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ABSTRACT

Introduction: Patients with advanced cuta-
neous squamous cell carcinoma (CSCC) have a
poor prognosis. Blocking the PD-1–PD-L1 axis
has shown promising activity in this patient
population. We assessed the safety and anti-
tumor activity of PD-1 inhibitor

pembrolizumab in patients with refractory
advanced CSCC.
Methods: This was a prespecified subgroup
analysis of patients with advanced CSCC who
enrolled in an open-label, phase II clinical trial
for pembrolizumab in patients with refractory
rare cancers during 2016–2018. Patients
received pembrolizumab 200 mg intravenously
every 21 days until progressive disease, unac-
ceptable adverse event, or completion of
24 months of treatment. The primary endpoint
was nonprogression rate (NPR) at 27 weeks;
secondary endpoints included safety, objective
response rate (ORR) per irRECIST, clinical ben-
efit rate (CBR), progression-free survival, and
overall survival.
Results: Twenty patients with refractory CSCC
enrolled; 19 were evaluable for efficacy. Median
follow-up time was 44.1 months. The NPR at
27 weeks was 37% (95% CI 0.16–0.62). Three
patients had a complete response (CR), three
had a partial response, and one had stable dis-
ease, for an ORR of 32% and a CBR of 37%;
median duration of response was 27.3 months.
All three patients with a CR remained free of
recurrence at the time of writing. Severe treat-
ment-related adverse events (grade C 3) occur-
red in 10% of patients (2/20). PD-L1 expression
was not correlated with response to
pembrolizumab.
Conclusion: A long-term follow-up confirms
pembrolizumab’s antitumor activity and safety
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profile in patients with refractory CSCC.
Patients with a CR may experience cure.
Trial Registration: ClinicalTrials.gov, NCT027
21732, Registered March 29, 2016.

Keywords: Pembrolizumab; Checkpoint inhibi-
tor; Rare cancers; Cutaneous squamous cell
carcinoma; Skin cancer

Key Summary Points

Cutaneous squamous cell carcinoma
(CSCC) is one of the most common
cancers worldwide. Approximately, 5% of
patients presents locally advanced or
metastatic disease.

Patients with advanced CSCC have a poor
prognosis

This phase II trial with long-term follow-
up (median 44.1 months) confirms that
pembrolizumab has a promising
antitumor activity and is safe in patients
with refractory CSCC.

Patients who achieve a complete response
to pembrolizumab may experience cure.

INTRODUCTION

Cutaneous squamous cell carcinoma (CSCC) is
one of the most common cancers worldwide.
The head and neck harbor nearly 80% of cases
[1, 2]. Fortunately, almost all patients with
CSCC are diagnosed with early-stage CSCC and
are cured with simple surgical procedures.
However, approximately 5% of patients present
with locally advanced or metastatic disease not
amenable to local treatment; those patients
require palliative systemic therapy [3].

Until 2018, chemotherapy and epidermal
growth factor receptor (EGFR) inhibitors were
the only systemic treatment options for patients
with advanced CSCC. Platinum-based regimens
were preferred because small prospective studies
and retrospective series showed that such

regimens produced responses in approximately
44% of patients [4], albeit of short duration and
with significant toxicity [4–6]. In prospective
studies, EGFR inhibitors were associated with an
objective response rate (ORR) of 10–32% and
were better tolerated than chemotherapy regi-
mens, but duration of response to EGFR inhi-
bitors was limited, and the 5-year survival rate
after EGFR inhibitor treatment was less than
30% [7–10].

Because of the effects of chronic ultraviolet
light exposure, CSCCs are hypermutated
tumors with a complex molecular landscape
[11, 12]. The risk of development of CSCC is
65–250 times as high in immunosuppressed
patients as in the general population, indicating
that the immune system plays a crucial role in
CSCC prevention [13]. Both of these facts sup-
port the efficacy of PD-1 inhibitors against
CSCC [14, 15].

In 2018, a phase I study of anti-PD-1 mono-
clonal antibody cemiplimab in locally advanced
or metastatic CSCC showed safety and encour-
aging antitumor activity, which led to US Food
and Drug Administration (FDA) approval of
cemiplimab for CSCC treatment [16]. In 2020,
anti-PD-1 monoclonal antibody pem-
brolizumab was also approved for CSCC treat-
ment on the basis of interim results of a single-
arm phase II trial, which demonstrated mean-
ingful antitumor activity comparable to that of
cemiplimab and adequate tolerability in
patients with recurrent or metastatic CSCC [17].
Here, we report the efficacy and safety of pem-
brolizumab in patients with refractory CSCC
with long-term follow-up and report the results
of an exploratory biomarker analysis.

