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ABSTRACT

PURPOSE Cemiplimab is approved for treating locally advanced or metastatic cutaneous
squamous cell carcinoma (CSCC). Solid organ transplant recipients have been
excluded from immunotherapy trials, given concern for allograft rejection
despite their increased risk of skin cancers. Chronic immunosuppression is
necessary to prevent organ rejection but may attenuate antitumor response
with PD-1 inhibitors.

METHODS We report a phase I study of cemiplimab for kidney transplant recipients (KTRs)
with advanced CSCC. After cross-taper to a mammalian target of rapamycin
(mTOR) inhibitor and pulsed dose corticosteroids (prednisone 40 mg once
daily, the day before and on days 1-3 of each cycle, followed by 20 mg once daily
on days 4-6, then 10 mg once daily until the day before each subsequent cycle),
patients received cemiplimab 350 mg intravenously once every 3 weeks for up
to 2 years and were assessed for response every 8 weeks. The primary end point
was the rate of kidney rejection, with key secondary end points including rate
and duration of response, and survival.

RESULTS Twelve patients were treated. No kidney rejection or loss was observed. A re-
sponse to cemiplimab was observed in five of 11 evaluable patients (46%; 90%
CI, 22 to 73), including two with durable responses beyond a year. Median
follow-up was 6.8 months (range, 0.7-29.8). Treatment-related grade 3 or
greater adverse events occurred in five patients (42%), including diarrhea,
infection, and metabolic disturbances. One patient died of angioedema and
anaphylaxis attributed to mTOR inhibitor cross-taper.

CONCLUSION mTOR inhibitor and corticosteroids represent a favorable immunosuppressive
regimen for KTRs with advanced CSCC receiving immunotherapy. This com-
bination resulted in durable antitumor responses with no kidney rejection
events (funded by Regeneron Pharmaceuticals [ClinicalTrials.gov identifier:
NCT04339062]).

INTRODUCTION

Although cutaneous squamous cell carcinoma (CSCC) is cured
with surgery inmost patients, in some, the cancer canbecome
locoregionally recurrent ormetastatic.1 Solid organ transplant
recipients receiving chronic immunosuppression (IS) have a
markedly increased risk of CSCC that is 65-250 times that of
the general population, accounting for 40% of all malig-
nancies that develop in organ transplant recipients.2 Many of
these patients will develop additional cutaneous lesions, and
cancer mortality is high, with few systemic therapeutic
options.3,4 Despite the long-term risk of second malignancies
after organ transplantation, kidney transplantation is the
treatment of choice for most with end-stage kidney disease,

and improves quality of life, reducesmortality risk, and is less
costly when compared with maintenance dialysis.5

Although the pathways leading to increased cutaneous
malignancy risk in organ transplant recipients are not fully
understood, it is accepted that immunosuppressive medi-
cations used to control the rejection response leads to re-
duced immune surveillance and carcinogenic effects.6

Cemiplimab is a monoclonal antibody directed at PD-1,
which has demonstrated significant and often durable re-
sponses in patients with locally advanced or metastatic
CSCC, now representing a standard treatment option.7

However, organ transplant recipients and those treated
with systemic immunosuppressive therapy were excluded
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from studies evaluating PD-1 blockade for CSCC, given the
risk of allograft rejection.8 Whether an effective immuno-
suppressive regimen can be maintained to prevent kidney
allograft rejection but permit antitumor benefit with PD-1
inhibitors is not known.

To our knowledge, we report the first prospective phase I
study investigating the PD-1 inhibitor cemiplimab in kidney
transplant recipients (KTRs) with advanced incurable, or
metastatic CSCC. Given the proposed synergistic antitu-
mor role observed with mammalian target of rapamycin
(mTOR) inhibitors affecting cell proliferation and immune
differentiation in cancer metabolism,9 we standardized
our immunosuppressive regimen to include sirolimus or
everolimus combined with a pulsed dose and schedule of
glucocorticoids.10 The primary objective was to evaluate
the rate of kidney allograft rejection, with a key sec-
ondary objective of measuring antitumor activity.

METHODS

Study Oversight

The study Protocol (Appendix 1, online only) was approved
by the institutional review board at Dana-Farber Cancer
Institute (DF/HCC# 19-817). The trial was conducted in
accordance with the principles of the Declaration of Helsinki
and the International Conference on Harmonisation Good
Clinical Practice guidelines. All patients provided written
informed consent. Deidentified participant data may be
shared upon request to the corresponding author.

