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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% CI 0.0 to 27.4). Median OS was 32.4 months 
(95% CI 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,1 2 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 

long- term outcomes.3–5 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.6–8 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.9–13 
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 PTCH1, 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 first- line systemic 
therapy for patients with advanced or metastatic BCC,14–16 
but the use of these agents may be limited by toxicity and 
tolerability issues, requiring frequent dose interruptions 
or modifications.17 18 Moreover, resistance to HHI may 
occur as a result of mutations of SMO, SUFU, or GLI2, 
or via upregulation of other synergistic pathways.19–21 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.22–24 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.25 Moreover, 
PD- 1 inhibitor therapy is well tolerated compared with 
many systemic agents, and has been shown to be safe 
among older, frail patients.26 27

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).28 29 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.30 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.31 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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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 

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

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 (51.7)

  2 4 (13.8)

Primary tumor site—no (%)

  Head/neck 16 (55.2)

  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 18 (75.0)

  Adverse events 3 (12.5)

  Other 3 (12.5)

ECOG, Eastern Cooperative Oncology Group.
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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 

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 naïve 
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 

Table 2 Antitumor efficacy among patients with BCC treated with PD- 1 inhibition

All patients 
(n=29)

Locally advanced 
(n=20)

Metastatic disease 
(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.

Figure 2 Swimmer’s plot of BCC patients treated with PD- 1 inhibition. BCC, basal cell carcinoma.
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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 5 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
Overall, 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 
treatment- related 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 

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.

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) 1 (3.4)

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.

https://dx.doi.org/10.1136/jitc-2022-004839
https://dx.doi.org/10.1136/jitc-2022-004839
https://dx.doi.org/10.1136/jitc-2022-004839
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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 .31 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,32 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 naïve to treatment with 
HHI; among these there were three responders, and two 
had SD. PD- 1 inhibition results in greater efficacy when 
used as first- line treatment for melanoma33 34 and Merkel 
cell carcinoma,23 35 compared with later lines of therapy, 
although this difference is not as clear for cutaneous 

squamous cell carcinoma.36 37 Hence, future studies to 
delineate the role of checkpoint blockade as first- line 
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.38 39 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.40 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.25 Meanwhile, patients with Merkel cell carcinoma 
who discontinue PD- 1 therapy after CR appear to have 
higher risk of relapse,41 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.22–24 31 33–35 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%.14–16 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.26 27 42 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.31 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 44 as well as expression of p53, Bcl- 2, and other 
molecular features,45–49 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,50–52 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,53 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- 1.15 31 
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.

Author affiliations
1Division of Oncology, University of Southern California, Norris Comprehensive 
Cancer Center, Los Angeles, California, USA
2Division of Medical Oncology, University of Miami, Sylvester Comprehensive Cancer 
Center, Miami, Florida, USA
3Division of Hematology and Oncology, Northwestern University, Robert H Lurie 
Comprehensive Cancer Center, Chicago, Illinois, USA

4Division of Oncology, University of Washington, Fred Hutchinson Cancer Research 
Center, Seattle, Washington, USA
5Division of Hematology and Oncology, Georgetown University, Georgetown 
Lombardi Comprehensive Cancer Center, Washington, District of Columbia, USA
6Department of Neurosurgery, The University of Texas MD Anderson Cancer Center, 
Houston, Texas, USA
7Division of Hematology/Oncology, Scripps Clinic, Scripps MD Anderson Cancer 
Center, San Diego, California, USA
8Division of Hematology & Oncology, Medical University of South Carolina, Hollings 
Cancer Center, Charleston, South Carolina, USA
9Section of Hematology/Oncology, Dartmouth University, Norris Cotton Cancer 
Center, Lebanon, New Hampshire, USA
10Department of Ophthalmology, University of Southern California, Keck School of 
Medicine, Los Angeles, California, USA
11Department of Radiation Oncology, University of Southern California, Norris 
Comprehensive Cancer Center, Los Angeles, California, USA
12Section of Surgical Oncology, University of Southern California, Keck School of 
Medicine, Los Angeles, California, USA
13Department of Dermatology, University of Southern California, Keck School of 
Medicine, Los Angeles, California, USA

Twitter Gino Kim In @Gino_K_In_USC

Acknowledgements The authors would like to thank the patients and 
their families, all investigators, and site personnel involved in the study. GKI 
was supported by the Cancer Center Support Grant (CCSG), award number 
P30CA014089, from the National Cancer Institute, and by the Southern California 
Clinical and Translational Institute (CTSI) grant, UL1TR001855 and UL1TR0001301, 
from the National Institutes of Health.

