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ABSTRACT

Background Basal cell carcinoma (BCC) is the most
common malignancy worldwide, yet the management

of patients with advanced or metastatic disease is
challenging, with limited treatment options. Recently,
programmed death receptor 1 (PD-1) inhibition has
demonstrated activity in BCC after prior Hedgehog inhibitor
treatment.

Methods We conducted a multicenter, retrospective
analysis of BCC patients treated with PD-1 inhibitor
therapy. We examined the efficacy and safety of PD-1
therapy, as well as clinical and pathological variables

in association with outcomes. Progression-free survival
(PFS), overall survival (OS) and duration of response (DOR)
were calculated using Kaplan-Meier methodology. Toxicity
was graded per Common Terminology Criteria for Adverse
Events V.5.0.

Results A total of 29 patients with BCC who were treated
with PD-1 inhibition were included for analysis, including
20 (69.0%) with locally advanced and 9 (31.0%) with
metastatic disease. The objective response rate was
31.0%, with five partial responses (17.2%), and four
complete responses (13.8%). Nine patients had stable
disease (31.0%), with a disease control rate of 62.1%.
The median DOR was not reached. Median PFS was 12.2
months (95% Cl 0.0 to 27.4). Median 0S was 32.4 months
(95% Cl 18.1 to 46.7). Two patients (6.9%) developed
grade 3 or higher toxicity, while four patients (13.8%)
discontinued PD-1 inhibition because of toxicity. Higher
platelets (p=0.022) and any grade toxicity (p=0.024) were
significantly associated with disease control rate.
Conclusions The clinical efficacy of PD-1 inhibition
among patients with advanced or metastatic BCC in this
real-world cohort were comparable to published trial data.
Further investigation of PD-1 inhibition is needed to define
its optimal role for patients with this disease.

INTRODUCTION

Basal cell carcinoma (BCC) is the most
common cancer in the USA,'? with more than
2 million cases diagnosed annually. Small,
localized lesions are typically cured with mini-
mally invasive approaches, including surgery,
topical or photodynamic therapy, with good
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= Historically, systemic treatment options have been
limited for patients with advanced basal cell car-
cinoma. In February 2021, the Food and Drug
Administration approved use of the PD-1 inhibitor
cemiplimab for patients who have been treated with
prior Hedgehog inhibition. In this multicenter, ret-
rospective study, PD-1 inhibition led to a response
rate of 31.0% for patients with basal cell carcino-
ma; these responses were durable, lasting greater
than 12 months. Furthermore, treatment was well
tolerated with a discontinuation rate of 13.8%. Our
results provide real-world confirmation of those
from the REGN 1620 trial and support the incorpo-
ration of PD-1 inhibition into the management of
patients with unresectable or metastatic basal cell
carcinoma.

long-term outcomes.>™ However, a subset
of BCC patients may present with recurrent
disease, local invasion of adjacent structures,
or metastatic disease, resulting in significant
morbidity or mortality.”® Risk factors for
recurrent or metastatic BCC include a history
of immune suppression, larger primary tumor
size, location on the head/neck, perineural
invasion and aggressive histology, such as
morpheaform or basosquamous histology.”™
Management of advanced BCC may be clin-
ically challenging, and should be discussed
in a multidisciplinary setting. In addition to
surgical management, radiation and systemic
therapy may be considered. However, due
to the rarity of locally advanced and espe-
cially metastatic BCC, there are no standard
management guidelines for this clinical
scenario, thus presenting an important,
unmet need.

At a molecular level, BCC is characterized
by upregulation of the Hedgehog pathway,
whereby mutations of PTCHI, SMO or SUFU
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drive translocation of SMO and downstream transcription
of GLI target genes. Inhibitors of the Hedgehog pathway
(HHI) have been established as the firstline systemic
therapy for patients with advanced or metastatic BCC,'*™°
but the use of these agents may be limited by toxicity and
tolerability issues, requiring frequent dose interruptions
or modifications.'” ** Moreover, resistance to HHI may
occur as a result of mutations of SMO, SUFU, or GLI2,
or via upregulation of other synergistic pathways.'"" As
such, salvage therapy options for patients who fail HHI
are needed.