Study Population

Patients age 18 years or older were eligible for inclusion to
the study if they had locoregionally advanced unresectable,
incurable or metastatic CSCC with a history of kidney

transplantation (at least 6months prior to enrollment), with
one or more sites of measurable disease by RECIST, version
1.1, an Eastern Cooperative Oncology Group performance
status of ≤2, and adequate organ function, including an
estimated glomerular filtration rate (GFR) ≥30 mL/min/
1.73 m2 for patients with creatinine levels above institutional
normal range (Chronic Kidney Disease-Epidemiology Col-
laboration equation) and a urine protein to creatinine
ratio <0.5 g/g creatinine (equal to or less than 500 mg of
proteinuria per day). Patients had to be off antiproliferative
immunosuppressive medications at the time of screening.
Any number of lines of previous systemic or radiation
therapy were permitted, but previous immunotherapy ex-
posure was exclusionary.

Study Design and Treatment

This phase I, single-arm, single-center, nonrandomized
trial enrolled patients at the Dana-Farber Cancer Institute
(Boston, MA). The trial design originally included two par-
allel cohorts, one for allogeneic stem-cell transplant re-
cipients and the other for KTRs. The stem-cell transplant
cohort permanently closed for slow accrual with no enrolled
patients.

During a screening period of up to 28 days, patients were
cross-tapered (7-10 days before starting immunotherapy)
from their existing immunosuppressive regimen to anmTOR
inhibitor (sirolimus or everolimus) with a goal trough of
4-6 ng/mL and prednisone 10 mg once daily. Once mTOR
inhibitor trough levels were achieved, patients received
cemiplimab intravenously at a dose of 350 mg every 21 days
for up to 35 doses over 2 years or until the occurrence of
disease progression (PD), unacceptable toxicity, or with-
drawal of consent. Additionally, patients received predni-
sone 40 mg once daily, the day before and the day of each
cemiplimab cycle through day 3, followed by 20 mg once

CONTEXT

Key Objective
Can immunotherapy be used to treat kidney transplant recipients (KTRs) with advanced cutaneous squamous cell
carcinoma (CSCC)?

Knowledge Generated
In a phase I clinical trial of 12 KTRs with advanced CSCC receiving the PD-1 inhibitor cemiplimab, cross-taper to a
mammalian target of rapamycin (mTOR) inhibitor and pulsed dose prednisone with each treatment cycle resulted in no
kidney allograft rejection events and favorable antitumor activity.

Relevance (G.K. Schwartz)
The use of an mTOR inhibitor may represent a novel means to prevent kidney allograft rejection induced by a PD-1
checkpoint inhibitor in the treatment of CSCC.*

*Relevance section written by JCO Associate Editor Gary K. Schwartz, MD, FASCO.
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daily on days 4-6, then 10 mg once daily on day 7 contin-
uously until the day before each subsequent cycle in a pulsed
fashion. Standard prophylactic antimicrobial and antiviral
use was permitted. mTOR inhibitor dose adjustments were
made by a transplant nephrologist on the basis of trough
levels obtained at least once each cycle, and adherence was
documented by drug diary.

Patients underwent imaging assessments (computed to-
mography or positron emission tomography scan) at
baseline and every 8 weeks through cycle 10, then every
12 weeks while on treatment. Imaging of externally visible
lesions was supplemented with digital medical photography.
Target lesions were prespecified at baseline and followed
with sequential imaging for response, whereas second pri-
mary skin malignancies arising on study were followed as
nontarget lesions (and could be treated with local therapy or
excision). After treatment discontinuation, patients were
followed every 3months up to 1 year for resolution of toxicity
and to document survival.

End Points

The primary end point was safety and toxicity, specifically
the rate of kidney allograft rejection or loss. A rejection rate
exceeding 60% was considered unacceptable a priori.
Stopping rules were developed, on the basis of sequential
monitoring and Pocock-type boundaries, such that the
probability of stopping the trial would be >90% if the re-
jection rate exceeded 60%. If the number of patients ex-
periencing kidney rejection after starting cemiplimab
was ≥two of three, four of six, or six of 12 patients enrolled to
the cohort, the study would close. Adverse events to assess
the safety and side-effect profile of cemiplimab were re-
corded using Common Terminology Criteria for Adverse
Events version 5.0. Key secondary end points included ob-
jective antitumor response (RECIST 1.1) as best overall re-
sponse (complete response [CR] or partial response [PR])
determined by investigator assessment; duration of re-
sponse; and estimates of progression-free survival (PFS)
and overall survival (OS).

