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Abstract

Cancer progression can be understood as the result of deregulation of tumors’ immune microenvironments. Recent studies
of the alterations of microenvironments highlight their significant influence on the prognosis of patients with head and neck
squamous cell carcinoma (HNSCC). It is necessary to better characterize tumor-infiltrating lymphocytes by focusing, in
particular, on the tumor escape mechanisms from immune surveillance. One of the best described tumor immune system
evasion mechanisms is the expression of co-stimulation molecules that constitute so-called “immune checkpoints”. These
molecules regulate the immune response by either activating or inhibiting its effects. The programmed cell death 1 (PD-1)
surface protein is an inhibitory co-stimulation molecule that induces exhaustion of activated T-lymphocytes (TLs, T cells)
through binding with its ligands, PD-L1 and PD-L2. Half of HNSCCs exhibit PD-L1 expression with higher expression
identified in human papillomavirus (HPV) positive tumors. Numerous studies have shown differences between the micro-
environments of HPV+and HPV — cancers. Notably, infiltrations of exhausted CD4+PD1+and CD8+PD1+T cells are
far higher in the microenvironment of HPV+ tumors. The FDA has approved the use of molecules that target PD-1 for the
treatment of HNSCC. The first results of clinical trials with anti-PD-1 blockers in HNSCC show improved patient survival,
particularly long-term survival without recurrence. However, discordant results were sometimes observed, and improve-
ments in defining cellular predictive markers are necessary. With the development of immunotherapies, pathologists play a
role in the selection of patients who are eligible for specific treatments and assessment of their prognosis in greater detail.
An automated, quantitative in situ imaging system that integrates both multispectral imaging and automated slide scanning
could be developed in pathology laboratories. The evaluation of PD-L1 expression has only been used to stratify the admin-
istration of first-line immunotherapy. The validation of these tests and their routine interpretation is essential. No specific
recommendation is adopted for HPV+HNSCC.
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Why is Microenvironment Important?

It is now acknowledged that the immune system plays a
major role in a tumor’s microenvironment. The theory of
immunosurveillance was first stated by Paul Ehrlich at the
beginning of the twentieth century and later clarified by
Robert Schreiber in his theory of the three Es [1]. This
theory refers to three successive phases of tumor devel-
opment: (i) elimination: there is a strong and effective
immune response leading to the destruction of tumor cells;
(ii) equilibrium: the immune reaction allows control of
tumor proliferation which, however, persists; (iii) escape:
the immune system can no longer fight against tumor pro-
liferation making tumor growth possible. Occurrence,
growth, persistence, and progression of a tumor may be
considered as a successful escape from the anti-tumoral
immune system. Immune evasion is regarded as a key
hallmark of cancer, generating an environment permis-
sive for survival and progression. In the past few years,
modulation of this system has been regarded as a promis-
ing approach among treatment options offered to cancer
patients. Currently, one of the best described mechanisms
of immune system escape is the expression of inhibition
co-stimulatory molecules. These co-stimulation molecules
are called “immune checkpoints”. They can activate or
inhibit molecules and make it possible to regulate the
immune response. An adequate immune response results
from a balance between activating and inhibiting signals.

Fig. 1 Immune checkpoint
activities. T cell activation, via
the TCR signaling, is balanced
by numerous co-stimulatory
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Why Could Co-inhibitory Molecules be
Selected as Immunotherapy Targets?

The surface protein programmed cell death 1 (PD-1) is
known to be an inhibitory co-stimulation molecule that acts
after the activation of T-lymphocytes and persists in the
presence of stimuli. CD4 and CDS8 T-lymphocytes (TLs, T
cells), B-lymphocytes (BLs), macrophages, or natural killer
(NK) cells express this protein. PD-1 is often viewed as
an “exhaustion marker” since CD8+PD-1+T cells are no
longer able to proliferate and release anti-tumor cytokines
such as interferon y (IFNy) [2, 3]. However, PD-1 may also
be interpreted as an activation marker since it is induced
after T cell activation [4]. The PD-1 ligands are PD-LI
(programmed death-ligand 1) and PD-L2 (programmed
death-ligand 2). PD-L1 is expressed by activated lympho-
cytes, macrophages, dendritic cells, and mast cells, but also
by non-immune cells such as epithelial cells (Fig. 1). It is
important to note that some tumor cells can also express
PD-L1 in the presence of IFNy. IFNy, secreted by active
T cells and NK cells, stimulates an adaptive reaction of
the tumor cell to express PD-L1 (Fig. 2) [5]. In this con-
text, PD-L1 expression may be interpreted as an immune
system activation marker as well as a resistance marker
to anti-tumor immunity. Alternatively, following intrinsic
oncogenic events, PD-L1 self-expression may result from
various pathways of tumor cell activation including chromo-
somal alterations, gene amplifications, or mutations (Fig. 2).
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Fig.2 Interaction between tumor cells and immune cells concern-
ing PD-L1/PD1 synapse. PD-L1 expression on cancer cells can be
induced by the presence of interferon y or due to intrinsic oncogenic