Contributors Conception, design: GKI, SC, GTG. Data analysis: GKI, SC. Writing of 
manuscript: GKI, SC, GTG. Collection of data: all authors. Manuscript editing and 
approval: all authors. Responsible for overall content as guarantor: GKI.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Disclaimer The content is solely the responsibility of the authors and does not 
necessarily represent the official views of the National Cancer Institute or the 
National Institutes of Health.

Competing interests GKI reports having consulting/advisory board roles with 
Boehringer- Ingelheim, Novartis, BMS, Castle Biosciences, Regeneron, Sanofi; 
receiving research support from Regeneron, Array, Idera, Roche/Genentech, 
Replimune, Xencor, InstilBio, and having speaker roles for Merck. DYR reports 
having consulting/advisory board roles with Castle Biosciences. JCH reports having 
consulting/advisory board roles with Regeneron. All other authors have nothing to 
disclose.

Patient consent for publication Not applicable.

Ethics approval This retrospective study was approved by the institutional review 
board of the University of Southern California (approval# HS- 16- 00840- AM001) and 
was conducted in accordance with the principles of the Declaration of Helsinki in its 
current version.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely 
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability 
and responsibility arising from any reliance placed on the content. Where the 
content includes any translated material, BMJ does not warrant the accuracy and 
reliability of the translations (including but not limited to local regulations, clinical 
guidelines, terminology, drug names and drug dosages), and is not responsible 
for any error and/or omissions arising from translation and adaptation or 
otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

https://twitter.com/Gino_K_In_USC
http://creativecommons.org/licenses/by-nc/4.0/


8 In GK, et al. J Immunother Cancer 2022;10:e004839. doi:10.1136/jitc-2022-004839

Open access 

ORCID iDs
Gino Kim In http://orcid.org/0000-0002-7060-5123
Stephen Capone http://orcid.org/0000-0001-7231-1535
Shailender Bhatia http://orcid.org/0000-0002-3816-2238
Jose Lutzky http://orcid.org/0000-0002-9503-2130
Geoffrey Thomas Gibney http://orcid.org/0000-0002-5401-8498

REFERENCES
 1 Asgari MM, Moffet HH, Ray GT, et al. Trends in basal cell carcinoma 

incidence and identification of high- risk subgroups, 1998- 2012. 
JAMA Dermatol 2015;151:976–81.

 2 Rogers HW, Weinstock MA, Feldman SR, et al. Incidence estimate 
of nonmelanoma skin cancer (keratinocyte carcinomas) in the U.S. 
population, 2012. JAMA Dermatol 2015;151:1081–6.

 3 Bath- Hextall F, Ozolins M, Armstrong SJ, et al. Surgical excision 
versus imiquimod 5% cream for nodular and superficial basal- 
cell carcinoma (SINS): a multicentre, non- inferiority, randomised 
controlled trial. Lancet Oncol 2014;15:96–105.

 4 Szeimies RM, Ibbotson S, Murrell DF, et al. A clinical study 
comparing methyl aminolevulinate photodynamic therapy and 
surgery in small superficial basal cell carcinoma (8- 20 mm), 
with a 12- month follow- up. J Eur Acad Dermatol Venereol 
2008;22:1302–11.

 5 van Loo E, Mosterd K, Krekels GAM, et al. Surgical excision versus 
Mohs' micrographic surgery for basal cell carcinoma of the face: 
a randomised clinical trial with 10 year follow- up. Eur J Cancer 
2014;50:3011–20.

