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ABSTRACT

Purpose CheckMate 915 (NCT03068455) compared
adjuvant nivolumab monotherapy versus combination
nivolumab-+ipilimumab in patients with resected stage Ill/
IV melanoma. This exploratory analysis was performed

to identify biomarkers that correlate with benefit from
adjuvant immunotherapy.

Patients and methods 1,844 patients received
nivolumab 480 mg every 4 weeks or nivolumab 240 mg
every 2 weeks with ipilimumab 1mg/kg every 6 weeks.
Tumor and peripheral biomarkers were evaluated,
including tumor-informed circulating tumor DNA (CtDNA)
at postresection baseline and on-treatment, for their
association with recurrence-free survival and distant
metastases-free survival.

Results Biomarker analyses were conducted in 60-96%
of the intention-to-treat population. ctDNA positivity at
baseline (seen in 16.2% of patients) and on-treatment
was associated with higher risk of recurrence than

ctDNA negativity (HR, 1.97; 95%Cl, 1.57 to 2.46), with

a high spegificity (87%) and modest sensitivity (39%).
CtDNA status, tumor mutational burden (TMB) status
(TMB < or 2350 mutations/tumor) and interferon gamma-
RNA signature score (< or >median) evaluated together, as
well as ctDNA status with tumor CD8 or cell programmed
death ligand 1 expression, were more predictive of
survival than ctDNA alone. Tumor bulk RNA-seq expression
patterns identified gene expression at baseline associated
with recurrence.

Conclusions This study represents the largest
assessment of ctDNA and other baseline tumor and
peripheral biomarkers for predicting recurrence-free
survival in patients with resected melanoma receiving
adjuvant immunotherapy. ctDNA alone and in combination
with more established biomarkers predicted recurrence-
free and distant metastasis-free survival and has potential
utility for assessing and monitoring the risk of recurrence
in patients with resected melanoma treated with
immunotherapy in the adjuvant setting.

Trial registration number NCT03068455.

,* David Balli, Han Chang,* Gina Fusaro,* Daniel Tenney,*

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Although there are well-recognized tumor biomark-
ers associated with immunotherapy efficacy in
metastatic melanoma, predictive biomarkers in the
adjuvant setting of immunotherapy are not as well
researched. Recently, circulating tumor DNA (ctDNA)
has emerged as a promising biomarker associated
with more advanced disease and recurrence in the
adjuvant treatment setting.

WHAT THIS STUDY ADDS

= To the best of our knowledge, our study represents
the largest assessment of ctDNA and its correlation
with other biomarkers in a prospective clinical trial
(CheckMate 915) of 1,844 patients receiving adju-
vant immunotherapy (nivolumab or nivolumab-+ipili-
mumab) following melanoma resection. We showed
that baseline ctDNA predicts disease recurrence,
and that prediction was enhanced when combined
with longitudinal ctDNA analysis or established tis-
sue biomarkers at baseline.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These results may support the development of a tool
to predict melanoma recurrence risk using baseline
clinical factors, ctDNA, and tissue biomarkers, aiding
clinicians in patient risk stratification and discus-

sions on the risk—benefit profile of adjuvant therapy.

INTRODUCTION

Immunotherapy, such as the programmed
death-1 (PD-1) inhibitor nivolumab and the
cytotoxic T lymphocyte antigen-4 inhibitor
ipilimumab, has improved clinical outcomes
in patients with melanoma, including in
the adjuvant and neoadjuvant settings for
advanced discase.”'" Although there are
well-recognized tumor biomarkers associated
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with efficacy in metastatic disease—for example, tumor
programmed death ligand 1 (PD-L1) expression and
high tumor mutational burden (TMB)""—fewer studies
have evaluated predictive biomarkers in the adjuvant
setting of immunotherapy (eg, in the IMMUNED" " and
CheckMate 238' " studies) or targeted therapy (eg, in the
COMBI-AD study,' which has published results from a
comprehensive biomarker analysis'®).

Recently, there has been interest in circulating tumor
DNA (ctDNA) as a promising biomarker associated with
more advanced disease and recurrence in the adjuvant
treatment setting. Detection of ctDNA can be used as a
tool to measure molecular residual disease postresection,
as well as response to therapy over time or disease progres-
sion during surveillance.'” ™' ¢tDNA positivity at baseline
after surgery has been associated with a greater risk of
relapse and poor outcomes in patients with resected
melanoma.'™"

Here, we report the results of broad biomarker analyses
from a large study on immunotherapy for resected stage
HIIB-D/IV melanoma (CheckMate 915). These analyses
form the largest study to date of longitudinal biomarkers,
particularly of ctDNA, in high-risk resectable melanoma;
we evaluated tumorinformed ctDNA at postresection
baseline and on-treatment, with the aim of determining
the contribution of ctDNA alone or with other biomarkers
in predicting disease recurrence, thus helping to inform
and expand on composite biomarker analyses to predict
the recurrence of disease on therapy.

METHODS

Study design and patients

ctDNA and biomarkers associated with antitumor immu-
nity were assessed for associations with recurrence in
patients with stage III/IV melanoma treated with adju-
vant nivolumab or nivolumab+ipilimumab from Check-
Mate 915 (NCT03068455). The CheckMate 915 study
design has been published previously (online supple-
mental figure S1).* Briefly, patients with resected stage
IIB-D or IV melanoma and no evidence of residual
disease on radiographical assessment who were aged 12
years or older and had an Eastern Cooperative Oncology
Group performance status of 0 or 1 were randomized 1:1
to receive nivolumab monotherapy 480mg once every
4 weeks or nivolumab 240 mg every 2 weeks+ipilimumab
1mg/kg every 6 weeks. The dual primary endpoints were
recurrence-free survival (RFS) for nivolumab+ipilim-
umab versus nivolumab in all randomized patients and
in patients with PD-L1 expression on <1% of tumor cells;
distant metastasis-free survival (DMFS) was assessed as an
exploratory endpoint. RFS was defined as the time from
the randomization date to the date of first recurrence
(local, regional, or distant), development of new primary
melanoma (including melanoma in situ), or death from
any cause, whichever occurred first. DMFS was assessed
in all patients with stage IIT disease and was defined as
the time from the randomization date to the date of first

distant metastasis or death from any cause, whichever
occurred first.” Additional details are provided in the
study protocol (online supplemental file 1).

ciDNA analysis

The ctDNA-evaluable cohort included patients with
whole exome sequencing (WES) data available for tumor
and matched-normal samples, which were necessary for
the successful design of a patient-specific panel (16-200
variants) to evaluate the presence of ctDNA in patient
plasma samples, where ctDNA results were both obtained
and evaluable after quality control. ctDNA was measured
using a tumor-informed molecular residual disease assay,
Personalized Cancer Monitoring™ (Invitae Corporation,
San Francisco, California, USA), as previously described.”
Briefly, patient-specific, tumorinformed variant panels
identified by WES were used to detect ctDNA in plasma
samples. See online supplemental methods for further
information.

Biomarker analysis

The percentage of CD8+ T cells in the tumor microen-
vironment (TME), TMB, the percentage of tumor cells
expressing PD-L1, and interferon gamma (IFNY)-RNA
signature scores were evaluated in baseline specimens,
collected prior to initiation of adjuvant treatment. The
percentage of CD8+ T cells in the TME was measured by
immunohistochemistry using a CD8-specific monoclonal
antibody (clone C8/144B, cat #M710301-2, Agilent Tech-
nologies)." *! TMB was measured by WES," *! with high
TMB (high tertile) defined as 2350 mutations/tumor and
low TMB (low and medium tertile) defined as <350 muta-
tions/tumor. The percentage of tumor cells expressing
PD-L1 was measured using the PD-L1 immunohisto-
chemistry 28-8 pharmDx assay (Dako, Agilent Technolo-
gies, Santa Clara, California, USA).” *' Gene expression
was measured using RNA-seq (see online supplemental
methods). Gene expression profiling through RNA-seq
was used to evaluate a composite IFNY-RNA signature
score based on the expression of ten genes (HLA-DRA,
CXCL9, GZMA, PRF1, CCR5, IF'Ny, CXCL10, IDOI, STAT]I,
and CXCL11)."" * Extended RNA expression analyses
interrogated hallmark® * and TME functional gene

99 95 97

sets.”™ ~

Statistical analysis

A Cox proportional hazards regression model was used
to evaluate associations between biomarkers and disease
recurrence in biomarker-evaluated patients in the
nivolumab monotherapy, nivolumab+ipilimumab, and
pooled treatment arms. Baseline and on-treatment ctDNA
status was assessed as a categorical variable as detected or
not detected. PD-L1 expression, CD8+ T cell levels, TMB,
circulating cytokine levels, and IFNy-RNA signature score
were assessed both as continuous and categorical vari-
ables. RFS and DMFS were estimated using the Kaplan-
Meier productlimit method, and HRs were estimated
using a Cox proportional hazards regression model. See
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online supplemental methods for details on the associ-
ation of individual genes, peripheral cells, and serum
[actors and gene set enrichment analysis with RES.

RESULTS

Baseline characteristics, efficacy, and biomarker prevalence
Of the CheckMate 915 intention-to-treat (ITT) popula-
tion (n=1,844), the number of evaluable patients for each
of the biomarkers by treatment arm is reported in online
supplemental table S1. Cohort attrition to arrive at the
ctDNA-evaluable population (n=1,127) is described in
online supplemental figure S2.

No meaningful differences in baseline characteristics
were observed between the ctDNA-evaluable and overall
treated populations (online supplemental table S2).

24-month RFS in the pooled ctDNA-evaluable popula-
tion was 62% (95% CI, 59% to 66%), similar to that in the
overall treated population, with overlapping CIs (64%;
95%CI, 62% to 66%). In the ctDNA-evaluable popu-
lation, ctDNA positivity at baseline was found in 16.2%
of patients overall (183/1,127; 95%CI, 14% to 18%;
table 1). The prevalence of ctDNA positivity was similar
across subgroups defined by baseline clinical characteris-
tics and biomarker status, except for a higher prevalence
in patients with stage IIID melanoma than in patients
with stage IIIB, IIIC, or IV disease (table 1). Despite the
low number of patients with stage IIID disease, the trend
appeared statistically significant (p=6.4 x 107 for the
test of equal proportions). There were overlapping Cls
for baseline positivity rates by PD-L1, BRAF'*® mutation
status, TMB, and time from resection surgery to ctDNA
plasma collection.

Association of baseline ctDNA status with recurrence in the
nivolumab and nivolumab-+ipilimumab treatment arms
ctDNA positivity at baseline was associated with shorter
RFS and DMFS compared with baseline ctDNA nega-
tivity in both the nivolumab and nivolumab+ipilimumab
treatment arms (figure 1A,B). The greatest differences
in rates of recurrence between baseline ctDNA(+) versus
ctDNA(-) were noted for early recurrences (within 3
months) with the recurrence rates being similar following
3 months of study.

There was no significant difference in RFS or DMFS
between the nivolumab and nivolumab+ipilimumab
treatment arms in the baseline ctDNA(+) and ctDNA(-)
subgroups. No significant interaction was observed
between baseline ctDNA status and treatment arms
(HR, 1.00; 95%CI, 0.63 to 1.57; p=0.995 from the Cox
proportional hazard model with interaction term ctDNA
status treatment). In addition, the RFS rates for the two
treatment arms were similar.”® Therefore, data from the
nivolumab and nivolumab+ipilimumab treatment arms
were pooled for subsequent analyses to increase the
number of samples in each subgroup and the power of
subsequent analyses.

Table 1 Prevalence of pretreatment ctDNA at baseline
ctDNA

Baseline CtDNA(+)/ctDNA- positivity %
characteristic evaluable, n/N (95% ClI)
Total ctDNA- 183/1,127 16 (14 to 18)
evaluable population
Disease stage

1]=] 35/333 11 (8 to 14)

Hc 110/596 18 (15t0 22)

1[»] 13/32 41 (24 to 59)

v 25/166 15 (10 to 22)
ECOG PS

0 166/1,054 16 (14 to 18)

1 17/73 23 (15 1o 35)
LDH

<ULN 162/1,001 16 (14 10 19)

>ULN 18/113 16 (10 to 24)
BRAFY6%¥K status

Mutant 87/483 18 (15 to 22)

Wild type 96/644 15 (12 to 18)
PD-L1 expression on tumor cells*

<1% 71/416 17 (14 to 21)

21% 108/680 16 (13 to 19)
TMB statust

High 75/430 17 (14 to 21)

Low 108/695 16 (13 to 18)
Time from surgery to randomization

<9weeks 85/496 17 (14 to 21)

>9 weeks 98/631 16 (1310 19)

*Assessed using the 28-8 pharmDx assay.

TTMB high (high tertile), 2350 mutations/tumor; TMB low (low and
medium tertile), <350 mutations/tumor.

ctDNA, circulating tumor DNA; ECOG PS, Eastern Cooperative
Oncology Group performance status; LDH, lactate dehydrogenase;
PD-L1, programmed death ligand 1; TMB, tumor mutational
burden; ULN, upper limit of normal.

In the overall population, ctDNA positivity at baseline
was associated with shorter RFS (HR, 1.97; 95%CI, 1.57
to 2.46) and DMFS (HR, 2.86; 95%CI, 1.90 to 4.30) than
baseline ctDNA negativity across treatment arms. The
sensitivity and specificity of ctDNA at predicting recur-
rence were examined at 3 months and 24 months on
treatment (figure 1C). Levels of sensitivity were modest,
whereas levels of specificity were high. Sensitivity was
numerically greater at 3 months than at 24 months (RFS
sensitivity, 39% vs 23%; DMFS sensitivity, 58% vs 31%).