Such events contribute to a strategy of resistance to immune
surveillance and are associated with a poor prognosis [6].

The other PD-1 ligand, PD-L2, is less well-known. Its
constitutive expression is weak, and it remains expressed
almost exclusively by antigen-presenting cells such as den-
dritic cells and macrophages. Stimulation of inhibitory co-
stimulation molecules such as PD-1 cause induction of non-
functional TLs called anergic T cells. These lymphocytes
cannot express their auxiliary (CD4+) or cytotoxic (CD8+)
activities against tumor cells [7]. Although every kind of
immune cell may have anti-tumoral activity, main findings in
the recent years were directed towards the adaptive immune
system, focusing on TL- and BL-derived antibodies. Immu-
nosuppressive cells that express these inhibitory co-stimulat-
ing molecules have additional immunosuppressive functions.
The regulatory TLs (CD4+, FoxP3+), which secrete immu-
nosuppressive cytokines, deplete the extra-cellular medium
into interleukin-2 (it stimulates the activation of CD4+T
lymphocytes) and sequester the CD80/CD86 molecules
present on the surface of antigen-presenting cells (CD80/
CD86 normally stimulates T lymphocytes) [8]. Despite
these immunosuppressive effects, intratumoral infiltration
by regulatory TLs is correlated with a good prognosis in
HNSCC [9].

The M2-type macrophages stimulate angiogenesis, immu-
nosuppression (via the secretion of IL-10, TGF-f, and the
depletion of metabolites necessary for T lymphocytes),
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events. Therefore, PD-L1 self-expression may result from activation
of various tumor cell pathways, chromosomal alterations, gene ampli-
fications, or mutations. From Outh-Gauer et al. 2018 [7] (modified)

proliferation, and tumor invasion (via the induction of an
epithelio-mesenchymal transition as well as the maintenance
of tumor stem cells) [10, 11]. These macrophages are theo-
retically the opposite of type M1 macrophages, which are
pro-inflammatory (production of IL6, 12, 23, and TNF«x as
well as overexpression of MHC class I and II) and therefore
allow stimulation of the anti-tumor immune response [10].

What does HNSCC Microenvironment Look
Like?

According to 2012 data, the incidence and mortality of
cancers of the upper aerodigestive tract are seventh glob-
ally. The main risk factors are tobacco, alcohol (as a co-
factor in tobacco use) and human papillomavirus (HPV)
infection. Treatments are dependent on the TNM classifi-
cation and location of the cancer. Surgery, chemotherapy,
and/or radiotherapy are most commonly used. The prog-
nosis is guarded with a 5-year survival of less than 50%.
Many head and neck cancer genes are involved in cell
proliferation and cell cycle control, WNT-catenin signal-
ing, cell survival, and epigenetic regulation [12]. Genetic
changes in head and neck cancers present an opportunity
for immunotherapy with immune checkpoint inhibitors.
In situ study of the co-inhibitory molecule PD-1 and its
ligand, PDL-1, has received particular attention over the
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past few years. Zandberg and Strome [13] reviewed results
obtained from PD-L1 staining in HNSCC, mostly of the
oropharynx, and showed that despite high technical het-
erogeneity, due to different staining antibodies and inter-
pretation protocols, PD-L1 is expressed in approximately
half of oropharyngeal squamous cell carcinomas (OSCCs)
(Table 1). PD-L2 was detected in 64% of cases in a cohort
of 146 HNSCC patients [14]. Furthermore, Ahmadi et al.
demonstrated a link between PD-L1 expression in oral
SCC and smoking, gender, and p53 expression. PD-L1
expression was observed in 70 cases (27.5%) and more
commonly in females (odds ratio [OR] 2.19; P=0.005)
[15]. PD-L1 expression did not seem to correlate with
lymph node invasion, TNM staging, or survival among
a cohort of surgically and adjuvant radiotherapy and/or
chemotherapy treated OSCC patients [16]. Finally, PD-L1
expression seems to be significantly higher in metastases
compared to primary OSCC (P <0.05) [17].