 6 Ting PT, Kasper R, Arlette JP. Metastatic basal cell carcinoma: report 
of two cases and literature review. J Cutan Med Surg 2005;9:10–15.

 7 von Domarus H, Stevens PJ. Metastatic basal cell carcinoma. Report 
of five cases and review of 170 cases in the literature. J Am Acad 
Dermatol 1984;10:1043–60.

 8 Weinstock MAet al. Nonmelanoma skin cancer mortality. Arch 
Dermatol 1991;127:1194–7.

 9 Bøgelund FS, Philipsen PA, Gniadecki R. Factors affecting the 
recurrence rate of basal cell carcinoma. Acta Derm Venereol 
2007;87:330–4.

 10 Brown CI, Perry AE. Incidence of perineural invasion in histologically 
aggressive types of basal cell carcinoma. Am J Dermatopathol 
2000;22:123–5.

 11 Cohen PR, Schulze KE, Nelson BR. Basal cell carcinoma with 
mixed histology: a possible pathogenesis for recurrent skin cancer. 
Dermatol Surg 2006;32:542–51.

 12 Mehrany K, Weenig RH, Pittelkow MR, et al. High recurrence rates 
of squamous cell carcinoma after Mohs' surgery in patients with 
chronic lymphocytic leukemia. Dermatol Surg 2005;31:38–42.

 13 Nguyen- Nielsen M, Wang L, Pedersen L, et al. The incidence of 
metastatic basal cell carcinoma (mBCC) in Denmark, 1997- 2010. Eur 
J Dermatol 2015;25:463–8.

 14 Basset- Séguin N, Hauschild A, Kunstfeld R, et al. Vismodegib in 
patients with advanced basal cell carcinoma: primary analysis 
of STEVIE, an international, open- label trial. Eur J Cancer 
2017;86:334–48.

 15 Dummer R, Guminski A, Gutzmer R, et al. The 12- month analysis 
from basal cell carcinoma outcomes with LDE225 treatment 
(BOLT): a phase II, randomized, double- blind study of sonidegib in 
patients with advanced basal cell carcinoma. J Am Acad Dermatol 
2016;75:113–25.

 16 Lear JT, Migden MR, Lewis KD, et al. Long- term efficacy and safety 
of sonidegib in patients with locally advanced and metastatic basal 
cell carcinoma: 30- month analysis of the randomized phase 2 BOLT 
study. J Eur Acad Dermatol Venereol 2018;32:372–81.

 17 Dréno B, Kunstfeld R, Hauschild A, et al. Two intermittent vismodegib 
dosing regimens in patients with multiple basal- cell carcinomas 
(MIKIE): a randomised, regimen- controlled, double- blind, phase 2 
trial. Lancet Oncol 2017;18:404–12.

 18 Migden MR, Guminski A, Gutzmer R, et al. Treatment with two 
different doses of sonidegib in patients with locally advanced or 
metastatic basal cell carcinoma (BOLT): a multicentre, randomised, 
double- blind phase 2 trial. Lancet Oncol 2015;16:716–28.

 19 Brinkhuizen T, Reinders MG, van Geel M, et al. Acquired resistance 
to the hedgehog pathway inhibitor vismodegib due to smoothened 
mutations in treatment of locally advanced basal cell carcinoma.  
J Am Acad Dermatol 2014;71:1005–8.

 20 Pricl S, Cortelazzi B, Dal Col V, et al. Smoothened (SMO) receptor 
mutations dictate resistance to vismodegib in basal cell carcinoma. 
Mol Oncol 2015;9:389–97.

 21 Sharpe HJ, Pau G, Dijkgraaf GJ, et al. Genomic analysis of 
smoothened inhibitor resistance in basal cell carcinoma. Cancer Cell 
2015;27:327–41.

 22 Migden MR, Rischin D, Schmults CD, et al. PD- 1 blockade with 
Cemiplimab in advanced cutaneous squamous- cell carcinoma.  
N Engl J Med 2018;379:341–51.

