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Beyond established anti-programmed cell death prote-
in 1/programmed cell death ligand 1 immunotherapy,
T-cell immunoreceptor with immunoglobulin and im-
munoreceptor tyrosine-based inhibition motif domain
(TIGIT) and its ligand CD155 are promising novel in-
hibitory immune checkpoint targets in human malig-
nancies. Yet, in cutaneous squamous cell carcinoma,
evidence on the collective expression patterns of the-
se inhibitory immune checkpoints is scarce. Complete
tumour sections of 36 cutaneous squamous cell carci-
noma, 5 cutaneous metastases and 9 keratoacantho-
mas, a highly-differentiated, squamoproliferative tu-
mour, with disparately benign biologic behaviour, were
evaluated by immunohistochemistry for expression of
programmed cell death ligand 1 (Tumor Proportion
Score, Immune Cell Score), TIGIT, CD155 and CD8* im-
mune infiltrates. Unlike keratoacanthomas, cutaneous
squamous cell carcinoma displayed a strong positive
correlation of programmed cell death ligand 1 Tumor
Proportion Scoreand CD115 expression (p <0.001) with
significantly higher programmed cell death ligand 1
Tumor Proportion Score (p<0.001) and CD155 expres-
sion (p<0.01) in poorly differentiated G3-cutaneous
squamous cell carcinoma compared with keratoacan-
thomas. TIGIT* infiltrates were significantly increased
in programmed cell death ligand 1 Immune Cell
Score positive primary tumours (p=0.05). Yet, a
strong positive correlation of TIGIT expression with
CD8* infiltrates was only detected in cutaneous squa-
mous cell carcinoma (p<0.01), but not keratoacant-
homas. Providing a comprehensive overview on the
collective landscape of inhibitory immune checkpoint
expression, this study reveals associations of novel
inhibitory immune checkpoint with CD8* immune in-
filtrates and tumour differentiation and highlights the
TIGIT/CD155 axis as a potential new target for cuta-
neous squamous cell carcinoma immunotherapy.
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SIGNIFICANCE

In some patients with advanced cutaneous squamous cell
carcinoma, a common skin cancer, immunotherapy tar-
geting programmed cell death protein 1/programmed cell
death ligand 1 shows limited efficacy, which may potentially
be improved by targeting other inhibitory immune check-
points. Assessing cutaneous squamous cell carcinoma, me-
tastases and keratoacanthoma, a skin tumour with rather
benign behaviour, the current study found associations of
programmed cell death ligand 1 expression patterns and
the novel inhibitory immune checkpoints T-cell immuno-
receptor with immunoglobulin and immunoreceptor tyrosi-
ne-based inhibition motif domain/CD155, with low tumour
differentiation, a negative prognosticator, and infiltrating
immune cells. The current results suggest a potential value
of immunotherapy via programmed cell death ligand 1 and
T-cell immunoreceptor with immunoglobulin and immuno-
receptor tyrosine-based inhibition motif domain/CD155 in-
hibition for advanced cutaneous squamous cell carcinoma.

ccounting for approximately 20% of all cutaneous

malignancies, cutaneous squamous cell carcinoma
(cSCCQ) is the second most common type of keratinocyte
cancer (KC), also referred to as non-melanoma skin
cancer (1), the overall most prevalent malignancy in fair-
skinned populations (2, 3). While most primary ¢SCC
may be cured by surgical excision, locally advanced and
metastatic cSCC is associated with substantial morbidity,
mortality and a significant impact on quality of life and
healthcare burden (4-6).