Blockade of the programmed death-1 protein (PD-1)
has demonstrated efficacy in cutaneous malignancies,
among others.*** Specifically, PD-1 inhibitors produce
durable responses, resulting in improved survival, and
even allow some patients to safely discontinue therapy
while continuing to benefit from treatment.” Moreover,
PD-1 inhibitor therapy is well tolerated compared with
many systemic agents, and has been shown to be safe
among older, frail patients.?®?’

Multiple levels of evidence support the use of PD-1
inhibition in advanced BCC. Similar to other cutaneous
malignancies, BCC are characterized by a UV radia-
tion mutational signature and high tumor mutational
burden (TMB).*® * In addition, programmed death-
ligand 1 (PD-L1) expression has been reported on BCC
tumor cells, as well as associated tumor-infiltrating
lymphocytes and macrophages.”” The increased inci-
dence of BCC among patients with immune suppres-
sion, as well as the efficacy of other immune modulating
therapies, such as imiquimod, further supports the use
of PD-1 inhibition in this malignancy. In a phase II
study of 84 patients with locally advanced, unresectable
BCC who had failed prior HHI, PD-1 inhibitor therapy
led to an objective response rate (ORR) of 31% (25%
partial response (PR), 6% complete response (CR));
median progression-free survival (PFS) was 19 months,
and responses were durable, with 79% of responses
maintained beyond 6 months.”’ In February 2021, the
US Food and Drug Administration (FDA) approved
use of the PD-1 inhibitor, cemiplimab, as second-line
therapy for BCC after prior therapy with HHI. Here,
we present a multi-institutional, retrospective study of
BCC patients treated with PD-1 inhibition.

Patients and methods

We conducted a multi-institutional, retrospective anal-
ysis of BCC patients treated with PD-1 inhibitor therapy
between 2016 and 2021 across eight academic medical
centers in the USA. Patients who had locally advanced or
metastatic BCC and received at least 1 cycle of PD-1 inhi-
bition in any line of therapy were eligible for inclusion.
Clinical data were collected from patient medical records
at each respective institution, then deidentified and
merged into a central database prior to analysis. Patient
demographics, including age, race, gender, and history of
immune suppression were recorded. Tumor characteris-
tics collected included date of diagnosis, tumor location,

tumor diameter, presence of perineural invasion, poor
vs well-defined borders, history of recurrent tumor,
histology subtype, date of advanced disease, extent of
disease (locally advanced vs metastatic), prior therapy for
advanced disease (including surgery, radiation and HHI),
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status at start of PD-1 therapy, TMB, baseline labs
(complete blood count, liver function tests, creatinine,
albumin), sites of metastatic disease, PD-1 inhibitor agent
used, total cycles of PD-1 therapy, toxicity (including
grade), best response, and reason for discontinuation.
Dosing of PD-1 inhibitors was carried out using standard
FDA approved labeling, with either (1) cemiplimab 350
mg every 3 weeks, (2) pembrolizumab 200 mg every 3
weeks, or 400 mg every 6 weeks, or (3) nivolumab 240 mg
every 2 weeks or 480 mg every 4 weeks.

Efficacy was assessed by Response Evaluation Criteria in
Solid Tumors V.1.1, as conducted by site investigators at
each participating institution. Patients were evaluable for
response if they had measurable disease, either by radio-
graphic imaging, or by caliper measurement with medical
photography for superficial cutaneous lesions. ORR was
defined by the presence of CR or PR. Disease control
rate (DCR) comprised patients who achieved CR, PR or
stable disease (SD). Toxicity was retrospectively graded by
each respective institutional investigator, per the National
Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE) V.5.0. PFS and overall survival
(OS) were calculated from the date of the first cycle of
PD-1 inhibition to the date of progression or death from
any cause, respectively. Duration of response (DOR) was
calculated from the time of initial response (PR or CR)
until death or progression. Patients who did not expe-
rience death or progression, or those lost to follow-up,
were censored.