 23 Nghiem PT, Bhatia S, Lipson EJ, et al. PD- 1 blockade with 
pembrolizumab in advanced Merkel- cell carcinoma. N Engl J Med 
2016;374:2542–52.

 24 Robert C, Schachter J, Long GV, et al. Pembrolizumab versus 
ipilimumab in advanced melanoma. N Engl J Med 2015;372:2521–32.

 25 Robert C, Ribas A, Hamid O, et al. Durable complete response 
after discontinuation of pembrolizumab in patients with metastatic 
melanoma. J Clin Oncol 2018;36:1668–74.

 26 Archibald WJ, Victor AI, Strawderman MS, et al. Immune 
checkpoint inhibitors in older adults with melanoma or cutaneous 
malignancies: the Wilmot cancer Institute experience. J Geriatr Oncol 
2020;11:496–502.

 27 Sakakida T, Ishikawa T, Uchino J, et al. Safety and tolerability of 
PD- 1/PD- L1 inhibitors in elderly and frail patients with advanced 
malignancies. Oncol Lett 2020;20:14.

 28 Bonilla X, Parmentier L, King B, et al. Genomic analysis identifies 
new drivers and progression pathways in skin basal cell carcinoma. 
Nat Genet 2016;48:398–406.

 29 Jayaraman SS, Rayhan DJ, Hazany S, et al. Mutational landscape 
of basal cell carcinomas by whole- exome sequencing. J Invest 
Dermatol 2014;134:213–20.

 30 Lipson EJ, Lilo MT, Ogurtsova A, et al. Basal cell carcinoma: PD- 
L1/PD- 1 checkpoint expression and tumor regression after PD- 1 
blockade. J Immunother Cancer 2017;5:23.

 31 Stratigos AJ, Sekulic A, Peris K, et al. Cemiplimab in locally 
advanced basal cell carcinoma after hedgehog inhibitor therapy: 
an open- label, multi- centre, single- arm, phase 2 trial. Lancet Oncol 
2021;22:848–57.

 32 Lewis K, Peris K, Sekulic A. 428 Interim analysis of Phase 2 results 
for cemiplimab in patients with metastatic basal cell carcinoma 
(mBCC) who progressed on or are intolerant to hedgehog inhibitors 
(HHIs). J ImmunoTherapy Cancer 2020.

 33 Robert C, Long GV, Brady B, et al. Nivolumab in previously untreated 
melanoma without BRAF mutation. N Engl J Med 2015;372:320–30.

 34 Weber JS, D'Angelo SP, Minor D, et al. Nivolumab versus 
chemotherapy in patients with advanced melanoma who 
progressed after anti- CTLA- 4 treatment (CheckMate 037): a 
randomised, controlled, open- label, phase 3 trial. Lancet Oncol 
2015;16:375–84.

 35 Kaufman HL, Russell J, Hamid O, et al. Avelumab in patients with 
chemotherapy- refractory metastatic Merkel cell carcinoma: a 
multicentre, single- group, open- label, phase 2 trial. Lancet Oncol 
2016;17:1374–85.

 36 Grob J- J, Gonzalez R, Basset- Seguin N, et al. Pembrolizumab 
monotherapy for recurrent or metastatic cutaneous squamous cell 
carcinoma: a single- arm phase II trial (KEYNOTE- 629). J Clin Oncol 
2020;38:2916–25.

 37 Maubec E, Boubaya M, Petrow P, et al. Pembrolizumab as first line 
therapy in patients with unresectable squamous cell carcinoma of the 
skin: interim results of the phase 2 CARSKIN trial. Journal of Clinical 
Oncology 2018;36:9534–34.

 38 Rischin D, Khushalani NI, Schmults CD, et al. Integrated analysis of 
a phase 2 study of cemiplimab in advanced cutaneous squamous 
cell carcinoma: extended follow- up of outcomes and quality of life 
analysis. J Immunother Cancer 2021;9:e002757.

 39 Robert C, Ribas A, Schachter J, et al. Pembrolizumab versus 
ipilimumab in advanced melanoma (KEYNOTE- 006): post- hoc 5- year 
results from an open- label, multicentre, randomised, controlled, 
phase 3 study. Lancet Oncol 2019;20:1239–51.