Tumour-mediated immunosuppression, achieved i.a.
by expression of surface molecules, that hamper anti-
tumour effector functions of tumour infiltrating leuco-
cytes (TIL) in the tumour microenvironment (TME), is
common in ¢cSCC (5, 7). Targeted activation or inter-
ruption of inhibitory immune checkpoints (iICP) by
therapeutic antibodies in order to improve anti-cancer
immune responses evolved as an effective therapeutic
approach for multiple advanced cancers. (4, 8—10). Parti-
cularly monoclonal antibodies targeting the programmed
cell death protein 1/programmed cell death ligand 1
(PD1-/PD-L1) axis, an ilCP, maintaining peripheral
tolerance and impeding autoimmunity, demonstrated
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robust and durable anti-tumour activity and emerged
as new standard of care for advanced ¢cSCC (4, 9, 11).
However, PD-L1 immunoexpression is not regarded a
predictive biomarker for response to anti-PD-1/PD-L1
therapy in ¢SCC (9, 12—-14) and in subsets of patients
the therapeutic benefit from available iICP inhibitors
is limited by therapy resistance (12, 15), indicating the
need for the examination of novel iICP and, conceiv-
ably, combinational therapeutic strategies for advanced
cSCC (15).

The T cell immunoreceptor with immunoglobulin and
immunoreceptor tyrosine-based inhibitory motif (ITIM)
domain (TIGIT), a member of the immunoglobulin super
family, has recently been implicated in regulating CD8"
T cell effector functions independent of PD-1/PD-L1
engagement (16, 17). As an inhibitory counterpart of the
co-stimulatory receptor CD226, the surface molecule
TIGIT binds with higher affinity to CD155 (poliovirus
receptor, PVR), their mutual ligand, thus opposing
CD226 co-stimulation (16—18). In melanoma, CD155
has been recognized as an additional iICP impairing
anti-tumour T cell and NK cell immunity and promoting
tumour invasiveness (19).

We recently reported on PD-L1 as negative prognosti-
cator and the potential relevance of the TIGIT/CD155
axis in Western-world gallbladder cancer (20). However,
current knowledge co-expression of these iICP in cSCC
and its TME is scarce. Here, we comprehensively as-
sessed the collective landscape of immunoexpression
patterns of PD-L1, TIGIT and CD155 along with CD8"
TIL in primary cSCC and cutaneous metastases. We
further examined the reciprocal correlation of these
iICPS across all differentiation stages of primary cSCC,
including analyses of keratoacanthoma (KA), a highly-
differentiated, squamoproliferative, epithelial tumour,
with disparately benign biologic behaviour through
spontaneous regression and extremely low potential for
metastasis (21, 22), and disclose potential associations
with clinically relevant parameters.

MATERIALS AND METHODS

Patients and tumours

Tissue samples from 50 patients were analysed, comprising 9
KA, 36 ¢SCC and 5 cutaneous metastases. All patients underwent
routine surgery for their tumours at the Department of Derma-
tology, University Hospitals of Heidelberg, Germany. Notably,
no patient had received prior immunotherapy or iatrogenic im-
munosuppression. Diagnosis and histopathological features of all
samples were determined by board-certified dermatopathologists.
Formalin-fixed paraffin embedded (FFPE) samples were retrie-
ved from the tissue bank of the Department of Dermatology,
University Hospitals Heidelberg (Biobank of the National Center
for Tumor Diseases Heidelberg, Germany) in accordance with
institutional guidelines. The study was approved by the ethics
committee of Heidelberg University and all participants gave
prior written informed consent.
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Immunohistochemistry

Immunohistochemistry (IHC) of serial 3-pum FFPE tissue sections
was performed at the Biobank of the NCT Heidelberg, largely
as described previously (20), on an automated immunostainer
(Ventana BenchMark Ultra, Ventana Medical Systems, Tuscon,
USA) with monoclonal antibodies against PD-L1 (clone SP263,
Roche, Rotkreuz, Switzerland) and CDS8 (clone SP57, Roche)
at the provided dilutions of the ready-to-use kits. CD155 IHC
was performed with a monoclonal anti-CD155 antibody (clone
D8AS5G, 1:200, Cell Signaling Technology, Danvers, MA, USA)
and visualization by the biotin-free OptiView DAB IHC Detection
Kit (Ventana MedicalSystems, Oro Valley, AZ, USA). TIGIT IHC
was performed with a monoclonal anti-TIGIT antibody (clone
TG1, 1:100, OncoDianova, Germany) on another automated
immunostainer (Autostainer Link 48, Agilent Technologies Inc.,
Santa Clara, CA, USA) using AEC-Chromogen (Dako REAL
EnVision Detection System, Dako, Agilent Technologies Inc.,
Santa Clara, USA) and antigen retrieval in citrate buffer (pH 6.0).
Germinal centres of normal human tonsil tissue, showing high
TIGIT expression (23), served as positive control for TIGIT IHC.
Slides were counterstained with hemalaun.