Exploratory Analyses

Exploratory analyses of potential associations of PD-L1
expression and tumor mutational burden (TMB) with
treatment response were performed. Formalin-fixed,
paraffin-embedded tumor samples obtained before treat-
ment were submitted for targeted next-generation se-
quencing with either FoundationOneCDx (Cambridge, MA)
or Caris Molecular Intelligence (MI) profile (Newton, MA).
PD-L1 tumor proportion or combined positive score was
assessed by means of immunohistochemical staining with
the use of the 22C3 assay with a score of ≥1% considered
positive. Paired pretreatment tumor tissue and peripheral
blood multiparametric immune profiling was performed
using a BD LSRFortessa instrument (BD Biosciences, San
Jose, CA). A custom multiplex cytokine profiling panel

(Luminex, EMD Millipore, Burlington, MA) was run on se-
quential urine samples obtained before and after treatment,
as outlined inAppendix 1. The Signatera personalized, tumor-
informed assay to detect circulating tumor DNA and Prospera
transplant rejection testmonitoring donor-derived (dd) cell-
free (cf)DNA were each collected in a subset of patients.

Statistical Analysis

A maximum sample size of 12 participants was considered
sufficient to assess the trial objective of safety and kidney
transplant rejection rate from the time of study treatment
and was set empirically. Safety data are summarized de-
scriptivelywith frequency counts and percentages. Time-to-
event end points are summarized using the method of
Kaplan-Meier. Point estimates for each end point are pre-
sented with 90% CIs derived using log(–log[outcome])
methodology. The change in exploratory immune profiling
parameters before and on treatment was compared using a
Wilcoxon signed-rank test with a Bonferroni-Dunn correction
applied for testing multiple comparisons (two-sided).

The primary analysis was performed when all patients had
received treatment with cemiplimab, and when the last
patient had first restaging. The efficacy and safety of
cemiplimab were assessed in all patients who received at
least one dose of the study treatment. All reported data are
based on a data-cutoff date of June 14, 2023.

RESULTS

Patients

FromNovember 2020 toMarch 2023, 12 KTRs enrolled to the
trial (Appendix Fig A1). Baseline characteristics are sum-
marized in Table 1. Median age was 62 years (range, 43-86),
and 10 patients (83%) were men. The predominant primary
anatomic site of tumor was the head and neck (11 patients,
92%), and seven patients (58%) had metastatic disease.
All had undergone surgery for CSCC, and 10 patients (83%)
had previous radiation therapy. Median time from the last
kidney transplant surgery was 7.2 years (range, 2.8-21.1),
with four patients having received two kidney allografts,
and half (6, 50%) were on a calcineurin inhibitor and
antiproliferative agent combined with prednisone for chronic
IS before enrollment and cross-taper to our mTOR inhibitor
regimen (Appendix 1; Appendix Table A1). Baseline estimated
GFR was 49 mL/min (range, 32 to >60).

Safety

Adverse events of any grade that occurred during the study
period, regardless of whether they were attributed to
cemiplimab, mTOR inhibitor, or prednisone, were observed
in all 12 patients (100%). The most common adverse events
of any grade were skin or subcutaneous disorders (10; 83%)
and fatigue (9; 75%). Grade 3, 4, and 5 adverse events, re-
gardless of attribution, were observed in 10 (83%), 0, and 3
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(25%, occurring during the adverse event reporting period)
patients, respectively. Two deaths were attributed to PD, two
were attributed to unrelated comorbid medical conditions,
and the other is detailed below. Adverse events of any grade
that were considered by the investigator to be at least
possibly related to treatment occurred in 10 patients (83%;
Table 2), with the most common being fatigue (7; 58%).
Suspected immune-related adverse events occurred in one
(8%) patient who experienced grade 3 diarrhea that re-
solved without steroid dose adjustment. Five of 12 patients
(42%) experienced infections (cellulitis and respiratory
illness) requiring hospitalization during the study period.

