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Abstract
Background  To characterize the expression of co-signaling molecules PD-L1, PD-1, and B7-H3 in cutaneous squamous 
cell carcinoma (cSCC) by immune status.
Methods  We retrospectively analyzed 66 cases of cSCC treated with surgical resection from 2012 to 2015. Immunostained 
tumor sections were analyzed for percent of tumor cells expressing PD-L1 (Tum-PD-L1%), B7-H3 (Tum-B7-H3%), density 
of peri and intratumoral CD8 T cells (CD8 density), proportion of CD8 T cells expressing PD-1 (CD8-PD-1%) and of tumor-
infiltrating immune cells (TII) expressing PD-L1 (TII-PD-L1%).
Results  Of 66 cases, 42 were immunocompetent, 24 immunosuppressed (13 organ transplant, 8 HIV+, 3 other). Defining 
positive expression at > 5%, 26% of tumors were positive for PD-L1, 85% for B7-H3, 80% had CD8 T cells that expressed 
PD-1 and 55% had TII that expressed PD-L1. Tum-B7-H3% was significantly higher (median 60 vs. 28%, p = 0.025) in 
immunocompetent vs. immunosuppressed patients, including when factoring in cause of immunosuppression. No significant 
difference in Tum-PD-L1%, TII-PD-L1%, CD8 density, or CD8-PD-1% was observed. Tumors from HIV+ patients lacked 
PD-L1 expression, and had lower B7-H3% (median 2.5 vs. 60%, p = 0.007), and higher CD8 density (median 75% vs. 40%, 
p = 0.04) compared to immunocompetent patients. Higher tumor grade (Rs = 0.34, p = 0.006) and LVI (Rs = 0.61, p < 0.001) 
were both associated with higher Tum-PD-L1%.
Conclusion  cSCC showed expression of PD-L1 on tumor in 26% of cases, and high tumor B7-H3 expression (85%) and PD-1 
expression on CD8 TILs (80%). Tumor B7-H3 expression was significantly higher in immunocompetent vs. immunosup-
pressed patients, largely driven by very low expression in HIV+ patients.
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IC-B7-H3%	� Percentage of immune cells that 
expressed B7-H3

IC-PD-L1%	� Percentage of immune cells that 
expressed PD-L1

IFNγ	� Interferon gamma
IRB	� Institutional review board
LVI	� Lymphovascular invasion
Mb	� Megabase
NSCLC	� Non small cell lung cancer
PFS	� Progression free survival
pH	� Potential of hydrogen
PNI	� Perineural invasion
RR	� Response rate
TII	� Tumor-infiltrating immune cell
TII-PD-L1%	� Percentage of tumor-infiltrating immune 

cells that expressed PD-L1
Tum-B7-H3%	� Percent of tumor cells expressing B7-H3
Tum-PD-L1%	� Percent of tumor cells expressing PD-L1
SCC	� Squamous cell carcinoma

Introduction

There are an estimated 700,000 cases of cutaneous squamous 
cell carcinoma (cSCC) each year in the United States [1]. 
While most patients have an excellent prognosis, as many 
as 12,572 patients per year present with nodal metastasis 
and an estimated 8791 patients will die of cSCC each year 
in the USA [1, 2]. Etiological risk factors include ultraviolet 
light exposure as well as immunosuppression, for example 
organ transplant patients on immunosuppressive therapy are 
up to 100 times more likely to develop non-melanoma skin 
cancers than the general population [3]. Treatment options 
are very limited for patients with unresectable or metastatic 
cSCC. Current systemic options include traditional cytotoxic 
chemotherapy regimens used for other tumors of squamous 
cell carcinoma histology, as well as agents targeting the epi-
dermal growth factor receptor (EGFR). Data on the efficacy 
of traditional chemotherapy for advanced cSCC are limited, 
and most published studies are case reports or small case 
series [4]. A prospective phase II trial of IgG1 mAb Cetuxi-
mab, which targets EGFR, showed a RR of 27% and DCR 
of 70%; however, duration of activity was very short with 
a median PFS and OS of only 4 and 8 months, respectively 
[5]. There is a desperate need in advanced cSCC for better 
systemic therapy options.