Evaluation of immunostaining

Entire tissue slides were evaluated to eliminate confounding effects
due to intratumoural heterogeneity, which has been reported for
ilCP expression, particularly PD-L1 (24, 25). Evaluation of immu-
nostaining was performed by a board certified dermatopathologist
and reproducibility was verified by evaluation of randomly select-
ed samples by an additional pathologist, both blinded to clinical
parameters. PD-L1 staining of the epithelial tumour component
and of TIL in the peritumoural stroma were analysed separately
and expressed as PD-L1 Tumor Proportion Score (TPS), defined
as the percentage of viable tumour cells exhibiting complete or
partial membranous staining at any intensity above background
cytoplasmic staining, and PD-L1 Immune Cell Score (IC), respec-
tively, as previously defined (26). In line with current consensus,
only membranous PD-L1 staining was considered positive for the
epithelial tumour component, while for TIL both cytoplasmatic and
membranous staining were regarded as positive. Based on recent
references, PD-L1 TPS positivity was defined as >1% stained
tumour cells (27-30). CD8 and TIGIT immunostainings were
regarded as positive in case of specific cytoplasmic or membranous
staining and expressed as the proportion of positive immune cells
relative to the tumour cell area. CD155 immunostaining was consi-
dered positive only in case of a specific membranous staining and
expressed as percentage of analysed cells, as previously described
(20). Cut-off-values for TIGIT and CD155 positivity in cSCC are
not or insufficiently established and were defined at>5% and>1%,
respectively, for statistical evaluation as previously proposed (20,
31, 32), while the median value was used as cut-off to discriminate
high and low density of CD8" immune infiltrates.

Statistical analysis

All statistical analyses were performed with R version 4.2.2
(33). Differences in clinicopathological characteristics between
groups defined by immunoexpression status were assessed with
Fisher’s exact test or Student’s -test (for age). Differences in
quantitative (non-dichotomized) expression between subgroups
were assessed with Wilcoxon’s signed-rank test. Spearman’s
rank correlation and a corresponding test based on algorithm
AS89 was used for the association of 2 quantitative expression
measures. p <0.05 was considered statistically significant. Since
all analyses were exploratory, no adjustments for multiple com-
parisons were performed.
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Table I. Clinicopathological characteristics of the study cohort

Characteristics n (%)
Sex, n (%)

Female 11 (22.0)
Male 39 (78.0)
Age, years, median (range) 78 (48-95)

Tissue
Keratoacanthoma 9 (18.0)
Cutaneous squamous cell carcinoma
Well-differentiated (G1) 9 (18.0)
Moderately differentiated (G2) 11 (22.0)
Poorly differentiated (G3) 16 (32.0)
Metastasis 5(10.0)
Tumour thickness, mm, median (range) 5.4 (0.6-15.0)
Anatomical site
Head/neck 35 (70.0)
Upper extremities 9 (18.0)
Lower extremities 3 (6.0)
Trunk 3 (6.0)
RESULTS

Clinicopathological characteristics of patients and
tumours are summarized in Table I. Exploratory analyses
for tumour tissues from 50 patients, predominantly men
(n=39, 78.0%) at a median age of 78 years (range 48-95
years) were conducted. The vast majority of tumours,
comprising 36 primary cSCC at diverse differentiation
stages (G1-G3), 9 KA and 5 cutaneous metastases, was
localized in chronic sun-exposed body sites, mostly the
head and neck region (n=35, 70.0%).