All analyses were performed utilizing SPSS Statistics
V.28.0.0. Descriptive statistics for all categorical data
were reported. Categorical variables were reported as
total numbers and percentages. No imputation was
made for missing data. PFS, OS and DOR were esti-
mated by Kaplan-Meier methodology and expressed as
median values with two-sided 95% CIs. Survival curves
were compared using log-rank test (Mantel-Cox)
tests. Univariate analysis was performed using linear
regressions and least squares on individual variables
of interest with significance defined as p<0.05. For
multivariate analysis, a correlation matrix was used to
calculate Pearson correlation coefficient (Pearson’s r)
values and their significance (p<0.05).

RESULTS

Study population

In total, 29 BCC patients who were treated with PD-1
inhibitor therapy between August 2016 and June 2021
were included for analysis (figure 1). Complete base-
line demographic and clinical information are listed in
table 1. The median age at the time of PD-1 inhibition
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Basal Cell Carcinoma Patients
Treated with PD-1 Inhibition from
2016-2021 Screened for Eligibility

{n=29)

Basal Cell Carcinoma Patients.
Included in Analysis (n=29)

Locally Advanced Basal Cell
Carcinoma (n=20) (n=9)

Metastatic Basal Cell Carcinoma

Figure 1 CONSORT diagram of basal cell carcinoma
patients included in analysis. CONSORT, Consolidated
Standards of Reporting Trials.

was 70 years (range 43-86), with 58.6% of patients 70
years or older, and 27.6% being 75 years or older. The
majority of patients were male (75.9%) and Caucasian/
white (86.2%). Most patients had good performance
status, ECOG 0-1 (86.2%). Primary BCC tumors were
located on the head/neck for more than half of all
patients (55.2%), followed by the trunk (27.6%) and
extremity (17.2%). Aggressive histology was reported
in 19 patients (65.5%); aggressive subtypes included
basosquamous (27.6%), morpheaform (13.8%) and
micronodular (6.9%). Three patients (10.3%) had a
history of immunocompromise, including one each
with a history of autoimmune disease, hematological
malignancy, or viral immune suppression. Among all
29 patients, 20 (69.0%) had locally advanced disease,
while 9 (31.0%) had metastatic disease. The most
common anatomic sites of metastasis included lung
(24.1%) and lymph node (20.7%). Twenty-one patients
(72.4%) had undergone prior surgery as therapy for
BCC, while 18 (62.1%) had been treated with prior
radiation. In addition, 24 patients (82.8%) had been
treated with prior HHI, among which 18 (75.0%)
discontinued therapy due to disease progression. TMB
was available for 10 patients; the median TMB was 14
mutations/Mb (range 3.2-111).

Treatment outcomes
At the time of data collection (June 2021), the median
follow-up for the overall study population was 11.0
months; 11 patients had died, while 17 were alive with at
least 3 months of follow-up, and 1 was lost to follow-up and
censored. The median number of cycles of PD-1 inhibi-
tion administered among all patients was 6 (range 1-57),
while the median duration of therapy was 4.8 months
(range 1-44). PD-1 inhibitors used included pembroli-
zumab (58.6%), cemiplimab (31.0%), and nivolumab
(10.3%).

Efficacy data are summarized in table 2. Among all
patients evaluable, there were five patients (17.2%) with

Table 1 Baseline characteristics of patients

(n=29)

Age

Median (range) 70 (43-86)
Gender—no (%)

Male 22 (75.9)

Female 7 (24.1)
Race—no (%)

White 25 (86.2)

Hispanic 3(10.3)

Asian/Pacific Islander 1(3.4)

Immunocompromised —no (%) 3(10.3)
ECOG performance status—no (%)

0 10 (34.5)

1 15 (561.7)

2 4(13.8)
Primary tumor site—no (%)

Head/neck 16 (65.2)

Trunk 8 (27.6)

Extremity 5(17.2)
Extent of disease—no (%)

Locally advanced 20 (69.0)

Metastatic 9(31.0
Clinicopathological features—no (%)