Investigations of associations between ctDNA positivity
and first recurrences found that ctDNA positivity was asso-
ciated with higher risks of recurrence, distant recurrence,
recurrence at multiple sites, and visceral liver (p<1 x 10'7)
and bone (p=0.0002) recurrences than ctDNA negativity
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Figure 1 Association of baseline ctDNA positivity with (A) RFS and (B) DMFS; (C) Sensitivity and specificity for predicting
recurrence; (D) Association of baseline ctDNA positivity with first recurrence in the 1,127-patient ctDNA-evaluable subgroup. For
recurrences, data from the first recorded 1,138 recurrences in 343 patients in the ctDNA-evaluable cohort with recurrence were
used. The pink circles in figures A and B denote early recurrences and highlight the differences in recurrence rates between
the baseline ctDNA groups. °In patients with stage Ill disease. >°Sensitivity and specificity for predicting RFS and DMFS at 3
and 24 months are represented. To calculate 3-month RFS sensitivity/specificity, the patients with recurrence after <3 months
were marked as positives and the remaining patients were marked as negatives. The fraction of ctDNA(+) patients among the
positives provided the sensitivity of baseline ctDNA and the fraction of ctDNA(-) patients among the negatives provided the
specificity of baseline ctDNA in predicting 3-month recurrence. The sensitivity and specificity for RFS at 24 months, DMFS

at 3 months, and DMFS at 24 months were determined in a similar manner. ctDNA, circulating tumor DNA; DMFS, distant
metastasis-free survival; IPI, ipilimumab; mo, months; NIVO, nivolumab; RFS, recurrence-free survival: ST, soft tissue.

(figure 1D). Patients who were ctDNA(-) at baseline had
a greater numerical rate of skin/soft tissue (p=0.01) and
visceral lung (p=0.006) recurrences than the baseline
ctDNA (+) population.

Association of longitudinal ctDNA status with RFS in the
pooled ctDNA-evaluable population

Due to early recurrences (<week 13) in the baseline
ctDNA(+) subgroup, baseline ctDNA positivity was associ-
ated with an increased risk of recurrence at any time after
treatment relative to ctDNA negativity (HR, 1.97; 95% CI,
1.57 to 2.46; figure 2Ai). However, the association between

baseline ctDNA positivity and risk of recurrences occurring
after week 13 decreased (landmark starting time at week 13;
HR, 1.49; 95%CI, 1.12 to 1.99) and was not associated with
recurrences occurring after week 29 (HR, 1.36; 95% CI,
0.95 to 1.94), owing to the relatively similar risk of recur-
rence in the baseline ctDNA(+) and ctDNA(-) subgroups
from week 13 onwards. The lack of significant association
between baseline ctDNA status and RFS in landmark anal-
ysis indicates that the prognostic importance of ctDNA may
evolve over time on therapy, and that baseline ctDNA status
has a reduced association with RFS at later times on therapy.

a4
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Figure 2 (A) Landmark analysis of RFS at any time by baseline ctDNA status (i) and week 13 (i) and week 29 (jii) by on-
treatment ctDNA status. (B) Association of combined baseline and on-treatment ctDNA status with RFS. BL, baseline; ctDNA,

circulating tumor DNA; RFS, recurrence-free survival; W, week.

However, assessment of on-treatment ctDNA status
increased the prediction of recurrence. Of the 1,127
patients with baseline samples evaluable for ctDNA,
860 (76%) patients had ctDNA results available at
2] on-treatment time point (online supplemental
figure S3). On-treatment ctDNA positivity was associ-
ated with an increased risk of recurrence at landmark
time points at week 13 and 29, respectively, compared
with on-treatment ctDNA negativity (figure 2Aii-iii).

On-treatment ctDNA status at week 13 and 29 was
associated with RFS (week 13, HR, 3.81; 95% CI, 2.86
to 5.07; week 29, HR, 3.20; 95% CI, 2.09 to 4.90),
suggesting that ctDNA could serve as a monitoring
biomarker accounting for treatment effects or disease
progression. In predicting 3-month future recur-
rence, the week 13 ctDNA sensitivity/specificity was
0.46/0.91 and the week 29 ctDNA sensitivity/speci-
ficity was 0.34/0.93.
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Longitudinal assessment of ctDNA status further
improved associations with RFS (figure 2Bi-iii and
ounline supplemental table S3). Palients were grouped
as to whether they zero converted (ie, were ctDNA(+)
at baseline and were ctDNA(-) at week 13 and 29),
were persistently positive (ie, were ctDNA(+) at base-
line and at week 13 or 29), or became positive (ie, were
ctDNA(-) at baseline and ctDNA(+) at week 13 or 29).
Patients who were persistently positive (median RFS,
22.8 months; 95%CI, 14.2 to 27.1) or became positive
(median RFS, not reached (NR); 95%CI, 26.3 to NR),
had the greatest risk of recurrence (figure 2B and online
supplemental table 3), showing the udtility of this periph-
eral biomarker to predict disease recurrence. Patients
who zero converted had the lowest risk of recurrence
(median RFS, NR; figure 2B), showing the ability of longi-
tudinal ctDNA assessments to monitor the effect of immu-
notherapy on the risk of recurrence. The probability of
RFS at 24 months was 21.4% (95% CI, 10.5% to 43.6%)
in patients who were persistently positive at baseline and
week 13, and 83.2% (95% CI, 75.0% to 92.4%) in patients
who zero converted at week 13. Thus, although baseline
ctDNA status was predictive of outcome on treatment,
combined baseline and on-treatment ctDNA assessments
may enable peripheral assessment of successful therapy
or disease progression during the course of treatment.

Baseline and longitudinal ctDNA and association with tissue
biomarkers

To understand relationships between ctDNA status and
baseline tumor biomarkers associated with response to
immuno-oncology (I-O) drugs and antitumor immu-
nity, biomarker levels were examined in the baseline
and on-treatment ctDNA(-) and ctDNA(+) subgroups.
Patients who were ctDNA(-) at baseline exhibited higher
levels of tumor CD8+ T cell infiltration (figure 3Ai), and
similarly, higher IFNYy-RNA signature scores (figure 3Aii)
when compared with patients who were ctDNA(+),
suggesting baseline ctDNA may be associated with patient
antitumor immunity prior to therapy.

Likewise, ctDNA negativity at week 13 was associated
with higher baseline CD8+ Tcell infiltration, a higher
percentage of PD-Ll-expressing tumor cells, higher
TMB, and higher IFNy-RNA signature score (figure 3Bi-
iv) than patients who were ctDNA (+) at week 13.

Patients who zero converted at week 13 (ie, ctDNA(+)
at baseline and ctDNA(-) at week 13) had numerically
higher median levels of baseline tumor biomarkers than
patients who were persistently positive (ie, ctDNA(+) at
both time points; figure 3Bi-iv). Patients who became
positive at week 13 (ie, ctDNA(-) at baseline and
ctDNA(+) at week 13) had lower median baseline I-O—
associated biomarkers (CD8+ T cell infiltration, IFNT-RNA
signature score, and TMB) than patients who were
persistently negative. ctDNA negativity at week 29 was
associated with numerically higher baseline I-O-associ-
ated biomarkers than ctDNA positivity at week 29, except
for a lower percentage of PD-L1-expressing tumor cells

(figure 3Ci-iv). Overall, baseline tumor I-O biomarkers
were less associated with ctDNA status at week 29 than
at baseline and week 13 (ligure 35,0), potentally due to
the smaller sample size of the week 29 ctDNA-evaluable
population or the greater temporal separation between
week 29 and baseline tumor biomarkers.

Association of tissue I-0 biomarkers with RFS in the
nivolumab and nivolumab-+ipilimumab treatment arms
Opverall, the proportion of patients in the ITT popula-
tion with biomarkerevaluable samples at baseline was
60-96% (online supplemental table S1). Evaluation of
biomarkers as categorical variables showed associations
with prolonged RFS for high versus low CD8+ Tcell
infiltration, PD-L1 expression on tumor cells, TMB,
and IFNY-RNA signature scores in both the nivolumab
and nivolumab+ipilimumab treatment arms (figure 4).
Associations between biomarkers and RFS were similar
across individual and pooled treatment arms, with over-
lapping CIs. Associations between biomarkers and RFS
in each treatment arm remained apparent across tumor
cell PD-L1 expression cutoffs of 1%, 5%, and 10%, as well
as low, medium, and high tertiles of CD8+ Tcell infiltra-
tion, TMB, and IFNy-RNA signature score (online supple-
mental figure S4).

Association of gene signatures and baseline serum factors
with RFS in the nivolumab versus nivolumab-ipilimumab
treatment arms

Associations between RFS and tumor gene expression were
evaluated in the nivolumab and nivolumab+ipilimumab
treatment arms and by primary versus metastatic biopsy
site using 50 hallmark™’ and 29 TME functional gene sets
identified by Bagaev et al” to interrogate cellular processes
involved in the TME biology, including those interro-
gating tumor intrinsic, immune, and stromal components
(online supplemental figure S5A,B) . Enriched expression
of hallmark Mycassociated genes, as well as gene sets asso-
ciated with intrinsic tumor gene expression and reduced
antitumor immunity (eg, Hallmark Oxidative Phosphor-
ylation) was associated with poor RFS in both treatment
arms. The trend was more prominent in the nivolumab
arm than in the nivolumab-+ipilimumab arm—suggesting,
as previously reported,” * that the addition of ipilim-
umab to nivolumab therapy can enhance responses in
patients with lower levels of antitumor immunity.

Tcell and immunerelated gene expression signa-
tures were associated with prolonged RFS in both the
nivolumab and nivolumab+ipilimumab treatment arms,
including both type IIFN and IFNY responses, as well
as antigen presentation pathway gene expression. Type
IIFN and IFNyresponse gene set enrichment was more
highly associated with improved RFS in the nivolumab
arm than in the nivolumab+ipilimumabarm, once again
showing a greater requirement for baseline tumor inflam-
mation for the efficacy of nivolumab monotherapy rela-
tive to the combination with ipilimumab.

6

Long GV, et & J Immunother Cancer 2025;13:6012034. doi:10.1136/jitc-2025-012034

) Buipnjour ‘yybuAdoo Aq pejosioly

"sa|Bojouyoa} Jejiwis pue ‘Bujuiel; |y ‘Buiui Bjep pue 1xs) 0] paje[al SasN 1o

-GZ0Z-oNl/9€1 1°01 Se paysignd JsJy 11aoue) Jo Adelsy) ounwiwy Joy jeuinop

1senb Aq 5z0z 1snBny 6 UO oo [q-onlj:sdiy wosy papeojumoq ‘5z0zZ AINF 1| U0 YEOZLO



A i ii. fii. iv.
BL ¢ BL- xBL- BL °BL- X BL- BL - BL- XBL- BL ©BL- xBL-
CD8 IFNy logPD-L1 logTMB
50+ P =000342 2 ns
—i "
404 24
oo 301 > 04 m 34
[~ 3 =
© 204 [T =
02 24
10+ -2
01 _3T 14 .-
925 748 145 919 179 942 183
BL- BL- BL+ BL- BL+ BL- BL+
BL
B i i ii. iv.
On treatment E=3W13- E3IW13+ On treatment == W13- E3IW13+ On treatment E=3W13- ES W13+ On treatment E=2W13- E3 W13+
CD8 IFNy logPD-L1 logTMB
i I o] P20086T  pns 2.0 l—:—-— ¢ P=0.0641
";' | 4+ -
p % & i P=0093
30 P . & 2 ! i é 1 1.5 v e
. — gl & - l
x z ! <
8 20 l £ 01 E E” f] L]r‘ 2 10- 2 39 ,
o = %’ = -
14 & 'f { 1 o g A
10- , E}g I ' 0‘5- 2-‘ J
| {] = [
04 0.0 14
574 473 48 59 22 584 67 74 28
BL- BL+ BL- BL+ BL- BL+
c . i, i iv.
On treatment ==1'W29- E3W29+ On treatment 53 W29- E3W29+ On treatment =2W29- E3W29+ On treatment E5IW29- E3 W29+
cD8 IFNy logPD-L1 logTMB
P 078 2 ns ns ns S
404 2 Ls = A
sl - 2 , —ns
| 3 — . | ]
> .. . 3 &
a | 4 5o E []L ] 2] £} |
(=) g w = Ire 'y
O 20 - i ; %‘ E HE;! E H@
—14 I = 5] | 2 : ”
- [ Eaﬁ- o LE
| 5 M
463 33 374 28 46 1 1 472 33 58 15
BL-— BL+ BL- BL+ BL- BL+

Figure 3 Association of ctDNA status at (A) baseline, (B) baseli

ne and week 13, and (C) baseline and week 29 with baseline;

(i) CD8+ Tcell infiltration, (ii) IFNy-RNA signature score, (iii) tumor cell PD-L1 expression, and (iv) TMB. Nominal p values were
estimated by the Wilcoxon test, not adjusted for multiplicity. Comparisons that were non-significant and not trending towards
significance (p>0.1) were labeled as ns. BL, baseline; ctDNA, circulating tumor DNA; IFNy, interferon gamma; ns, not significant;
PD-L1, programmed death ligand 1; TMB, tumor mutational burden; W, week.

In general, high expression of broad immune gene
signatures was associated with longer RFS in both treat-
ment arms, and higher expression of tumor proliferative
gene signatures was associated with shorter RFS. When
specifically looking at interactions or differences between
treatments, the nivolumab+ipilimumab treatment arm
showed longer RES in the presence of higher expression
of the tumor proliferation gene expression. The nivolum-
abtipilimumab treatment arm had better responses than
the nivolumab treatment arm, with a high level of ultra-
violet response genes, mammalian target of rapamycin/
Akt signaling, fatty acid metabolism, unfolded protein
response, and protein secretion. The nivolumab treat-
ment arm showed better responses in cases with high
IFNo and TFNY, and B cells expressing major histocom-
patibility complex-I and II. With respect to the activity of

nivolumab in biopsies from primary versus metastatic-site
tumors, gene expression was largely similar in the impact
on RFS with a greater impact of tumor proliferation gene
expression on shorter RFS in metastatic biopsies than
primary biopsies. The impact of tumor proliferative gene
expression was greater in primary sites than in metastatic
sites, suggesting gene signatures have a marked impact on
influencing outcomes of nivolumab.