The programmed death ligand 1 (PD-L1): Programmed 
death 1 (PD-1) pathway has proven to be important in 
tumor immunology. PD-1 belongs to the CD28 family and 
is expressed on the cell surface of B and T cells as well as 
natural killer cells and dendritic cells [6]. PD-L1 (B7-H1) 
is a member of the B7 superfamily and can be expressed 
by immune cells as well as many solid tumors including 

melanoma, renal cell carcinoma, lung, GI, bladder, and 
head and neck cancers, as well as hematological malignan-
cies [7–9]. Ligation of PD-1 on effector T cells by PD-L1 
expressed by tumor can lead to T cell anergy and death, thus 
protecting the tumor from immune mediated attack [10–13]. 
Manipulation of this co-signaling pathway by drugs block-
ing the interaction of PD-1 and PD-L1 has led to significant 
clinical efficacy, with anti-PD-1 monoclonal antibodies now 
approved in NSCLC, melanoma, squamous cell carcinoma 
of the head and neck, and renal cell cancers [14–16]. B7-H3 
is a transmembrane glycoprotein which is also part of the B7 
superfamily. This co-signaling molecule is less well char-
acterized, and has been associated with stimulatory and 
inhibitory effects [17]. Similar to PD-L1 it is expressed by 
numerous cancers including breast, pancreatic, urothelial, 
ovarian, renal, and head and neck, and in the majority of 
cases expression has been associated with more aggres-
sive features and poor prognosis, [17, 18] Enoblituzumab, a 
monoclonal antibody targeting B7-H3 was well tolerated in 
a phase I study in advanced solid tumors with some observed 
tumor regression, and is being studied in ongoing clinical 
trials both as a single agent and in combination with other 
agents [19].

Expression of these co-signaling molecules have not 
been well characterized in cSCC and the effect of immune 
status on expression has not been evaluated. Therefore we 
evaluated tumor samples from both immunocompetent and 
immunosuppressed patients with cSCC for tumor expression 
of PD-L1 and B7-H3, and PD-1 and PD-L1 expression on 
tumor-infiltrating immune cells.

Methods

After obtaining approval by the University of Maryland, 
Baltimore Institutional Review Board (IRB), we conducted 
a retrospective study of patients with cSCC treated with 
surgical resection at the University of Maryland Medical 
Center between 2012 and 2015. Baseline demographics col-
lected by chart review included anatomic primary site, stage, 
age, gender, race, and immune status. Pathologic features 
including tumor diameter, depth of invasion, differentia-
tion, presence of perineural invasion (PNI), and lymph node 
involvement were collected. Patients’ immune status was 
characterized as immunocompetent, HIV-positive, and other 
immunosuppressed (organ transplant and other reasons for 
immunosuppression).

Pathology methods

Following review of the hematoxylin and eosin-stained sec-
tions from the excision specimens, representative blocks 
were selected for immunohistochemical staining. Slides 
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were prepared using 5 µm sections of formalin-fixed, par-
affin-embedded tissue, deparaffinized, and rehydrated in 
ethanol. Antigen retrieval was performed by heating tissue 
sections in 1 mmol/L EDTA (pH 8) to 121 °C using a Digital 
Decloaking Chamber (Biocare Medical), cooling to 90 °C, 
and incubating for 5 min. Immunostaining was performed 
on the Autostainer Plus (Dako). Briefly, endogenous per-
oxidase was blocked with Endogenous Blocking Solution 
(Dako); then the sections were washed twice and incubated 
in Serum-Free Protein Block (Dako) for 5 min; then incu-
bated for 60 min with the following antibodies: purified goat 
anti-human B7-H3 antibody (clone MM0104-2OJ12, Abcam 
Inc.) diluted 1:400 with DaVinci antibody diluents (Abcam), 
purified anti-human PD-1 antibody (clone NAT105, Cell 
Marque) diluted 1:40, purified anti-human CD8 antibody 
(clone 2B11, Leica Biosystems) diluted 1:100, and purified 
anti-human PD-L1 antibody (clone SP142, Ventana Medi-
cal Systems, Inc.) diluted 1:50. Tissue sections were incu-
bated in probe from Goat horseradish peroxidase Polymer kit 
(Biocare Medical #GHP516L) for 15 min. Immunostained 
sections were counterstained with hematoxylin, dehydrated 
in ethanol, cleared in xylene, and coverslipped using mount-
ing medium.

The immunostained tumor sections were evaluated for 
the expression of all four markers in the following manner:

•	 Tumor-infiltrating lymphocytes expressing CD8 were 
scored based on the density of the lymphoid infiltrate as 
follows: no CD8-positive lymphocytes: 0; 1–10 CD8-
positive lymphocytes per high power field: 1; 11–20 
CD8-positive lymphocytes per high power field: 2; 21–30 
CD8-positive lymphocytes per high power field: 3, more 
than 30 CD8-positive lymphocytes per high power field: 
4. The percentage of peritumoral and tumor stroma infil-
trated by CD8-positive lymphocytes was scored sepa-
rately in 5% increments. The density of CD4 expressing 
tumor-infiltrating lymphocytes was scored the same way 
as CD8 tumor-infiltrating lymphocytes

•	 Tumor- infiltrating CD8 T cells which expressed PD-1 
and tumor-infiltrating CD4 T cells which expressed 
PD-1 were scored based on the density of the lymphoid 
infiltrate as follows: no PD-1 positive lymphocytes—0, 
1–10 PD-1 positive lymphocytes per high power field—
1, 11–20 PD-1 positive lymphocytes per high power 
field—2, 21–30 PD-1 positive lymphocytes per high 
power field—3, more than 30 PD-1 positive lymphocytes 
per high power field—4. The percentage of CD8-positive 
tumor-infiltrating lymphocytes which co-expressed PD-1 
was scored in 5% increments.

