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ABSTRACT

Systemic treatment options for patients with locally
advanced or metastatic basal cell carcinoma (BCC)

are limited, particularly when tumors are refractory

to anti-programmed cell death protein-1 (PD-1). A

better understanding of immune checkpoint expression
within the BCC tumor microenvironment may inform
combinatorial treatment strategies to optimize response
rates. CD3, PD-1, programmed death ligand-1 (PD-

L1), lymphocyte activation gene 3 (LAG-3), and T-cell
immunoglobulin domain and mucin domain 3 (TIM-3)+
cell densities within the tumor microenvironment of 34
archival, histologically aggressive BCCs were assessed.
Tumor infiltrating lymphocyte (TIL) expression of PD-1, PD-
L1, and LAG-3, and to a lesser degree TIM-3, correlated
with increasing CD3+ T-cell densities (Pearson’s r=0.89,
0.72,0.87, and 0.63, respectively). 100% of BCCs (34/34)
demonstrated LAG-3 and PD-1 expression in >1%TIL;
and the correlation between PD-1 and LAG-3 densities
was high (Pearson’s r=0.89). LAG-3 was expressed at
~50% of the level of PD-1. Additionally, we present a
patient with locally-advanced BCC who experienced stable
disease during and after 45 weeks of first-line anti-PD-1
(nivolumab), followed by a partial response after the
addition of anti-LAG-3 (relatlimab). Longitudinal biopsies
throughout the treatment course showed a graduated
increase in LAG-3 expression after anti-PD-1 therapy,
lending support for coordinated immunosuppression and
suggesting LAG-3 as a co-target for combination therapy
to augment the clinical impact of anti-PD-(L)1.

INTRODUCTION

Most basal cell carcinomas (BCCs) are effec-
tively treated with topical therapy or surgical
resection. However, for some patients, BCC
invades surrounding anatomical structures,
destroying soft tissue, cartilage and bone.
Because BCCs frequently present on the head
and neck, locally destructive tumors can cause
substantial disfigurement and functional
impairment. In rare cases, BCC metastasizes

3,45

to distant sites. Hedgehog pathway inhibitors
(HHI) are standard-of-care treatment for
patients with locally-advanced BCC (1laBCC)
or metastatic BCC (mBCC). Although objec-
tive response rates (ORRs) are ~30-70%,
durations of response are often suboptimal,
and patients frequently discontinue therapy
due to adverse events.'

Immune checkpoint inhibitors (ICI),
for example, anti-programmed cell death
protein-1 (PD-1), have demonstrated effi-
cacy in treating patients with a broad array
of advanced cancers, including melanoma,
Merkel cell carcinoma, and cutaneous squa-
mous cell carcinoma. In February 2021, the
US Food and Drug Administration approved
cemiplimab-rwlc (anti-PD-1) for patients with
laBCC or mBCC who were previously treated
with an HHI, or for whom an HHI is not
appropriate. Clinical trial data informing this
approval (NCT03132636) reported ORRs of
31% among 84 patients with laBCC (median
duration of response (DOR) not reached
(range: 2.1-21.4+ months)), and 21% among
28 patients with mBCC (median DOR not
reached (range: 9-23.0+ months)).?

Across various tumor types, antitumor
responses to programmed cell death protein-
(death-ligand)1 (PD-(L)1) antibodies are
frequently associated with a high tumor
mutational burden and PD-L1 expression
in the pretreatment tumor microenviron-
ment (TME). BCC has both features® yet the
majority of patients do not experience tumor
regression. Immunoregulatory molecules
such as lymphocyte activation gene 3 (LAG-3)
or T-cell immunoglobulin domain and mucin
domain 3 (TIM-3) appear to play a role in ICI
resistance in other tumor types,’ and may act
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similarly in BCC. The aim of the present study was to char-
acterize PD-L1, PD-1, LAG-3, and TIM-3 expression in a
cohort of BCCs to potentially identify targetable check-
point molecules that may confer resistance to PD-(L)1
blockade.