Baseline levels of 49 serum factors were also investigated
to identify factors differentially associated with RFS. A
total of 33 serum factors had quantifiable data for evalua-
tion, shown in online supplemental table S4. Higher inter-
leukin (IL)-8 and serum (2 microglobulin (B2M) were
significantly associated with worse RFS in the nivolumab
arm. Higher serum B2M was also significantly associated
with worse RFS in the nivolumab+ipilimumabarm (online
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Pooled NIVG

PD-L1 IHC 0.522 0.504

IFNy GEP 0.558 0.495

CD8 IHC 0.581 0.561

TMB 0.75 0.714

Tumor origin: recurrent vs primary 1.18 1.14
Age 1.2 1.09

Stage IV vs |IIB 1.3 1.32

Stage IIIC/I1ID vs 1IB 1.34 1.32

Biopsy location: metastatic vs primary 1.38 1.57
Baseline ctDNA status 1.97 1.95

Longer RFS

1.27 o

1.37
1.23

1.99

O.ESO 1.0 270 3.5

Unstratified HR? (95% CI)
higher vs lower®

]
0.30

Figure 4 Forest plot showing associations with prolonged RFS for biomarkers, patient and tumor characteristics in the
nivolumab and nivolumab-+ipilimumab, and combined treatment arms. ®HR is a higher level of biomarker over lower level of
biomarker from the Cox proportional hazards mode!, which comprises three covariates: the treatment arm, the continuous
biomarker, and their interaction. "Higher versus lower refers to evaluating biomarkers as continuous variables; higher level of
the biomarker is the 75th percentile value of the biomarker in the overall population, and lower level of the biomarker is the 25th
percentile value of the biomarker in the overall population. ctDNA, circulating tumor DNA; GEP, gene expression profile; IFNy,
interferon gamma; IHC, immunohistochemistry; IP, ipilimumab; NIVO, nivolumab; PD-L1, programmed death ligand 1; RFS,

recurrence-free survival, TMB, tumor mutational burden.

supplemental figures S6 and S7). A higher absolute
neutrophil count was associated with poorer RFS overall.

Association of RFS with combined I-0 biomarkers and ctDNA
status

To determine the potential utility of tumor biomarkers
combined with baseline ctDNA in predicting recurrence,
a multivariable analysis was performed. Evaluation of
associations between RFS with baseline ctDNA status,
TMB, and IFNy-RNA signature score, alone and in combi-
nation, found that the combination of all three markers
offered improved predictive value for RFS versus indi-
vidual biomarkers (figure 5A). Stratification of patients
by combined biomarker status showed that the greatest
RF'S benefit was observed in patients who were ctDNA(-)
and had high IFNy-RNA signature score and high TMB
at baseline. Patients who were ctDNA(-) with low TMB
and low IFNY-RNA signature score had worse RFS (24-
month RFS probability, 48.6%; 95% CI, 42.9% to 55.1%)
than patients who were ctDNA(-) with high TMB and
high IFNYy-RNA signature score (24-month RFS proba-
bility, 86.5%; 95% CI, 81.2% to 92.1%), suggesting that
TMB and IFNY-RNA signature score may help to iden-
tify patients in the ctDNA(-) group who are more likely

to recur. RFS did not differ between the nivolumab and
nivolumab+ipilimumab treatment arms across patient
subgroups stratified by combined biomarker status (data
not shown).

Time-dependent analyses were performed to further
explore the relationships between the risk of recurrence
and baseline ctDNA status or tumor factors in the pooled
ctDNA cohort (figure 5B). The specificity and sensitivity
of baseline ctDNA to differentiate patients with and
without recurrence varied over time (figure 5Bi), with
baseline ctDNA status having greater predictive value for
early recurrence (<3 months) than for recurrence at later
time points. This finding was also apparent on plotting
area under the curve over time for baseline ctDNA status
(figure 5Bii). Despite being assessed only at baseline for
the resected tumor, other baseline tumor biomarkers were
associated with relatively stable prediction of recurrence
across the time points, although the predictive value of
each biomarker was variable, with IFNy-RNA signature
score having the highest predictive value and PD-L1 status
the lowest predictive value (figure 5Biii). Combinations
of biomarkers showed greater predictive value than indi-
vidual biomarkers, with the combination of ctDNA status,
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Figure 5 (A) Association of (i) ctDNA status, (i) TMB and IFNy-RNA signature score, and (jii) combined ctDNA status, TMB, and
IFNy-RNA signature score with RFS in the pooled nivolumab and nivolumab-+ipilimumab treatment arms. (B) Time-dependent
association of ctDNA status and tumor factors with recurrence in patients treated with nivolumab-+ipilimumab. (i) Receiver
operating characteristic curve for baseline ctDNA status for prediction of recurrence across varying time points. (ji) Area under
the curve (AUC) for predictive value of ctDNA status over time. (i) AUC for predictive value of individual baseline biomarkers,
with each curve representing an individual biomarker and its predictive capacity for RFS with time. (iv) AUC for predictive value
of baseline biomarker combinations. 2IFNy-RNA signature score:?° samples were considered high if the signature score was >
median. "TMB stratified by tertiles for visualization purposes: TMB low (lower two tertiles), <350 mutations; TMB high (upper
tertile), 2350 mutations. ctDNA, circulating tumor DNA; GEP, gene expression profile; H, high; IFNY-RNA signature, interferon
gamma RNA signature; IHC, immunohistochemistry; L, low; PD-L1, programmed death ligand 1; RFS, recurrence-free survival:
1, time; TMB, tumor mutational burden.

showed similar trends for improved predictive value over
individual biomarkers (data not shown).

Further investigation of associations between RFS and
biomarker combinations comprising TMB, tumor cell

IFNY-RNA signature score, and TMB status showing the
highest predictive value for early recurrence and recur-
rence at later time points (figure 5Biv). The combination
of ctDNA status with CD8 or tumor cell PD-L1 expression

Long GV, et al. J Immunother Cancer 2025;13:6012034. doi:10.1136/jitc-2025-012034 9
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PD-L1 expression, and IFNYy-RNA signature score found
that high TMB trended with prolonged RFS in both
high and low IFNy-RNA signature score and tumor cell
PD-L1 expression subgroups (online supplemental figure
S8A,B). No notable differences between treatment arms
were observed, with the exception of prolonged RFS with
nivolumab+ipilimumab versus nivolumab in patients with
low IFNY-RNA signature score and high TMB.

Additional clinical and translational factors that signifi-
cantly improved associations with RFS when combined
with the baseline ctDNA status were evaluated using
analysis of variance, to determine whether the addition
of these factors improved the model fitness over ctDNA
alone (online supplemental table S5). In addition to TMB
and tumor CD8+ T cell infiltration, several clinical factors
including tumor ulceration with lymph node involve-
ment, Breslow thickness, and the number of lymph nodes
involved were associated with improvements in predicting
RFS. Other factors, including BRAF 600 status, treatment
arm, resected tumor origin (primary or recurrent), meta-
static stage, and American Joint Committee on Cancer
disease stage did not enhance the predictive power of
baseline ctDNA status for RFS.

DISCUSSION

A major strength of our study is that, to our knowledge,
it represents the largest assessment of ctDNA and ctDNA
correlations with other biomarkers in a prospective clin-
ical trial of 1,844 patients receiving adjuvant I-O therapy
following melanoma resection. Moreover, we used a
patient-specific, tumor-informed approach for ctDNA
detection, followed by parallel analyses of other tumor
and peripheral biomarkers, and finally, combined anal-
yses of ctDNA and tumor biomarkers.

ctDNA positivity at baseline was seen in 16.2% of patients
and was associated with a higher risk of recurrence than
ctDNA negativity, with modest sensitivity but high speci-
ficity, consistent with trends previously reported in mela-
noma using BRAItargeted and NRAS-targeted analyses in
150 patients."”

Longitudinal analysis of ctDNA status (evaluated at
week 13 and 29) enhanced the predictive value over base-
line ctDNA status alone. Patients who zero converted had
the lowest risk of recurrence; conversely, those who were
persistently positive had the highest risk of recurrence.
Importantly, change in ctDNA status between baseline
and on-treatment assessments appeared to be associated
with differences in risk of recurrence. Based on these
results, longitudinal ctDNA status may indicate a patient’s
response to therapy and could be useful for guiding treat-
ment decisions.

ctDNA has been used in other solid tumors to guide the
use of adjuvant therapy, including in colorectal cancer
and urothelial carcinoma.”™ * The association between
ctDNA status and survival in patients with melanoma has
been previously reported.”® ***' Tan et al and Eroglu et
al found that in the adjuvant setting, ctDNA status post

resection identifies patients at risk of relapse.” ** Tan et
al assessed BRAF and NRAS mutant ctDNA in a cohort
of 99 patients post resection, 68 of whom had baseline
assessments.'® As seen in our studies, Tan et @l found an
increased rate of ctDNA positivity at baseline in patients
with laterstage disease.'” Eroglu et al used a tumor
informed, personalized approach similar to this study
and found 5/29 patients (17%) with stage III disease at
baseline with positive ctDNA post resection (similar to
the 16.2% seen in our study). Similar to the results in
our study, Eroglu ef al found baseline ctDNA(+) patients
showed an increase in distant recurrences during adju-
vant treatment with immunotherapy.”

Although the prevalence of baseline, postresection
ctDNA positivity in our study was not high (16.2%), the
ctDNA-evaluable population was sufficienty large to allow
informative statistical analysis of the ctDNA(+) subgroup.
The prevalence of ctDNA positivity was comparable with
other studies in the adjuvant melanoma setting, where
the reported prevalence of ctDNA positivity post resec-
tion is 17-87%."% % **

The use of longitudinal ctDNA testing to monitor
treatment response over time has also been reported in
patients with advanced melanoma treated with immune
checkpoint inhibitors, as well as BRAF inhibitors. >
While only two on-treatment time points were assessed
in our longitudinal analysis, significant changes in RFS
outcomes were found, including in patients who shifted
from ctDNA(-) to ctDNA(+) and vice versa. These results
suggest the effect of I-O therapy (and thus possible disease
evolution) can be monitored peripherally in patients
and may lead to ctDNA being used to guide treatment
cessation, safe de-escalation or, if needed, intensification
including adding other therapies in combination. Addi-
tional studies evaluating a larger number of on-treatment
time points would further enhance the findings in our
study for close monitoring of patients with a blood-based
biomarker only.

Assessment of various biomarkers that are predictive of
response to I-O therapy in advanced melanoma (including
PD-L1 expression on tumor cells, tumor CD8+ Tcell
levels, TMB, and IFNy-RNA signature score) identified
associations with RFS, supporting the potential utility of
these markers in the adjuvant melanoma setting.'* #*°%
In the CheckMate 238 study, we reported similar results
to this report, identifying that a higher percentage of
CDB8+ cells, a higher percentage of tumor cells expressing
PD-L1, higher TMB, and higher IFNy-RNA signature
scores were associated with longer RFS in patients with
resected stage III/IV melanoma in patients treated with
nivolumab or ipilimumab.'’ Those results are corrobo-
rated in this larger current study.

Studies have suggested that evaluating biomarkers
in combination, rather than individually, may be more
clinically useful for predicting survival, including overall
survival, progression-free survival, and RFS.M *! This is
in line with the results of our study, which showed that
ctDNA, TMB, and IFNYy-RNA signature scores evaluated
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8 Open access!

together, as well as the combination of ctDNA status with
CD8 or tumor cell PD-L1 expression, were more predic-
tive of survival than c¢(DNA alone, with the greatest RES
benefit observed in patients who were ctDNA(-) and
had high IFNy-RNA signature score and high TMB at
baseline. Furthermore, combinations of biomarkers can
provide information on the underlying biology of the
response to adjuvant I-O therapy in patients with mela-
noma. Results from this study suggest that patients with
an elevated inflammatory immune response are likely to
respond better to immune checkpoint inhibition, which
can further enhance that antitumor response.

In addition, our study identified several gene signa-
tures and cytokines associated with differential RFS
benefit in patients with melanoma treated with adju-
vant nivolumab versus nivolumab+ipilimumab.

Overexpression of the oncogene Myc has been
proposed to mediate immunotherapy resistance in
melanoma by inhibition of IFNy response.”’ ' In our
study, increased expression of Mycassociated genes
was associated with poor RFS in both the nivolumab
and nivolumab+ipilimumab treatment arms, while
enhanced expression of T-cell-related and other
broad immune-related gene sets was associated with
improved RFS in both treatment arms, including
multiple cell types and interferon pathways.

Increased risk of recurrence was also observed in
patients with high serum IL-8 levels in the nivolumab
arm and high serum B2M levels in the nivolumab+ipili-
mumab arm, respectively. While serum B2M levels are
used clinically for the prognosis of hematologic malig-
nancies, as higher serum B2M levels are often associ-
ated with a larger tumor burden and more aggressive
disease,“ we are unaware of an association between
baseline serum B2M levels and solid tumor prognosis.
It is well established that high baseline levels of 1L-8
are associated with inferior immunotherapy treatment
outcomes in solid tumors, including melanoma.™
While it is known that IL-8 mediates protumorigenic
neutrophil migration and influx into the tumor,” our
gene expression analyses showed that higher levels of
both myeloid-derived suppressor cells and myeloid-
derived suppressor cell trafficking were associated
with better RFS in both treatment arms. This may
be indicative of generalized immune cell infiltration
or proliferation in the tumor. Our findings may also
be related to a disconnect between the tumor gene
expression and peripheral IL-8 levels.