METHODS

Study Design and Patients

This was an open-label, single-arm, single-in-
stitution, investigator-initiated phase II basket
trial of pembrolizumab in patients with rare
cancers regardless of PD-L1 expression. The
overall results were recently published [18]. In
the analysis reported here, we focused on the
prespecified CSCC cohort. Patients were
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enrolled from August 15, 2016 to July 27, 2018
(Fig. 1). Eligible patients were adults 18 years of
age or older with histologically confirmed CSCC
whose disease had progressed while on standard
therapies within the previous 6 months. Addi-
tional inclusion criteria were an Eastern Coop-
erative Oncology Group (ECOG) performance
status [19] of 0 or 1 and adequate organ func-
tion. Patients with active autoimmune disease,
chronic immunosuppression, or previous treat-
ment with anti-PD-1 or anti-PD-L1 therapy were
excluded.

Patients had to have measurable disease per
the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1 [20] or immune-
related RECIST (irRECIST) [21]. The irRECIST
were developed to capture atypical response
patterns from immunotherapy, such as pseu-
doprogression. The main difference between
RECIST and irRECIST is that irRECIST takes into
account new lesions and requires confirmation
of progression to rule out or confirm
pseudoprogression.

The protocol was approved by the US FDA
and the Institutional Review Board at The
University of Texas MD Anderson Cancer

Center. The study was conducted in accordance
with the Declaration of Helsinki and the Inter-
national Conference on Harmonization Good
Clinical Practice guidelines. All participants
provided written informed consent before
enrollment. The full protocol is available as
supplementary material.

Study Schedule and Procedures

All patients received pembrolizumab 200 mg
intravenously every 3 weeks until radiological
or clinical evidence of progressive disease,
unacceptable adverse event, patient withdrawal
of consent, or completion of 24 months of
pembrolizumab. Patients with a confirmed
complete response could have pembrolizumab
administration interrupted after receiving at
least 27 weeks of treatment. No dose modifica-
tions were allowed, but dose delays for adverse
events were permitted.

Imaging was performed at baseline, every
9 weeks for the first 6 months of treatment, and
every 12 weeks thereafter at the physician’s
discretion. Images were interpreted according to
both irRECIST and RECIST. If baseline images

Fig. 1 Patient flow diagram
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showed progression, clinically stable patients
were allowed to continue pembrolizumab for
4 weeks until confirmation of progression.
Adverse events were graded according to the
Common Terminology Criteria for Advent
Events version 4.03 [22].

PD-L1 expression was assessed by immuno-
histochemistry at a central laboratory on for-
malin-fixed, paraffin-embedded tissue sections
using the PD-L1 IHC 22C3 pharmDx assay
(Agilent Technologies). A modified proportion
score ranging from 0 to 100 was assigned, cal-
culated as the proportion of PD-L1-positive
mononuclear inflammatory cells plus the pro-
portion of PD-L1-positive tumor cells within
tumor nests.

On the basis of overall survival, recursive
partitioning for classification and tree methods
[23] were used to determine the optimal cutoff
point for PD-L1 modified proportion score. The
optimal cutoff point was a score of 57.5, i.e.,
57.5 or greater indicated high PD-L1 expression.
Tumor-infiltrating lymphocytes (TILs) within
tumor nests were scored as 0 for absence of TILs,
1 for a few TILs, 2 for a moderate number of
TILs, and 3 for intense intratumoral lympho-
cytic infiltration.

Planned Outcomes

The primary endpoint was nonprogression rate
(NPR) at 27 weeks, defined as the proportion of
patients alive and progression free at 27 weeks
by irRECIST. This endpoint was chosen because
it allowed observation of tumor behavior after
three imaging cycles to permit proper estima-
tion of the clinical activity and safety of pem-
brolizumab. Secondary endpoints were safety
and tolerability of pembrolizumab, objective
response rate (immune-related complete
response [irCR] or immune-related partial
response [irPR]), clinical benefit rate (irCR, irPR,
or immune-related stable disease
[irSD] C 4 months), progression-free survival,
and association of NPR at 27 weeks with PD-L1
status.