•	 The percentage of tumor cells that stained positive for 
B7-H3 was quantified in 5% increments. In addition, the 
intensity of staining was scored from 0 (negative) to 1 
(weak) to 2 (moderate) to 3 (intense). Tumors with < 5% 

of cells staining for B7-H3 were called negative. Peritu-
moral neovasculature expression of B7-H3 was scored 
similarly from 0 to 3 based on intensity of staining.

•	 The percentage of tumor cells that stained positive for 
PD-L1 was quantified in 5% increments. In addition, the 
intensity of staining was scored from 0 (negative) to 1 
(weak) to 2 (moderate) to 3 (intense). Tumors with < 5% 
of cells staining for PD-L1 were considered negative.

•	 Tumor- infiltrating immune cells (TII) which expressed 
PD-L1 were scored based on the density of the immune 
cell infiltrate as follows: no PD-L1 positive immune 
cells—0, 1 to 10 PD-L1 positive immune cells per high 
power field—1, 11–20 PD-L1 positive immune cells per 
high power field—2, 21–30 PD-L1 positive immune cells 
per high power field—3, more than 30 PD-L1 positive 
immune cells per high power field—4. The percentage of 
tumor-infiltrating immune cells which expressed PD-L1 
was scored in 5% increments.

The pathologist reviewers were blinded to patients’ 
immune status. Examples of immunostained tumor sections 
are found in Fig. 1. In patients who were immunosuppressed 
due to solid organ transplant, a search of the surgical pathol-
ogy archives was performed to identify representative sur-
veillance biopsies of the allografts. Immunohistochemical 
staining and analysis of immune cell infiltrates within the 
allografts was performed in the manner described above.

Statistical methods

Categorical variables were summarized as frequency dis-
tributions with indication of the relative frequency and its 
95% confidence limits in parenthesis when relevant. Dis-
tributions of categorical variables were compared between 
groups using the Chi-square test or, in case of a 2 × 2 table, 
Fisher’s exact test.

Box-and-whisker plots were generated as a non-paramet-
ric representation of the distribution of a scale variable in a 
group; the sides of the box indicate the 1st and 3rd quartile 
of the population distribution with a vertical bar indicating 
the median. The whiskers extend to 1.5 times the height 
of the box or, if no case has a value in that range, to the 
minimum or maximum values. In case of a normally distrib-
uted variable, approximately 95% or the data are expected 
to lie inside the whiskers. Outlying data outside this interval 
are marked with an asterisk. The non-parametric Wilcoxon 
rank sum test statistics was used to compare the expres-
sion of co-signaling molecules among two groups, and the 
Kruskal–Wallis test was used for comparing three or more 
groups.

Co-expression of IHC markers or associations between 
clinical/pathological characteristics and marker expression 
were quantified using the non-parametric Spearman’s rank 
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correlation coefficient, Rs, with the corresponding p-value 
for rejecting the null hypothesis, Rs = 0, of no statistical 
association between the two variables. Negative values of 
Rs indicate an inverse association between the two variables 
compared.

All statistical analyses were conducted using IBM® 
SPSS® Statistics, version 24.0.

Results

A total of 66 patients with cSCC who had tissue available 
for analysis were identified between 2012 and 2015. Base-
line demographics are shown in Table 1. The male:female 
ratio was 2:1, and three-quarters of the patients were Cau-
casian (76%). Forty-two (64%) were immunocompetent 
and 24 (36%) were immunosuppressed. The immunosup-
pressed group comprised of 12 (50%) organ transplant 
patients, 8 (33%) who were HIV-positive, and 4 (17%) who 
were immunosuppressed for other reasons [CLL/lymphoma 
(N = 3), inflammatory bowel disease on immunosuppres-
sants (N = 1)]. CD4 counts were available for five of the 
eight HIV-positive patients, the median was 173 and the 
range 118–554 cells/mm. Eighty-nine percent of our organ 
transplant patients were on two or more different immuno-
suppressive medications (median 2, range 1–3) at the time of 
their diagnosis of cSCC. Therefore, both our HIV-and organ 
transplant patients were significantly immunosuppressed. 