No kidney allograft rejection events were observed during
the study. No grade ≥3 creatinine elevation was observed
throughout the study (Appendix Fig A2). No patients re-
quired hemodialysis. Two patients developed hypoperfusion
events (one related to angioedema or anaphylaxis, and an-
other due to diarrhea) and one developed allograft pyelo-
nephritis (responsive to antibiotics) leading to elevated
creatinine values <three times the upper limit of their
baseline values. One adverse event during the study period
was fatal and led to study discontinuation. A 58-year-old
patient developed acute facial swelling and shortness of
breath attributed to angioedema from everolimus and an
angiotensin-converting enzyme inhibitor (ACEi) resulting in
respiratory failure that did not improve with supportive
measures. Nine days after starting cross-taper to ever-
olimus, the patient received one dose of cemiplimab
(angioedema began 1 day after PD-1 inhibitor dosing). This
death was considered by the investigator to be unlikely re-
lated to immunotherapy on the basis of the described in-
cidence of angioedema when mTOR inhibition is combined
with an ACEi.11

Clinical Efficacy and Survival

After treatment with cemiplimab and dynamic mTOR
inhibitor–based IS with pulsed prednisone, five of 11
evaluable patients (46%; 90% CI, 20 to 73) demonstrated a
response, including three CRs and two PRs (Fig 1). Two
patients had stable disease for a clinical benefit rate of 64%
(90% CI, 35 to 86). Median duration of response was
11.4 months (range, 4.9-29.7) and ongoing among three
responders. One patient with a CR ended cemiplimab
treatment after 24months and required excision of a parietal
scalp basal cell carcinoma while on study drug. Another
patient with a PR stopped cemiplimab after 12 months
(patient preference), but was also treated for malignant
melanoma of the upper back and required 11 Mohs proce-
dures to clear second primary CSCCs on the torso and ex-
tremities while on study drug. Three other responders
remain on study treatment at data cutoff.

Four patients (40%) experienced disease PD while on
treatment with amedian time to progression of 1.4months
(range, <1 to 2.1) from the start of cemiplimab. Three of the
four were receiving sirolimus with pulsed prednisone for

TABLE 1. Patient Baseline Characteristics

Characteristic Value (n 5 12)

Age, years, median (range) 62.5 (43-86)

Male sex, No. (%) 10 (83)

Race, No. (%)

White 11 (92)

Not Hispanic or Latino, No. (%) 11 (92)

ECOG PS score, No. (%)a

0 5 (42)

1 5 (42)

2 2 (17)

Time since kidney transplant, years, median (range)b 7.2 (2.8-21.1)

No. of IS agents before enrollment, (%)

2 6 (50)

3 6 (50)

IS regimen before enrollment, No. (%)c

Calcineurin inhibitors 7 (58)

mTOR inhibitors 6 (50)

Antiproliferative 6 (50)

Prednisone 10 (83)

Baseline renal allograft function, median (range)

Baseline creatinine, mg/dL 1.51 (0.95-1.86)

Estimated GFR, mL/mind 49 (32-601)

Primary tumor site, No. (%)

Head and necke 11 (92)

Trunk, arms, and legs 1 (8)

Stage group, No. (%)c,f

Tumor stage, T4 5 (42)

Nodal stage, N2-3 8 (67)

Metastatic disease (M1) 7 (58)

Site(s) of disease, No. (%)c

Lymph nodes 8 (67)

Lung 3 (25)

Liver 2 (17)

In-transit metastases, skin 8 (67)

Previous therapies, No. (%)c

Surgery (beyond biopsy) 12 (100)

Radiation 10 (83)

Chemotherapy 3 (25)

Cetuximab 4 (33)

Abbreviations: AJCC, American Joint Committee on Cancer; CKD-EPI,
Chronic Kidney Disease-Epidemiology Collaboration; ECOG PS, Eastern
Cooperative Oncology Group performance status; GFR, glomerular
filtration rate; IS, immunosuppression; MMF, mycophenolate mofetil;
mTOR, mammalian target of rapamycin.
aECOGPS scale ranges from 0 to 5, with higher scores indicating greater
disability.
bFour patients each received two kidney allografts.
cPercentages do not total 100% because components are not mutually
exclusive.
dEstimated GFR determined by the CKD-EPI equation (60 mL/min
implies at that value or greater).
eTwo patients had HPV-associated disease confirmed by p16
immunohistochemistry and HPV confirmatory testing (in situ
hybridization). One of the two was a primary lip cutaneous squamous
cell carcinoma and the other an oropharyngeal tumor.
fAJCC staging eighth edition, 2017.
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immune suppression. One patient developed rapid clinical
PD after one dose of cemiplimab leading to treatment dis-
continuation, while three others each received three or four
doses of cemiplimab before discontinuation. One patient
with early progression subsequently received three cycles
of carboplatin and paclitaxel, followed by palliative
cetuximab (CTX) resulting in a complete CR per the local
treating physician and remains on maintenance CTX >6
months. The patient who developed angioedema and
subsequent clinical decline was unevaluable.