Recurrent tumor 18 (62.1)

Poorly defined borders 13 (44.8)

Perineural invasion 6 (20.7)

Aggressive histology—no (%) 19 (65.5)

Basosquamous 8 (27.6)

Morpheaform 4 (13.8)

Mixed 3(10.3)

Micronodular 2 (6.9)

Other 2 (6.9)
Anatomic site of metastases—no (%)

Lung 7 (24.1)

Lymph node 6 (20.7)

Bone 4 (13.8)

Liver 1(3.4)
Prior therapy —no (%)

Surgery 21 (72.4)

Radiation 18 (62.1)

Hedgehog inhibitor 24 (82.8)

Reason for discontinuing prior hedgehog inhibitor therapy —no

(%)
Progression of disease
Adverse events
Other

ECOG, Eastern Cooperative Oncology Group.

18 (75.0)
3 (12.5)
3 (12.5)
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Table 2 Antitumor efficacy among patients with BCC treated with PD-1 inhibition

All patients Locally advanced Metastatic disease
(n=29) (n=20) (n=9)
Investigator assessed best overall response—no (%)
Complete response (CR) 4 (13.8) 3(15.0) 1(11.1)
Partial response (PR) 5(17.2) 4 (20.0) 1(11.1)
Stable disease (SD) 9 (31.0) 6 (30.0) 3 (33.3)
Progressive disease 9 (31.0) 5 (25.0) 4 (44.4)
Could not be evaluated 2 (6.9) 2(10.0) 0 (0.0)
Objective response rate (PR +CR) 31.0% 35.0% 22.2%
Disease control rate (SD +PR + CR) 62.1% 65.0% 55.5%

BCC, basal cell carcinoma.

PR and four patients (13.8%) with CR; the ORR was
31.0%. There were two patients who initially had SD, but
subsequently converted to a response (one PR and one
CR). The median time to response among patients with
PR or CR was 4.0 months (range 0.7-5.6). One patient
who had PD at 3.5 months underwent local ablation
therapy to treat oligometastatic disease, then continued
on therapy for another 29 months. In total, nine patients
(31.0%) had SD as the best response, while another nine
patients (31.0%) had progression of disease, and two were
not evaluable (NE). DCR for the entire cohort was 62.1%.

For patients who achieved PR or CR, the median DOR
was not reached. Among responders, the proportion of
those who remained in PR or CR at 12 months was 100%
(6/6) (figure 2). Three responders had less than 6 months
of follow-up and were excluded from assessment of DOR
proportion. No progression events were observed in
patients with a PR or CR. For patients with SD, the median
duration of benefit was 10.1 months (range 4.1-15.2).
The estimated median PFS for all patients included was

28
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12.2 months (95% CI 0.0 to 27.4) (figure 3A); the median
OS was 32.4 months (95% CI 18.1 to 46.7) (figure 3B).
There were no clinical or pathological variables that were
significantly associated with either PFS or OS.

On subset analysis, the ORR for patients with locally
advanced disease was 35.0% (four PR, three CR), while
for patients with metastatic disease, the ORR was 22.2%
(one PR, one CR). Among five patients who were naive
to therapy with HHI, there were three responders (2 PR,
1 CR), and two with SD. When assessing efficacy among
older patients, the ORR for patients 70 years and older
was 23.5% (4/17), with 1 PR and 3 CR, with DCR 58.8%
(10/17), while the ORR for patients 75 years and older
was 25.0% (1/8) with 1 CR and 0 PR, with DCR 62.5%
(5/8). The ORR for primary tumors on the head/neck,
trunk, and extremity were 31.3% (5/13), 25.0% (2/8),
and 40.0% (2/5), respectively. For patients with aggres-
sive histology, the ORR was 38.9% (7/18), compared
with 18.2% (2/11) among those without. Regarding
specific histology subtypes, three of eight patients with