Immunohistochemical staining

Representative images of ¢cSCC stained for PD-L1, TIGIT,
CD155 and CD8" TIL are shown in Fig. 1. PD-L1 im-
munoexpression on tumour cells and immune cells was
evaluated in all samples. TIGIT and CD8 immunostaining
was successfully evaluated in 49 tissue specimens. One
specimen had to be excluded due to insufficient tumour
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material that did not meet the evaluation criteria (drop-out
rate 2%). TIGIT expression was found to be exclusively
expressed by mononuclear immune cells with absent
immunoreactivity in cSCC tumour epithelium. By cont-
rast, CD155 was exclusively expressed by tumour cells
with foremost membranous staining. CD8" immune cell
infiltrates were detected in all samples.

Correlations of iICP positivity and CD8* profiles with
clinicopathological parameters

To determine whether specific clinicopathological crite-
ria might predict ilCP profiles, available clinicopatholo-
gical parameters of the entire cohort were stratified for
positivity for PD-L1, TIGIT, CD155 and CD8" TIL den-
sity at indicated cut-offs (Table II). While PD-L1 TPS
positivity was significantly more likely with increasing
age, sex had no impact on positivity for PD-L1, TIGIT,
CD155 or density of CD8" TIL infiltration. Tumour thick-
ness >6 mm, an established risk factor for both tumour
recurrence and metastasis (4, 5), showed no significant
overall association with ilICP expression or CD8" TIL
density. Yet, the majority of primary tumours thicker
than >6 mm displayed TIGIT positivity (19/20, 95.0%)
and tumours with TIGIT expression below cut-off were
mostly thinner (7/8, 87.5%). Tumour type (p<0.01) and
differentiation (p<0.01) were significantly associated
with PD-L1 TPS positivity, with a higher proportion
of PD-L1 TPS positive primary cSCC (24/36, 66.7%)
compared with KA (1/9, 11.1%) or metastases (1/5,
20.0%). The majority of G3-cSCC displayed PD-L1 TPS
positivity (13/16, 81.3%), in sharp contrast to highly dif-
ferentiated KA (1/9, 11.1%). Furthermore, all KA (9/9,
100%) and the vast majority of G3-cSCC (14/16, 87.5%)
displayed a positive TIGIT expression status. In addition,
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Fig. 1. Immunohistochemical staining. Representative examples of programmed death-ligand 1 (PD-L1) expression of tumour cells (A, left panels;
PD-L1 Tumor Proportion Score (TPS) of whole tumour section: 90%) and immune cell infiltrates (A, right panels; PD-L1 Immune Cell Score (IC) of whole
tumour section: 20%), T-cell immunoreceptor with immunoglobulin and immunoreceptor tyrosine-based inhibition motif domain (TIGIT) (B; TIGIT
expression of whole tumour section: 40%) and CD155 immunoexpression (C; CD155 expression of whole tumour section: 50%) and CD8* infiltrating
immune cells (D; CD8+ tumour infiltrating leucocytes (TIL) density of whole tumour section: 50% ) in cutaneous squamous cell carcinoma. Selected
tissue slides were digitalized using a NanoZoomer S60 slide scanner (Hamamatsu Photonics Deutschland GmbH, Herrsching am Ammersee, Germany) for
image acquisition with Aperio Image Scope Software (version 12.4.0.5043, Leica Biosystems, Nussloch, Germany). Original magnification x100 (upper
panels; scale bars: 200 pm) and insert x200 (lower panels; scale bars: 100 pm).
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Table II. Clinicopathological parameters by programmed death-ligand 1 (PD-L1), T-cell immunoreceptor with immunoglobulin and
immunoreceptor tyrosine-based inhibition motif domain (TIGIT), CD155 expression status and CD8* immune cell density at indicated

cut-offs and associated standard deviations (SD)