Intra-tumor regulatory T cells may exert stronger
immunosuppressive properties 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 immunosuppressive molecules
including LAP and CD39 ectonucleotidase [18]. Taken
altogether, these results illustrate that a single molecule,
such as PD-1 or PD-L1, can confer different pathophysi-
ologic meanings and prognostic values depending on the
tumor context and involved regulation pathways.

What is the Role of HPV Infection in HNSCC
Microenvironment?

In 2017, the WHO classification [19] recognized human
papillomavirus positive (HPV+) OSCCs as an increasingly
distinct clinical subgroup of patients [20]. Genetic, epi-
genetic, and molecular features differ between HPV+and
HPV— OSCC tumors. A high somatic mutation rate is
frequently observed among all HNSCCs (mean value
approximately 180 somatic mutations per mega base) [21]
with a comparable mutational burden between HPV+ and
HPV— tumors [22, 23]. PIK3CA mutations predominate in
HPV-related tumors while 7P53 is the most often mutated in
non-HPV-induced SCC (41%) [21, 24]. Such differences can
be explained by varying oncogenic pathways. HPV-induced
cancers involve E6 and E7 viral oncogenes which impair the
cellular cycle via p53 inactivation [25]. PTEN (phosphatase
and tensin homolog) loss is frequent, independent of HPV
status [24].

Therefore, immunogenicity of tumors can result from
expression of tumor self-antigens, mutated protein-derived
neoantigens, or virus-induced antigens. Researchers and
pathologists have also described differences in tumor
microenvironments that are associated with variance in out-
comes [4, 26, 27]. In particular, infiltrations of exhausted
CD4+PDI1+and CD8+PDI1+T cells are far higher in the
microenvironment of HPV+ tumors. Similar observations
have been made with FoxP3+T cell infiltration. These dif-
ferences could be driven by the presence of interferon (IFN),
known to be produced after HPV replication in cancer cells

Table 1 PD-L1 expression among HPV- or non-HPV-induced HNSCC patients (2019)

Localization Number of % of tumors % of HPV+ tumors % of HPV— tumors References

patients expressing PD-L1  expressing PD-L1 expressing PD-L1
OC, HP, L, PNS 24 66 Strome et al. (2002) [51]
OC, HP, OP 64 51 62 41 Badoual et al. (2013) [4]
OP 181 46.4 49.2 34.1 Kim et al. (2016) [52]
OP 27 59 70 29 Chen et al. (2012) [53]
OP 45 87 Festino et al. (2016) [54]
OC, OP, HP 64 51.5 62.5 40 Gooden et al. (2011) [55]
OC, HP, L, PNS 50 64 Partlova et al. (2015) [29]
oC 21 71 Hsu et al. (2015) [41]
OP 133 68 71 61 Li et al. (2016) [56]
OC, OP, HP, L 38 58 Clinical trial NCT03463161 [57]
OC, OP, HP, L 361 57.3 52 56 Ferris et al. (2016) [58]
OC, OP, HP, L 882 85 Burtness et al. (2019) [59]
OP, HP, L 10 80 75 100 Elbers et al. (2019) [60]

From Outh-Gauer et al. (2018) [7] (modified). From Zandberg DP and Strome SE (modified) [60]
HNSCC head and neck squamous cell carcinoma, HP hypopharynx, HPV human papillomavirus, L larynx, OC oral cavity, OP oropharynx, PNS

paranasal sinus
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stroma [28]. PD-1 is expressed by CD4+ and CD8+ lym-
phocytes. It is a marker for activation or exhaustion, and the
expression of other inactive immune checkpoints markers
(Tim-3, CTLA) in a same T cell is associated with deep
anergy. Macrophages (CD68+4), tumor cells (cytokeratin+).
BLs, and TLs express PDL-1 and PD-L2. PD-L1 staining
was reported in more than 50% of tumor cells with a close
co-localization of PD-1 T cells and PD-L1+ tumor cells,
suggesting a strong interaction between these cells. How-
ever, no correlation was reported in terms of PD-L1 and
PD-L2 expression between HPV+and HPV- cancer popu-
lations [14]. 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+ oropharyngeal carcinomas [27].