*X

= Locally Advanced

= Metastatic

A Partial Response Start
Complete Response Start

Astable Disease

@ Progressive Disease

@ Continued Treatment

@ Durable Response

24 27 30 33 36

Figure 2 Swimmer’s plot of BCC patients treated with PD-1 inhibition. BCC, basal cell carcinoma.
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Figure 3 (A) Progression-free survival of BCC patients
treated with PD-1 inhibition. (B) Overall survival of BCC
patients treated with PD-1 inhibition. BCC, basal cell
carcinoma.

basosquamous histology achieved a response (two CR,
one PR), while among four patients with morpheaform
histology, there was one response, two non-responders,
and a third patient was NE. There were two patients
with micronodular histology, both were non-responders.
Among the 3 immunocompromised patients, there
were no responses seen, although 1 patient with meta-
static BCC and a history of pemphigus vulgaris had SD
and underwent a total 18 cycles of nivolumab. Among

the responders, there were only two patients with TMB
data available: one with 47 mutations/Mb, and another
with 111 mutations/Mb. Among the non-responders,
TMB was available for 8 patients: 3 patients had TMB
of b mutations/Mb or lower, 3 had TMB 10-15 muta-
tions/Mb, and 2 patients had TMB higher than 50 muta-
tions/Mb (63 and 91). None of the variables mentioned
above, nor any others, including gender, performance
status, or prior therapy, were significantly associated
with response to PD-1 therapy (online supplemental
S1). Among baseline laboratory values, higher albumin
showed a trend toward significance (p=0.052), in associ-
ation with response. Higher platelets (p=0.022) and any
grade toxicity (p=0.024) were significantly associated with
DCR; there were no other variables associated with DCR
(online supplemental S2).

Salvage therapy outcomes were available for seven
patients who progressed on PD-1 therapy. Among three
patients retreated with HHI, there was one response.
Among three patients treated with CTLA-4 as salvage
therapy, there were zero responses reported, with two
having SD and one with disease progression as best
response. One patient treated with cytotoxic chemo-
therapy achieved a response.

Safety

Opverall, there were 19 patients (65.5%) who developed
any grade toxicity due to PD-1 therapy (table 3). The most
common toxicities included constitutional symptoms
(fatigue) affecting 34.5% of patients, dermatological
symptoms (rash, pruritus) in 24.1%, and endocrinopa-
thies (hypothyroidism) among 13.8%; all of these were
CTCAE grade 2 or lower. Two patients (6.9%) developed
treatmentrelated adverse events of CTCAE grade 3 or
higher; these included one patient with grade 3 colitis
and another patient who had concurrent grade 4 trans-
aminitis and grade 4 nephritis. In total, 4 patients (13.8%)
discontinued PD-1 therapy due to toxicity; in addition to
the 2 patients with grade 3 or higher adverse events, there
was one patient with grade 2 encephalitis and another
patient who had both grade 2 arthralgias and grade 2

Table 3 Adverse events among patients with BCC treated with PD-1 inhibition

Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade 4 (%) Total (%)
Constitutional (fatigue) 9 (31.0) 1(3.4) 0 (0.0) 0 (0.0) 10 (34.5)
Dermatological (pruritus, rash) 6 (20.7) 1(3.4) 0 (0.0) 0 (0.0) 7 (24.1)
Endocrine (hypothyroidism) 3 (10.3) 1(3.4) 0 (0.0) 0 (0.0) 4 (13.8)
Gastrointestinal (diarrhea) 1(3.4) 1(3.4) 1(3.4) 0 (0.0) 3(10.3)
Musculoskeletal (arthralgia) 0 (0.0) 2 (6.9) 0 (0.0) 0 (0.0) 2 (6.9)
Liver (transaminitis) 0 (0.0 0 (0.0 0 (0.0 1(3.4) 13.9)
Renal (nephritis) 0 (0.0 0 (0.0 0 (0.0 1(3.4) 1(3.4)
Neurological (encephalitis) 0 (0.0) 1(3.4) 0 (0.0) 0 (0.0) 1(3.4)
Infusion reaction 0 (0.0) 1(3.4) 0 (0.0) 0 (0.0) 1(3.4)

BCC, basal cell carcinoma.
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fatigue, who also discontinued treatment. Other reported
adverse effects of grade 2 or lower included CK elevation
and infusion reaction. There were no fatal adverse events
in this population. There was no significant difference
in toxicity of any grade (p=0.24), nor grade 3 or higher
toxicity (p=0.66), when comparing patients who were
older than 70 years old, vs those who were younger. When
using a cut-off of 75 years or older, there was again no
significant difference in any grade toxicity (p=0.98), nor
for grade 3 or higher toxicity (p=0.32).