PD-L1 neg. PD-L1 pos. p- TIGIT neg. TIGIT pos. p- CD155 neg. CD155 pos. p- CD8* low CD8* high  p-
(TPS <1%) (TPS 21%) value (<5%) (25%) value (<1%) (21%) value (<median) (=median) value
All samples, n 24 26 9 40 16 34 30 19
Sex, n (%)
Female 5(20.8) 6 (23.1) 1.000 2 (22.2) 9 (22.5) 1.000 5 (31.2) 6 (17.6) 0.297 5(16.7) 6 (31.6) 0.298
Male 19 (79.2) 20 (76.9) 7 (77.8) 31 (77.5) 11 (68.8) 28 (82.4) 25 (83.3) 13 (68.4)
Age, years, median 75.5 (48-87) 81.0 (67-95) 0.01 77.0 (68-85) 79.5(48-95) 0.27 76.0 (67-87) 80.0 (48-95) 0.23 79.5(68-92) 76.0 (48-95) 0.24
(range)
Tumour thickness, n (%)
<6 mm 14 (70.0) 11 (44.0) 0.149 7 (87.5) 17 (42.2) 0.054 10 (71.4) 15 (48.4) 0.264 12 (46.2) 12 (66.7) 0.300
26 mm 6 (30.0) 14 (56.0) 1(12.5) 19 (52.8) 4 (28.6) 16 (51.6) 14 (53.8) 6 (33.3)
Tumour type, n (%)
Keratoacanthoma 8(33.3) 1(3.8) 0.003 0 (0.0) 9 (22.5) 0.286 5 (31.2) 4(11.8) 0.177 3(10.0) 6 (31.6) 0.207
cScC 12 (50.0) 24 (92.3) 8 (88.9) 27 (67.5) 9 (56.2) 27 (79.4) 23 (76.7) 12 (63.2)
Metastasis 4 (16.7) 1(3.8) 1(11.1) 4(10.0) 2 (12.5) 3(8.8) 4(13.3) 1 (5.3)
Tissue differentiation, n (%)
Keratoacanthoma 8 (40.0) 1(4.0) 0.008 0 (0.0) 9 (25.0) 0.066 5 (35.7) 4(12.9) 0.270 3 (11.5) 6 (33.3) 0.024
Well (G1) 4 (20.0) 5 (20.0) 4 (50.0) 4(11.1) 2 (14.3) 7 (22.6) 8 (30.8) 0 (0.0)
Moderate (G2) 5 (25.0) 6 (24.0) 2 (25.0) 9 (25.0) 4 (28.6) 7 (22.6) 5(19.2) 6(33.3)
Poor (G3) 3 (15.0) 13 (52.0) 2 (25.0) 14 (38.9) 3(21.4) 13 (41.9) 10 (38.5) 6 (33.3)

p-values were obtained by conducting Fisher’s exact test or t-test (for age). Statistical significance (p<0.05) in bold.

cSCC: cutaneous squamous cell carcinoma; TPS: Tumor Proportion Score.

tumour differentiation was significantly associated with
CD8" TIL density (p<0.05) with the majority of KA
displaying high CD8" density (6/9, 66.7%) and typically
low CD8" TIL infiltration in G1-cSCC (8/8, 100%) and
G3-cSCC (10/16, 62.5%). While CD155 positivity was
particularly common in G3-cSCC (13/16, 81.3%), no
significant overall association with clinicopathological
parameters was noted.

iICP immunoexpression and CD8" immune infiltrates
according to differentiation of primary tumours and of
cutaneous metastases