MATERIALS AND METHODS

Case selection

Following Institutional Review Board (IRB) approval
(JHU IRB-X; NA_0085595), 34 formalin-fixed paraffin-
embedded (FFPE) specimens from patients with
histologically-aggressive BCC (defined as those with peri-
neural or bony invasion and/or size >1 cm) were identi-
fied in the surgical pathology archives. Clinicopathologic
parameters were collected, including patient anatomic
site, recurrence, metastasis, and whether systemic treat-
ment was received prior to biopsy (online supplemental
table S1).

Immunohistochemistry and in-situ hybridization
Immunohistochemical (IHC) stains for CD3, PD-LI,
PD-1, LAG-3, and TIM-3 were performed on FFPE tissue
sections. IHC for CD3 was performed per routine auto-
mated clinical staining. Staining for PD-L1, PD-1, LAG-3,
and TIM-3 were performed as previously described,” with
a revised primary antibody for TIM-3 (clone F38-2E2 at
a concentration of bug/mL) and amplification system
(TSA plus biotin kit, Perkin Elmer NEL749B001KT, 1:50
dilution).

In-situ hybridization (ISH) for PD-1 was performed
on select cases to confirm observed protein expression
patterns. Specifically, ISH for PD-1 mRNA expression was
performed using an automated stainer (Leica Bond, Leica
Biosystems) using the RNAscope Kit (Advanced Cell Diag-
nostics) according to the manufacturer’s instructions.

Scoring of IHC stains

CD3, PD-L1, PD-1, LAG-3, and TIM-3 immunostains were
scanned (Hamamatsu NanozoomerXR). A pathologist
annotated the TME using image analysis software (HALO
V.3.5, Indica Labs), and tumor infiltrating lymphocyte
(TIL) densities for each marker within the TME were
determined (online supplemental figure S1). The rela-
tive percentage of tumor cells (TCs) expressing each
marker were also assessed by a pathologist. TC expression
>1% was considered ‘positive’ expression.

RESULTS

PD-1 and PD-L1 expression

While 100% (34/34) of BCCs exhibited PD-1 and PD-L1
expression on TIL (PD-1 average density: 471/ mm2,
range 33-2447/mm?; PD-L1 average density: 178/mm?,
range 9—985/mm2), only 9% (3/34) of specimens showed
PD-L1 expression by TCs. In these few cases, the average
proportion of TCs displaying PD-L1 was 2% (range of
1-5%). Unexpectedly, 56% (19/34) of specimens showed

TC PD-1 expression. In these cases, the average propor-
tion of TCs displaying PD-1 was 10% (range of 2-90%).
TC expression of PD-1 was confirmed by ISH (figure 1A).

LAG-3 and TIM-3 expression

One hundred percent (34/34) of cases showed LAG-3
and TIM-3 expression by TIL (LAG-3 average density
208,/ mm?; range 14-1 132/mm? TIM-3 average density
91/mm2; range 0.4—705/mm2), with a LAG-3/CD3+
T-cell ratio of 47% (range 8.5-100%), and a TIM-3/CD3+
T-cell ratio of 19% (range of 1-89%). No LAG-3 or TIM-3
expression by TCs was present.

Correlation of checkpoint expression with T-cell infiltrates

and each other

The densities of PD-1+, PD-L1+, LAG-3+, and TIM-3+
TIL from each specimen were correlated against CD3+
densities to assess whether expression of these molecules
was associated with T-cell infiltration (figure 1B). PD-1,
PD-L1, and LAG-3 strongly correlated with the density
of Twcell infiltrates (r=0.89, 0.72, 0.87, respectively)
(figure 1C), though there were some cases that showed
expression of PD-1 and LAG-3 out of proportion to
the T-cell infiltrate (online supplemental figure S2). In
contrast, TIM-3 expression by TIL was only moderately
correlated with T-cell infiltration (»=0.63). PD-1, PD-L1,
and LAG-3 expressions were also highly correlated with
each other, but not with TIM-3. Of these molecules, PD-1
was expressed at the highest density. On average, LAG-3
and PD-L1 were expressed at~50% and 35% of PD-1 levels,
respectively (p<0.0001 for both, paired t-test).