At a median follow-up of 6.8 months (range, 0.7-29.81),
median PFS was 22.5 months (90% CI, 1.2 to 29.8; Fig 2).
Median OS was 22.5 months (90% CI, 2.9 to 29.8), with a
3-month OS estimate of 72% (90% CI, 43 to 88). Five pa-
tients (42%) had died at the time of data cutoff, while seven
patients were censored at last follow-up.

Biomarker Analyses

PD-L1 tumor proportion scores on pretreatment biopsy
samples (11 evaluable) ranged from 0% to 70%, with a
median score of 1 (Fig 3). A PD-L1 score of 5was noted among
a patient with a durable PR, but four other patients in re-
sponse had a score of 0-1. TMB values ranged from 10 to 97,
with a median of 40 mutations per megabase (muts/Mb);
median TMB values were higher among responders (80 v 37;
P5 .05;Mann-WhitneyU test). Themost common tumorgene
alteration (10 evaluable)was inTP53 (90%) frompretreatment
samples, while overall tumor mutational profiling showed
similar findings regardless of immunotherapy response. One
of 10 sequenced tumors demonstrated microsatellite insta-
bility, from a responder. Plasma tumor–derived circulating
tumor DNA monitoring was detectable at baseline in two of
four (50%) evaluable participants (range, 2.62-113.25 mean
tumor molecules per mL [MTM/mL]) and decreased or
cleared in response to therapy. In-depth multiparametric
immune profiling (11 evaluable) revealed no statistically sig-
nificant differences in major leukocyte populations between
pre- and on-treatment samples in blood or tumor. We ob-
served a trend toward increased total CD31 T lymphocytes,
increased CD81 cytotoxic T lymphocytes, and decreased total
myeloid cells in tumor specimens on treatment among re-
sponders, which was not observed in nonresponders.

Plasma dd-cfDNA monitoring demonstrated reassuring
values <1% among three of five (60%) study participants
when obtained at baseline and after cemiplimab adminis-
tration over time (Appendix Fig A2). One patient with a
history of recurrent urinary tract infections experienced a
rise in dd-cfDNA to 1.08% (baseline 0.42%) with a stable
mild, transient creatinine elevation because of allograft
pyelonephritis that resolved with antibiotics. Another pa-
tient had elevated baseline dd-cfDNA at 1.43% before
starting cemiplimab, which later declined on therapy; no-
tably, the patient had received two (double) renal allografts,
for which dd-cfDNA testing has not been validated.

DISCUSSION

Immune checkpoint inhibitors targeting PD-1 are widely
used to treat many solid tumor malignancies, but the risk of
immune-mediated organ rejection has previously excluded
kidney and other transplant recipients from trials investi-
gating their efficacy. To our knowledge, we report the results
of the first prospective clinical trial of cemiplimab coupled
with mTOR inhibitor and pulsed dose corticosteroid IS to
treat advanced, metastatic CSCC. We demonstrate no organ
rejection events and a manageable safety profile among

TABLE 2. Summary of Treatment-Related Adverse Events

Adverse Eventa

Patients, No. (%)

Any
Grade Grade 3b

Any event 10 (83) 5 (42)

Serious event 5 (42) 5 (42)

Event that led to discontinuation of treatment 1 (8) 1 (8)

Event that led to death 0 0

Event of any grade that occurred in ≥10% of patients or
grade 3-5 events that occurred in 1 or more patients

Endocrine

Hyperthyroidism 2 (17) —

GI disorders

Diarrhea 2 (17) 1 (8)c

General disorders

Limb edema 3 (25) —

Fatigue 7 (64) —

Infections and infestations

Lung infection 1 (8) 1 (8)d

Skin infection 1 (8) 1 (8)

Upper respiratory infection 2 (17) 1 (8)d

Metabolism and nutrition disorders

Acidosis 1 (8) 1 (8)