Since low differentiation of ¢cSCC is an established risk
factor for both tumour recurrence and metastasis (4, 5),
this study analysed PD-L1, TIGIT and CD155 expression
and CD8" TIL infiltration individually in well-differen-
tiated (G1, n=9), moderately-differentiated (G2, n=11)
and poorly-differentiated primary cSCC (G3, n=16) as
well as in highly differentiated KA (n=9) and cutaneous
metastasis (n=5) (Fig. 2). A significantly higher PD-L1
TPS was detected in G3-cSCC compared with G1-cSCC
(»<0.05), G2-cSCC (p<0.05), KA (»<0.001) and metas-
tases (p<0.05) (Fig. 2A), while no significant differences
in PD-L1 IC were noticed across specimens (Fig. 2B). The
proportion of TIGIT* cells was significantly lower in G3-
¢SCC (p<0.001) and metastasis (»<0.05) compared with
highly differentiated KA while differences among G1-,
G2- and G3-cSCC or metastasis were not statistically sig-
nificant (Fig. 2C). Contrasting the high portion of TIGIT"
infiltrates in KA and low proportion of TIGIT" infiltrates
seen in G3-cSCC, the TIGIT ligand CD155 exhibited a
reverse expression pattern (Fig. 2 D). The overall lowest
proportion of CD155" tumour cells was found in highly
differentiated KA with a significantly higher proportion
of CD155" tumour cells in G3-cSCC (Fig. 2D, p<0.01).
Differences in CD155 expression among G1- and G2-
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¢SCC compared with G3-cSCC and metastasis were not
statistically significant (Fig. 2D). A significantly higher
proportion of CD8" TIL was noted in KA compared with
G1-cSCC (Fig. 2E, p<0.01), which displayed the overall
lowest CD8" infiltration. The second lowest CD8" TIL
density was found in metastases (Fig. 2E).

Reciprocal relationships between il CP expression
patterns and CD8" host immunity

To study the reciprocal relationships between iICP ex-
pression patterns and CD8" host immunity in the TME
this study stratified primary tumours (i.e. cSCC and KA)
for positive iICP expression at indicated cut-offs and the
density of CD8" TIL (Fig. 3). While stratification for
PD-L1 and CD155 positivity did not show significant
differences regarding CD8" TIL densities (Fig. 3A and D),
TIGIT positive primary tumours showed significantly
increased CD8" TIL compared with TIGIT negative pri-
mary tumours (Fig. 3C, p<0.05). Furthermore, TIGIT*
infiltrates were significantly increased in PD-L1 IC-
positive tumours (Fig. 3F, p=0.05), while stratification
for tumoural PD-L1 expression did not reveal a signifi-
cant difference (Fig. 3E, p=0.13). Conversely, PD-L1
TPS-positive specimens displayed significantly higher
tumoural expression of the TIGIT ligand CD155 (Fig. 3G,
<0.001), while the difference in CD155 expression did
not reach significance when tumours were stratified for
PD-L1 IC positivity (Fig. 3H) or TIGIT (Fig. 31).

Correlation of iICP co-expression patterns and CD8*
infiltrates

To gain additional insights into co-expression patterns,
this study examined the correlations among ilCP expres-
sion as well as CD8" TIL densities across diverse grades
of histopathological differentiation of primary tumours
(Fig. 4). Correlations between PD-L1 TPS or IC and
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CD8" TIL were not statistically significant in cSCC or
KA (Fig. 4A and B). A strong positive correlation of
TIGIT expression with CD8" infiltrates was detected in
¢SCC (Fig. 4C, p<0.01,r=0.52), whereas an inverse (but
non-significant) correlation was found in KA (Fig. 4C,
p=0.25, r=-0.43). Considering CD155 expression,
no significant correlations with CD8" infiltrates were
found (Fig. 4D, ¢SCC: p=0.32, r=0.17; KA: p=0.36,
r=—0.34). Furthermore, no significant correlations bet-
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ween TIGIT"- infiltrates and PD-L1 TPS (Fig. 4E, cSCC:
2=0.89,r=-0.025; KA: p=0.88, r=—0.06) nor PD-L IC
(Fig. 4F, ¢SCC: p=0.1,r=-0.28; KA: p=0.18,r=-0.65)
were noted. By contrast, tumoural CD155 expression
correlated positively with tumoural PD-L1 expression
solely in ¢cSCC (Fig.4G, p<0.001, r=0.56), For CD155
and PD-L1 IC no significant correlations were noted
(Fig.4H, cSCC: p=0.27,1=0.19, KA: p=0.62,1=-0.19),
whereas a positive correlation for CD155 and TIGIT
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(%). (G) PD-L1 expression status (TPS) /CD155 immunoexpression (%). (H) PD-L1 expression status (IC)/CD155 immunoexpression (%). (I) TIGIT
expression status/CD155 immunoexpression (%). Cut-off values: PD-L1 TPS: negative: <1%, positive: 21%; PD-L1 IC: negative: < 5%, positive =5%;
TIGIT: negative: <5%, positive 25%; CD155: negative: < 1%, positive: 21%.* p<0.05; ***p<0.001; p-values are obtained by applying Wilcoxon’s

