the modulation of this system has been
considered as a promising approach among treatment options offered to
cancer patients. Many recent findings helped unveiling the balance
between immune stimulation and immune suppression, and im-
munosubversion pathways leading to cancer development. Among
them, an anergic phenotype induced in T cells by the tumor has been
described, resulting in their loss of anti-tumor cytotoxic ability.
Research mainly focused on understanding molecular defects under-
lying this T cell loss of function in the tumor microenvironment. It led
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to the groundbreaking discovery of co-inhibitory molecules.
Immunotherapies targeting these immune checkpoints may represent a
groundbreaking advance for treatment of lymphomas and solid cancers,
including head and neck (HN) cancers that exhibit poor response to
conventional chemo- and radiotherapy. This review describes the state
of the art regarding microenvironment understanding and im-
munotherapies in HN squamous cell cancer (SCC) and non-keratinizing
undifferentiated nasopharyngeal carcinomas. The state of the field re-
garding immunotherapy advances in malignant salivary gland tumors
will be described in a separate review.

Co-inhibitory molecules as targets of modern immunotherapies

T cell activation requires both antigen recognition via HLA-peptide
complex binding and co-stimulatory signal via co-stimulatory mole-
cules. Activation signals are balanced with negative inputs based on co-
inhibitory molecules’ increased expression (Fig. 1). In the physiological
state, these inhibitory molecules are part of a negative feedback loop
meant to induce peripheral tolerance of the self and avoid auto-immune
diseases. Without persistent antigen interaction, co-inhibitory signals
on T cells decrease over time. On the contrary, in a chronic antigenic
interaction situation such as cancer or chronic infection, the continuous
activated state of T cells leads to co-inhibitory molecules persistence
[1]. This expression leads to a T cell loss of function or “exhaustion
status”, which may refer to the loss of effective functions or to the in-
ability to induce memory T cells, depending on the co-inhibitory mo-
lecules involved [2].

Allison first hypothesized that co-inhibitory signal blockade may
result in overcoming TL anergic state and restoring anti-tumor activity
in tumor microenvironment [3]. Disrupting the PD-L1-PD-L2/PD-1 axis
is currently the main target for immunotherapies. PD-1 (which stands
for programmed death-1 and is also known as CD279) is expressed on the
surface of T cells, B cells, NK cells, monocytes [4]. While absent on
naive T cells, it is induced with a 6–12 h delay on T cells after TCR
engagement [5]. PD-1 is often viewed as an “exhaustion marker” since
CD8+ PD-1+ T cells are no longer able to proliferate and to release
anti-tumor cytokines such as interferon γ (IFNγ) [6,7]. However, PD-1
might as well be interpreted as an activation marker since it is induced

after T cell activation [8]. PD-L1 (programmed death-ligand 1) is the
main ligand of PD-1 and is found on activated T cells, B cells, NK cells,
macrophages, dendritic cells, mastocytes, but also on other non-im-
mune cell types [9,10]. Cancer may enhance its expression depending
on type and localization, as discussed later, via several pathways: (i) an
adaptive reaction, where PD-L1 expression is induced by IFNγ, the
latter being secreted by active T cells and NK cells [11]. In this context,
PD-L1 expression may be interpreted as an activation marker of im-
mune system as well as a resistance marker to this anti-tumor im-
munity, and (ii) an oncogenic mechanism, where PD-L1 self-expression
may result from various tumor cell paths activation, chromosomic al-
terations, gene amplifications or mutations. Such events would be part
of a strategy of resistance to immune surveillance and would be asso-
ciated to poor prognosis [12]. PD-1 may also bind to PD-L2, which is
more scarcely expressed by macrophages, dendritic cells and masto-
cytes [13]. Similarly to PD-L1, PD-1 interaction with PD-L2 inhibits T
cell proliferation and cytolysis and impairs cytokine production. Its
expression is also upregulated by IFNγ.

What is the microenvironment like in HNSCC?

Most HN cancers are squamous cell carcinomas (HNSCC). Major risk
factors include tobacco, alcohol consumption and human papilloma-
virus infection (HPV), the latter being especially present in orophar-
yngeal carcinomas. HPV-induced and toxic-induced SCC are now de-
scribed in the 2017 WHO classification [14] as two distinct clinical
entities, that exhibit different oncological pathways and prognosis.
Besides, high somatic mutation rate is frequently observed among
overall HNSCC (mean value is around 180 somatic mutations per mega
base) [15,16] with a comparable mutational burden between HPV+
and HPV− tumors [17,18]. Epstein Barr Virus (EBV) can also be in-
volved in the carcinogenesis of very specific SCC called non-kerati-
nizing undifferentiated nasopharyngeal carcinomas (and formerly
known as undifferentiated carcinoma of nasopharyngeal type (UCNT)).
Indeed, EBV-induced carcinomas are defined in the 2005 WHO classi-
fication [19] as carcinomas arising in the nasopharyngeal mucosa that
show light microscopic or ultrastructural evidence of squamous differ-
entiation [14].They are endemic in southern China, Southeast Asia,

Fig. 1. Immune checkpoints. The T cell activation, via the TCR signaling, is balanced by multiple co-stimulatory and co-inhibitory signals.
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Northern Africa and the Mediterranean basin.
Hence, immunogenicity of tumors can result from expression of

tumor self-antigens, mutated protein-derivated neoantigens or HPV or
EBV virus-induced antigens. Microenvironment may also vary in terms
of intensity or constitution regarding tumor carcinogens or localization
[20].