Statistical Analysis

Patient characteristics were summarized by
descriptive statistics. The chi-square test or
Fisher’s exact test was used to evaluate the
association between two categorical variables.
Wilcoxon rank-sum test was used to assess the
difference in a continuous variable between
patient groups. The Kaplan–Meier method was
used for time-to-event analysis. The log-rank
test was performed to assess the difference in
time-to-event outcomes among different groups
(PD-L1 expression high versus low). P values less
than 0.05 were considered statistically signifi-
cant. The analyses were performed using R ver-
sion 3.6.3 (2020-02-29) and SAS 9.4.

RESULTS

Patient Characteristics

Twenty patients with advanced CSCC were
enrolled and received at least one dose of
pembrolizumab. The data cutoff was November
10, 2020, and the median follow-up time was
44.1 months. Participants’ baseline characteris-
tics and previous therapies are summarized in
Table 1. The median age was 68 years; 19
patients had a baseline ECOG performance sta-
tus of 1; 10 patients had head and neck primary
disease site; and 10 patients had distant metas-
tasis at enrollment.

In the curative setting, 11 patients had
undergone two or more surgeries on the pri-
mary tumor, and 10 had received definitive
(n = 3) or adjuvant (n = 7) radiotherapy. Two
patients had received neoadjuvant chemother-
apy before surgery with no response (Table 1).

Nineteen patients had received anticancer
treatment for advanced disease before trial
enrollment, including 13 who received systemic
therapy. The two patients who received neoad-
juvant chemotherapy before surgery as part of
initial treatment were considered to have
chemotherapy-refractory disease; therefore,
they were not treated with further cytotoxic
therapy upon recurrence. Eight patients (40%)
received palliative radiotherapy (with or with-
out concomitant chemotherapy), and 6 (30%)
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underwent palliative oncologic surgery. Base-
line characteristics according to the best overall
response are depicted in the supplementary
material Table 1.

Efficacy

Nineteen patients had both baseline imaging
and at least one on-treatment imaging study.
One patient was lost to follow-up after one dose
of pembrolizumab and excluded from the effi-
cacy analysis.

The NPR at 27 weeks was 37% (7 of 19
patients; 95% CI 0.16–0.62). Nineteen patients
were evaluable for radiologic response by irRE-
CIST and included in the efficacy analysis, with
18 having measurable disease. The best overall
response was CR in three patients (16%), PR in
three patients (16%), SD in one patient (5%),
and progressive disease in 12 patients (63%).
Thus, the ORR was 32%, and the clinical benefit
rate was 37% (95% CI 0.16–0.62) (Fig. 2a–c).
Best overall response was similar for interpreta-
tion of images by irRECIST and interpretation of
images by RECIST.

The median time to response was
2.04 months (range 2.00–4.14), and five of the

Table 1 Baseline characteristics and prior therapies

Baseline characteristics

Age at diagnosis, median (IQR), years 68 (63–75)

Caucasian, n (%) 20 (100)

Sex, n (%)

Male 17 (85)

Female 3 (15)

EGOG PSa, n (%)

0 1 (5)

1 19 (95)

Primary tumor site, n (%)

Head and neck 10 (50)

Other 10 (50)

Extent of CSCC, n (%)

Locally advanced 10 (50)

Distant metastasis 10 (50)

Primary treatment

Induction chemotherapy, n (%) 2 (20)

Response to induction chemotherapy, n (%) 0

No. of surgeries, n (%)

0 3 (15)

1 6 (30)

C 2 11 (55)

Radiotherapy, n (%)

Definitive 3 (15)

Adjuvant 7 (35)

Concurrent with chemotherapy 3 (15)

Treatment for locally advanced or metastatic disease before

study enrollment

Any type of anticancer therapy, n (%)

No 1 (5)

Yes 19 (95)

Systemic therapy, n (%)

No 7 (35)

Yes 13 (65)

Table 1 continued

Baseline characteristics

1 regimen 10 (50)

C 2 regimens 3 (15)

Platinum-based therapy only 5/13 (38)

Cetuximab only 5/13 (38)

Platinum-based therapy and cetuximab 3/13 (23)

Palliative radiotherapy, n (%) 8 (40)

Concurrent with chemotherapy 3/8

Palliative surgery, n (%) 6 (30)

ECOG PS Eastern Cooperative Oncology Group perfor-
mance status, CSCC cutaneous squamous cell carcinoma
a Measured on a 5-point scale, with higher score indicating
greater disability
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six responders (83%) achieved at least a partial
response at the first image assessment, although
the median time to best overall response was
58 weeks (range 11–66). One patient experi-
enced pseudoprogression, with target lesions
enlarging and then shrinking. The median
response duration was 27.37 months (95% CI
8.51–NA). Response duration exceeded
6 months in all six responders and exceeded
12 months in five responders (83%) (Fig. 2d).
The 12- and 24-month disease control rates
were 71% and 57%, respectively.