 40 Bassompierre A, Dalac S, Dreno B, et al. Efficacy of sonic hedgehog 
inhibitors rechallenge, after initial complete response in recurrent 
advanced basal cell carcinoma: a retrospective study from the 
CARADERM database. ESMO Open 2021;6:100284.

 41 Stege HM, Haist M, Schultheis S, et al. Response durability after 
cessation of immune checkpoint inhibitors in patients with metastatic 
Merkel cell carcinoma: a retrospective multicenter DeCOG study. 
Cancer Immunol Immunother 2021;70:3313–22.

 42 Baldini C, Martin Romano P, Voisin A- L, et al. Impact of aging on 
immune- related adverse events generated by anti- programmed 
death (ligand)PD- (L)1 therapies. Eur J Cancer 2020;129:71–9.

 43 Gompertz- Mattar M, Perales J, Sahu A, et al. Differential expression 
of programmed cell death ligand 1 (PD- L1) and inflammatory cells in 
basal cell carcinoma subtypes. Arch Dermatol Res 2021:02289- w. 
doi:10.1007/s00403-021-02289-w

http://orcid.org/0000-0002-7060-5123
http://orcid.org/0000-0001-7231-1535
http://orcid.org/0000-0002-3816-2238
http://orcid.org/0000-0002-9503-2130
http://orcid.org/0000-0002-5401-8498
http://dx.doi.org/10.1001/jamadermatol.2015.1188
http://dx.doi.org/10.1001/jamadermatol.2015.1187
http://dx.doi.org/10.1016/S1470-2045(13)70530-8
http://dx.doi.org/10.1111/j.1468-3083.2008.02803.x
http://dx.doi.org/10.1016/j.ejca.2014.08.018
http://dx.doi.org/10.1177/120347540500900104
http://dx.doi.org/10.1016/s0190-9622(84)80334-5
http://dx.doi.org/10.1016/s0190-9622(84)80334-5
http://dx.doi.org/10.1001/archderm.1991.01680070094012
http://dx.doi.org/10.1001/archderm.1991.01680070094012
http://dx.doi.org/10.2340/00015555-0236
http://dx.doi.org/10.1097/00000372-200004000-00006
http://dx.doi.org/10.1111/j.1524-4725.2006.32110.x
http://dx.doi.org/10.1097/00042728-200501000-00008
http://dx.doi.org/10.1684/ejd.2015.2546
http://dx.doi.org/10.1684/ejd.2015.2546
http://dx.doi.org/10.1016/j.ejca.2017.08.022
http://dx.doi.org/10.1016/j.jaad.2016.02.1226
http://dx.doi.org/10.1111/jdv.14542
http://dx.doi.org/10.1016/S1470-2045(17)30072-4
http://dx.doi.org/10.1016/S1470-2045(15)70100-2
http://dx.doi.org/10.1016/j.jaad.2014.08.001
http://dx.doi.org/10.1016/j.jaad.2014.08.001
http://dx.doi.org/10.1016/j.molonc.2014.09.003
http://dx.doi.org/10.1016/j.ccell.2015.02.001
http://dx.doi.org/10.1056/NEJMoa1805131
http://dx.doi.org/10.1056/NEJMoa1805131
http://dx.doi.org/10.1056/NEJMoa1603702
http://dx.doi.org/10.1056/NEJMoa1503093
http://dx.doi.org/10.1200/JCO.2017.75.6270
http://dx.doi.org/10.1016/j.jgo.2019.07.005
http://dx.doi.org/10.3892/ol.2020.11875
http://dx.doi.org/10.1038/ng.3525
http://dx.doi.org/10.1038/jid.2013.276
http://dx.doi.org/10.1038/jid.2013.276
http://dx.doi.org/10.1186/s40425-017-0228-3
http://dx.doi.org/10.1016/S1470-2045(21)00126-1
http://dx.doi.org/10.1056/NEJMoa1412082
http://dx.doi.org/10.1016/S1470-2045(15)70076-8
http://dx.doi.org/10.1016/S1470-2045(16)30364-3
http://dx.doi.org/10.1200/JCO.19.03054
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.9534
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.9534
http://dx.doi.org/10.1136/jitc-2021-002757
http://dx.doi.org/10.1016/S1470-2045(19)30388-2
http://dx.doi.org/10.1016/j.esmoop.2021.100284
http://dx.doi.org/10.1007/s00262-021-02925-4
http://dx.doi.org/10.1016/j.ejca.2020.01.013
http://dx.doi.org/10.1007/s00403-021-02289-w