HNSCC microenvironment

HNSCC often induce a very dense local inflammatory stromal re-
action. Similarly, histological findings in NPC include an intense intra-
tumoral and peri-tumoral inflammatory infiltration. In various tumors,
a correlation between CD4+ TH1 lymphocytes and CD8+ T cells
density in the tumor microenvironment and a favorable outcome has
been pointed out [21]. Regarding HNSCC, CD4+ CD25+ FOXP3+ T
regulating lymphocyte density correlates with a less important locor-
egional extension and a higher survival rate [22,23], whereas no impact
of TH17 cells density has been proven [23]. A high CD8+ T cells
density, as often described in HPV+ tumors, is associated with a better
outcome [24,25].

In situ study of the co-inhibitory molecule PD-1 and its ligand PDL-1
has received particular attention in the past few years. Zandberg et
Strome [26] recently reviewed results obtained from PD-L1 staining in
HNSCC (mostly in the oropharynx) and pointed out, despite high
technical heterogeneity due to different staining antibodies and dif-
ferent interpretation protocols, that PD-L1 is positive in about half of
oropharynx SCC (46–87%, cf. Table 1) [26] and in at least two thirds of
nasopharynx SCC (67.5–97%, cf. Table 2) [26]. It must be noticed that
the reviewed studies assessed overall PD-L1 expression, making no
distinction between tumor cell staining or stromal immune cell
staining. Little data is available regarding the clinical impact of PD-L1
positivity in HNSCC other than oropharyngeal [27]. However, as pre-
viously highlighted, immune elements’ role should be interpreted
carefully, taking into account the tumorigenesis context: micro-
environment changes may be triggered by different oncogenic path-
ways. For example, a more intense PD-L1+ CD4+ and CD8+ T cell
infiltration correlates with a better outcome in HPV+ virus-induced
SCC [8]. This finding is inconsistent with results observed in other
cancers such as kidney or breast carcinomas, in which PD-L1 is classi-
cally associated with a worse prognosis [28,29]. In contrast, PD-L1
immunohistochemical staining does not match either clinical outcome
or HPV infection status in HNSCC, all locations considered [8,30]. Fi-
nally, PD-L1 expression does not seem to correlate either with lymph
node invasion or TNM staging or survival among a cohort of surgically
and adjuvant radiotherapy and/or chemotherapy treated oropharynx
SCC patients [31].

PD-L2 was detected in 64% of cases in a cohort of 146 HNSCC pa-
tients [32]. Its expression significantly correlated with PD-L1 expres-
sion (p < 0.001). However, in a retrospective study including 40
HNSCC samples, PD-L2 was expressed in the absence of PD-L1 in 45%

of cases [32].

Relation between the microenvironment and the oncogenic pathways
activated in HNSCC

High mutational burden among SCC causes membranous expression
of many neoantigens on tumor cells, which can be viewed as bio-
markers and are highly specific targets for T cell anti-tumor activity.
EGFR (Epidermal Growth Factor Receptor) is the most often upregu-
lated protein (90%) in HNSCC [33] with an important amplification
rate (10–30%) [34]. PIK3CA gene (phosphatidylinositol 3-kinase) is the
most often amplified (40%) [33] and its expression is associated with a
poor prognosis [35]. PIK3CA mutations are predominant in HPV-re-
lated tumors [15]. TP53 gene is the most often mutated (41%) [33],
predominantly in non-HPV-induced SCC. Such differences could be
explained by a different oncogenic pathway from HPV-induced cancers
that involves E6 and E7 viral oncogenes which impair cellular cycle via
p53 inactivation [34]. PTEN (phosphatase and tensin homolog) loss is
frequent without regards to the HPV status [33]. Other reported am-
plified genes include cell cycle regulation genes (CCND1 (27%) and
CDK6 (21%)), angiogenesis genes (PGF (30%) and VEGFA (14%)) and
tyrosine kinase receptors (MET (18%), EGFR (14%)). Cellular biology
techniques such as whole exome sequencing may soon allow algorithms
to predict the presence of certain neoantigens, to decipher T cell and B
cell receptors range and to identify new biomarkers in tumor samples or
peripheral blood [36]. Interestingly, in non-small cell lung cancer
(NSCLC), most neo-antigens are the result of tobacco-induced gene
mutations [37] and a higher mutational burden positively correlated
with clinical response to anti-PD1 therapy [37]. Such analysis per-
formed in HNSCC might be valuable, especially in non-HPV HNSCC
patients [38].