The median number of pembrolizumab
cycles was 5 (interquartile range 2.75–8.75) for

the entire population and 33 (range 3–35)
among responders. Of the seven patients with
clinical benefit, two completed 35 cycles and
one completed 32 cycles of treatment; all three
patients remain under surveillance with no
evidence of disease progression at this writing
(at 43.7, 41, and 39.6 months, respectively, after
initiation of pembrolizumab).

At the data cutoff, 13 patients had died or
experienced disease progression, three were lost
to follow-up, and four were alive without dis-
ease progression at last follow-up. The median
progression-free survival was 2.04 months (95%
CI 1.84–29.37), and the progression-free

Fig. 2 Response to treatment. a Waterfall plot shows
dimensional change in target lesion as a percentage of
baseline measurement using irRECIST. CR complete
response, PR partial response, SD stable disease, PD
progressive disease. b Representative PET-CT scans in a
patient with a complete response. Left, baseline images
show hypermetabolic enhancing soft tissue along the right
platysma and thyroid lesion (arrows) representing biopsy-
proven metastatic cutaneous squamous cell carcinoma.
Right, scans after pembrolizumab show complete

resolution of lesions (arrows). c Representative axial
contrast-enhanced MRI scans in a patient with a complete
response. Left, baseline scans show cordlike enhancing
structures representing perineural tumor spread along the
greater auricular, transverse cervical, and supraclavicular
nerves (arrows). Right, scans after treatment show resolu-
tion of enhancement along the nerves (arrows). d Swim-
ming plot shows the duration of response for each patient
who achieved a partial or complete response (bars)
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survival rates at 12 and 24 months were 26%
and 21%, respectively. The median overall sur-
vival was 8.31 months (95% CI 5.81–NA), and
the overall survival rates at 12 and 24 months
were 49% and 43%, respectively (Fig. 3).

Biomarker Analysis

Sixteen patients had biomarker assessment. The
mean modified proportion score was 62.1
overall, 71.8 in patients progression free at
27 weeks, and 54.4 in patients with progressive
disease at 27 weeks. Ten patients had high PD-
L1 expression and six had low PD-L1 expres-
sion. Five patients (50%) with high PD-L1
expression versus two (33%) with low PD-L1
expression were alive and progression free at
27 weeks. The ORR and NPR at 27 weeks were
also numerically higher among patients with
high PD-L1 expression, but the differences were
not statistically significant (Supplementary
Fig. 1).

Interestingly, all analyzed samples had at
least a few TILs. TIL score was not associated
with NPR at 27 weeks or with other efficacy
outcomes.

Safety

All 20 patients were evaluable for safety and
toxicity. Twelve patients (60%) experienced a
treatment-related adverse event (TRAE)

(Table 2). The most common TRAEs were mac-
ulopapular rash (30%), fatigue (20%), and
hypothyroidism (20%). Most TRAEs were mild
to moderate. The two grade 3 TRAEs were
arthralgia in a patient previously diagnosed
with rheumatoid arthritis and immune-related
pancerebellar dysfunction in a 68-year-old man
with no history of neurologic disease. In both
cases, pembrolizumab was discontinued, and
the patient recovered fully. There were no
treatment-related deaths.

DISCUSSION

Here, we present the outcomes of 20 patients
with refractory locoregionally advanced or
metastatic CSCC treated with pembrolizumab
in a phase II, single-arm study [18] with long-
term follow-up. The primary endpoint of NPR at
27 weeks was 37% (95% CI 0.16–0.62).

Pembrolizumab led to an ORR of 32% and a
clinical benefit rate of 37% in patients with
highly refractory advanced CSCC. Among
responders to pembrolizumab, responses were
rapid: the median time to response was 9 weeks,
and 83% of responders achieved at least a par-
tial response at the first image assessment.
Responses were durable: the median duration
was 27.3 months, and more than half of
responders had disease control at 24 months.
Moreover, the three patients with a complete

Fig. 3 Survival. Shown are Kaplan–Meier curves for progression-free survival (a) and overall survival (b)
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response remained free of evidence of recur-
rence at the time of writing.