DISCUSSION

Here, we describe our real-world experience using PD-1
therapy in the treatment of advanced BCC. To our knowl-
edge, this is the largest such retrospective study to date,
and the first to provide a multi-institutional cohort across
distinct academic medical centers that specialize in the
treatment of advanced cutaneous malignancies. Given
the low incidence of locally advanced and metastatic
BCC, and limited prospective data, the overall intent of
this study was to help impart greater clinical insight into
the management of this challenging disease using PD-1
inhibition.

The findings of this study are largely reflective of those
from the pivotal phase II REGN 1620 cohort of 84 locally
advanced BCC patients .”! In our patient population, we
observed an ORR of 31.0% for BCC patients treated with
PD-1 therapy, which was the same as that seen in the REGN
1620 study. The DCR from our study was discernibly lower
than that seen in REGN 1620 (62.1% vs 80.0%), as was the
median PFS (12.2 vs 19.0 months). We found that 13.8%
of patients in our cohort achieved a CR, which is approx-
imately double that (6%) from REGN 1620; however,
it must be noted that unlike REGN 1620, histological
confirmation was not required for our study population,
and among three locally advanced BCC patients who had
CR, only one had a biopsy to confirm this response. These
differences in outcomes may also derive from the fact that
our patient population was more heterogeneous, having
included patients with both locally advanced and meta-
static disease. Within the metastatic cohort of 28 BCC
patients treated with cemiplimab on REGN 1620, the
ORR was 21.0%, with DCR 67.9% and median PFS 8.3
months,” suggesting that PD-1 inhibition may have lower
efficacy in the metastatic setting. Although our cohort
had a much smaller sample size of patients with metastatic
disease (n=9), we also found that efficacy was lower for
these patients compared with those with locally advanced
disease, both in terms of ORR (22.2% vs 35.0%) and DCR
(55.5% vs 65.0%), but this was not statistically significant.
Another difference within our cohort was the inclusion
of five patients (17.2%) who were naive to treatment with
HHI; among these there were three responders, and two
had SD. PD-1 inhibition results in greater efficacy when
used as firstline treatment for melanoma® ** and Merkel
cell carcinoma,” *> compared with later lines of therapy,
although this difference is not as clear for cutaneous

squamous cell carcinoma.’® ¥ Hence, future studies to
delineate the role of checkpoint blockade as firstline
treatment for BCC should be investigated.

Additionally, our study confirms that responses to PD-1
therapy among patients with advanced BCC are durable.
In the locally advanced BCC cohort from REGN 1620,
79% had durable responses longer than 6 months, while
in the metastatic cohort, this was noted in all six patients
(100%). In our study, six of six responses exceeded 6 and
12 months as well. Moreover, we observed that two patients
who initially presented with SD, subsequently achieved a
response (one PR, one CR), suggesting that responses
to PD-1 therapy may deepen over time, as seen in other
malignancies.”* Despite these promising findings, there
remains the question of whether tumor regressions will
continue once PD-1 therapy has been stopped. In a retro-
spective study of 110 BCC patients who achieved CR to
HHI but then discontinued treatment, nearly half of the
patients (48.1%) experienced a relapse while off treat-
ment.*” It has been shown that patients with advanced
melanoma who experience CR following 2 years of treat-
ment with PD-1 therapy can safely discontinue treat-
ment.”> Meanwhile, patients with Merkel cell carcinoma
who discontinue PD-1 therapy after CR appear to have
higher risk of relapse,*' suggesting these outcomes may
differ with tumor type. This question should be further
evaluated for BCC patients who achieve CR, as the risk—
benefit ratio of continuing treatment may change once
patients are free of disease. Nevertheless, the possibility
of durable response to salvage PD-1 inhibition fills a crit-
ical, unmet need for patients with BCC who have disease
progression after treatment with HHI.