Hyperkalemia 1 (8) 1 (8)

Musculoskeletal and connective tissue disorders

Back pain 2 (17) —

Skin and subcutaneous tissue disorders

Maculopapular rash 2 (17) —

Vascular disorders

Hypertension 2 (17) —

Total events 25 6

Abbreviation: mTOR, mammalian target of rapamycin.
aSafety was assessed in all patients who received at least one dose of
cemiplimab, mTOR inhibitor (sirolimus or everolimus), and prednisone.
Treatment-related adverse events were coded according to the
preferred terms of the Medical Dictionary for Regulatory Activities,
version 24.1. The severity of adverse events was graded according to
the National Cancer Institute Common Terminology Criteria for Adverse
Events, version 5.0.
bNo grade 4 or 5 treatment-related events were reported.
cGrade 3 immune-related adverse event resulting in diarrhea and
dehydration.
dGrade 3 adverse events attributed to upper respiratory infection and
superimposed COVID-19 pneumonia.
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FIG 1. (A) Waterfall plot depicting best overall response (RECIST v1.1) to cemiplimab treatment. Each column represents an individual patient.
(B) Swimmer plot showing time on cemiplimab treatment and follow-up period; each row represents an individual patient. (C) Spider plot showing
the percentage change (RECIST v1.1) in tumor measurements over time; each line represents an individual patient. (D) Pretreatment (left) and
post-treatment (right) CT images showing an infiltrative right preauricular mass from CSCC that resolved over time. (continued on following page)
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12 PD-1 inhibitor–treated patients on standardized IS.
Furthermore, we observed durable antitumor activity among
this critical population with high unmet need.

In retrospective series, kidney allograft rejection rates ap-
proach 50% among nonmelanoma skin cancer patients treated
with immunotherapy.12 Rejection events are often acute in
onset (most occurring <4 weeks from initial exposure) and
severe with mixed cellular and antibody-mediated re-
jection that involves kidney vasculature. Preexisting, graft
antigen-specificmemory T cells are thought to be activated
and proliferate once immune suppression is deintensified,
leading to rapid and severe kidney allograft rejection.13 None
of our 12 treated patients experienced evidence of graft re-
jection during this critical period, which is encouraging.

In patients with CSCC, conversion from a calcineurin to
mTOR inhibitor has been effective as secondary prevention.14

An mTOR inhibitor with careful trough level monitoring
paired with pulsed prednisone around cemiplimab dosing
promoted antitumor efficacy while also permitting allograft
tolerance, as proposed by others.15 Plasma dd-cfDNA was
available in only a subset of patients and seems useful to
monitor the risk of kidney rejection.16 We advocate for
weekly laboratory assessments to monitor renal function
and urine protein levels, and careful mTOR inhibitor trough
monitoring with plasma dd-cfDNA assessments at least
every other week for the first 2-3 months of treatment. We
recognize that mTOR inhibitors are not well tolerated by all

patients, and ACEi should be stopped during cross-taper. In
some cases, calcineurin inhibitors might offer better pro-
tection against organ rejection but recent data have sug-
gested tacrolimus with prednisone is insufficient to prevent
allograft rejection in KTRs with advanced CSCC treated with
nivolumab with or without ipilimumab.17 Although our
sample size is limited, given the risk imposed to this patient
population, we observed comparable response rates com-
pared with the broader advanced CSCC population treated
with cemiplimab.7 Future trials might reconsider pulsed
prednisone dosing as dose equivalents of 10mg once daily or
greater have been associated with worse outcomes in anti–
PD-1–treated patients,18 andmight explore the role ofmTOR
inhibitor conversion in organ transplant recipients with
other advanced cancers.

Furthermore, we aimed to incorporate potential biomarkers of
response and kidney rejection. Similar to previous reports,19

higher TMB and increased CD81 cytotoxic T lymphocytes were
potential predictors of response but even patients with low
PD-L1–expressing tumors experienced clinical benefit from
cemiplimab in this study—acknowledging our limited sample
size. It was also interesting to note that baseline tumor-derived
ctDNAwas not readily detectable in all patients but did seem to
track with response when detected. The impact of allograft
status, ongoing immune suppression, and the marked mo-
lecular heterogeneity of cutaneous squamous cancers likely
reflects the variability among these preliminary observations.
Urine cytokine profiling results will be reported separately.