Fig. 1   Immunostained tumor sections. a PD-L1 expression by the 
tumor (red arrows) and by tumor-infiltrating immune cells (stars). 
b B7-H3 expression by the tumor at the advancing tumor edge (red 
arrows) and in the neovasculature at interface with tumor (blue 

arrows). c CD8-positive lymphocytes (arrows), Tumor (stars). d PD-1 
expressing lymphocytes in the same distribution as CD8-positive 
lymphocytes (arrows), Tumor (stars)

Table 1   Patients’ characteristics

a Other = 4 patients with other etiology for immunosuppression (CLL, 
inflammatory bowel disease on immunosuppression)

Baseline characteristics Patients (N = 66)

Gender
 Male 44 (67%)
 Female 22 (33%)

Age (years)
 Median (range) 67 (31–88)

Race
 Caucasian 50 (76%)
 African American 11 (17%)
 Other 5 (8%)

Immune status
 Immunocompetent 42 (64%)
 Immunosuppressed 24 (36%)
 Organ transplant 12 (18%)
 HIV 8 (12%)
 Othera 4 (6%)

Site
 Head/neck 37 (56%)
 Torso/extremities 16 (24%)
 Anogenital 13 (20%)
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The primary anatomical site was the head and neck in 56% 
of cases, with 24% originating on the torso/extremities, and 
20% from the skin in the anogenital area.

High risk pathologic features were common, with 58% of 
all cases having one or more high-risk feature. In the entire 
cohort, 41% of patients had a tumor diameter > 2 cm and 
50% had tumor thickness greater than 2 mm. Poorly differ-
entiated histology was found in 20% of patients, perineural 
invasion (PNI) in 17% and lymphovascular invasion (LVI) in 
12%. Tumor grade varied significantly by primary site (head/
neck vs. torso/extremity vs. anogenital area, p = 0.049), with 
significantly higher tumor grade and a strong trend toward 
more patients with LVI (0.06) and PNI (0.06) in cSCC of 
the head and neck. The proportion of cases with at least one 
high-risk feature was 72% in cSCC of the head and neck 
as compared with 37% in the anogenital and 46% in torso/
extremities (p = 0.039). Immunosuppressed patients had a 
greater percentage of poorly differentiated tumors and lymph 
node involvement while immunocompetent patients had a 
higher percentage of tumors with PNI and tumor diame-
ter > 2 cm. Overall, the proportion of cases with at least one 
high-risk feature was the same (58%) irrespective of immune 
status (Table 2).

Defining positive as expression in ≥ 5% of tumor cells 
or tumor-infiltrating immune cells (TIIs), 26% of all tumors 

were positive for PD-L1, 85% for B7-H3, 80% had CD8 
T cells that expressed PD-1, 73% had CD4 T cells that 
expressed PD-1, and 55% had TIIs that expressed PD-L1. 
Percentage of patients with positive expression of these co-
signaling molecules stratified by immune status is shown in 
Table 3. Among immunocompetent patients, 27% of tumors 
were PD-L1 positive, 88% for B7-H3, 80% had CD8 T cells 
that expressed PD-1, 67% had CD4 T cells that expressed 
PD-1, and 60% had TIIs that expressed PD-L1 Among 
immunosuppressed patients, 19% of tumors were PD-L1 
positive, 75% for B7-H3, and 88% had CD8 T cells that 
expressed PD-1, and 46% had TIIs that expressed PD-L1.

We additionally quantified the percent of tumor cells 
expressing PD-L1 (Tum-PD-L1%) and B7-H3 (Tum-
B7-H3%), the percentage of peritumoral and tumor stroma 
infiltrated by CD8-positive lymphocytes (CD8 density) 
and CD4-positive lymphocytes(CD4 density), percent-
age of CD8-positive tumor-infiltrating lymphocytes that 
expressed PD-1 (CD8-PD-1%), percentage of CD4-positive 
tumor-infiltrating lymphocytes that expressed PD-1 (CD4-
PD-1%), and TIIs which expressed PD-L1 (TII-PD-L1%). 
These values are shown in supplemental table 1 with com-
parative analysis shown in Table 4. Comparing immuno-
competent and immunosuppressed patients, Tum-B7-H3% 
was significantly higher (Median 60 vs. 28%, p = 0.025) in 

Table 2   High risk pathological features by immune status

PNI perineural invasion, LVI lymphovascular invasion
a Other immunosuppressed consists of 12 organ transplant patients and 4 of other etiology (CLL, inflammatory bowel disease on immunosup-
pression)

Pathological feature All patients
N = 66

Immunocompetent
N = 42

Immunosuppressed
N = 24

HIV
N = 8

Other 
immunosuppreseda

N = 16

Tumor diameter > 2 cm 27 (41%) 19 (45%) 8 (33%) 2 (25%) 6 (38%)
Tumor thickness > 2 mm 33 (50%) 21 (50%) 12 (50%) 3 (38%) 9 (56%)
PNI 11 (17%) 10 (24%) 1 (4%) 0 (-) 1 (6%)
Poorly differentiated histology 13 (20%) 6 (14%) 7 (29%) 1 (13%) 6 (38%)
LN involved 2 (3%) 0 (–) 2 (8%) 1 (13%) 1 (6%)
LVI 8 (12%) 5 (12%) 3 (13%) 0 (0%) 3 (19%)