Patients with high immune-cell infiltration, partic-
ularly CD8+ T cells in the TME, have been reported
to have the best clinical outcomes in melanoma.” In
an exploratory analysis of clinical and translational
factors in patients with advanced melanoma, expres-
sion of genes indicative of broad immune cell types
and inflammation was found in patients who did not
incur early progression and primary resistance on
immunotherapy.”” The current work extends these
findings to the adjuvant setting where the resected

tumor immune contexture predicts immunotherapy
response despite tumor resection.

Time-dependent analysis of the association of
ctDNA positivity alone and in combination with other
I-O biomarkers found that baseline ctDNA status was
more predictive of early recurrence (occurring within
3 months) than later recurrence (at 24 months),
while other baseline biomarkers evaluated appeared
to have relatively stable predictive value for predic-
tion of recurrence risk over time. To our knowledge,
this is the first time-dependent analysis of associa-
tions of a broad range of baseline tumor biomarkers
with outcomes of immunotherapy. Furthermore,
while associations of baseline tumor biomarkers with
recurrence remained relatively stable over time, the
predictive level of baseline ctDNA diminished over
time. This may be because ctDNA is a marker of
ongoing metastases or because the tumor biomarkers
are reflective of the patient’s systemic antitumor
immunity.

The finding that baseline ctDNA positivity was most
strongly associated with early recurrences (by week
13) is noteworthy. Owen ¢t al reported that of their
patients with melanoma who relapsed on adjuvant
anti-PD-1 therapy, the majority relapsed within the
first 4 months on treatment, highlighting the clinical
relevance of early time points.’’ Having biomarkers
to identify patients who may relapse early is of great
importance. While tumor biomarkers have been
shown to be associated with disease recurrence in the
adjuvant setting," the finding that this may also be
the case for peripheral biomarkers such as ¢tDNA and
serum factors brings us closer to being able to predict
which patients are at high risk of recurrence.

One majorlimitation of ourstudyis thatwhile periph-
eral ctDNA longitudinal analyses show increased asso-
ciation with treatment outcomes, our tumor-based
and cytokine analyses were only assessed at baseline.
Tumor analyses on recurrence would provide valu-
able information regarding changes in the TME or
TMB status that are associated with failed treatment.
Another limitation is that ctDNA status prior to resec-
tion was not conducted; ctDNA levels and potential
mutational burden prior to resection may portend
the results of therapy post resection. Studies in the
neoadjuvant setting'' are an optimal setting to collect
biomarker data before and after resection to refine
biomarkers associated with therapy outcomes.

In conclusion, this is the largest analysis of ctDNA
and tissue biomarkers for predicting RFS in patients
with resected melanoma receiving adjuvant immu-
notherapy. Baseline ctDNA predicted recurrence,
and prediction was enhanced when combined with
longitudinal ctDNA analysis or with established tissue
biomarkers at baseline. A risk prediction tool using
baseline clinical factors as well as ctDNA and tissue
biomarkers would help clinicians risk stratify patients
and discuss the risks and benefits of adjuvant therapy.

Long GV, et al. J Immunother Cancer 2025;13:e012034. doi:10.1136/jitc-2025-012034
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Adjuvant Cemiplimab or Placebo in High-
Risk Cutaneous Squamous-Cell Carcinoma

D. Rischin,’? S. Porceddu,’ F. Day,* D.P. Brungs,*® H. Christie,” J.E. jackson,?
B.N. Stein,” Y.B. Su,'® R. Ladwa," G. Adams,'? S.E. Bowyer,® Z. Otty,"
N. Yamazaki,® P. Bossi,'®"” A. Challapalli,” A. Hauschild,® A.M. Lim,?
V.A. Patel,? ).L. Walker, M. De Liz Vassen Schurmann,? P. Queirolo,”
J. Cafiueto,* F.A. Ferreira da Silva,” A. Stratigos,®® A. Guminski,” C. Lin,*?
F. Damian,* L. Flatz,* A.E. Taylor,® D.R. Carr,”® S. Harris,* D. Kirtbaya,*
G. Quereux,*® P. Rutkowski,*” N. Basset-Seguin,® N.I. Khushalani,* C. Robert,*
H. Ju,” C. Joseph,* S. Bansal,* C.-| Chen,* F. Seebach, S.-Y. Yoo, I. Lowy,"!
P. Goncalves,*" and M.G. Fury,* for the C-POST Trial Investigators®

ABSTRACT

BACKGROUND
The authors’ full names, academic de- Patients who have cutaneous squamous-cell carcinoma with high-risk features are
grees, and affiliations are listed at the 4t rigk for recurrence after definitive local therapy. The benefit of systemic adjuvant

end of the article. Dr. Rischin can be con- : . ; - ;
tacted at danny.rischin@petermac.org.  tHerapy options has not been well established in clinical trials.

*A list of the investigators in the C-POST METHODS
trial is provided in the Supplementary In a phase 3, randomized trial, we enrolled patients with local or regional cutaneous

Appendix, available at NEJM.org. squamous-cell carcinoma, after surgical resection and postoperative radiotherapy, at
This article was published on May 31, high risk for recurrence owing to nodal features (extracapsular extension with larg-
2025, st NE}M.org: est node 220 mm in diameter or at least three involved nodes) or nonnodal features
N Engl J Med 2025;393:774-85. (in-transit metastases, T4 lesion [with bone invasion], perineural invasion, or locally
[c)o’:' mg};gz/;!u.mzso‘zui _ recurrent tumor with >1 additional risk feature). Patients were assigned in a 1:1 ratio

to receive adjuvant cemiplimab (350 mg) or placebo, administered intravenously ev-
ery 3 weeks for 12 weeks, followed by a dose increase to 700 mg administered every
6 weeks for up to 36 weeks (<48 weeks total). The primary end point was disease-
free survival. Secondary end points included freedom from locoregional recurrence,
freedom from distant recurrence, and safety.

RESULTS

A total of 415 patients were assigned to cemiplimab (209) or placebo (206). The
median follow-up was 24 months. Cemiplimab was superior to placebo with re-
spect to disease-free survival (24 vs. 65 events; hazard ratio for disease recurrence
or death, 0.32; 95% confidence interval [CI], 0.20 to 0.51; P<0.001). The estimated
24-month disease-free survival was 87.1% (95% CI, 80.3 to 91.6) with cemiplimab
and 64.1% (95% CI, 55.9 to 71.1) with placebo. Cemiplimab led to lower risks of
locoregional recurrence (9 events, vs. 40 with placebo; hazard ratio, 0.20; 95% CI,
0.09 to 0.40) and distant recurrence (10 vs. 26 events; hazard ratio, 0.35; 95% ClI,
0.17 to 0.72). Adverse events of grade 3 or higher occurred in 23.9% of the patients
who received cemiplimab and in 14.2% of those who received placebo; discontinu-
ation due to adverse events occurred in 9.8% and 1.5%, respectively.

CONCLUSIONS

Adjuvant cemiplimab therapy led to longer disease-free survival than placebo among
patients at high risk for recurrence of cutaneous squamous-cell carcinoma. (Funded
by Regeneron Pharmaceuticals and Sanofi; C-POST ClinicalTrials.gov number,
NCT03969004.)

774 N ENGL) MED 393;8 NEJM.ORG AUGUST 21/28, 2025

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Bristol Myers Squibb on August 25, 2025.
Copyright © 2025 Massachusetts Medical Society. All rights reserved, including those for text and data mining, Al training, and similar technologies.



ADJUVANT CEMIPLIMAB IN HIGH-RISK CUTANEOUS SCC

UTANEOUS SQUAMOUS-CELL CARCINO-
ma is the second most common skin can-
cer, with an estimated annual incidence of
2.4 million cases worldwide.! Surgery with cura-
tive intent is the centerpiece of the clinical man-
agement of cutaneous squamous-cell carcinoma,
with cure in approximately 95% of patients.?®
However, a subset of patients with cutaneous
squamous-cell carcinoma have disease recurrence,
either locoregional or distant, after undergoing
surgery and receiving adjuvant radiotherapy. A
randomized, phase 3 trial (Postoperative Skin
Trial/Trans-Tasman Radiation Oncology Group
[POST/TROG] 05.01) showed no additional ben-
efit of carboplatin administered concurrently with
adjuvant radiotherapy, as compared with radio-
therapy alone, in patients at elevated risk for re-
currence of cutaneous squamous-cell carcinoma.®
However, that trial helped to identify patient sub-
populations at the highest risk for recurrence.®’
Cemiplimab, a programmed death 1 (PD-1)—
targeting antibody, is approved for the treatment
of locally advanced (i.e., not suitable for resection)
or metastatic cutaneous squamous-cell carcinoma,
with a response occurring in 47% of patients
and an estimated median duration of response
of 41 months (range, 2 to 55).2° The C-POST trial
is a phase 3, randomized trial comparing adju-
vant cemiplimab with placebo in patients at high
risk for recurrence of cutaneous squamous-cell
carcinoma after surgery and postoperative radio-
therapy. We report here the results of the pri-
mary analysis, which was conducted after more
than approximately half the events expected for
the final analysis of disease-free survival had
occurred.

METHODS

PATIENTS
We recruited patients from 107 sites across 16
countries. Eligible patients were 18 years of age
or older with local or regional cutaneous squa-
mous-cell carcinoma and had completed both
curative-intent surgery, with macroscopic gross
resection of all disease, and postoperative radio-
therapy (or concurrent chemoradiotherapy) at a
biologically equivalent dose of at least 50 Gy
within 2 to 10 weeks before randomization. Eli-
gible patients had high-risk nodal or nonnodal
features (or both) (Fig. S1 in the Supplementary
Appendix, available with the full text of this ar-
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ticle at NEJM.org). High-risk nodal disease was
defined as extracapsular extension with at least
one node measuring at least 20 mm in diameter
or as at least three involved nodes regardless of
extracapsular extension. High-risk nonnodal dis-
ease was defined as any of the following: in-transit
metastases, radiologic or clinical evidence of peri-
neural invasion of named nerves, T4 primary tu-
mor (with bone invasion), or local recurrence with
at least one other adverse feature (nodal stage
>N2b, >T3 lesion [diameter, >4.0 cm], or poorly
differentiated histologic characteristics with re-
current lesion measuring >20 mm in diameter).
Patients were excluded if they had concurrent
cancer (other than localized cutaneous squamous-
cell carcinoma and certain low-risk diagnoses that
were permitted according to the protocol), had
received a solid-organ or stem-cell transplant previ-
ously, had clinically significant autoimmune dis-
ease, or had received any previous immunothera-
py for cutaneous squamous-cell carcinoma. The
full list of inclusion and exclusion criteria is pro-
vided in the protocol, available at NEJM.org.

TRIAL DESIGN AND TREATMENT
C-POST is an ongoing, international, random-
ized, phase 3 trial (Fig. S2). In part 1 of the trial
(double-blind design; hypothesis-testing portion),
patients were randomly assigned in a 1:1 ratio to
receive either cemiplimab or placebo. In the origi-
nal protocol, the regimen involved administration
“every 3 weeks only,” with cemiplimab at a dose
of 350 mg or placebo administered intravenously
every 3 weeks. In protocol amendment 2 (June 29,
2021), the regimen was revised to “start at a fre-
quency of every 3 weeks, with a switch to every
6 weeks.” Under this regimen, cemiplimab at a
dose of 350 mg was administered intravenously
every 3 weeks for 12 weeks, followed by cemip-
limab at a dose of 700 mg administered intrave-
nously every 6 weeks for an additional 36 weeks,
or placebo was administered intravenously every
3 weeks for 12 weeks, followed by placebo ad-
ministered intravenously every 6 weeks for an
additional 36 weeks. The planned duration for
the trial regimen was up to 48 weeks or until
disease recurrence, the occurrence of unaccept-
able toxic effects, or withdrawal of consent,
whichever was earlier. In part 2 of the trial (un-
blinded design), patients in the placebo group
who had disease recurrence or those in the cemip-
limab group who had disease recurrence that
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occurred at least 3 months after the completion
of part 1 had the option to receive subsequent
cemiplimab.

Randomization was performed according to a
central randomization scheme provided by an
interactive Web-response system. Randomization
was stratified according to tumor location (head
and neck vs. non-head and neck), geographic re-
gion (North America vs. Australia or New Zealand
vs. the rest of the world), high-risk category (nodal
vs. nonnodal), Eastern Cooperative Oncology
Group performance-status score (0 vs. 1; on a
scale from 0 to 5, with higher scores indicating
greater disability), and history of chronic lympho-
cytic leukemia (yes vs. no).

TRIAL OVERSIGHT
The trial was conducted in accordance with the
principles of the Declaration of Helsinki, Good
Clinical Practice guidelines of the International
Council for Harmonisation, and all applicable
regulatory requirements. The protocol was ap-
proved by the relevant institutional review boards
or ethics committees at each site. All the patients
provided written informed consent. An indepen-
dent data monitoring committee evaluated data
approximately every 6 months and provided over-
sight of the trial.

The trial was sponsored by Regeneron Phar-
maceuticals and Sanofi and was designed by em-
ployees of Regeneron Pharmaceuticals in collabo-
ration with the Trans-Tasman Radiation Oncology
Group, with the first author as the lead investiga-
tor. Data were collected by the trial investigators,
analyzed by statisticians employed by Regeneron
Pharmaceuticals, and interpreted by the authors.
Medical writing and editorial assistance with an
earlier version of the manuscript was provided, in
accordance with Good Publication Practice Guide-
lines, by a medical writer who was employed by
Regeneron Pharmaceuticals. Sanofi approved the
trial design but was not involved in data collection
or analysis, the preparation of the manuscript, or
the decision to submit the manuscript for publica-
tion. The authors were responsible for all content
and editorial decisions. The authors vouch for the
completeness and accuracy of the data and for the
fidelity of the trial to the protocol.