PD-L1 membranous expression on tumor cells can result either from
an adaptive immune phenomenon or from intrinsic oncogenic events in
HNSCC. Several oncogenic mechanisms have been associated with PD-
L1 expression, such as tumor-suppressive PTEN gene mutation or de-
letion, pro-oncogenic PI3K path activation, AKT/mTOR, NF-kB and
MAPK (mitogen-activated protein kinase, MEK/ERK) pathways dereg-
ulation [39]. A clear relationship between PD-L1 expression and in-
trinsic tumor events has been reported in many cancer types in which
PD-L1 overexpression correlates with a poor outcome [40]. PD-L1 gene
mutations are found in 28% of HNSCC [35]. When PD-L1 expression is
dependent on some oncogenic pathways activation and independent
from T cell infiltration, it is considered as a poor prognosis factor. This
finding stresses the high complexity of microenvironment studies and
the crucial need for patient stratification regarding oncogenic path-
ways. Membranous PD-L1 expression in HNSCC may also result from
PKD2 [41] and IFNγ-induced JAK2/STAT1 signaling pathways, IFNγ
being secreted by tumor infiltrating PD-1+ activated T cells. Specific
JAK2 blockade prevents PD-L1 from being overexpressed and thus in-
creases tumor immunogenicity. In this particular context, PD-L1 and

Table 1
PD-L1 expression among HPV- or non-HPV-induced HNSCC patients.

Localization Number of patients % of tumors expressing PD-L1 % of HPV+ tumors expressing PD-L1 % of HPV− tumors expressing PD-L1 Reference

OC, HP, L, PNS 24 66 Strome et al. [102]
OC, HP, OP 64 51 62 41 Badoual et al. [8]
OP 181 46.4 49.2 34.1 Kim et al. [30]
OP 27 59 70 29 Chen et al. [41]
OP 45 87 Festino et al. [81]
OC, OP, HP 64 51.5 62.5 40 Gooden et al. [103]
OC, HP, L, PNS 50 64 Partlová et al. [44]
OC 21 71 Hsu et al. [74]
OP 133 68 71 61 Li et al. [29]

HNSCC: head and neck squamous cell carcinoma, HP: hypopharynx, HPV: human papillomavirus, L: larynx, OC: oral cavity, OP: oropharynx, PNS: paranasal sinus
From Zandberg DP and Strome SE (modified) [26].
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PD-1 expression were associated with a better outcome [42]. As evi-
denced by Pardoll’s team in melanoma and more recently in HNSCC,
PD-L1 expression is mostly located in tumor areas with close contact
with IFNγ-secreting T cells [40,43]. When PD-L1 expression results
from extrinsic signals, CD8+ T cell infiltration tends to be denser [39].
In this context, it has been postulated that IFNγ-induced PD-L1 ex-
pression, following tumor T cell infiltration, may be a resistance me-
chanism against the adaptive immune system.

Taken altogether, these results point out that a single molecule ex-
pression, such as PD-1 or PD-L1, can display different pathophysiolo-
gical meanings and have a prognostic value with regards to the tumor
context and to the involved regulation pathways (Fig. 2).

Role of viral infection in the tumor microenvironment

Role of HPV infection in the microenvironment of HNSCC in the oropharynx
As HPV-induced HNSCC is a distinct clinical entity in terms of

clinical presentation, response to treatment and prognosis, the specifi-
cities in its microenvironment need to be more precisely characterized
in order to stratify patients. For example, HPV-induced peritumoral
immune cells exhibit more CD8+ IFNγ+ TL, CD8+ IL-17+ TL and
myeloid dendritic cells, as well as higher pro-inflammatory cytokines
levels. In addition, Cox-2 mRNA levels decrease whereas PD-1 mRNA
levels increase [44]. HPV-induced oropharyngeal HNSCC exhibit higher
PD-1 expression on tumor infiltrating lymphocytes (TIL) than non-HPV
oropharyngeal HNSCC, as assessed by in situ immunochemical analysis
[8]. PD-L1 staining was reported in more than 50% tumor cells with a
close co-localization of PD-1T cells and PD-L1+ tumor cells, suggesting
a strong interaction between these cells [16]. However, no correlation

was reported in terms of PD-L1 and PD-L2 expression between HPV+
and HPV- cancer populations [32]. In another study, PD-L1-labeled
cells, either tumor cells or CD68+ tumor-associated macrophages, were
predominantly located at the tumor margin whereas anti-PD-1 antibody
mostly labeled CD8+ T cells within the tumor among HPV+ or-
opharyngeal carcinomas [43]. The development of multiparametric
studies and explorations with the technique of immunofluorescent
staining is needed in order to better characterize the variations of the
microenvironment (Fig. 3).