ative pos
PD-L1TPS

ranked-sum test. p<0.05 was considered statistically significant.
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Fig. 4. Correlation of inhibitory immune checkpoint (iICP) co-expression patterns and CD8+ infiltrates in cutaneous squamous cell
carcinoma and keratoacanthoma. (A-I) /eft panel: cutaneous squamous cell carcinoma (tumour differentiation: red: G1, green: G1, blue: G3); (A-I)
right panel: keratoacanthoma (black). Spearman’s rank correlation was used. p-values for Spearman’s test were calculated using Algorithm AS89. p <0.05
was considered statistically significant. IC: Immune Cell Score; PD-L1: programmed death-ligand 1; TIGIT: T-cell immunoreceptor with immunoglobulin
and immunoreceptor tyrosine-based inhibition motif domain; TPS: Tumor Proportion Score; G1: well differentiated; G2: moderately differentiated; G3:

poorly differentiated.

expression was found in KA (Fig. 41, p<0.05, r=0.79),
but not ¢cSCC (Fig. 41, p=0.12, r=0.27).

DISCUSSION

Antibodies targeting iICP, such as the PD-1/PD-L1 axis,
have broadened the therapeutic armamentarium available
for patients with advanced cancers, including ¢SCC.
Although PD-L1 expression is the most widely adopted
parameter for selection of patients that may profit from
immunotherapy (34), PD-L1 expression is only modestly
correlated with clinical outcome in ¢cSCC and other can-
cers (12, 14). Furthermore, for non-responders to anti-
PD-1/PD-L1 immunotherapy, established therapeutic
options beyond conventional chemotherapy or EGFR-
inhibitors are vastly lacking for advanced cSCC (7, 11).
Emerging evidence acknowledges the TIGIT/CD155
axis as a promising novel ilCP in human malignancies
(16, 17, 32) and suggests that combinational targeting
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of PD-1/PD-L1 and TIGIT/CD155, might restore CD8"
TIL function and improve anticancer control (35, 36).
While the value of PD-L1 as a prognostic marker in
¢SCC remains controversial, PD-L1 expression has been
associated with high metastatic risk and poor prognosis
in several studies (28, 37). In line with previous research
(28, 38), differentiation of primary tumours, an establish-
ed prognosticator for metastatic risk, had a significant
impact on tumoural PD-L1 expression in the current
study, with a particularly high proportion of PD-LI1
TPS-positive poorly differentiated cSCC (13/16, 81.3%)
contrasting a low proportion of highly differentiated,
non-metastasizing KA (1/9,11%). The findings of the cur-
rent study correlate with those of Mehra et al. reporting
65% PD-L1 TPS-positive ¢cSCC (30) and the study of
Slater & Googe, demonstrating a correlation between
PD-L1 TPS positivity at a >1% cut-off and the risk of
metastatic disease (37). In line with Wu et al. (29), PD-L1
expression was low in most metastases and significantly
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lower compared with high-risk G3-SCC (p <0.05) in the
current study. CD8" TIL, as an indicator for anti-tumour
immune responses, have been associated with favourable
prognosis in various solid cancers, including cSCC (39).
In support of the immunogenicity of cSCC, CD8" TIL
were confirmed in all tissue specimens, with the majority
of G3-cSCC (10/16) and metastases (4/5) displaying
low CDS8" TIL density. Although the current study did
not allow for an extended or functional characterization
of immune infiltrates, evidence from preclinical models
suggests that engagement of tumoural CD155 with
TIGIT* TIL impedes anti-tumour immune responses
primarily by hampering CD8" T-cell effector functions
while augmenting Treg populations (17, 32, 35). In line
with reported TIGIT expression on TIL, the current study
analyses revealed a significantly higher CDS8" infiltration
in TIGIT positive cSCC (p<0.05) and a positive correla-
tion of TIGIT immunoexpression with CD8" TIL density
in cSCC (p<0.01). Tumoural CD155 expression has been
linked to an unfavourable prognosis in various cancers
(16, 19, 20, 31). While the design of the current study
did not permit insight into the prognostic clinical value
of iICP expression patterns, the current study analysis
reveals significantly enhanced CD155 immunoexpres-
sion in high-risk G3-cSCC compared with lower grade
c¢SCC (G1-G2, p<0.05, data not shown) and to highly-
differentiated, non-metastasizing KA (p<0.01). To the
best of our knowledge, TIGIT/CD155 immunoexpression
has not yet been studied in KA. Due to its exceptionally
benign, disparate biologic behaviour with spontaneous
regression and extremely low potential for metastasis,
a nosological position on the border between a benign
tumour and a highly differentiated subtype of ¢cSCC, is
being debated for KA (21, 22). Confirming previous work
(38), the current study observed dense CD8" infiltrates
in most KA (6/9). Yet, contrasting the strong positive
correlation of TIGIT* and CDS8" infiltrates in ¢cSCC
(»<0.01), a trend towards a negative correlation between
CD8" and TIGIT" infiltrates was notable in KA, poten-
tially highlighting the relevance of ilCP for modulating
antitumoural responses in the TME. Furthermore, the
current study reveals reverse ilCP expression patterns in
KA compared with high-risk G3-cSCC, with significantly
higher TIGIT immunoexpression in KA compared with
G3-cSCC (p<0.001) and metastases (p <0.05) opposing
a significantly lower tumoural PD-L1 and CDI155 ex-
pression in KA compared with G3-cSCC (PD-L1 TPS:
»<0.001, CD155: p<0.01).