END POINTS AND ASSESSMENTS
The primary end point was disease-free survival,
defined as the time from randomization to the

first documented disease recurrence (locoregional
or distant) or death due to any cause. Secondary
end points included freedom from locoregional
recurrence, freedom from distant recurrence, over-
all survival, second primary cutaneous squamous-
cell carcinoma tumors, and safety. Second pri-
mary tumors were defined as new cutaneous
squamous-cell carcinoma lesions arising on the
skin that could be managed by local therapy as
part of routine clinical practice. Protocol-specified
exploratory end points included patterns of recur-
rence, patient-reported outcomes, and correlations
between efficacy and tumor expression of pro-
grammed death ligand 1 (PD-L1). The trial end
points are described in the protocol.

Patient-reported outcomes were evaluated with
multiple instruments, including the European Or-
ganization for Research and Treatment of Cancer
Quality-of-Life Questionnaire—Core 30 (EORTC
QLQ-C30), a 30-item questionnaire consisting of
five functional scales, nine symptom scales or
items, and a global health status—quality of life
scale. Scales are linearly transformed into scores
ranging from 0 to 100, with higher scores for the
functional and general health status—quality of
life scales indicating better functional status and
quality of life, respectively, and lower scores for
the symptom scales indicating lower severity of
symptoms. A change of at least 10 points in any
scale is considered to be clinically meaningful.®®
Assessment of tumor PD-L1 expression (21% vs.
<1% of tumor cells expressing PD-L1) according
to the tumor proportion score as determined by
means of immunohistochemical testing was per-
formed as previously described.’ Additional de-
tails of the EORTC QLQ-C30 instrument and scor-
ing and the PD-L1 expression analyses are provided
in the Supplementary Methods section in the Sup-
plementary Appendix.

During the treatment period, radiologic assess-
ments were performed at screening and at the end
of each 12-week cycle. In the follow-up period,
clinical and radiologic assessments were per-
formed every 4 months for the first 2 years and
every 6 months thereafter.

Safety was monitored at each visit, with as-
sessment of adverse events that occurred during
the treatment period. Adverse events were graded
according to the Common Terminology Criteria
for Adverse Events, version 5.0, of the National
Cancer Institute. Immune-related adverse events
were classified according to a list defined by Re-
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generon Pharmaceuticals. Adverse events of spe-
cial interest were infusion-related reactions of
grade 2 or higher and immune-related adverse
events of grade 3 or higher. Causality was assessed
by the investigator.

STATISTICAL ANALYSIS
We planned for a total enrollment of 412 patients.
On the basis of literature review and analysis of
the POST/TROG 05.01 trial, a 3-year disease-free
survival of 55% in the placebo group, with a
hazard ratio of 0.6 for the comparison of cemip-
limab with placebo, was assumed (see the proto-
col). We calculated that 165 events of disease
recurrence or death (disease-free survival analy-
sis) with three interim analyses (at approximately
83, 107, and 132 events) would provide the trial
with 90% power to detect a significant between-
group difference in disease-free survival at a two-
sided alpha of 0.05. Prespecified interim analyses
used the Lan-DeMets O’Brien—Fleming spending
function to control for the type I error. This re-
port presents data from the first interim analysis
of the fully enrolled trial (data-cutoff date, Octo-
ber 4, 2024). Because this analysis crossed the
prespecified efficacy threshold for disease-free
survival, it became the primary analysis.

Efficacy analyses were conducted according
to the randomized assignment (intention-to-treat
approach). For the primary efficacy analysis of
disease-free survival, hypothesis testing between
the two groups was performed with the use of a
stratified log-rank test. Hypothesis testing was
not performed for secondary end points. For time-
to-event analyses, hazard ratios and 95% confi-
dence intervals were estimated with the use of a
stratified Cox regression model. The stratifica-
tion factors for log-rank tests and Cox regression
models were tumor location (head and neck
vs. non—head and neck) and geographic region
(North America vs. Australia or New Zealand vs.
the rest of the world). Subgroup analyses of dis-
ease-free survival estimated the between-group
treatment effect and nominal 95% confidence
interval in prespecified subgroups. Safety analy-
ses were based on whether the patient received
cemiplimab or placebo and were conducted in all
the patients who received any cemiplimab or
placebo.

Prespecified analyses of patient-reported out-
comes included descriptive analyses and overall
changes from baseline across treatment cycles,

which were analyzed with the use of a mixed-
effects model for repeated measures. These anal-
yses were conducted in patients who had a base-
line score and at least one postbaseline score for
the patient-reported outcome. All the data were
analyzed with the use of SAS software, version
9.4 (SAS Institute).

RESULTS

PATIENTS
From June 2019 through August 2024, a total of
526 patients at high risk for recurrence of cutane-
ous squamous-cell carcinoma underwent screen-
ing, and 415 were randomly assigned to receive
adjuvant therapy with cemiplimab (209 patients)
or placebo (206) (Fig. S3). Among all the patients,
the median age was 71 years (range, 33 to 95),
83.9% were men, and 82.7% had primary cuta-
neous squamous-cell carcinoma of the head and
neck (Table 1 and Table S1). The high-risk nodal
disease category included 242 patients (58.3%).
The most common high-risk criterion was extra-
capsular extension in at least one node measur-
ing at least 20 mm in diameter (in 48.4% of the
patients). Overall, the demographic and disease
characteristics of the patients at baseline were
well balanced between the two trial groups and
were generally representative of patients with
high-risk cutaneous squamous-cell carcinoma
(Table S2).

Among the 409 patients who underwent ran-
domization and received at least one dose of
cemiplimab or placebo, the median duration of
exposure was 47.9 weeks (range, 3 to 52) in the
cemiplimab group and 47.7 weeks (range, 3 to
51) in the placebo group. Overall, 44 of 205 pa-
tients receiving cemiplimab (21.5%) and 61 of
204 patients receiving placebo (29.9%) discon-
tinued the regimen during part 1 of the trial. In
the cemiplimab group, the most common reasons
for discontinuation were adverse events (in 19 pa-
tients), disease relapse (in 10), and patient decision
to withdraw (in 9); in the placebo group, the most
common reasons were disease relapse (in 50) and
patient decision to withdraw (in 5).

Overall, the median potential follow-up from
randomization to the data-cutoff date was 24
months (range, 2 to 64). As of the data-cutoff date,
69 patients (16.9%; 36 in the cemiplimab group
and 33 in the placebo group) were still receiving
cemiplimab or placebo in part 1 of the trial.
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.”
Cemiplimab Placebo
Characteristic {N=209) (N =206)
Age
Median (range) — yr 71 (33-87) 70.5 (36-95)
=65 yr — no. (%) 153 (73.2) 14] (68.4)
Male sex— no. (%) 174 (83.3) 174 (84.5)
Race — no. (%)
Asian 5 (2.4) 8 (3.9)
White 189 (90.4) 189 (91.7)
Other 1(0.5) 1(0.5)
Unknown or not reported 14 (6.7) 8 (3.9)
Geographic region — no. (%)
North America 37(17.7) 31 (15.0)
Australia or New Zealand 90 (43.1) 90 (43.7)
Rest of the world 82 (39.2) 85 (41.3)
ECOG performance-status score — no. (%)%
0 133 (63.6) 131 (63.6)
1 76 (36.4) 75 (36.4)
Anatomical region of resected high-risk tumor — no. (%)
Head and neck 166 (79.4) 177 (85.9)
Non-head and neck 43 (20.6) 29 (14.1)
High-risk category — no. (%)§
Nodal 125 (59.8) 117 (56.8)
Nonnodal 84 (40.2) 89 (43.2)
High-risk criteria— no. (%)9
Nodal disease with extracapsular extension and 105 (50.2) 96 (46.6)
=1 lymph node =20 mm in diameter
Nodal disease with =3 nodes positive on surgical 33 (15.8) 37 (18.0)
pathology report, regardless of extracapsular
extension
In-transit metastases 20 (9.6) 21 (10.2)
T4 lesion 17 (8.1) 16 (7.8)
Perineural invasion 32 (15.3) 32 (15.5)
Recurrent high-risk cutaneous squamous-cell carcinoma 55 (26.3) 50 (24.3)
with =1 additional feature
=N2b disease associated with the recurrent lesion 17 (8.1) 13 (6.3)
=T3 lesion 37 (17.7) 29 (14.1)
Poorly differentiated histologic findings and diam- 16 (7.7) 13 (6.3)
eter of recurrent lesion =20 mm
PD-L1 tumor proportion score — no. (%)
>1% 155 (74.2) 154 (74.8)
<1% 42 (20.1) 43 (20.9)
Indeterminate 12 (5.7) 9 (4.4)

* Percentages may not total 100 because of rounding. PD-L1 denotes programmed death ligand 1.

T Race was reported by the patient.

I Eastern Cooperative Oncology Group (ECOG) performance-status scores are on a scale from 0 to 5, with higher scores
indicating greater disability.

§ Patients with both nodal and nonnodal disease were classified as having nodal disease.

9§ The total for the high-risk criteria column is more than 100% because tumors could have more than one high-risk cri-
terion. In the cemiplimab group, 13 patients had both nodal features (nodal disease with extracapsular extension and
at least one lymph node measuring 220 mm in the greatest dimension, plus nodal disease with at least three positive
nodes on the surgical pathology report, regardless of extracapsular extension) and 16 patients in the placebo group had
both nodal features. A T4 lesion indicates disease with bone invasion, and a T3 lesion a tumor diameter of more than
4.0 cm. Perineural invasion was defined as clinical or radiolagic involvement of named nerves.
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EFFICACY
A significant improvement in disease-free sur-
vival was seen in the cemiplimab group as com-
pared with the placebo group (24 vs. 65 events;
hazard ratio for disease recurrence or death, 0.32;
95% confidence interval [CI], 0.20 to 0.51; P<0.001)
(Fig. 1 and Table S$3). The Kaplan—Meier curves
for the analysis of disease-free survival separated
early and remained so for the duration of follow-
up. The estimated disease-free survival at 24
months was 87.1% (95% CI, 80.3 to 91.6) in the
cemiplimab group and 64.1% (95% CI, 55.9 to
71.1) in the placebo group.

With regard to the 65 events of disease recur-
rence or death in the placebo group, 61 patients
had disease recurrence and 4 died without disease
recurrence; with regard to the 24 events in the
cemiplimab group, 18 patients had disease re-
currence and 6 died without disease recurrence.
The disease-free survival benefit with cemipli-
mab in relevant subgroups is shown in Figure 2.

Cemiplimab treatment prolonged freedom
from both locoregional and distant recurrences
as compared with placebo (Fig. 3 and Table S4).
The estimated percentage of patients free from
locoregional recurrence at 24 months was 94.6%
(95% CI, 89.1 to 97.3) in the cemiplimab group
and 76.7% (95% CI, 69.1 to 82.6) in the placebo

group. Locoregional recurrence occurred in 9 pa-
tients in the cemiplimab group and in 40 in the
placebo group (hazard ratio, 0.20; 95% CI, 0.09
to 0.40). The estimated percentage of patients free
from distant recurrence at 24 months was 94.3%
(95% CI, 89.0 to 97.1) in the cemiplimab group
and 83.8% (95% CI, 76.3 to 89.0) in the placebo
group. Distant recurrence occurred in 10 patients
in the cemiplimab group and in 26 in the placebo
group (hazard ratio, 0.35; 95% CI, 0.17 to 0.72).
Patterns of disease recurrence are provided in
Table S5.

Exploratory analyses of disease-free survival
according to the two dose regimens that were used
in this trial appeared to favor cemiplimab over
placebo (Table S6). Additional exploratory analy-
ses showed that the disease-free survival benefit
with cemiplimab as compared with placebo ap-
peared to be maintained regardless of tumoral
PD-L1 status (among 85 patients with a PD-L1
tumor proportion score of <1%: 8 vs. 16 events
(hazard ratio, 0.32; 95% CI, 0.12 to 0.86]; among
309 patients with PD-L1 tumor proportion score
of >1%: 14 vs. 45 events [hazard ratio, 0.28;
95% CI, 0.15 to 0.52]) (Fig. S4.