Role of EBV in non-keratinizing undifferentiated nasopharyngeal
carcinomas

Increasing data is available regarding EBV-induced non-keratinizing
undifferentiated nasopharyngeal carcinomas (NPC). However, different
techniques are used and results are subject for controversy. CD4+
FoxP3+ regulatory T cell proportion isolated in flow cytometry is
higher among peri-tumoral inflammatory cells than among immune
cells in peripheral blood. Moreover, NCP-derivated regulatory T cells
display higher IFNγ and IL-2 secretion levels but weaker im-
munosuppressive abilities than their circulating counterparts [45]. A
limitation is the mild specificity of FoxP3 staining, which may also label
human activated T cells [46]. EBV-induced NPC-derivated cell cultures
display significantly higher PD-L1 expression levels than EBV-negative
ones. EBV infection induces Latent Membrane Protein 1 (LMP1) mem-
brane expression on tumor cells, then LMP1 upregulates PD-L1 ex-
pression through STAT3, AP-1 and NF-KB signaling pathways. IFNγ
plays an independent role in a synergic way with LMP1 to enhance PD-
L1 expression [47].

Table 2
PD-L1, PD-1 and CTLA-4 expression among nasopharyngeal carcinoma.

Number of patients % of tumors expressing PD-L1 % of tumors expressing CTLA-4 % of tumors expressing PD-1 Reference

59 67.8 37.4 Fang et al. [47]
99 97 44.4 Zhou et al. [104]
104 75 Hsu et al. [75]
191 97.4 Huang et al. [85]

Fig. 2. PD-L1 can display different pathophysiological meanings. PD-L1 overexpression may be either the result of intrinsic oncogenic events or a part of an adaptive mechanism to anti-
tumor immune reaction. When PD-L1 is expressed following PTEN mutation or dysregulation of STAT3, PI3K or MAPK pathways, it may increase the immunogenicity of the tumor and be
associated with a better prognosis. When triggered by IFNγ, it can be viewed as a resistance mechanism against the adaptive immune system and be associated with a worse clinical
outcome. IFNγ: interferon gamma.

S. Outh-Gauer et al. &DQFHU�7UHDWPHQW�5HYLHZV�������������²��

��



Significance of the epithelial-mesenchymal transition

A subset of tumor cells exhibiting epithelial-mesenchymal transition
(EMT) features has been described in HNSCC. The EMT is a process that
enables metastatic invasion, by which epithelial cells lose their inter-
cellular junctions and their polarity and gain migratory and invasive
properties. These cells have a lower E-cadherin expression and a higher
vimentin expression [48]. E-cadherin transcription may be repressed by
several signaling pathways. Among them, EMT can be induced by TGFβ
EMT through Smad2/3 phosphorylation [49], or by IL-6 through JAK-
STAT signaling [50]. The EMT features are associated with a poor
sensitivity to radiotherapy and chemotherapy [50,51]. Flow cytometry-
isolated CD44+ cells present EMT phenotype and stem cell char-
acteristics, CD44 being a hyaluronic acid membranous receptor which
is involved in signal transduction and cell migration [51]. In cellular co-
culture experiments with CD8+ T cells, CD44+ EMT cells appeared to
be less immunogenic than CD44-negative cells [52]. Two experiments
conducted on EMT cells and HNSCC-isolated CD44+ cells in im-
munohistochemistry, flow cytometry and real-time PCR (rtPCR)
showed similar results and reported high PD-L1 expression [53,54]. In
CD44+ cells, PD-L1 overexpression was associated with constitutive
phosphorylation of STAT3 and STAT3 has been shown to regulate PD-
L1 expression [54]. STAT3 is a transcription factor that plays a critical
role in tumor progression by regulating EMT but also cell proliferation,
cell cycle progression, apoptosis, angiogenesis and immune evasion
[55]. IFNγ-incubated CD44+ cell cultures present even higher PD-L1
expression levels, upregulated IFNγ receptor and STAT1 phosphoryla-
tion [54]. On a clinical level, EMT features were also associated with a
poor prognostic in PD-L1+ HNSCC patients [53].

Influence of cytokines and lymphocytic infiltrate on the HNSCC
microenvironment

HNSCC tumor cells are able to alter their microenvironment via

cytokine secretion profile deregulation but also via effective cells im-
mune function impairment and abnormal tumor-self antigens expres-
sion [56–58]. Some cytokines belonging to the IL-2 family, such as IL-
15, are known to induce PD-1 membranous expression on intra-tumor
lymphocytes in vitro [11]. IL-15 and soluble form of alpha chain of IL-15
receptor reach high expression levels in HN cancer where they may be
involved in PD-1 pathway regulation [59]. About half of peritumoral T
lymphocytes express the exhaustion marker TIM-3, with no influence
from the HPV status [8]. Intra-tumor regulatory T cells may exert a
stronger immunosuppressive power than circulating regulatory T cells
in the peripheral blood, as suggested by higher expression levels of
immune-checkpoint receptors PD-1, CTLA-4 and TIM-3 and of im-
munosuppressive molecules LAP and CD39 ectonucleotidase [60].

The co-localization of tumor infiltrating CD8+ T cells (TIL) and PD-
L1+ cells at the tumor margins is associated with a higher clinical
response rate to anti-PD-1 therapy [61,62]. Tumor cell PD-L1 expres-
sion has been shown to correlate with a lower CD8+ T cell count
within the tumor [63]. Other immune cell subtypes may be involved,
such as NK-cells, which seem to be down-regulated in the peri-tumoral
area via an increase in TGFβ and IL-10 levels and a drop in NK-inducing
cytokines levels (Il-2, IL-12b, IL-15, IL-18, IL-21 and IFNγ) and in NK-
receptors (NKp46 et KIRs). A down-regulation of NK-cells in peripheral
blood has also been reported [64].