Our study found that PD-1 therapy was well tolerated
in this real-world cohort of patients with advanced BCC,
consistent not only with REGN 1620, but also other
published trial data of PD-1 inhibitors.”****! %5 While
nearly two-thirds of patients did experience toxicity of
any grade, only two patients (6.9%) developed grade 3—4
toxicity, and four patients (13.8%) discontinued therapy
because of toxicity. These safety data are notable when
juxtaposed against those from HHI, which result in grade
3—4 toxicity among 43%-64% of patients, with drug
discontinuation rates ranging from 14% to 31%."*'° As
BCC is predominantly a disease that afflicts the aged, we
also sought to assess the safety of PD-1 therapy for these
patients in particular. While our cohort also had a median
age of 70 years old, similar to REGN 1620, we actually
had a higher upper range age, with 27.6% of patients
over 75 years, and 10.3% over 80 years old. Among these
older age subsets, we did not observe any unusual safety
signals, with grade 3—4 toxicity ranging from 11.8% to
25.0%, consistent with other studies using single agent
PD-1 inhibitors in this population.?® *” * Further observa-
tional studies are needed to monitor for toxicity in these
patients, as they are often excluded from clinical trials.

Molecular biomarkers, to select which BCC patients will
respond to PD-1 inhibition, remain a priority. Correlative
biomarker analyses, including TMB, PD-L1 expression
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and MHC-I expression, failed to predict response to
treatment in REGN 1620, although the authors found
that downregulation of MHC-I was seen in some non-
responders with high TMB.”! Although limited by sample
size (34.5% of this cohort), we also found that TMB was
not predictive of response; high TMB values greater than
50 mutations/Mb were seen in both responders and non-
responders. When considering clinical variables, we noted
a trend (not statistically significant) between aggressive
histology subtypes and response to PD-1 therapy. Aggres-
sive BCC subtypes may differ from low-risk subtypes in
terms of PD-L1 expression and tumor infiltrating lympho-
cytes,43 1 as well as expression of p53, Bcl-2, and other
molecular features,”™* thus warranting further inves-
tigation of these aggressive subtypes, particularly in the
context of immune response.

Going forward, future efforts should be pursued to
better elucidate the role of PD-1 therapy in BCC. As PD-1
inhibition can lead to durable responses via activation
of the antitumor immune response, and also is gener-
ally well tolerated, even among older patients, it would
be worthwhile to understand how this approach can be
combined with others. For patients with locally advanced,
resectable BCC, who experience significant surgical
morbidity and complexity, the use of neoadjuvant/adju-
vant PD-1 inhibition together with surgery may have clin-
ical advantages,””™ and is being explored in clinical trials
(NCT4323202). In the unresectable or metastatic setting,
the combination of HHI with PD-1 has been explored in
a proof-of-concept study,”® while other ongoing trials will
also investigate PD-1 combined with other systemic thera-
pies as well (NCT4679480, NCT3521830, NCT3767348).

We acknowledge the retrospective design, limited
sample size and lack of biomarkers within this study. As
noted earlier, another limitation of this study was the
inability to obtain histological confirmation of tumor
responses for patients with locally advanced disease,
as used in prospective trials of both HHI and PD-1." !
Strengths of the study include participation from multiple
institutions, and the inclusion of real-world patients.
Given the very recent approval of this treatment approach
for advanced and metastatic BCC, we believe these find-
ings still prove clinically relevant and informative.

In conclusion, this retrospective, multi-institutional
study provides real-world evidence to support the safety
and efficacy of PD-1 in the treatment of advanced BCC.
We advocate further incorporation of PD-1 inhibition
into the care of patients with aggressive BCC, including
both locally advanced and metastatic disease, as well as
future studies to better understand the underlying mech-
anisms of antitumor immunity in this malignancy.
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