Among patients with recurrent disease, the
most common subsequent intervention was ce-
miplimab (Table S7). Among 46 patients who

100‘\‘*’——»‘_;,22&4: 87.1: :
90 e v 831 Cemiplimab
g 80 ! oo PPPPIPUNI . i Median
Lo 1 : ] No. of Disease-free
2g 704 : 3 : Events Survival
3 ‘ - 1
28 604 ' ¥ .
£ ‘ : 4 mo
o z 50 i E E Cemiplimab 24 NR (NE-NE)
&8 40 ' ‘ : Placebo 65 49.4 (48.5-NE)
go 304 E ,: 3 Hazard ratio for disease recurrence
g5 : : ‘ or death, 032 (95% Cl, 0.20-0.51)
J&E 201 : : ; P<0.001
1o | | s
0 T T t T T t T T t T T T T T 1
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60
Month
No. at Risk
Cemiplimab 209 172 157 132 116 104 83 66 47 33 27 22 9 6 1 0
Placebo 206 161 130 94 82 69 53 42 36 26 24 18 10 4 2 0
Figure 1. Disease-free Survival.
Analyses of disease-free survival were based on the Kaplan—Meier method, with stratification according to high-risk tumor (head and
neck vs. non—head and neck) and geographic region (North America vs. Australia or New Zealand vs. the rest of the world). The thresh-
old for significance was set to 0.00455 on the basis of the O'Brien—Fleming alpha spending function. The P value was based on a
stratified proportional-hazards model. Second primary cutaneous squamous-cell carcinoma tumors were not included as events in the
primary end-point analysis of disease-free survival. Tick marks indicate censored data. NE denotes could not be evaluated, and NR not
reached.
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—e—i 032 (0.20-0.51)
——— 0.40 (0.17-0.92)
—e— 030 (0.17-0.53)
—_——— 0.35 (0.16-0.78)
< 0.23 (0.09-0.57)
—e—i 0.34 (0.20-0.57)
—_——— 0.34 (0.12-0.95)
—e—i 031 (0.19-0.51)
= | 0.41 (0.06-2.64)
-—— 0.18 (0.05-0.63)
—— 0.24 (0.11-0.52)
—_—C— 0.51 (0.26-1.01)
—a—i 0.28 (0.16-0.49)
—— 1 0.48 (0.18-1.23)
—e—i 036 (0.19-0.67)
—e—i 0.27 (0.13-0.56)
—— 0.34 (0.18-0.67)
—_—— 0.29 (0.15-0.56)
—e— 0.32 (0.20-0.51)
—— 0.28 (0.15-0.52)
——— 0.32 (0.12-0.86)

r -1
0.1 1.0 10.0

Cemiplimab Better Placebo Better

Race was reported by the patient. Eastern Cooperative Oncology Group (ECOG) performance-status scores are as-
sessed on a scale from 0 to 5, with higher scores indicating greater disability. Arrows indicate that the confidence

Subgroup Cemiplimab Placebo
no. of events/total no.
All patients 24/200  65/206
Age group 1
<65 yr 8/56 21/65
265 yr 16/153 44/141
Age group 2
=65 and <75 yr 9/80 21/69
275 yr 773 3/72
Sex
Male 19174 48/174
Female 5/35 17/32
Race
White 22/189 60/189
Non-White 2/20 5/17
Geographic region
North America 3/37 12/31
Australia or New Zealand 8/90 29/90
Rest of world 13/82 24/85
Anatomical region of resected high-risk tumor
Head and neck 17/166 54/177
Non-head and neck 7/43 11/29
High-risk category
Nodal 14/125  35/117
Nonnodal 10/84 30/89
ECOG performance-status score
0 12/133 31/131
1 12/76 34/75
History of chronic lymphocytic leukemia
Yes 0/2 0/2
No 24207 65/204
PD-L1 tumor proportion score
=1% 14/155  45/154
<1% 8/42 16/43
Figure 2. Disease-free Survival According to Prespecified Subgroups.
interval extends outside the graphed area. PD-L1 denotes programmed death ligand 1.

had been originally randomly assigned to the
placebo group and received cemiplimab for re-
current disease in part 2 of the trial, 20 (43%) had
an objective radiographic response (Table S8).

A total of 25 deaths had occurred as of the
data-cutoff date: 12 deaths (4 in the cemiplimab
group and 8 in the placebo group) were due to
disease progression and 13 deaths (8 in the ce-
miplimab group and 5 in the placebo group) were
due to other causes (Table §9). Overall survival at
2 years was 94.8% (95% CI, 89.6 to 97.4) in the
cemiplimab group and 92.3% (95% CI, 86.5 to
95.7) in the placebo group. The hazard ratio for
death was 0.86 (95% CI, 0.39 to 1.90), with 51

patients in the placebo group receiving cemipli-
mab after recurrence (Fig. S5). At a subsequent
data-cutoff date of April 7, 2025, there were 33
deaths (15 in the cemiplimab group and 18 in
the placebo group), with a hazard ratio of 0.78
(95% CI, 0.39 to 1.56).

SAFETY
Adverse events due to any cause during the treat-
ment period occurred in 91.2% of the patients
who received cemiplimab and in 89.2% of those
who received placebo (Table 2 and Table S10).
The most common adverse events with cemipli-
mab as compared with placebo were fatigue (in
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A Freedom from Locoregional Recurrence
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Figure 3. Freedom from Locoregional Recurrence and Freedom from Distant Recurrence.

Analyses of locoregional recurrence (Panel A) and distant recurrence (Panel B) were based on the Kaplan—Meier
method, with stratification according to high-risk tumor (head and neck vs. non—head and neck) and geagraphic
region (North America vs. Australia or New Zealand vs. the rest of the world). Hazard ratios were based on strati-
fied proportional-hazards models. Tick marks indicate censored data.

22.0% vs. 21.6% of the patients), pruritus (in 16.1%
vs. 12.3%), rash (in 16.1% vs. 8.8%), and diarrhea
(in 15.6% vs. 18.6%). Adverse events of grade 3 or
higher that were due to any cause occurred in
23.9% of the patients who received cemiplimab
and in 14.2% of those who received placebo. Ad-
verse events of grade 3 or higher that were con-
sidered by the investigator to be related to treat-
ment occurred in 9.8% of patients in the cemiplimab

group (Table S11). Adverse events, regardless of
attribution, that led to death occurred in two
patients in each group (Table 2). One death due
to myositis in a patient receiving cemiplimab
was considered by the investigator to be related
to treatment,

Cemiplimab or placebo was discontinued
owing to adverse events in 9.8% and 1.5% of the
patients, respectively. Immune-related adverse
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events occurred in 22.9% of the patients who re-
ceived cemiplimab (with events of grade >3 in
7.3%) and in 6.4% of those who received placebo
(with no events of grade >3). No new immune-
related adverse events were observed.

PATIENT-REPORTED OUTCOMES

More than 88% of the patients in each group
completed the EORTC QLQ-C30 at baseline and
through all the cycles. The overall change from
baseline in EORTC QLQ-C30 global health status—
quality of life scores across all time points dur-
ing the treatment period indicated no meaningful
between-group difference (difference in the least-
squares mean change, —0.94 points [95% CI, —=3.65
to 1.77]; clinically meaningful change, 210 points)
(Table S12 and Fig. S6). Maintenance of the global
health status—quality of life scores appeared to
be sustained after the treatment period.

DISCUSSION

In this primary analysis of the phase 3 C-POST
trial, disease-free survival was significantly longer
with adjuvant cemiplimab therapy than with pla-
cebo among patients at high risk for recurrence
of cutaneous squamous-cell carcinoma after de-
finitive local therapy. The risk of disease recur-
rence or death was 68% lower with cemiplimab
than with placebo, with an estimated 24-month
disease-free survival of 87% in the cemiplimab
group and 64% in the placebo group.

Most recurrences were observed in the first
year after surgical resection and the completion
of adjuvant radiotherapy — findings that are con-
sistent with the natural history of cutaneous
squamous-cell carcinoma to recur rapidly.®*? The
Kaplan-Meier curves for disease-free survival di-
verged early, with continued separation through-

Table 2. Adverse Events during Treatment Period, According to Grade.*
Cemiplimab Placebo
Event (N=205) (N =204)
Any Grade Grade =3 Any Grade Grade 23
number of patients with event (percent)
Any adverse event 187 (91.2) 49 (23.9) 182 (89.2) 29 (14.2)
Serious adverse event 36 (17.6) 31(15.1) 19 (9.3) 14 (6.9)
Adverse event leading to discontinuation 20 (9.8) 16 (7.8) 3 (L.5) 2 (1.0)
of cemiplimab or placebo
Adverse event leading to death 2 (1.0) 2(1.0) 2 (1.0) 2 (1.0)
Adverse events in 210% of the patients
in either groupi
Fatigue 45 (22.0) 1(0.5) 44 (21.6) 0
Pruritus 33 (16.1) 1(0.5) 25 (12.3) 0
Rash 33 (16.1) 1(0.5) 18 (8.8) 0
Diarrhea 32 (15.6) 3(L.5) 38 (18.6) 0
Arthralgia 26 (12.7) 0 25 (12.3) 0
Hypothyroidism 24 (11.7) 1(0.5) 6 (2.9) 0
Maculopapular rash 23 (11.2) 0 12 (5.9) 0
Bowen's disease 16 (7.8) 1(0.5) 21 (10.3) 2(1.0)

* Shown are adverse events that developed or worsened during the treatment period and any adverse events that were
considered by the investigator to be related to cemiplimab or placebo that occurred during the posttreatment period
but before part 2 of the trial (subsequent cemiplimab treatment).

T One death due to pneumonia was considered by the investigator to be unrelated to cemiplimab, and one death due to
myositis was considered by the investigatar to be related to cemiplimab. One death due to pneumonia and one death
due to new primary malignant lung neoplasm were both considered by the investigator to be unrelated to placebo.

¥ Patients were counted only once according to the worst grade for multiple occurrences within a preferred term.
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out the follow-up period, thus indicating a rapid
and sustained clinical benefit with cemiplimab.

Analyses of patterns of recurrence showed that
locoregional recurrences were more common
than distant recurrences, a finding that was con-
sistent with the results of the POST/TROG 05.01
trial.® Locoregional recurrences are important
medical events for patients with cutaneous squa-
mous-cell carcinoma because they are associated
with considerable risks of disease and death.3
In this trial, the risk of locoregional recurrence
was 80% lower with adjuvant cemiplimab therapy
than with placebo, and the risk of distant recur-
rence was 65% lower with cemiplimab than with
placebo.

The safety profile of cemiplimab in the con-
text of adjuvant therapy was consistent with the
known safety profile of cemiplimab monotherapy
in the context of advanced or metastatic disease.
Discontinuation of the regimen due to adverse
events occurred in 9.8% of the patients in the
cemiplimab group. One death was considered by
the investigator to be related to cemiplimab treat-
ment. The global health status—quality of life score
appeared to be maintained during treatment with
adjuvant cemiplimab.

At the time of this primary analysis of disease-
free survival, 25 deaths had been observed. A
convincing benefit with regard to overall survival
has not been observed, although follow-up in
this trial is ongoing. Most patients who had re-
current disease were treated subsequently with
cemiplimab, which suggests that disease recur-
rences in this trial were usually considered by
the treating physicians to be advanced cutaneous
squamous-cell carcinoma. The availability of ef-
fective systemic therapy for recurrent disease may
have an effect on the magnitude of any overall
survival benefit from adjuvant therapy, as has been
observed in melanoma.% Individualized deci-
sion making is recommended with regard to
whether to treat a patient with high-risk cutaneous
squamous-cell carcinoma in the context of adju-
vant therapy or to wait until disease recurrence
occurs before the initiation of immunotherapy;
the circumstances and preferences of the patient
should be taken into consideration. Because anti—
PD-1 therapy provides durable responses in less
than 50% of patients in the context of advanced
cutaneous squamous-cell carcinoma,®* the

ability of adjuvant cemiplimab to reduce the risk
of recurrence of cutaneous squamous-cell carci-
noma is clinically meaningful for patients at high
risk for recurrence.

A limitation of the C-POST trial is that it was
not designed to formally investigate differences
in efficacy and safety between the two dose regi-
mens in the trial. However, this trial provides
randomized data regarding the standard admin-
istration regimen (every 3 weeks only) and a regi-
men with an extended administration interval
(start at every 3 weeks, with a switch to every
6 weeks). The trial results indicated that both
regimens prolonged disease-free survival and had
similar safety profiles.

Findings from the POST/TROG 05.01 trial®
were key determinants in defining the high-risk
criteria and categories for the C-POST trial. The
current trial was successful in defining a popu-
lation of patients at high risk for recurrence of
cutaneous squamous-cell carcinoma as evidenced
by an estimated 3-year disease-free survival of
approximately 60% in the placebo group, which
closely matched the predicted disease-free sur-
vival that was based on data from the POST/TROG
05.01 trial. The results reported here will help to
inform future updates to consensus staging cri-
teria, as well as aid in the identification of patients
in the clinic who are at the highest risk for disease
recurrence.

Another phase 3 trial of adjuvant anti-PD-1
therapy in high-risk cutaneous squamous-cell
carcinoma was the KEYNOTE-630 trial of adju-
vant pembrolizumab (ClinicalTrials.gov number,
NCTO03833167). That trial was stopped for futil-
ity after a prespecified analysis, according to a
press release from the sponsor. Publication of
the results of the KEYNOTE-630 trial is awaited
and may provide information about why the trial
did not show an improvement with pembroli-
zumab with regard to the primary end point.

In this trial, adjuvant cemiplimab therapy led
to a large benefit, as compared with placebo, with
regard to disease-free survival among patients at
high risk for recurrence of cutaneous squamous-
cell carcinoma.
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PURPOSE Effective treatment options for melanoma after immune checkpoint blockade @ Appendix
failure are limited. RP1 (vusolimogene oderparepvec) is a herpes simplex virus [/} Data Sharing
type 1-based oncolytic immunotherapy, here evaluated in combination with Statement

METHODS

RESULTS

CONCLUSION

nivolumab in anti—PD-1—failed melanoma.

Patients had advanced melanoma that had confirmed progression on anti—PD-1
(=8 weeks, last prior treatment). RP1 was administered intratumorally (<8
doses, <10 mL/dose; additional doses allowed) with nivolumab (<2 years). The
objective response rate (ORR) was assessed by independent central review using
Response Evaluation Criteria in Solid Tumors version 1.1.