CASE PRESENTATION

A patient in his early 50s presented with a treatment-
naive 18x14mm BCC of the left nasal ala. After under-
going evaluation by a multidisciplinary team, the patient
opted to forego surgical resection and pursue medical
therapy on an IRB-approved clinical trial which included
consent for biospecimen analysis (NCT03521830, JHU
IRB:00166274). He began first-line nivolumab (anti-
PD-1) 480mg intravenously every 4 weeks. Over the next
48 weeks, the patient experienced stable disease per
Response Evaluation Criteria in Solid Tumors (RECIST)
V.1.1 with a2 maximum decrease in tumor diameter of
27.7% (figure 2A,B). Nivolumab was discontinued per
protocol, and the patient was monitored for the next 18
weeks, during which the BCC remained stable. He then
began nivolumab 480mg intravenously every 4 weeks
plus relatlimab (anti-LAG-3) 960 mg intravenously every
4 weeks, experienced a partial response 39 weeks later,
and discontinued therapy per protocol at 59 weeks. At
21.5 months, a partial response was ongoing. Treatment-
related adverse effects included a rash and pruritus
(grade 1, Common Terminology Criteria for Adverse
Events (CTCAE) V.5), and arthritis affecting the hips,
elbows and shoulders (grade 2).
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Figure 1
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Patterns of immunoactive marker expression in aggressive basal cell carcinomas (BCCs). (A) Photomicrograph

(top left) displaying a representative tumor-immune cell interface within BCC (immune cells on left and tumor on right of black
dotted line, H&E staining). Programmed cell death protein-1 (PD-1) immunohistochemistry highlights PD-1 expression by

tumor infiltrating lymphocyte (TIL) and tumor cells (TCs) (top middle). PD-1 amplified in-situ hybridization (ISH) was used to
verify the PD-1 expression by TCs (top right). Inset shows positive signal in the cytoplasm (red, punctate dots). Programmed
death ligand-1 (PD-L1), lymphocyte activation gene 3 (LAG-3), and T-cell immunoglobulin domain and mucin domain 3 (TIM-

3) expressions were also present on TIL in this same region. Scale bar=50pum. (B) Heat map relating CD3+ T-cell densities

with PD-1, PD-L1 LAG-3, and TIM-3 lymphocyte expression on a per-specimen basis. Specifically, each row in the heat map
represents one specimen from an individual patient. In contrast to the other markers, TIM-3 densities were relatively low and did
not associate with an increasing T-cell infiltrate. (C) Pearson’s correlation coefficients, r, showing the strong relationship between

CD3, PD-1, and LAG-3 expression.

H&E staining and IHC for LAG-3 were performed on
serial biopsies from this patient (pretreatment, 4 weeks
on-treatment, and 15 months after the first dose of anti-
PD-1, figure 2C, online supplemental figure S3). The
LAG-3 THC showed 1%, 5%, and 10% expression in
immune cells (ICs), respectively, demonstrating a grad-
uated increase in expression. An on-treatment biopsy
was performed at 5 weeks after the first dose of combi-
nation nivolumab plus relatlimab. H&E sections revealed
partial regression of the tumor (figure 2C). The regres-
sion bed (where tumor used to be), was characterized
by features of pan-tumor immune-related pathologic
response,6 including chronic inflammation (lymphocytes
and plasma cells) and histologic findings associated with
wound healing (neovascularization and proliferative
fibrosis).

DISCUSSION

The current study describes expression of four immuno-
regulatory proteins—PD-LI1, PD-1, LAG-3, and TIM-3—in
the TME of BCCs in order to investigate potential mecha-
nisms driving resistance to PD-1 blockade and to provide

a rationale for the design of clinical trials testing combi-
natorial ICI regimens.