These data taken altogether suggest that CD8+ or CD4+ T cells,
dendritic cells or macrophages markers may be relevant biomarkers for
clinical response and need to be further investigated. In a transgenic
mouse model, anti-CTLA-4 or anti-PD-1 therapies decrease myeloid-
derived immunosuppressive cells and M2 macrophages count, and in-
duce T cell activation in tumor microenvironment [65,66]. In an
HNSCC patients cohort, intra-tumoral CD4+ CD25+ FoxP3+ reg-
ulatory T cells exhibited significantly higher expression levels of co-
stimulatory protein OX40 than conventional CD4+ or CD8+ TILs, with
no reported influence of the HPV status [67].

Fig. 3. Example of Opal™ multiplex immunofluorescent staining for the study of the microenvironment. CD3 labels CD4+ and CD8+ T cells which mostly surround germinal centers
(mainly consisting of B cells that are not labelled here). Macrophages are labelled by CD68. Cytokeratin (CK) labels epithelial cells. PD-L1 is mostly expressed by epithelial cells.
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Immunotherapy approaches in HNSCC

Tumor relapses occur in about half of patients with locally advanced
HNSCC, mostly at the locoregional level and less often with distant
metastasis. The prognosis is poor with a median overall survival shorter
than one year, as shown in the EXTREME study [68]. These patients are
conventionally treated with a combination of chemotherapies using a
platinum compound and 5-fluoro-uracile with cetuximab, an anti-EGFR
antibody whose addition to chemotherapy proved to improve overall
survival [68]. Until recently, there was no therapeutic guideline beyond
first treatment in HSCC, even if methotrexate and taxanes are com-
monly prescribed. Recent advances in the field of immunotherapy are a
consequence of a shift in goals: besides aiming to enhance the anti-
tumor immune system, the major concern is to take into account the
induced immunosuppressive microenvironment of the tumor. Anti-PD-1
and anti-PD-L1 immunotherapies aim to retrieve T cell anti-tumor
ability and to reverse the anergic state while targeting co-inhibitory
molecules, and may dramatically improve clinical outcome.

Checkpoint inhibitors in HNSCC

Nivolumab (Opdivo © Bristol-Myers-Squibb) and Pembrolizumab
(Keytruda © Merck Sharp & Dohme) that target PD-1 have been ap-
proved by the US Food and Drug Administration (FDA) for the treat-
ment of patients with recurrent and/or metastatic HNSCC with

platinum-refractory cancer. FDA first approved Pembrolizumab in
August 2016 following the results of KEYNOTE 012 cohort expansion
phase I clinical trial with no comparative group [74]. Any number of
prior treatment regimens was allowed. Patients in the initial cohort (60
patients) [69] were selected according to their PD-L1 status in im-
munohistochemistry. The objective response rate was 32% in HPV-in-
duced HNSCC patients versus 14% in HPV-unrelated cancers. In the
expansion cohort (132 patients), Pembrolizumab was evaluated at a
fixed dose regimen (200mg every 3 weeks) in the same population but
without any selection on PD-L1 status [70]. A significant increase of
overall response rate was reported in patients with PD-L1 positive
tumor (22%), versus 4% in negative ones. 65% of patients achieved a
durable response (over 16months; response duration: 2.4–28.7months
(ongoing, median not reached)).

Nivolumab was subsequently approved based on the phase III
CHECKMATE 141 Pivotal trial. This study randomized Nivolumab
versus therapy of investigator choice (Cetuximab, Methotrexate or
Docetaxel) in patients with recurrent or metastatic platinum refractory
HNSCC (tumor progression or recurrence within 6months after the last
dose of platinum-containing chemotherapy administered as adjuvant
therapy or in the context of recurrent and/or metastatic disease).
Overall survival (OS), which was the primary end point, was sig-
nificantly longer with Nivolumab than with standard therapy (7.7
versus 5.1months, p= 0.01) [71]. Nivolumab was delivered with no
regards to the PD-L1 status as intravenous injections every 2 weeks. Ad

Table 3
Selected ongoing clinical trials in HNSCC evaluating immunotherapy.

Clinical trial Treatment arms Phase PD-L1

1st-line recurrent and/or metastatic setting
CHECKMATE 651

NCT02741570
• Nivolumab+ Ipilimumab

• Cetuximab+Platinum+5 Fluorouracil
III No selection

CHECKMATE 714
NCT02823574

Contraindication to cisplatin:

• Nivolumab+ Ipilimumab

• Nivolumab

II No selection

KESTREL
NCT02551159

• Durvalumab

• Durvalumab+Tremelimumab

• Cetuximab+Platinum+ 5 Fluorouracil

III No selection

KEYNOTE 048
NCT02358031

• Pembrolizumab

• Pembrolizumab+Platinum+5 Fluorouracil

• Cetuximab+Platinum+5 Fluorouracil

III No selection

2nd-line recurrent and/or metastatic setting
CONDOR

NCT02319044
• Durvalumab+Tremelimumab

• Durvalumab

• Tremelimumab

II PDL1-

EAGLE
NCT02369874

• Durvalumab+Tremelimumab

• Durvalumab

• Docetaxel/Methotrexate/Cetuximab/5FU

III No selection

CA 223-001
NCT01714739

• Nivolumab

• Nivolumab+ Lirilumab (Anti-KIR antibody)
II No selection

Combination with radiotherapy
KEYNOTE 412

NCT03040999
• Radiotherapy+Cisplatin+ Pembrolizumab during 12months

• Radiotherapy+Cisplatin
III No selection

JAVELIN 100
NCT02952586

• Radiotherapy+Cisplatin+Avelumab during 12months

• Radiotherapy+Cisplatin
III No selection

REACH
NCT02999087

Fit patients:

• Cisplatin+ radiotherapy

• Avelumab+ cetuximab+ radiotherapy
Unfit patients:

• Avelumab+ cetuximab+ radiotherapy

• Cetuximab+ radiotherapy

III No selection

PEMBRORAD
NCT02707588

Contraindication to cisplatin:

• Pembrolizumab+ radiotherapy

• Cetuximab+ radiotherapy

II No selection

Neoadjuvant setting
MEDINDUCTION

NCT02997332
• Durvalumab+Docetaxel+ Cisplatin+ 5 Fluorouracil I No selection

KEO TRIAL
NCT03325465

• Pembrolizumab+Epacadocast (IDO inhibitor) II No selection
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hoc analyses suggested a greater impact of Nivolumab in HPV-induced
HNSCC versus non-HPV HNSCC and on PD-L1 positive tumors (PDL-1
expression≥ 1% on tumors cells). The highly awaited results of the
KEYNOTE 040 trial, that was a similar trial to CHECKMATE 141 but
with Pembrolizumab, were presented at the ESMO in 2017 [72]. This
phase III clinical trial evaluated the efficacy of Pembrolizumab after
platinum chemotherapy in the recurrent and/or metastatic setting or
within 3–6months following multimodal therapy using platinum.
Median OS, which was the primary end point, tended to be longer in the
Pembrolizumab arm compared to standard treatment arm, although not
reaching statistical significance (8.4 versus 7.1months). This negative
result may be explained by the fact that many patients of the control
arm eventually received immunotherapy. In the subgroup of patients
who had PD-L1-expressing tumors (expression of PD-L1≥ 50% of
tumor cells), Pembrolizumab was associated with a significantly im-
proved OS (11.6 versus 7.9months, p= 0.0017).

Durvalumab (IMFINZI © Medimmune/AstraZeneca), a fully human
monoclonal antibody that blocks PD-L1 binding to its receptors PD-1
and CD80, was evaluated in the HAWK study, with a single arm phase II
trial conducted in patients with recurrent and/or metastatic HNSCC
after failure of one platinum-based chemotherapy and with a tumor cell
expression of PD-L1 exceeding 25% [73]. Median progression-free
survival (PFS) and median OS were 2.1months and 7.1months, re-
spectively. Overall response rate was three times higher in HPV-positive
cancer patients than in HPV-negative cancer patients (30% versus 10%).

Several clinical trials involving immunotherapy are currently on-
going in HNSCC, either at earlier stages or in combination with other
immunotherapeutic agents, chemotherapy and radiotherapy (Table 3).
It is worth highlighting that as many as 10–15% of patients showed
long lasting clinical response to immunotherapy, which is a dramatic
improvement. However, most HNSCC patients remain unresponsive to
these treatments. Reliable predictive biomarkers identification is a
major concern for patient selection purposes, so that the best treatment
option can be chosen between immunotherapy as a monotherapy or in a
therapeutic association, and conventional therapies.

Little data is available regarding clinical trials conducted on NPC.
KEYNOTE 028 phase I cohort expansion evaluated anti-PD-1 drug
Pembrolizumab among 27 NPC patients with relapse and displaying
PD-L1 expression (1% positivity cut-off) [74]. Interestingly, the overall
response rate was 26% and 7% patients remained under treatment at
the data cut-off time [75].

Toxicity of checkpoint inhibitors in HNSCC

As immunotherapy disrupts negative regulation pathways of T cells
that usually allow immune self-tolerance, auto-immune reactions had
been expected as adverse side effects. To date, PD-1 and PD-L1 in-
hibitors seem to exhibit similar toxicity. Anti-CTLA4 molecules used to
trigger more frequent and severe side effects, most probably because of
a more central role played by CTLA4 versus PD-1. Anti PD-1 molecules
seem better tolerated than conventional chemotherapy: 17% of patients
exhibited grade 3–4 toxicity while treated with Pembrolizumab in the
KEYNOTE-012 trial [69] and 13% in the Nivolumab group versus 35%
in the standard-therapy group in the CHECKMATE 141 trial [76].