Of 140 patients enrolled, 48.6% had stage IVM1ib/c/d disease, 65.7% had pri-
mary anti—PD-1 resistance, 56.4% were PD-L1 negative, and 46.4% received
prior anti—PD-1and anti—cytotoxic T-lymphocyte antigen- 4 therapy (43.6% in
combination and 2.9% sequentially). Confirmed ORR (95% CI) was 32.9% (95%
CI, 25.2% t0 41.3%; 15.0% complete response). Responses occurred with similar
frequency, depth, duration, and kinetics for injected and noninjected, including
visceral lesions. The median (95% CI) duration of response was 33.7 (95% CI,
14.1to not reached) months. Overall survival rates (95% CI) at 1and 2 years were
75.3% (95% CI, 66.9% to 81.9%) and 63.3% (95% CI, 53.6% to 71.5%), re-
spectively. Biomarker analysis demonstrated broad immune activation asso-
ciated with response, including increased CD8* T-cell infiltration and PD-L1
expression. Treatment-related adverse event rates were 77.1% grade 1/2, 9.3%
grade 3, 3.6% grade 4, and no grade 5 events.

RP1 combined with nivolumab provided deep and durable systemic responses in
patients with anti—PD-1~failed melanoma, including those with poor prog-
nostic factors. The safety profile was favorable, with mostly grade 1/2 adverse
events.

[/} Data Supplement
[7] Protocol
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have improved out-
comes for patients with unresectable or metastatic
melanoma.'> However, primary resistance to anti—PD-1
therapy occurs in approximately 30%-50% of patients,
with an additional 25% of patients developing secondary
resistance."® Qutcomes after progression on anti—PD-1
therapy remain poor, with a median overall survival (OS)
of approximately 1 year in real-world clinical practice.”*
Subsequent treatment options are limited by patients’

ASCO  Journal of Clinical Oncology*

medical conditions, suboptimal efficacy, and/or toxicity."-'5
Tumor-infiltrating lymphocyte therapy (lifileucel) is the
only US Food and Drug Administration (FDA)—approved
therapy for melanoma in patients previously treated with
anti—PD-1 therapy'®'” and provided an objective response
rate (ORR) of 31.4%."® However, nearly all patients experi-
enced grade 3/4 treatment-emergent adverse events,'®" and
the treatment-related mortality rate was 7.5%." Nivolumab
plus ipilimumab is an alternative option, although the
combination is also associated with high toxicity with
grade 23 adverse events in 57% of patients.>>*' BRAF/MEK

ascopubs.org/journal/jco | Volume mmm, [ssue mmm | 1
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CONTEXT

Key Objective

This trial sought to determine the safety and efficacy of RP1 (vusolimogene oderparepvec) in combination with nivolumab

in patients with advanced anti—PD-1—failed melanoma.

Knowledge Generated

RP1 combined with nivolumab demonstrated an objective response rate of 32.9% by RECIST 1.1, with reductions seen in
both injected and noninjected lesions and a median duration of response of 33.7 months, with a 2-year survival of 63.3% in
patients with advanced melanoma that had confirmed progression while being treated with an anti—PD-1—containing
regimen. Treatment-related adverse events were primarily grade 1/2 with no treatment-related deaths.

Relevance (G. McArthur)

The RP1 oncolytic immunotherapy combined with nivolumab provides safe and effective activity in melanoma progressing
on anti—PD-1-based therapy. If randomized trials demonstrate significant activity, this would be a new standard approach

for these patients with high unmet need.*

*Relevance section written by JCO Associate Editor Grant McArthur, PhD, MBBS.

inhibition is an option for the approximately 50% of patients
with BRAF-mutant melanoma, but responses may not be
durable and treatment can diminish the response to subse-
quent immunotherapy’>>»?3; additionally, grade >3 treatment-
related adverse events (TRAEs) occur in up to 60% of patients
on combination therapy.>>** Therefore, there is an unmet need
for effective and less toxic therapies that provide clinically
meaningful benefit for patients with anti—PD-1—progressed
melanoma.

RP1 (vusolimogene oderparepvec) is a next-generation,
replication-selective, oncolytic immunotherapy that is
administered intratumorally. RP1 is engineered from a
new clinical strain of herpes simplex virus type 1 (HSV-1)
that was selected for its enhanced oncolytic activity. RP1
expresses granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) and the fusogenic gibbon ape leukemia virus
glycoprotein with the R sequence deleted (GALV-GP-R") to
enhance direct oncolytic activity, promote immunogenic cell
death, and increase the overall systemic antitumor effect.*
Preclinical data demonstrated that RP1 provides antitumor
activity in both injected and noninjected tumors, which is
enhanced through the inclusion of GALV-GP-R~ and further
increased in combination with anti—-PD-1 therapy.*#*5 RP1
was designed to provide enhanced clinical efficacy compared
with talimogene laherparepvec (T-VEC), the first FDA-
approved oncolytic immunotherapy,*° in particular through
the multimodal activity of GALV-GP-R~ to increase both
direct tumor killing and the immunogenicity of tumor cell
death. T-VEC, which is also an HSV-based oncolytic immu-
notherapy, received approval in melanomabased on data from
anti—PD-1-naive patients,” but subsequent studies in pa-
tients with melanoma that progressed on anti—PD-1 therapy
demonstrated only limited activity outside of disease that had
progressed on or after adjuvant anti—PD-1 therapy.?®*

2 | © 2025 by American Society of Clinical Oncology

IGNYTE is a phase I/II clinical trial evaluating the safety and
efficacy of RP1 as monotherapy or in combination with
nivolumab in patients with advanced tumors. Here, we re-
port data from the registrational phase II cohort of patients
with advanced melanoma with confirmed progression while
being treated with an anti—PD-1—containing regimen.

METHODS
Patients

Patients age 218 years with unresectable stage IIIB-IV cu-
taneous melanoma were eligible if they had confirmed
progression while being treated for 28 weeks with anti—PD-1
alone or combined with another anticancer therapy, in-
cluding in the adjuvant setting, as their last prior therapy. At
least one measurable tumor per RECIST 1.1 and injectable
lesions comprising 21 cm in the longest diameter were re-
quired. Key exclusion criteria included prior oncolytic
therapy, current antiviral therapy, or a history of serious
complications from ICI therapy.

Study Design and Treatment

The registration-intended cohort assessed RP1 combined
with nivolumab in patients with advanced melanoma and
confirmed progression while being treated with a prior anti—
PD-1-containing regimen. Patients received an initial
intratumoral dose of RP1 (1 X 10° plaque-forming units
(PFU)/mL; each dose <10 mL), followed by up to seven
additional doses at 1 X 107 PFU/mL every 2 weeks. Nivolumab
(240 mg once every 2 weeks) was initiated with the second
dose of RP1 for up to eight cycles and then continued at
480 mg once every 4 weeks for up to an additional 21 cycles.
Nivolumab was given within a + 2-day window of each dose
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TABLE 1. Baseline Characteristics

All Patients

Characteristic (N = 140)

Age, years, median (range) 62.0 (21.0-91.0)

265 57 (40.7)
Male sex 95 (67.9)
White race 103 (73.6)
Stage

IB/IIC/IVM1a 72 (51.4)

IVM1b/c/d 68 (48.6)
BRAF status

Wild-type BRAF 87 (62.1)

Mutant BRAF 53 (37.9)
LDH level

LDH <ULN 92 (65.7)

LDH >ULN 47 (33.6)

LDH >2 x ULN 9 (6.4)

LDH unknown 1(0.7)
PD-L1 tumor expression

Positive (21%) 44 (31.4)

Negative (<1%) 79 (56.4)

Undetermined or missing 17 (12.1)
Prior therapy

Anti—PD-1

Anti-PD-1 only as adjuvant therapy 36 (25.7)
Anti—PD-1 other than as adjuvant therapy 104 (74.3)
Anti—CTLA-4
Anti—PD-1 combined with anti-CTLA-4 61 (43.6)
Anti—PD-1 treated with anti~CTLA-4 sequentially 4(29)
Wild-type BRAF and received combination anti=PD-1 37 (26.4)
and anti—CTLA-4

Received BRAF/MEK therapy 17 (12.1)
Other disease characteristics

Primary resistance to prior anti—PD-12 92 (65.7)

Secondary resistance to prior anti—PD-1b¢
R % )

48 (34.3)

AR
RS OLR YA

NOTE. Data are presented as No. (%) unless otherwise indicated.
Abbreviations: CTLA-4, cytotoxic T-lymphocyte antigen 4; LDH, lactate
dehydrogenase; ULN, upper limit of normal.

®Primary resistance was defined as progression within 6 months of
starting the immediate prior course of anti—PD-1 therapy.®®
®Secondary resistance was defined as progression after 6 months of
starting the immediate prior course of anti—PD-1 therapy.*

‘Includes one patient with unknown resistance status.

of RP1. RP1 was directly injected into superficial lesions and/
or into deeper lesions using appropriate imaging guidance.
Multiple lesions, including both superficial and deep lesions
(up to the 10-mL maximum allowable dose), could be in-
jected on each treatment day and different lesions could be
injected on different treatment occasions. Additional doses
of RP1 beyond eight could be given if clinically indicated
(Data Supplement and Fig S1). This study was registered with
EudraCT (number 2016-004548-12) before enrollment of

Journal of Clinical Oncology

the first patient and subsequently registered with Clinical-
Trials.gov (identifier: NCT03767348).

End Points

The primary end point of the registration-intended cohort
was ORR using a modified RECIST 1.1 (mRECIST) by blinded
independent central review (BICR). The key modification of
mRECIST was that progression needed to be confirmed by
further tumor increase to allow for the potential of pseu-
doprogression. ORR was also analyzed using RECIST 1.1 by
BICR to allow better comparison with other clinical trials.
Secondary end points included duration of response (DOR),
complete response (CR) rate, and progression-free survival
(PFS), each by BICR, and 1- and 2-year OS. Responses of
injected and noninjected lesions, biomarker analysis of tu-
mor biopsies, and clinical subgroup analyses were explor-
atory and are detailed in the Data Supplement. Adverse
events were graded according to the National Cancer In-
stitute Common Terminology Criteria for Adverse Events
version 5.0.

Study Oversight

The study protocol was approved by institutional review
boards or independent ethics committees at each partici-
pating site and conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki and in
compliance with Good Clinical Practice. All patients provided
written informed consent before enrollment. The investi-
gators collected data, which were analyzed by statisticians
employed by the study sponsor.

Statistical Analysis

A sample size of 125 patients was estimated to
provide >97% power to reject the null hypothesis of an
ORR <15% (given a two-sided 5% or one-sided 2.5% alpha),
which would not be considered clinically relevant. The
sample size was also considered to provide sufficient
characterization of the safety profile. For the primary ef-
ficacy analysis of ORR, the point estimate and the two-sided
95% Clopper-Pearson exact CI were computed. The DOR,
PFS, and OS were estimated using Kaplan-Meier method-
ology. Exploratory analyses and safety data were summa-
rized descriptively.

RESULTS
Patient Baseline Clinical Characteristics

A total of 140 patients with anti—PD-1—failed melanoma
were enrolled and treated with RP1 combined with nivolu-
mab (Data Supplement, Fig S2). The cutoff date for the
primary data analysis reported here was March 8, 2024,
when all patients had the potential for at least 12 months of
follow-up. The median (range) age was 62.0 (21.0-91.0)
years, 67.9% of patients were male, and 73.6% were White

ascopubs.org/journal/jco | Volume mmm, |ssue mem | 3



and Across Subgroups by Blinded Independent Central Review Using RECIST 1.1

Anti—PD-1 Stage Anti-PD-1 Resistance Anti—PD-1 Adjuvant BRAF PD-L1 Expression®
= With Anti— ns/mc/
CTLA-4 IVM1a VM1b/c/d Primary Secondary Yes No Mut wT Pos. Neg.
(n = 65) (n=72) (n = 68) (n =92) (n = 48)° (n = 36) (n = 104) (n = 53) (n = 87) (n = 44) (n = 79)
5(7.7) 17 (23.6) 4 (5.9) 16 (17.4) 5 (10.4) 11 (30.6) 10 (9.6) 8 (15.1) 13 (14.9) 11 (25.0) 10 (12.7)
12 (18.5) 12 (16.7) 13 (19.1) 16 (17.4) 9(18.8) 5(139) 20 (19.2) 10 (18.9) 15 (17.2) 12 (27.3) 9(11.4)
15 (23.1) 17 (23.6) 14 (20.6) 15 (16.3) 16 (33.3) 8 (22.2) 23 (22.1) 17 (32.1) 14 (16.1) 7(159) 19 (24.1)
26 (40.0) 25 (34.7) 29 (42.6) 39 (42.4) 15 (31.3) 11 (30.6) 43 (41.3) 15 (28.3) 39 (44.8) 11 (25.0) 36 (45.6)
7 (10.8) 1(1.4) 8 (11.8) 6 (6.5) 3(6.3) 1(28) 8 (1.7) 3(6.7) 6 (6.9) 3(6.8) 5 (6.3)
26.2 40.3 25.0 34.8 29.2 444 28.8 34.0 322 52.3 241

i) (160t0385) (28910625) (1631037.0) (251t04564) (17.01044.1) (27.91061.9) (2041038.6) (215t0483) (22610431) (3671067.5) (15.1t035.0)
s A e e S P T S R ) S e T S S i S S AP B S 0 S S S A B RO B VRO O
ponse; CR, complete response; CTLA-4, cytotoxic T-lymphocyte antigen 4; Mut, mutant; NE, not evaluable; Neg, negative; ORR, objective response rate; PD,
'R, partial response; SD, stable disease; WT, wild-type.

nvn PD-L1 expression status.
-PD-1 as monotherapy (ORR 40.9%, CR rate 22.7%). Nine patients received anti~PD-1 in combination with other therapeutic agents.

resistance status.
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FIG 1. Duration of response and survival outcomes for RP1 combined with nivolumab. (A) Duration of response by RECIST 1.1. (B) PFS for all
patients and according to response subgroup (responders and nonresponders) by RECIST 1.1. (C) OS for all patients and according to response
subgroup (responders and nonresponders). (D) Clinical course for all responding patients. (E) Percentage change from baseline in target lesions
for all patients measured by BICR. Patients who did not have target lesions measured at baseline and/or post-baseline are not included in the
figure. BICR, blinded independent central review; CR, complete response; NE, not evaluable; NR, not reached; OS, overall survival; PD, progressive
disease; PFS, progression-free survival; PR, partial response; SD, stable disease.