LAG-3 is an immunoregulatory molecule that is
expressed in some tumors resistant to PD-l-pathway
blockade. Blockade of LAG-3, especially in patients whose
tumors exhibit LAG-3 expression on tumor-associated
ICs, can overcome resistance and reinvigorate anti-
tumor immunity.7 Similarly, antibodies blocking TIM-3
can trigger antitumor immunity after progression on
anti-PD-1 therapy.® We found LAG-3 to be a prominent
feature of the BCC TME and demonstrated its coordinate
expression with PD-1 and PD-L1, akin to what has been
described in melanoma.’ As in melanoma, LAG-3 expres-
sion appears to be subdominant to PD-1/PD-L1 expres-
sion in the BCC TME. TIM-3 expression on TIL was also
observed, though it was less coordinated with CD3+ T-cell
infiltration and PD-1 expression than LAG-3. TIM-3 could
also be considered as a potential target along with anti-
PD-1 to further augment response rates in BCCs refrac-
tory to anti-PD-1 monotherapy.

While PD-L1 expression by TCs and ICs and PD-1
expression by lymphocytes have been widely studied
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Figure 2 The patient whose advanced basal cell carcinoma stabilized on anti-programmed cell death protein-1 (PD-1), then
regressed following the addition of anti-lymphocyte activation gene 3 (LAG-3) therapy. (A) the patient received nivolumab (anti-
PD-1) over 48 weeks (green) during which he experienced stable disease per Response Evaluation Criteria in Solid Tumors
(RECIST) V.1.1. The tumor remained stable in size for 18 weeks after discontinuation of therapy, at which point the patient
received nivolumab plus relatlimab (anti-LAG-3; blue). He experienced a partial response 39 weeks later, ongoing at 21.5
months from nivolumab/relatlimab initiation. Dashed lines show a 30% decrease in tumor diameter from baseline during each
treatment regimen. Both CT scans (B) and paired pretreatment and on-treatment biopsies stained with H&E (C) demonstrate
tumor regression. The high-powered view of the regression area shown for Week 71 shows fibrosis, plasma cells, foamy
macrophages and numerous lymphocytes. The LAG-3 immunohistochemistry (IHC) staining performed on the Week 0
(immediate pretreatment) and Week 66 biopsies shows an increase in LAG-3 expression after administration of anti-PD-1
monotherapy prior to anti-PD-1+LAG-3 treatment. The patient went on to demonstrate an objective response to combinatorial
therapy. Additional images for LAG-3 expression over the course of therapy are shown in online supplemental figure S3. Some
figure elements created with BioRender.com.
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across various tumor types, less is known about intrinsic
PD-1 expression by TGCs. Our study identified PD-1
expression by TCs in 38% of BCCs. In preclinical mela-
noma models, such expression is associated with tumor-
promoting effects, which can be suppressed by inhibiting
PD-1.1° Thus, PD-1 expression by TCs—in patients with
BCC and other malignancies—should be explored as a
candidate biomarker of tumor regression in response to
PD-1 blocking drugs.

In the current case report, the patient received the full
course of anti-PD-1 allowed on the trial before anti-LAG-3
was ultimately added to their regimen. During this time,
the patient’s best overall response was stable disease for
over a year. However, as this was not a controlled study,
it is not possible to entirely exclude the possibility that
continuation of anti-PD-1 alone could have ultimately
further facilitated disease clearance. Taken together with
the IHC characterization of the BCC TME, our find-
ings provide a rationale supporting translational trials
exploring the synergistic blockade of LAG-3 and anti-
PD-(L)1 for patients with advanced BCC resistant to PD-1
pathway blockade. Further investigation into expression
of immunoregulatory molecules in the BCC TME may
identify additional therapeutic targets and candidate
biomarkers predicting tumor regression in response to
ICI.
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