Table 3   Prevalence of expression of co-signaling molecules on tumor and tumor-infiltrating immune cells by immune status

Positive expression defined as ≥ 5% expression by tumor cells, tumor-infiltrating CD8 T cells, or tumor-infiltrating immune cells (TII). 95% con-
fidence intervals are in parentheses
a Other immunosuppressed includes 12 organ transplants and 4 of other etiology (CLL, inflammatory bowel disease on immunosuppression)

Patients Tumor PD-L1 Tumor B7-H3 PD-1 CD8 TILs PD-1 CD4 TILs PD-L1 TIIs

All patients (n = 66) 26% (17%, 37%) 85% (74%, 92%) 80% (69%, 88%) 73% (61%, 82%) 55% (43%, 66%)
Immunocompetent (n = 42) 26% (15%, 41%) 88% (75%, 95%) 81% (67%, 90%) 67% (52%, 79%) 60% (44%, 73%)
Immunosuppressed (n = 24) 21% (9%, 40%) 75% (55%, 88%) 88% (69%, 96%) 83% (64%, 93%) 46% (28%, 65%)
HIV (n = 8) 0% (0%, 37%) 50% (22%, 78%) 100% (64%, 100%) 88% (53%, 98%) 50% (22%, 78%)
Other immunosuppresseda (n = 16) 31% (14%, 56%) 88% (64%, 97%) 81% (57%, 93%) 81% (57%, 93%) 44% (23%, 67%)
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immunocompetent patients, including when factoring in the 
cause of immunosuppression (immunocompetent vs. HIV 
vs. other immunosuppressed, p = 0.017) (Fig. 2). There was 
no significant difference in Tum-PD-L1%, CD8 density, 
CD4 density, CD8-PD-1%, CD4-PD-1%, or TII-PD-L1% 
between all immunocompetent and all immunosuppressed 
patients. Compared to immunocompetent patients, tumors 
from HIV-positive patients lacked tumor PD-L1 expression, 
and had significantly lower Tum-B7-H3% (Median 2.5 vs. 
60%, p = 0.007). However, HIV-positive patients had a sig-
nificantly higher CD8 density compared to immunocompe-
tent patients (Median 75 vs. 40%, p = 0.039). There was a 
significant difference in Tum-PD-L1% by primary site (head/
neck vs. torso/extremity vs. anogenital area, p = 0.043), 
with higher expression in cSCC of the head and neck. Also, 
the proportion of PD-L1 positive tumors was significantly 
higher (35%) in cSCC of the head and neck compared with 
anogenital (12.5%) and torso/extremities (0%), p = 0.014.

We examined the correlation between these co-signaling 
molecules as well as with pathologic features. Increased 
Tum-PD-L1% correlated with increased CD8 Density 
(Rs = 0.32, p = 0.011), CD4 density (Rs = 0.316, p = 0.01), 
and CD8-PD-1% (Rs  =  0.29, p = 0.02). TII-PD-L1% 
showed positive correlation with Tum-PD-L1% (Rs = 0.35, 
p = 0.004) CD4 density (Rs = 0.32, p = 0.007), and CD8-
PD-1% (Rs = 0.35, p = 0.005). There were also positive cor-
relations between CD8 density and CD4-PD-1% (Rs = 0.41, 
p = 0.001), as well as CD4 density (Rs = 0.47, p = < 0.0001). 
There was no correlation between Tum-B7-H3% and Tum-
PD-L1%, CD8 density, CD4 density, TII-PD-L1%, CD4-
PD-1% or CD8-PD-1%. Tum-B7-H3% correlated with inten-
sity of B7-H3 expression on vessels (Rs = 0.36, p = 0.003). 
LVI (Rs  =  0.61, p = < 0.001) and higher tumor grade 

(Rs = 0.34, p = 0.006) were both associated with higher 
Tum-PD-L1%. There were no other significant correlations 
between co-signaling molecules and pathologic features.

Eight organ transplant patients with cSCC also had avail-
able tissue from the transplanted organ as a result of graft 
biopsies taken during their standard care. We quantified 
the percent expression of PD-L1 (IC-PD-L1%) and B7-H3 
(IC-B7-H3%) in immune cells, PD-1 in CD8 T cells (CD8-
PD-1%), and CD8 density in the graft specimens. Values are 
shown in supplemental table 2. CD 8 T cells were present in 
all graft samples with co-expression of PD-1 in most cases 
(86%). Immune cells that expressed PD-L1 were present 
in fewer specimens (42%). While B7-H3 was expressed by 
most tumors in these patients, immune cells in the graft did 
not express B7-H3.