The differences between HPV+and HPV— can be also
demonstrated in other fields. For example, HPV-induced
peritumoral immune cells exhibit more CD8+IFNy TL,
CD8+1IL-17+TL, and myeloid dendritic cells, as well as
higher pro-inflammatory cytokines levels. Additionally,
Cox-2 mRNA levels decrease whereas PD-1 mRNA lev-
els increase [29]. The immune landscape of HNSCC has
been a rationale for the evaluation of immunotherapies that
target immune checkpoints like PD-1/PD-L1 and CTLA4
[30]. Moreover, several clinical trials have evaluated the effi-
cacy of alternative, de-escalated therapeutic protocols for
the management of patients with HPV+ OSCC in order to
spare them high-grade toxicities induced by aggressive radi-
ation and chemoradiation therapies [31]. For example, the
De-ESCALATE HPV and RTOG 1016 clinical trials have
compared a conventional platinum-based chemoradiotherapy
arm to an experimental arm where cisplatin was replaced by
the cetuximab anti-EGFR antibody [32, 33]. Unfortunately,
the cisplatin arm performed poorly compared to the conven-
tional arm. The latter remains the recommended therapeutic
option for management of locally advanced HPV+HNSCC.
Even within the HPV+ OSCC population, however, there are
known differences in survival and prognosis with two dis-
tinct groups of patients that display different rates of distant
metastatic spread [34, 35].

More recently, it has been reported that quantification
of CD103, a marker of resident memory T cells, represents
an independent prognostic marker in HPV+HNSCC. Thus,
in the light of recent clinical reports and our own obser-
vations, we believe additional biomarkers are required to
further stratify HPV+ patients into prognostic subgroups to
allow for tailored therapy. Stratification strategies based on
markers that predict response to treatment are crucial and
urgently needed in order to discriminate between the two
groups of HPV+ OSCC. HPV-positive tumors are enriched
in markers of T-regulatory cells (Tregs) and HPV-negative
tumors in protumorigenic M2 macrophages [36].

@ Springer

How can the Pathologist Help Understand
the Microenvironment?

The first data evaluating the expression of PD-L1 by immu-
nohistochemistry in a predictive framework comes from the
analysis of pre-treatment biopsies testing an anti-PD-1 in
various solid tumors. Tumor heterogeneity, reproducibility,
and the reliability of staining were the first limitations to the
interpretation of these results. Many studies have shown that
PD-L1 status can vary between different lesions in the same
patient and also be modified after anti-cancer treatments.
These findings are reported in many cancers and are not spe-
cific to HNSSC. However, although immunohistochemical
staining with anti-PD-L1 has limitations, many clinical trials
have shown correlation between the expression of PD-L1
and efficacy of anti-PD-1/PD-L1 treatments. It is important
to note, however, that a number of patients with a nega-
tive PD-L1 tumor also showed treatment response, while
some patients with a positive PD-L1 tumor expression had
no immune response. Additionally, the relationship between
the positivity of PD-L1 and long-term benefit of anti-PD-1/
PD-L1 treatment, in terms of overall survival and progres-
sion-free survival, is less established than between expres-
sion and response. The precise measurement of PD-L1
expression remains a challenge. Beyond the pre-analytical
contingencies related to the development of immunohisto-
chemical staining, the uncoordinated development of mul-
tiple antibodies, kits, and PD-L1 immunohistochemistry
platforms was significantly involved in complicating its
assessment as a biomarker (Table 2). Several standardized
FDA-approved assays are commercially available to date:
the Ventana PD-L1 SP263 assay (Ventana Medical Systems
Inc.), 28-8 PharmDx (Agilent Technologies/Dako) [31],
22C3 PharmDx (Agilent Technologies/Dako), and Ventana
PD-L1 SP142 Assay (Ventana Medical Systems Inc.). The
22C3 PharmDx and 28-8 PharmDx are performed on the
Autostainer Link 48 platform (Agilent Technologies, Santa
Clara, CA, USA) and the Ventana PD-L1 SP263 and SP142
Assays on the Ventana ULTRA platform (Ventana Medi-
cal Systems, Tucson, AZ, USA). Nevertheless, many other
antibodies are available and can be used in other platforms,
so scoring methods and positivity thresholds can radically
vary from one kit or antibody to another. These different
techniques are therefore not always comparable or transfer-
able routinely without harmonization and validation. The
Blueprint Working Group and other working groups have
compared different antibodies, autostainers, and staining
scores for lung cancer [37]. Further complicated interpreta-
tions, morphologic identification of the different cell types
expressing PD-L1 (macrophages, tumor cells, etc.) can be
difficult. The distinction between macrophages and tumor
cells is sometimes delicate, especially in solid tumor nests.
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Table2 Anti PD-L1 antibodies scoring and platforms