FIG 1. (Continued). Fused PET and CT scans with false color added showing a left dorsal nose CSCC before (left) and after (right) cemiplimab
treatment. Fused PET and CT scans showing right level II neck adenopathy (left) before and after (right) treatment. aDenotes the development of a
new lesion at first response assessment. BL, baseline; CSCC, cutaneous squamous cell carcinoma; CT, computed tomography; PET, positron
emission tomography.
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FIG 2. Kaplan-Meier curves plotting the probability of (A) PFS and (B) OS among kidney transplant recipients with advanced cutaneous
squamous cell carcinoma receiving cemiplimab. OS, overall survival; PFS, progression-free survival.
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In conclusion, among KTRs with advanced CSCC, cemi-
plimab resulted in durable antitumor responses, and no
kidney rejection was observed when coupled with mTOR
inhibition and pulsed dose corticosteroids to maintain
IS. Combining mTOR inhibition and pulsed corticosteroids

is a favorable IS regimen when KTRs require anti–PD-1
therapy. Future trials are warranted to confirm these
findings and might consider a comparator arm with an
alternative IS regimen or a combinatorial immunother-
apy approach.
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APPENDIX 1. TUMOR AND PERIPHERAL BLOOD IMMUNE
PROFILING
Fresh tissue biopsies were enzymatically disaggregated in a 5-cm dish in dissociation
buffer consisting of RPMI (Life Technologies, Carlsbad, CA)1 10% fetal bovine serum
(FBS) (HyClone, Logan, UT), 100 U/mL collagenase type IV (Life Technologies), and
50mg/mL DNase I (Roche, Basel, Switzerland). Suspension was incubated at 37°C for
45 minutes and then further mechanically dissociated by pipetting. RBCs were
removed from samples using red blood cell lysis buffer (BioLegend). Samples were
pelleted and then resuspended in fresh RPMI1 10% FBS and strained through a 40-
mm filter. Fresh blood samples were centrifuged for 5 minutes at 2,000 rpm and
peripheral blood mononuclear cell layer was isolated. Cells were incubated with the
Live/Dead Zombie NIR (BioLegend, San Diego, CA) for 5 minutes in the dark at room
temperature. Fc receptors were blocked for 10 minutes on ice before surface an-
tibody staining using Human FcR Blocking Reagent (Miltenyi, Bergisch-Gladbach,
Germany). Cells were stained for 15 minutes on ice in the dark and washed 23 with
phosphate-buffered saline1 2% FBS. Cells were analyzed on a BD LSRFortessa with
FACSDiva software (BD Biosciences). Data was analyzed using FlowJo software
version 10.8.1. Antibodies were specific for the following human markers: CD3
(UCHT1), CD4 (RPA-T4), CD14 (M5E2), CD15 (W6D3), CD16 (3G8), CD19 (HIB19), CD33
(WM53), CD38 (HIT2), CD45 (HI30), CD45RA (HI100), CD56 (B159), CD69 (FN50), PD-1

(EH12.1), CTLA-4 (L3D10), PD-L1 (29E.2A3), PD-L2 (24F.10C12), TIM-3 (F38-2E2), and
CD31 (WM59) from BioLegend; and CCR7 (150503), HLA-DR (G46-6), and CD8 (RPA-
T8) from Thermo Fisher Scientific (Waltham, MA).

Urine Cytokine Profiling

Urine samples were processed within 4 hours of collection. The samples were
centrifuged at 2,0003g for 20 minutes and the supernatant were stored at –80°C
until use. The batched urine samples from C1D1, C2D1, and C3D1 time points for
each patient were thawed at 4°C and used immediately for multiplex Luminex
analysis according to the manufacturer’s protocol (25-plex*, HCYTOMAG-60K,
Millipore). Briefly, 25 mL of urine sample was added to the bead mix and incubated
for 16 hours at 4°C. After wash, the plate was run on a Luminex 200 analyzer and
data were collected using Luminex xPONENT software (Luminex, Austin, TX) and
the standard curves were fitted using Belysa (v.1.1.0; MilliporeSigma, Darmstadt,
Germany). Cytokine measurements that were below quantitative limits were an-
alyzed as half the detection limit values. Measurements were performed by
technical duplicates and average 6 standard error of the mean values were
displayed. *GRO, IFN-g, IL-10, IL-12p40, IL-12p70, IL-13, IL-15, IL-17A/CTLA8, IL-1b,
IL-2, IL-4, IL-5, IL-6, IL-7, IL-8/CXCL8, IL-9, IP-10/CXCL10, MCP- 1/CCL2, MCP-3/
CCL7, MIG/CXCL9, TNF-a, VEGF-A, sCD40L, IL-1ra, and IL-27.
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Assessed for eligiblity (N = 13)