Discussion

We analyzed samples from 66 cSCC patients who under-
went surgical resection at the University of Maryland Medi-
cal Center for PD-L1 and B7-H3 expression in tumor cells, 
PD-1 expression in tumor-infiltrating CD8 T cells and CD4 
T cells, and PD-L1 expression in tumor-infiltrating immune 
cells. With positive defined as expression on ≥ 5% of tumor 
cells and TIIs, 26% of all tumors were positive for PD-L1, 
85% for B7-H3, 80% had CD8 T cells that expressed PD-1, 
73% had CD4 T cells that expressed PD-1, and 55% had 
TIIs that expressed PD-L1. We additionally quantified the 
percentage of expression of these co-signaling molecules 
by tumors and TIIs as well as CD8 density and CD4 density 
in the tumor microenvironment, and correlated the degree 
of expression to immune status. There was no difference 

Table 4   Comparison of quantitative expression of co-signaling molecules by immune status

P values in bold are statistically significant at the < 0.05 level based on Kruskal–Wallis tests which was used to compare the distribution by 
immune status between groups
a Tum-PD-L1% = percentage of tumor cells expressing PD-L1
b Tum-B7-H3% = percentage of tumor cells expressing B7-H3
c CD8 density = the percentage of peritumoral stroma infiltrated by CD8-positive lymphocytes
d CD4 density = the percentage of peritumoral stroma infiltrated by CD4-positive lymphocytes
e CD8-PD-1% = the percentage of CD8-positive tumor-infiltrating lymphocytes, which expressed PD-1
f CD4-PD-1% = the percentage of CD4-positive tumor-infiltrating lymphocytes, which expressed PD-1
g TII-PD-L1% = percentage of tumor-infiltrating immune cells that express PD-L1
h Other immunosuppressed includes 12 organ transplants and 4 of other etiology (CLL, inflammatory bowel disease on immunosuppression)

Tum-PD-L1%a Tum-B7-H3%b CD 8 densityc CD4 densityd CD8-PD-1%e CD4-PD-1% f TII-PD-L1%g

Immunocompetent vs. immuno-
suppressed

p = 0.5 p = 0.025 p = 0.5 p = 0.88 p = 0.5 p = 0.6 p = 0.3

Immunocompetent vs. HIV p = 0.2 p = 0.007 p = 0.039 p = 0.9 p = 0.2 p = 0.6 p = 0.4
Immunocompetent vs. HIV vs. 

other immunosuppressedh
p = 0.2 p = 0.017 p = 0.08 p = 0.98 p = 0.4 p = 0.9 p = 0.7
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in these parameters between immunocompetent and immu-
nosuppressed patients, except for tumor B7-H3 expres-
sion, which was significantly higher in immunocompetent 
patients.

About a quarter (26%) of all tumors expressed PD-L1 
using a cut-off of ≥ 5% positive tumor cells. This prevalence 
of PD-L1 expression is comparable to that seen in NSCLC 
and HNSCC patients in phase III trials with Nivolumab, 
using the same cut-off [20, 21]. The proportion in our study 
falls between the 10 and 38% positive expression in primary 
cSCC reported prior by Schaper and Slater et al., respec-
tively [22, 23]. Slater et  al. found higher tumor PD-L1 
expression in patients with high risk pathologic features. 
We similarly found increased PD-L1 expression in tumor 
cells in patients with LVI or higher tumor grade, two high 
risk pathologic features in cSCC [2, 24]. Available data 
limit adequate comparison of pathologic features of our 

population to that of Slater and Schaper to determine if this 
accounts for differences in PD-L1 expression. Additionally, 
different antibodies were used for PD-L1 analysis in these 
studies. Cutaneous SCC originating on the head and neck 
has been associated with increased risk of metastasis [2]. 
In the analysis by Slater, primary cSCC of the head and 
neck made up the majority of “high risk” cSCC based on 
pathologic features, which was associated with increased 
tumor PD-L1 expression, [23] and the prevalence of PD-L1 
positivity in Slater’s study is in good agreement with our 
prevalence of 35% in cSCC of the head and neck region. 
In our population, primary cSCC of the head and neck was 
associated with increased tumor grade and LVI, as well as 
higher tumor PD-L1 expression compared to other primary 
sites. It is unclear whether increased tumor PD-L1 expres-
sion in head and neck cSCC is independent of high risk 
pathologic features.