Combined biomarker approaches seem particularly
relevant in view of the expanding repertoire of candi-
date iICP and therapeutics targeting TIGIT/CD155 in
combination with anti-PD-1/PD-L1 are currently under
pre-clinical and clinical investigation (35, 36).Nota-
bly, Lee et al. (40) recently reported that PD-L1 and
CDI155 co-expression determines sensitivity to PD-1
blockade in non-small-cell lung cancer. The current
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study found significantly higher CD155 immunoexpres-
sion in PD-L1 positive compared with PD-L1 negative
tumours (»<0.01) along with a strong positive CD155/
PD-L1 TPS correlation in ¢SCC (p<0.001) but not
KA (p=0.79). Furthermore, at a >5% cut-off, the vast
majority of high-risk G3-cSCC displayed positivity for
the CD155 ligand TIGIT (14/16, 87.5%) along with a
non-significant trend towards higher TIGIT expression
in PD-L1-negative cSCC (p=0.08).

Study strengths and limitations

This study provides unique characteristics, such as
stringent case selection and analysis of whole tumour
sections, to account for intratumoural heterogeneity of
iICP (24, 25). Nevertheless, this descriptive study has
some limitations, including its retrospective design,
limited sample size and lack of clinical outcome data.
Since statistical analysis was exploratory, adjustments
for multiple testing were not applied. Furthermore, cut-
off-values for TIGIT/CD155 positivity are insufficiently
established, though previous studies employed 5% and
1% cut-offs, respectively (20, 31, 32). Validation of the
current findings in a larger series of samples, covering
these specific aspects, is warranted.

Conclusion

This study provides a comprehensive insight into the col-
lective landscape of the differential immunoexpression
of PD-L1 and the novel co-inhibitory molecules TIGIT
and CD155 along with CD8* immune infiltrates across
all differentiation stages of primary ¢cSCC, metastases
and in KA. Confirming upregulated tumoural PD-L1
expression in poorly differentiated, high-risk SCC, the
current analysis further highlights TIGIT/CD155 signal-
ling as potential complementary contributor to immune
exhaustion in ¢cSCC. While larger studies integrating
clinical outcome data are warranted, these data support
further exploration of the potential therapeutic value of
combined targeting of these ilCP and their exploitation as
prognostic biomarkers for patients with advanced ¢SCC.
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