Most frequently reported issues with anti-CTLA4 drugs were he-
morrhagic enterocolitis (25%), auto-immune hepatitis (7%), and der-
matitis (3%). Others involve interstitial pneumopathies and auto-im-
mune endocrinopathies such as hypophysitis and thyroiditis [77].
Regarding anti-PD1 antibodies, most frequently reported events were
asthenia, nausea, rash, decreased appetite, and pruritus. Less fre-
quently, auto-immune endocrinopathies and interstitial pneumopathies
were also described. Noticeably, dermatitis may be potentialized by
radiotherapy. These effects are reversible upon treatment interruption.
Whether there is a positive correlation between toxicity occurrence and
tumor clearance remains matter for controversy [78].

Moreover, an hyperprogression phenomenon has recently been

reported in 29% of 34 recurrent and/or metastatic HNSCC patients
undergoing anti-PD-1 immunotherapy, with an acceleration of tumor
growth kinetics, whose mechanisms and causality need to be further
assessed [79].

Predictive biomarkers of efficacy of checkpoints inhibitors in HNSCC

PD-L1 and PD-L2
Immunotherapy is raising great interest in the field of HN oncology.

However, as in every other cancer site, patient selection, companion
test choice, interpretation and positivity cut-off still prove to be chal-
lenging questions since clinical responses remain quite heterogeneous.
Besides, prediction of adverse drug reactions and early-onset treatment
resistance is fundamental. That is why groups of patients who are likely
to benefit from immunotherapy with persistent response and survival
period need to be identified, as well as patients that may exhibit hy-
perprogression under treatment [79].

As previously mentioned, a better clinical response rate to second
line anti-PD-1 Nivolumab monotherapy was reported among high-PD-
L1 expressing patients (positivity cut-off 1%, 28-8 clone Dako© or
Abcam©) in CHECKMATE 141 phase III clinical trial conducted among
HNSCC patients with local or distant relapse [69,76]. In KEYNOTE 012
trial, conducted among a cohort of 132 HNSCC patients with relapse or
metastasis injected with Pembrolizumab, a greater survival period
lengthening was observed among patients with tumor cell and/or mi-
croenvironment PD-L1 expression (22% versus 4%, p= 0.021) (22C3
clone, Dako ©) [70].

Clinical trials run independently of PD-L1 status show conflicting
results, underlining the following matter: clinical response has occurred
among PD-L1 negative patients, whereas some PD-L1 expressing pa-
tients remained refractory to immunotherapy. There is no test yet for
PD-L1 status determination and a cut-off reference for a PD-1 status
needs to be set. This raises once again the crucial question of labeling
antibody choice and positivity cut-off interpretation. PD-L1 im-
munohistochemical staining is not reliable enough for precise outcome
prediction, and other biomarkers are required. Quantitative and qua-
litative multi-parametric analyses may be helpful. The wide commercial
offer of anti-PD-L1 labeling antibodies and the lack of technical stan-
dard staining and interpretation procedures represent another major
limitation [80]. Understanding precisely which cellular populations,
either tumoral or immune express PD-L1 and which ones are predictive
of a favorable outcome is necessary [81]. PD-L1 is not only expressed by
macrophages and tumor cells but also by fibroblasts in tumor stroma
[63] and by activated T lymphocytes [5]. Previous observations show
that PD-L1 expression in combined tumor- and immune-infiltrating cells
is more predictive of response than expression in tumor cells alone in
patients with HNSCC [70].

Furthermore, even if PD-L1 expression was to be considered as a
response predictive factor, it would have to be balanced by the density,
composition and activation status of the inflammatory cells in the mi-
croenvironment [81].

The other ligand to PD-1, PD-L2, is getting growing attention. PD-L2
is an independent significant predictor of progression-free survival with
Pembrolizumab in a cohort of 172 HNSCC patients, when assessed in
combined tumor and immune cells. PD-L2+ and PD-L1+ patients also
showed greater response than PD-L1+ only patients [32].

PD-1 and PD-L1 basal expressions in immunotherapy-naive NPC
patients are more scarcely described (cf. Table 2). Some authors report
an association between intra-tumor CD8+ T cell overexpression of PD-
1 as observed with in situ immunofluorescence, with a poorer outcome
and more frequent locoregional relapses [82]. Besides, a recent paper
supports the link between PD-L1 overexpression as assessed by in situ
immunohistochemistry (E1L3N clone, Cell Signaling Technology ©)
and a darker prognosis, with a shorter disease-free survival period
among a 139-patient cohort [47]. Lastly, high simultaneous expression
levels of PD-1 on TILs and of PD-L1 on tumor cells may predict a shorter
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disease-free survival period [83]. These 3 studies taken altogether
suggest that PD-1 and/or PD-L1 overexpression may be reliable bio-
markers for poor outcome. However, a study conducted among 104
non-metastatic NPC patients undergoing IMRT radiotherapy pointed
out a longer relapse-free and progression-free survival period among
high PD-L1-expressing patients as measured by immunohistochemistry
(E1L3N clone, Cell Signaling Technology©): PD-L1 may represent here
a radiosensitivity biomarker [84]. Moreover, CTLA-4 overexpression
may also be a poor outcome marker in NPC [85].