9In GK, et al. J Immunother Cancer 2022;10:e004839. doi:10.1136/jitc-2022-004839

Open access

 44 Kaur P, Mulvaney M, Carlson JA. Basal cell carcinoma progression 
correlates with host immune response and stromal alterations: a 
histologic analysis. Am J Dermatopathol 2006;28:293–307.

 45 Ansarin H, Daliri M, Soltani- Arabshahi R. Expression of p53 in 
aggressive and non- aggressive histologic variants of basal cell 
carcinoma. Eur J Dermatol 2006;16:543–7.

 46 Bolshakov S, Walker CM, Strom SS, et al. P53 mutations in human 
aggressive and nonaggressive basal and squamous cell carcinomas. 
Clin Cancer Res 2003;9:228–34.

 47 Castanheira A, Vieira MJ, Pinto M, et al. TERTp mutations and p53 
expression in head and neck cutaneous basal cell carcinomas with 
different aggressive features. Sci Rep 2021;11:10395.

 48 Heffelfinger C, Ouyang Z, Engberg A, et al. Correlation of global 
microRNA expression with basal cell carcinoma subtype. G3 (Bethesda) 
2012;2:279–86.

 49 Ramdial PK, Madaree A, Reddy R, et al. Bcl- 2 protein expression in 
aggressive and non- aggressive basal cell carcinomas. J Cutan Pathol 
2000;27:283–91.

 50 Ally MS, Aasi S, Wysong A, et al. An investigator- initiated open- 
label clinical trial of vismodegib as a neoadjuvant to surgery 
for high- risk basal cell carcinoma. J Am Acad Dermatol 
2014;71:904–11.

 51 Bertrand N, Guerreschi P, Basset- Seguin N, et al. Vismodegib in 
neoadjuvant treatment of locally advanced basal cell carcinoma: first 
results of a multicenter, open- label, phase 2 trial (VISMONEO study): 
neoadjuvant vismodegib in locally advanced basal cell carcinoma. 
EClinicalMedicine 2021;35:100844.

 52 Sofen H, Gross KG, Goldberg LH, et al. A phase II, multicenter, 
open- label, 3- cohort trial evaluating the efficacy and safety of 
vismodegib in operable basal cell carcinoma. J Am Acad Dermatol 
2015;73:99–105.

 53 Chang ALS, Tran DC, Cannon JGD, et al. Pembrolizumab for 
advanced basal cell carcinoma: an investigator- initiated, proof- of- 
concept study. J Am Acad Dermatol 2019;80:564–6.

http://dx.doi.org/10.1097/00000372-200608000-00002
http://www.ncbi.nlm.nih.gov/pubmed/17101476
http://www.ncbi.nlm.nih.gov/pubmed/12538474
http://dx.doi.org/10.1038/s41598-021-89906-w
http://dx.doi.org/10.1534/g3.111.001115
http://dx.doi.org/10.1034/j.1600-0560.2000.027006283.x
http://dx.doi.org/10.1016/j.jaad.2014.05.020
http://dx.doi.org/10.1016/j.eclinm.2021.100844
http://dx.doi.org/10.1016/j.jaad.2015.03.013
http://dx.doi.org/10.1016/j.jaad.2018.08.017

	Clinical activity of PD-1 inhibition in the treatment of locally advanced or metastatic basal cell carcinoma
	Abstract
	Introduction
	Patients and methods

	Results
	Study population
	Treatment outcomes
	Safety

	Discussion
	References