Excluded                                    (n = 0)
Did not meet inclusion criteria (n = 1)
Refused to participate               (n = 0)
Other reasons                             (n = 0)

Patients registered to the study  (n = 12)

Allocated to the intervention       (n = 12)
Received allocated intervention  (n = 12)

Lost to follow-up                            (n = 0)
Discontinued intervention             (n = 1)

Analyzed for safety                      (n = 12)
Analyzed for efficacy                    (n = 11)
Excluded from analysis                 (n = 0)

FIG A1. Patient screening and allocation diagram.
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TABLE A1. Kidney Transplant History Details

ID
Transplant

Type
Transplant IS Regimen

Details Primary Kidney Disease HLA Mismatches
CMV
Status

EBV
Status

Last Transplant Date to
Immunotherapy Start, Yearsa Squamous Cell Diagnosis

Treatment
Details

01 DDKT
(first 1979)

MMF, prednisone, mTORi Familial cystinosis A0B0DR0 (11 antigen
matches)

D–/R1 D1/R1 2.8 Scalp, head and neck S 1 RT, CTX

02 DDKT
(first 1991)

Tacrolimus, prednisone Hypertension A1B2DR2 D–/R1 D1/R1 13.5 Scalp/face, head and neck S 1 RT, CTX

03 LRKT Tacrolimus, prednisone HUS/TTP A0B0DR0 (two haplotype
match)

D?/R1 D?/R1 3.5 Scalp, face, head and neck,
extremities

S, CTX

04 DDKT Tacrolimus, prednisone Chronic glomerulitis A1B2DR0 D–/R– D1/R1 7.2 Scalp, face, head and neck S 1 RT

05 LRKT MMF, prednisone,
belatacept

Hypertension A1B1DR1 (1 haplotype
match)

D1/R1 D1/R1 7.2 Scalp, face, head and neck S 1 RT

06 LUKT Tacrolimus, prednisone,
mTORi

Chronic glomerulitis A1B2DR1 D–/R1 D–/R1 4.6 Scalp, face, head and neck S 1 CRT

07 LUKT
(first 1991)

mTORi, prednisone IgA nephropathy A1B1DR2 NA NA 21.1 Scalp, face, head and neck S 1 RT, C

08 DDKT Cyclosporin, mTORi, MMF Polycystic kidney disease A1B1DR0 D1/R– D?/R1 20.6 Scalp, face, head and neck S

09 LRKT Tacrolimus, prednisone,
azathioprine

Primary FSGS A1B1DR1 (one haplotype
match)

D1/R– D1/R1 9.6 Scalp, face, head and neck S 1 RT

10 LUKT Tacrolimus, MMF Secondary FSGS A1B2DR2 D–/R– D1/R1 3.9 HPV 1 oropharynx RT 1 CTX, S

11 LRKT MMF, prednisone, mTORi Unknown A1B2DR1 D1/R– D1/R1 8.5 Scalp, face, head and neck S 1 RT

12 LUKT
(first 1997)

mTORi, prednisone IgA nephropathy, Alport
syndrome

A2B2DR2 D–/R– D1/R1 4.6 HPV 1 oropharynx, lip/face S 1 CRT

Abbreviations: C, chemotherapy; CMV, cytomegalovirus; CRT, concurrent chemoradiation; CTX, cetuximab; D, donor; DDKT, deceased donor kidney transplant; EBV, Epstein-Barr virus; FSGS, focal
segmental glomerulosclerosis; HLA, human leukocyte antigen; HUS/TTP, thrombotic thrombocytopenic purpura/hemolytic uremic syndrome; ID, identifier; IgA, immunoglobulin A; IS,
immunosuppression; LRKT, living related kidney transplant; LUKT, living unrelated kidney transplant; MMF, mycophenolate mofetil; mTORi, mammalian target of rapamycin inhibitor; NA, not
available; R, recipient; RT, radiotherapy; S, surgery.
aTiming from most recent transplant date in the case of patients who underwent two kidney transplants.
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