Fig. 2   Distribution of co-signaling molecule expression and CD8 
density by immune status. Box-and-Whiskers plot of the distribu-
tion of tumor immunology markers according to immune status: 
HIV = Yellow, IS = Other Immunosuppressed in Blue, IC = Immu-
nocompetent in Red. a Tum-PD-L1% = percentage of tumor cells 
expressing PD-L1. b Tum-B7-H3% = percentage of tumor cells 
expressing B7-H3. cTII-PD-L1% = percentage of tumor-infiltrating 

immune cells that express PD-L1. d CD8 density = the percentage of 
peritumoral stroma infiltrated by CD8-positive lymphocytes. e CD8-
PD-1% = the percentage of CD8-positive tumor-infiltrating lym-
phocytes, which expressed PD-1. f CD4 density = the percentage of 
peritumoral stroma infiltrated by CD4-positive lymphocytes. g CD4-
PD-1% = the percentage of CD4-positive tumor-infiltrating lympho-
cytes, which expressed PD-1
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Our study also uniquely analyzed PD-1 expression by 
CD8 T cells and PD-L1 expression in TII in cSCC. Overall 
there was a high density of tumor-infiltrating CD8 T cells 
with expression of PD-1 in the tumor microenvironment 
of these patients. Congruent with known mechanisms of 
T cell interaction and IFNγ mediated PD-L1 upregulation 
in tumors,[7] there was a significant positive correlation 
between tumor PD-L1 expression and both CD8 density 
and percentage of CD8 T cells expressing PD-1. We also 
found that the majority of patients had TII that expressed 
PD-L1, which combined with tumor PD-L1 expression has 
been found to be associated with the increased efficacy of 
anti-PD-1 mAb treatment [25].

To our knowledge, our study is the first to stratify these 
co-signaling molecules by immune status in cSCC. We 
found no difference in the degree of expression of PD-L1 
by tumor cells or TIIs, PD-1 by CD8 T cells, or CD8 den-
sity between all immunocompetent and immunosuppressed 
patients. However, immunocompetent patients had signifi-
cantly higher tumor B7-H3 expression compared to immu-
nosuppressed, which appears to have been driven by a lower 
expression of B7-H3 in HIV-positive patients (median 2.5 
vs. 35% in other immunosuppressed patients). No differ-
ence in PD-L1 expression in tumor cells or TIIs, and PD-1 
expression in CD8 T cells was found between HIV-positive 
and immunocompetent patients. The expression of these 
co-signaling molecules has not been well characterized 
in immunosuppressed patients, including HIV-positive 
patients, with other malignancies. Evaluation of anal SCC 
samples in HIV-positive and HIV-negative patients revealed 
similar tumor cell PD-L1 expression (52 vs. 47%, respec-
tively, p = 0.76) and similar density of CD3+ T lymphocytes 
in the tumor microenvironment. Our group previously evalu-
ated HIV-positive patients with NSCLC and HNSCC with 
23 and 53% of patients positive for PD-L1 (≥ 5% cut-off), 
respectively [26]. In the current study of cSCC, no tumors 
from HIV-positive patients expressed PD-L1. However, it 
should be noted that with 0/8 HIV-positive cases express-
ing PD-L1 the upper limit of the 95% confidence interval on 
the positive proportion is 37%. Thus, the proportion seen in 
HNSCC is within the 95% confidence limit estimated for our 
8 HIV-positive cSCC cases. Studies of HIV-positive anal, 
NSCLC, and HNSCC patients also found a robust infiltra-
tion by CD8 TILs and high percentage of CD8 TILs that 
expressed PD-1 [26, 27]. This is similar to the HIV-positive 
cSCC in this study, where all had CD8 TILs that were posi-
tive for PD-1 expression, with a higher CD8 T cell density 
than in immunocompetent patients. What accounts for a 
higher CD8 T cell density in our HIV-positive patients is 
not clear; however, in anal SCC patients, IL-18, which has 
been associated with CD8 T cell proliferation, was observed 
to be higher in HIV-positive than in HIV-negative cases [27, 
28]. However, it is unclear why despite a robust CD8 T cell 

infiltrate, PD-L1 expression by tumor was absent in our 
cSCC patients with HIV. While functional studies were not 
possible in this study, one hypothesis would be that these 
CD8 T cells were already anergic and therefore unable to 
produce IFNγ, accounting for the absence of PD-L1 expres-
sion on tumor. Further evaluation of HIV-positive cSCC is 
needed before any definitive conclusions can be made, given 
the low number of HIV-positive patients in this study.

In regards to organ transplant patients, Krynitz et al. 
compared the peritumoral inflammatory cells in cSCC from 
organ transplant and immunocompetent patients. They found 
no significant difference in the density of inflammatory cells, 
or CD8 T cells [29]. Similarly, in our patient population, 
when cause of immunosuppression was considered, includ-
ing organ transplant patients, there was no difference com-
pared to immunocompetent patients in CD8 density as well 
as tumor PD-L1 expression, PD-1 expression by CD8 TILs, 
or PD-L1 expression in TIIs.