Primary antibody ~ 28-8 (Dako) 22C3 (Dako) SP142 (Ventana) SP263 (Ventana) 73-10 (Dako) E1L3N (cell signal-
clone ing)
PD-L1 testing methods
Platform Dako Dako Ventana Ventana Dako Leica bond-IIT
Autostainer Autostainer BenchMark BenchMark Autostainer Autostainer
Link 48 Link 48 Ultra Ultra Link 48
Instrument and EnVision FLEX  EnVision FLEX OptiView DAB OptiView DAB  EnVision FLEX  Refine detection kit
detection sys- visualization visualization IHC detection IHC detection visualization Mixed DAB
tems system system kit and OptiView kit system
amplification kit
Interpretative >1%,>5% TC or TC:>5%,1C:>5% TC:>25% TC:>1% TC or
scoring 1C:>1%,>50% 1IC:>1,>5,>10
or>50%
Agent Nivolumab Pembrolizumab Atezolizumab Durvalumab Avelumab

In HNSCG, is There Enough Information to Claim
Equivalence of Different Clones for PD-L1
Immunohistochemistry?

For now, few studies have been performed to compare the
different anti PD-L1 clones available. Similar to lung can-
cers, the preliminary results of Ratcliffe et al. showed good
agreement between the 22C3, 28-8, and SP263 assays, [38].
In their study, lower agreement for SP142 was found. The
same data are described in a study comparing 22C3 and
SP142 performances in oropharyngeal cancer where mod-
erate agreement was observed between the two antibod-
ies [39]. Conversely, a moderate to high correlation was
described in an assay comparing SP263 and SP142 staining
for hypopharyngeal squamous cell carcinomas [40]. These
results emphasize the need for new “real life data” compar-
ing clones and platforms, like for lung cancers or melanoma.

What do Pathologists have to Know About
Checkpoint Inhibitors in HNSCC?

The US Food and Drug Administration (FDA) has approved
Nivolumab (Opdivo © Bristol-Myers-Squibb) and Pembroli-
zumab (Keytruda © Merck Sharp & Dohme) which target
PD-1 for the treatment of patients with recurrent and/or met-
astatic HNSCC with platinum-refractory cancer. The FDA
first approved Pembrolizumab in 2016 following the results
of the KEYNOTE 012 cohort expansion phase I clinical
trial with no comparative group [41]. Nivolumab was subse-
quently approved based on the phase IIl CHECKMATE 141
Pivotal trial. Nivolumab was delivered with no regards to the
PD-L1 status. Most of the major trials on immunotherapy
have demonstrated a positive correlation between PD-L1
positivity and clinical outcome, especially using Combine
Positive Score (CPS). In 2019, the FDA approved Pembroli-
zumab for first-line treatment of patients with metastatic or