These data highlight that the microenvironment of NPC needs to be
further explored and understood, possibly in the near future with multi-
parametric approaches, and that will be one of the most important
challenges for treatment orientation.

Other emerging biomarkers
In 2015, Seiwert and colleagues reported in a series of 40 pem-

brolizumab treated HNSCC patients that the IFNγ signature, as de-
termined on FFPE extracted RNA on the nanostring nCounter©, iden-
tified inflamed tumors with higher response rates (around 35–40%)
[86]. This correlation between IFNγ signature and a clinical response
was confirmed among independent cohorts [87,88] and independently
from the HPV or EBV status of HNSCC [89].

The predictive value of the mutational burden on the clinical re-
sponse to pembrolizumab was also recently addressed. In combined
cohorts of HPV- and EBV-HNSCC patients, the mutational load was
significantly associated with an objective response. In contrast, in HPV
+ or EBV+ cancer patients, mutational load did not correlate with
clinical response, possibly because of a dominance of viral versus so-
matic neoepitopes (Haddad RI ASCO 2017). No relationship was ob-
served between the IFNγ gene signature and the mutational load.

Recently, other markers associated with resistance have also been
reported. Ferris and colleagues analyzed tumor RNA using a 638-gene
immune panel on the Nanostring nCounter©, in 50 anti-PD-1 treated
recurrent metastatic HNSCC samples. They described an association
between constitutive resistance to PD-1 checkpoint blockade in HN
cancer and the expression of GM-CSF and Myeloid Derived Suppressor
Cell (MDSC) markers (Jak2, IL-10) [90].

Finally, it has been documented that only CD8+ T cells at early
exhausted stage could be revigorated after anti-PD-1/PD-L1 mono-
clonal antibody administration [91]. A wide range of late exhaustion
stage markers have been described, such as the co-expression of Tim-3
and other checkpoint inhibitors [92] or such as high levels of PD-1
expression on CD8+ T cells [93,94]. These parameters related to the
late exhausted stage could be considered as potential resistance bio-
markers.

Therapeutic vaccines and therapy combinations

Various tumor antigens (Ly6K, CDCA1, IMP3…) that have been
identified in non-HPV head and neck cancer have been shown to elicit
TL response in humans [95]. Patients showing a specific CD8+ TL re-
sponse demonstrated a longer overall survival [95]. Other vaccines
aiming at HPV viral E6 and E7 proteins have been developed [96].
Considering the encouraging results obtained with the blockade of PD-
L1-PD-1 axis, the indication of therapeutic vaccines has to be defined in
HN cancer patients [97]. In preclinical models, the induction of an anti-
HPV CD8+ T cell response in the tumor microenvironment sensitizes
the tumor-bearing mice to the inhibitory effect of anti-PD-L1 antibody
[8]. These results are consistent with the notion that a preexisting
CD8+ TL infiltration is required for the clinical efficiency of anti-PD-1/
PD-L1 molecules [62]. Recently, a phase II trial with a vaccine based on
HPV16 E6 and E7 synthetic long-peptides combined with Nivolumab in
24 patients with incurable HPV16 positive cancer (22 oropharyngeal
cancers, one anal and one cervical cancer) was conducted and showed a
33% objective clinical response rate, including 2 complete responses
[98]. Although these results were obtained from a small non-

randomized study, the rate of clinical responses is superior to what is
expected from monotherapy alone. We suggest that future clinical trials
regarding therapeutic vaccines in HN cancers may benefit from two
improvements regarding the site of injection and the combination with
radiotherapy. In a murine model of orthotopic HN cancer, HPV cancer
vaccine administered via intranasal route elicited a better resident
memory TL response than via intramuscular route, which translated
into a better clinical response [99,100]. In addition, in the same or-
thotopic model, radiotherapy enhanced the recruitment of CD8+ TL in
the tumor microenvironment and potentialized the effects of a cancer
vaccine [101]. Hence, a mucosal route of immunization combined with
radiotherapy and anti-PD-1/PD-L1 may constitute a rational approach
for the success of therapeutic vaccines for HN cancer patients.

Conclusion

Immunotherapy has long been considered as a marginal therapeutic
option for cancer treatment, in spite of increasing evidence of the im-
mune system’s major importance for tumor control. Co-inhibitory mo-
lecules PD-1 and PD-L1 blockade discovery was a groundbreaking event
in the field. Such treatments restore anti-tumor immune system with
the impairment of immunosuppression strategies displayed by the
tumor. From now on, anti-cancer drugs may not only target cancer cell
but also its immune context. Encouraging and pertinent clinical results
have been achieved in HN cancers, but many challenges remain for the
clinical impact of immunotherapy to be improved: predictive bio-
markers are needed for patient selection, and associations of several
immunotherapies or with conventional drugs need to be tested. The
different chapters of this review suggest that gamma-interferon, MHC
class I or II molecules, CD8+ T cell density and PD-L1+ tumor cell/
CD8+ T cell colocalization at the tumor margin may all be potential
biomarkers for clinical response prediction to PD-1/PD-L1 axis
blockade therapy.
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