To our knowledge this is also the first evaluation of B7-H3 
in cSCC and in immunosuppressed patients. We found that 
85% of patients were positive for B7-H3, which is compa-
rable to findings in other tumor types including NSCLC, 
pancreatic cancer, HNSCC, and colorectal cancer [17, 30, 
31]. Interestingly, B7-H3 expression was the only parameter 
that was significantly different in immunocompetent com-
pared to immunosuppressed patients as discussed above. 
While B7-H3 expression in tumors correlated with expres-
sion of B7-H3 on vessels, there was no correlation between 
tumor B7-H3 expression and high risk pathologic features. 
This is in contrast to other tumor types such as pancreatic 
cancer and colorectal cancer, where B7-H3 expression has 
been associated with high risk features, such as lymph node 
metastasis and higher tumor grade [31, 32]. While an inverse 
relationship between tumor B7-H3 expression and TILs has 
been observed [33, 34], data are lacking on whether B7-H3 
correlates with PD-L1 and PD-1 expression by tumor cells 
and TIIs. In our analysis we found no significant correlation 
between tumor B7-H3 and PD-L1 expression on TII, CD8 
or CD4 density, or PD-1 expression on CD8 or CD4 T cells. 
While the exact mechanism of induction of B7-H3 on tumor 
has not been elucidated, it has been reported that IFNγ may 
play a role [35]. However, we found no significant correla-
tion between tumor B7-H3 and tumor PD-L1 expression, 
which is also upregulated by IFNγ.

In the organ transplant patient population, cSCC accounts 
for significant morbidity and mortality [36]. The PD-
L1:PD-1 pathway has a role in induction and maintenance 
of graft tolerance, and acute graft rejection with subsequent 
kidney failure has been observed in published case reports 
of kidney transplant patients treated with anti-PD-1 mAbs, 
including one patient with advanced cSCC [37–40] In 
our population, most organ transplant patients had PD-L1 
expression on immune cells, or PD-1 expression on CD8 T 
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cells in the examined graft specimen. However, while the 
majority of these patients had tumor expression of B7-H3, 
immune cells in the graft were devoid of B7-H3 expression. 
Further analysis of the role of B7-H3 in transplant rejection 
is needed to determine whether or not blockade of B7-H3 
could be safe in organ transplant patients with advanced 
cSCC.

Our analysis has a number of limitations. The patients 
we analyzed had undergone surgical resection of their cSCC 
and therefore were earlier stage than more advanced cSCC 
patient that would require systemic therapy. That being said, 
these were all patients who underwent surgical resection in 
the hospital and had high risk pathologic features, there-
fore they are representative of more aggressive disease than 
cSCC treated in the dermatology office. Also, given this was 
a retrospective analysis and the only available tissue was 
archival formalin fixed paraffin embedded tumor samples, 
we were not able to perform functional studies to charac-
terize the tumor microenvironment. We acknowledge that 
this would have enhanced this analysis, and is planned for 
future study. Lastly, we were unable to correlate co-signaling 
molecule expression with overall survival because patients’ 
samples were from more recent years and, therefore, the 
number of events (deaths) was too low.

Treatment options are very limited for patients with 
inoperable or metastatic cSCC, with currently no FDA 
approved therapies specific for advanced cSCC. Our data 
provide support for clinical trials in cSCC with checkpoint 
inhibitors targeting the PD-1: PD-L1 pathway or B7-H3. 
Additional rationale for checkpoint blockade in cSCC comes 
from mutational analysis. Higher somatic mutational burden 
has been shown as a strong predictor of response to check-
point blockade retrospectively in melanoma and NSCLC 
and prospectively in mismatch repair deficient colon cancer 
[41–43]. Whole exome sequencing of aggressive cSCC sam-
ples showed a high mutational rate with a median of 61.2 
mutations/Mb, and mutations were largely clonal [44]. The 
efficacy of anti-PD-1 mAbs Nivolumab and Pembrolizumab 
has been reported in advanced cSCC in three case reports 
on a total of seven patients, most of them had failed prior 
chemotherapy, cetuximab or both. A total of four patients 
achieved a PR and three patients had SD [45–47]. Prelimi-
nary data with anti-PD-1 mAb REGN2810 in 26 patients 
with advanced cSCC were presented at the ASCO annual 
meeting 2017, and showed a response rate of 46% [48].

In conclusion, there were no significant differences in 
expression of PD-L1 by tumor cells or TII, and PD-1 by 
CD8 or CD4 T cells according to patients’ immune status. 
Thus, our data support the development of clinical trials 
with checkpoint inhibitors targeted against the PD-1:PD-L1 
pathway in immunosuppressed as well as in immunocom-
petent cSCC patients, with the exception of organ transplant 
patients because of safety concerns. Tumor cell B7-H3 

expression was significantly higher in immunocompetent 
patients compared to immunosuppressed largely driven by 
lower B7-H3 expression in HIV-positive patients. Our data 
suggest that targeting of B7-H3 may also be of interest in 
immunocompetent cSCC patients, and possibly in organ 
transplant patients.
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