unresectable, recurrent HNSCC [42]. Approval was based on
the KEYNOTE-048 (NCT02358031) assay. The indications
for HNSCC are: (i) in combination with platinum and FU
for the first-line treatment of patients with metastatic or with
unresectable, recurrent HNSCC; (ii) as a single agent for the
first-line treatment of patients with metastatic or with unre-
sectable, recurrent HNSCC with tumors expressing PD-L1
with a CPS > 1 as determined by an FDA-approved test; (iii)
as a single agent for the treatment of patients with recur-
rent or metastatic HNSCC with disease progression or after
platinum-containing chemotherapy. 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 [43]. Median
progression-free survival (PFS) and median overall survival
(OS) were 2.1 months and 7.1 months, respectively. Overall
response rate was higher in HPV-positive cancer patients
than in HPV-negative cancer patients (30% versus 10%).
In other studies, no difference in patient’s survival between
HPV positive and HPV negative tumors was observed.
Numerous trials are ongoing, particularly for HNSCC.
The first aim is to determine the optimal use of these ther-
apies by evaluating optimal doses, selecting responder
patients, and avoiding side effects such as possible hyper-
progression. Hyperprogression phenomenon is charac-
terized by an acceleration of tumor growth kinetics and
has recently been reported in 29% of 34 recurrent and/or
metastatic HNSCC patients undergoing anti-PD-1 immu-
notherapy [44]. Further assessment of the mechanisms and
causality of this phenomenon is necessary. The second
aim is to optimize the treatment by combining immuno-
therapy with chemotherapy or radiotherapy. Some tri-
als mix immunotherapy and therapeutic vaccination for
HPV+HNSCC. These approaches are promising and could
result in new, dedicated therapeutic approaches, especially
when combined with blockade of PD-(L)1 [4, 45, 46].
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How are PD-L1 Evaluation and Scoring
Performed?

How can Anti PDL-1 Immunochemistry be
Evaluated? Why Use Combine Positive Score instead
of Tumor Proportion Score?

As discussed previously, PD-L1 immunochemistry is
still the best marker to select patients who are eligible
for immunotherapy. Several cell types, both immune and
tumor cells, express PD-L1. It is necessary for patholo-
gists to be aware of the different scoring systems available.
A minimum of 100 viable tumor cells must be present
on the PD-L1 stained slide for the specimen to be con-
sidered adequate for evaluation. Depending on the trials,
different scoring systems with varying cut-offs are used
to evaluate PD-L1 staining. PD-L1 protein expression can
be determined by using Tumor Proportion Score (TPS),
which is the percentage of viable tumor cells showing
partial or complete membrane staining at any intensity.
Another scoring system is the Combined Positive Score
(CPS) which divides the number of PD-L1 staining cells
(tumor cells, lymphocytes, macrophages) by the total num-
ber of viable tumor cells, multiplied by 100. Although
the result of the calculation can exceed 100, the maxi-
mum score is defined as CPS 100. Any perceptible and

convincing partial or complete linear membrane staining
(= 1+4) of viable tumor cells that is perceived as distinct
from cytoplasmic staining is considered PD-L1-positive
and included in the scoring. Any membrane and/or cyto-
plasmic staining (> 1+) of lymphocytes and macrophages
within tumor nests and/or adjacent supporting stroma is
considered PD-L1 staining and should be included in the
CPS numerator. The evaluation is performed at 20 X mag-
nification. To be considered positive, the staining of the
tumor cells has to be convincing partial or complete lin-
ear membrane (at any intensity) located on viable inva-
sive tumor cells (Fig. 3). The same criteria are used for
the evaluation of the immune cells staining. A screen-
ing of the whole slide is required [47]. In some publi-
cations, the percentage of positive immune cells (IC) is
provided; further research is needed to evaluate the role
of the PD-L1+immune infiltration as a routine marker.
Other immune checkpoint inhibitors such as CTLA4 are
used in trials. These molecules could become other useful
immune markers to stratify tumors and predict the thera-
peutic response.

Nowadays, CPS scoring is the gold standard for PD-L1
in situ evaluation, as this score has been validated in differ-
ent trials and will be required for specific treatments (first
line for patients with metastatic or unresectable recurrent
HNSCC with a CPS >1). No other recommendation or
information about PD-L1 staining description is required;

20X

20X

Fig.3 OPSCC immunochemistry with PD-L1 antibody (22C3; Dako, Glostrup, Denmark). a no staining, TPS, IC, and CPS=0. b TPS=3%,
IC=10%, CPS=3. ¢ TPS=100%, IC=20%, CPS=110. d TPS =20%, IC=2%, CPS =20
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however, our team has added the TPS score to pathology
reports to allow for a better description of PD-L1 staining.

Does In Situ RNA Hybridization Play a Role
in Routine PD-L1 Detection?