The ORR in our study, 32%, is smaller than
ORRs in other phase II studies investigating
anti-PD-1 in CSCC. However, our study was
limited to patients with progression on stan-
dard therapies within the previous 6 months,
which selected for the most refractory cases.
Consistent with that assertion, at study enroll-
ment, 50% of the patients had distant metas-
tasis, 95% had symptoms (ECOG performance
status of 1), and 95% had previously received
systemic or radiation treatment for advanced
disease, with 75% having chemotherapy-re-
fractory disease (including the two patients
with no response to induction chemotherapy).

In the phase II study of cemiplimab, the ORR
was 46%; however, almost half of the patients
(45%) were asymptomatic (ECOG 0) at study
enrollment, and 66% were treatment-naı̈ve [24].
Similarly, in the CARSkin trial, the ORR with

pembrolizumab was 38.5%, but pembrolizumab
was used as first-line treatment of CSCC [25]. In
contrast, in the phase II Keynote-629 trial, in
which pembrolizumab was investigated in
patients similar to ours, with refractory recur-
rent/metastatic disease (87% previously treated
with systemic therapy), the ORR was 34.3%
[17], consistent with our results. These data
suggest that PD-1 inhibitors might yield a better
response rate in treatment-naı̈ve than in previ-
ously treated patients, although the drugs can
be effective in heavily pretreated patients as
well.

To our knowledge, of the clinical trials of
checkpoint inhibitor in patients with CSCC, the
one we report here has the longest follow-up
and most mature survival outcomes. The med-
ian overall survival of 8.31 months in this
heavily pretreated patient population is
encouraging, and it is noteworthy that three
patients (15%) who achieved a complete
response remained without evidence of disease
more than 18 months after treatment
completion.

Biomarker analysis showed a tendency of
better outcomes among patients with high PD-
L1 expression, although this difference was not
statistically significant, possibly because of the
small sample size. However, given that there are
no established effective treatment options for
refractory or metastatic CSCC and 30% of
patients whose tumors had low PD-L1 expres-
sion benefited from pembrolizumab, this agent
should be considered for all patients irrespective
of PD-L1 status. Our biomarker data are in line
with reports from the phase II studies with
pembrolizumab or cemiplimab in CSCC show-
ing treatment benefit regardless of PD-L1
expression or median tumor mutation burden
[17, 24]

Study limitations include the small number
of patients, single-center design, and non-ran-
domized design. Nevertheless, the results are in
agreement with the recently published phase II
trials evaluating anti-PD-1 in patients with
CSCC and further support pembrolizumab and
cemiplimab as standard for patients with
locoregionally advanced inoperable recurrent or
metastatic CSCC. One major strength of our
study is the long-term follow-up with mature

Table 2 Adverse events

Event No of patients (%)

Any
grade

Grade ‡ 3

Any 12 (60) 7 (35)

Serious adverse event 2 (10) 2 (10)

Led to discontinuation of

treatment

2 (10) 2 (10)

Maculopapular rash 6 (30) 0

Fatigue 4 (21) 0

Hypothyroidism 4 (21) 0

Pruritus 2 (10) 0

Nausea 2 (10) 0

Arthralgia 2 (10) 1 (5)

Hyperglycemia 1 (5) 0

Anorexia 1 (5) 0

Acneiform rash 1 (5)

Transaminases increased 1 (5) 0

Pancerebellar dysfunction 0 1 (5)
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outcomes data, which suggest that patients
with a complete response may be cured with
single-agent anti-PD-1.

Challenges remain with respect to PD-1-re-
fractory or chronically immunosuppressed
patients (e.g., solid organ transplant recipients),
to whom immunotherapy can bring unaccept-
able harm [26]. Further studies to refine pre-
dictive biomarkers for PD-1 inhibitors and
clinical trials evaluating drug combinations to
overcome innate and acquired resistance to PD-
1 blockage are under consideration.

CONCLUSIONS

Our study confirms clinically meaningful anti-
tumor activity and an acceptable safety profile
for pembrolizumab in patients with recurrent or
metastatic refractory CSCC. Prolonged respon-
ses in patients with a complete response raise
the possibility of cure for a subset of patients.
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