Tumor cell mRNA staining using RNAScope® demon-
strated statistical significance (at a=0.05) in the PD-L1 high
(TCIHC >25%) vs the PD-L1 low (TCIHC < 25%) groups
for HNSCC. The number of punctate dots/tumor cells was
significantly higher in the PD-L1 high vs the PD-L1 low
groups for HNSCC [48]. In this study, a positive relationship
was observed between PD-L1 mRNA and PD-L1 protein
expression where 67.3% of PD-L1 IHC positive patient sam-
ples were PD-LL1 RNAScope positive and 88.2% of PD-L1
IHC negative patient samples were also PD-L1 RNAScope
negative. To date, this technique is dedicated to research and
not used routinely.

Is there Sufficient Evidence to Justify Clinical Utility
in Quantitating Subpopulations of T Cell Infiltrates
in a Multiplex Fashion in Conjunction with PD-L1
Assessment, or is it Still Too Early?

A fluorescent multiparametric platform allows multipara-
metric in situ analysis of immune cell infiltration. A fluo-
rescent spectral scanner coupled to a software can automati-
cally identify various cellular profiles by their size, shape,
and morphology. Several companies developing analysis
software programs across the world may be cited, such as
Definiens®, Tribvn®, Owkins®, Visiopharm® in Europe,
and Indica Labs® (with Halo), Inform® in the United States.
These programs allow for analyses of several parameters
including cell shape, cell quantification, and vascular net-
works and add efficiency and reproducibility. The digi-
tal analysis of images will eventually make it possible to
homogenize results and improve patient care, but a patholo-
gist must validate the results. In fact, even though the inter-
pretation is automatized, the diversity of tissues, cells and
staining require a pathologist to confirm the final diagnosis.

These results, combined with the capacity to integrate
and process multiple fluorescent signals, will help to better
understand the immune cell role within the tumor microen-
vironment network. This technique allows the observation
of biomarkers expressed by different cells or co-expressed
by the same cells. The use of immunofluorescence is par-
ticularly adapted for the multiple co-localization studies to
understand the role of immune cells in HNSCC and explore

the interaction between the different immune cells (Fig. 4).
The combination of several stains on a single slide allows the
acquisition of spatial and functional data in order to achieve
the identification of “signatures” in the microenvironment,
and improve the development of new patient management
strategies.

Currently, there are no recommendations for associat-
ing the subpopulations of CD8+ T cells with PD-L1 before
immunotherapy. However, during pilot clinical studies,
tumor infiltration with CD8+ T cells or resident memory
CD8+T cells before or after treatment were correlated with
response to immunotherapy [49, 50].

Conclusion

We have demonstrated the important role that immuno-
therapy plays in the management of cancers currently and
predict that these therapies will be increasingly pertinent to
the treatment of HNSCC. While immunotherapy has long
been considered a marginal therapeutic option for cancer
treatment, there is now evidence substantiating the major
importance of the immune system in tumor control. The
various molecules targeted by these therapies modulate the
microenvironment and enhance its anti-tumor activity. The
most commonly used molecules are anti-checkpoint antibod-
ies. The blockade of the PD-1 and PD-L1 co-inhibitory mol-
ecules restores an anti-tumor immune system by the impair-
ment of tumor immunosuppression strategies. Encouraging
clinical results have been achieved in HNSCC treatments,
however, many remaining challenging must be overcome in
order to optimize efficacy.

The pathologist’s role will be in diagnostics, patient
selection, and performance of predictive markers, and close
interaction with clinicians will be necessary to guide the
decision-making processes. Anti PD-L.1 immunostaining is
now (or will be) required by physicians for specific treat-
ment indications only. Even if most laboratories are trained
to perform and interpret PD-L1 immunostaining, there is
no current indication to perform it routinely in patients with
HNSCC. Pathologist awareness of the quantification, stratifi-
cation, and optimization of the staining is required for appro-
priate interpretation of the study. Furthermore, pathologists
will have opportunities to develop new strategies examining
the microenvironment, for example using multiplex staining
or other tests such as in situ RNAseq, in situ nanostring, or
immunoligation.
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Fig.4 Example of Opal™ multiplex immunofluorescent staining
to highlight the microenvironment. Anti-cytokeratin (CK) antibody
stains epithelial cells, anti CD3 antibody is present at the surface of
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