(Table 1). Primary resistance (defined as progression within
6 months of starting the prior course of anti—PD-1 ther-
apy®°) had occurred in 65.7% of patients and secondary
resistance (progression after 6 months of prior anti—PD-1
therapy®®) in 34.3% of patients. The median (range) du-
ration of the immediate prior anti—PD-1 therapy was 4.6
(1.0-55.2) months. Overall, 46.4% of patients received
prior anti-PD-1 therapy either in combination (43.6%) or

Journal of Clinical Oncology

sequentially (2.9%) with anti—cytotoxic T-lymphocyte
antigen 4 (CTLA-4) therapy, 48.6% of patients had stage
IVM1b/c/d disease, 37.9% had BRAF-mutant tumors, 33.6%
had a lactate dehydrogenase (LDH) level greater than the
upper limit of normal (ULN), and 56.4% had PD-Li—
negative (<1%) tumors. A summary of the RP1 volume
administered in the initial course is detailed in the Data
Supplement (Table S1).

ascopubs.org/journal/jco | Volume mmm, [ssue mmm | 5
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FIG 2. Tumor reduction among responding patients by RECIST 1.1. (A) Best percentage change in individual injected and noninjected lesions from
baseline, (B) change in size of individual injected lesions over time, (C) change in size of individual noninjected lesions over time, and (D) overall
baseline tumor burden and best reduction in tumor burden. (A) 2Patient had a CR as a radical resection of all three lesions on the skin of the left foot
confirmed full regression; °the sum of diameters of four target lesions met the criteria for a PR; and °the patient only had noninjected lesions
measured. (A and D), One patient was not included because lesions were not measurable by BICR. (B and C) All measurable lesions were measured
by BICR for each patient with a best response of confirmed CR or PR by RECIST 1.1. (D) Total tumor burden was plotted above the line for each
patient (maroon bars) with percent reduction in tumor burden plotted below the line (pink bars). BICR, blinded independent central review; CR,

complete response; PR, partial response.

Clinical Efficacy

The median (range) follow-up at the primary analysis was
15.5 (0.5-47.6) months, with all patients having the potential
to be followed for at least 12 months. The median (range)
time to response was 4.5 (1.7-21.9) months. Among all pa-
tients (N = 140), the ORR (95% CI) was 33.6% (95% CI,
25.8% to 42.0%) by mRECIST (the primary end point) and
32.9% (95% CI, 252% to 41.3%) by RECIST 1.1, both
according to BICR. The additional end points and analyses
are reported here using RECIST 1.1 to allow better compar-
ison with other clinical trials. By RECIST 1.1, the CR rate (95%
CI) was 15.0% (95% CI, 9.5% to 22.0%; Table 2), and the
median (95% CI) DOR was 33.7 (14.1 to not reached [NR])
months (Fig 1A) with 69.5% of responses ongoing at 1 year
after response initiation. The median (95% CI) PES for all
patients was 3.6 (95% CI, 2.0-5.0) months, with 35.5 (95%
CI, 21.3 to NR) months for responders and 1.9 (95% CI,

6 | © 2025 by American Society of Clinical Oncology

1.8-1.9) months for nonresponders (Fig 1B). The 1- and
2-year OS rates (95% CI) were 75.3% (95% CI, 66.9% to
81.9%) and 63.3% (95% CI, 53.6% to 71.5%), respectively,
with the median OS NR. The median (95% CI) OS was NR
(95% CI, NR to NR) for responders and 18.5 (95% CI,
12.9-26.2) months for nonresponders (Fig 1C). The overall
clinical course for responders is shown in Figure 1D. A wa-
terfall plot showing the overall reduction in target tumor
burden is shown in Figure 1E.

Responses in Injected and Noninjected Lesions

Responses occurred among both injected and noninjected
lesions (Data Supplement, Fig S3) with a similar frequency,
depth, durability, and kinetics, including noninjected lesions
in visceral organs (Figs 2A-2C). Among RECIST 1.1 re-
sponders, there was a 230% reduction in 93.6% (73/78) of
injected lesions and 79.0% (94/119) of noninjected lesions
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FIG 3. RNA Sequencing—Based Biomarker Analysis. (A) Heatmap demonstrating relative gene expression of selected DEGs between
baseline and on-treatment (day 43) tumor samples in responders, representing diverse immune activation, including T, B, and NK cells,
cell adhesion, and cytokine/chemokine signaling; each column represents an individual patient. (B) GO:BP terms enriched with genes
differentially upregulated between baseline and on-treatment samples in responders. (C) Heatmap demonstrating relative gene ex-
pression of treatment-induced signature genes (P adj <.05, log,FC >1.5). (D) Treatment-induced signature gene score in pretreatment
versus on-treatment samples in groups by response. activ, activation; CR,complete response; DEG, differentially expressed gene; GO:BP,
Gene Ontology: Biological Processes; NK, natural killer; OT, on-treatment; PD, progressive disease; PR, partial response.

(Figs 2A-2C and Data Supplement, Table S2). Pseudoprog-
ression (initial tumor increase before response) was fre-
quently seen in both the injected and noninjected lesions of
responding patients (Figs 2B and 2C). Of the 52 noninjected
visceral organ lesions in responding patients (including in
the lung and liver), 96.2% showed any reduction from
baseline, with 65.4% reduced by >230% (Data Supplement,
Table S3). Responses were also observed irrespective of
injection route, with a 29.8% ORR following only superficial
injection, a 40.9% ORR for only deep/visceral injections, and
a 42.9% ORR for patients receiving both superficial and
deep/visceral injections (Data Supplement, Table S4). Re-
sponse was also independent of baseline tumor burden
(Fig 2D).

Journal of Clinical Oncology

Subgroup Analyses

The ORR by BICR using RECIST 1.1 was also assessed across
clinical subgroups (Table 2). The ORR (95% CI) was 26.2%
(95% CI, 16.0% to 38.5%) in patients having prior anti—PD-1
and anti—CTLA-4 therapy, 34.8% (95% CI, 25.1% t0 45.4%)
for patients with primary anti—PD-1 resistance, and 29.2%
(95% CI, 17.0% to 44.1%) for those with secondary anti—PD-
1resistance. The ORR (95% CI) was 44.4% (95% CI, 27.9% to
61.9%) for patients who received anti—PD-1 in the adjuvant
setting and 28.8% (95% CI, 20.4% to 38.6%) for patients
who received nonadjuvant anti—PD-1. The ORR (95% CI) was
25.0% (95% CI, 15.3% to 37.0%) for stage IVM1b/c/d disease
and 34.0% (95% CI, 21.5% to 48.3%) for BRAF-mutant

ascopubs.org/journal/jco | Volume mmm, [ssue mmm | 7
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TABLE 3. Treatment-Related Adverse Events

All Patients (N = 140)

Any Grade, Grade 23,
Event No. (%) No. (%)
Any TRAEs 126 (90.0) 18 (12.9)
TRAESs occurring in 25% of patients
Fatigue 46 (32.9) 1(0.7)
Chills 45 (32.1) 0
Pyrexia 43 (30.7) 0
Nausea 31 (22.1) 0
Influenza-like illness 25 (17.9) 0
Injection-site pain 21 (15.0) 0
Diarrhea 20 (14.3) 1(07)
Vomiting 19 (13.6) 0
Headache 18 (12.9) 0
Pruritus 18 (12.9) 0
Asthenia 14 (10.0) 1(07)
Arthralgia 10 (7.1) 1(0.7)
Decreased appetite 9 (6.4) 1(0.7)
Myalgia 9 (6.4) 0
Cough 8 (5.7) 0
Rash 8 (5.7) 0
Injection-site reaction 7 (5.0) 0
Vitiligo 7 (5.0) 0
: T PRV s A

NOTE. TRAEs were graded according to CTCAE version 5.0.
Abbreviations: CTCAE, Common Terminology Criteria for Adverse
Events; TRAE, treatment-related adverse event.

tumors versus 32.2% (95% CI, 22.6% to 43.1%) for BRAF
wild-type tumors. The ORR was 25.5% (95% CI, 13.9% to
40.3%) for patients with LDH levels >ULN versus 35.9%
(95% CI, 26.1% to 46.5%) for LDH levels <ULN and 24.1%
(95% CI, 15.1% to 35.0%) for patients with PD-Li—negative
tumors versus 52.3% (95% CI, 36.7% to 67.5%) for those
with PD-Li-positive tumors. Similar subgroup response
rates were observed according to BICR using mRECIST (Data
Supplement, Table S5).

Biomarkers

Tumors were biopsied at screening or on day 1 and day 43.
Immunohistochemistry for available biopsies demonstrated
increased CD8* T-cell infiltration with a higher CD8* T-cell
score in 37 of 78 (47.4%) samples and increased PD-L1 ex-
pression in 39 of 68 (57.4%) samples at day 43 relative to
baseline (Data Supplement, Fig S4). Differential gene expres-
sion between 10 responders (five CR and five partial response)
and nine nonresponders (best response of progressive disease)
was analyzed using RNA sequencing. A total of 313 genes were
significantly upregulated in responders (adjusted P<.05,
logFC >1) versus only five genes in nonresponders compared
with their respective baseline. These differentially expressed
genes (DEGs) included a wide range of genes encompassing
T-cell, B-cell, and natural killer—cell function, as well as

8 | © 2025 by American Society of Clinical Oncology

chemokine and cytokine signaling. The 313 upregulated
DEGs in responders were not significantly changed in
nonresponders (Fig 3A). Gene set enrichment analysis fur-
ther confirmed the diversity of the immune pathways in-
volved (Fig 3B). We then generated an unbiased signature
using the DEGs from responders with the highest fold
change (log,FC >1.5, excluding T-cell receptor and immu-
noglobulin genes; Fig 3C); the expression of genes was more
commonly differentially represented in responders com-
pared with baseline (Fig 3D). The treatment-induced gene
signature among responders suggests that the induction of a
diverse, antiviral-type immune signature may contribute to
responsiveness to RP1 therapy. These data further support
the immune-mediated mechanism of action of RP1, with the
increased expression of immune-related genes being as-
sociated with response to treatment, a pattern not observed
in nonresponding patients.

Safety

Overall, 90.0% (126/140) of patients experienced at least
one TRAE of any grade and 12.9% (18/140) experienced a
grade 3/4 TRAE (3.6% grade 4; Table 3 and Data Supplement,
Table S6). The most common all-grade TRAEs occurring
in >20% of patients were fatigue (32.9%), chills (32.1%),
pyrexia (30.7%), and nausea (22.1%). Hypophysitis and rash
maculopapular were the only grade 3 TRAES to occur in more
than one patient (n = 2 each). In total, there were five grade 4
TRAEs (cytokine release syndrome, hepatic cytolysis, lipase
increased, myocarditis, and splenic rupture [n = 1 each]). No
treatment-related deaths were observed.

DISCUSSION

The introduction of ICIs has greatly improved outcomes for
patients with advanced melanoma.'-> However, many pa-
tients experience disease progression on anti—PD-1 therapy
given as monotherapy or in combination with other ICIs."5'
The prognosis after progression remains poor, with a me-
dian OS of approximately 1 year,*'° and available treatment
options have significant limitations. Lifileucel, the only
FDA-approved therapy after anti—PD-1 therapy,'® requires
strict patient selection criteria®** and is associated with
significant toxicity.'®* Additionally, the efficacy of com-
bined anti—PD-1 and anti—CTLA- 4 therapy is limited in this
setting, and 57% of patients with anti—PD-1/PD-Li—re-
fractory melanoma given this combination experience
grade >3 TRAEs.” In this study, RP1 combined with nivo-
lumab provided clinically meaningful rates and durability of
response when evaluated in the context of historical data for
patients with advanced melanoma that progressed on
treatment with anti—PD-1 alone or combined with anti—
CTLA-/4. Approximately one in three patients had a con-
firmed objective response by RECIST 1.1 (32.9%) and 15.0%
had a CR. Although CR rates were notably higher among
patients with stage III-IVM1a disease (23.6%) versus stage
IVM1b—d disease (5.9%), this is not surprising given that CRs
with approved therapies are uncommon among patients
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with more advanced disease, even in the first-line setting.
The median DOR was 33.7 months, and more than 50% of
responses were maintained at 2 years. The median OS was
NR. Clinically meaningful rates of response were also ob-
served across all subgroups analyzed, including those with
poorer prognoses. This included an ORR of at least 25% in
patients with melanoma that progressed on both prior anti—
PD-1 and anti—CTLA-/ therapy and in stage IVMib/c/d,
primary resistant, and PD-Li—negative disease. Responses
of injected and noninjected, including distant and visceral,
lesions were seen with similar frequency, depth, duration,
and kinetics, demonstrating a durable, systemic benefit.

The IGNYTE clinical trial was a single-arm study, and the
results should therefore be contextualized with historical data
for patients with melanoma that progressed while being
treated with anti—PD-1 therapy. Previous studies have shown
that only 6% to 7% of patients are expected to respond to
continued anti—-PD-1 monotherapy after confirmed pro-
gression on an anti—PD-1—containing regimen.?> An ORR of
32.9% with 69.5% of responses ongoing for at least 1 year
demonstrates a clear benefit of RP1 combined with nivolumab
compared with expectations for nivolumab alone. RP1 com-
bined with nivolumab also demonstrated a favorable safety
profile, with generally transient grade 1/2 TRAEs consistent
with systemic immune activation. There was a low incidence of
grade 3/4 TRAEs (12.9%) with 3.6% being grade 4. The safety
profile of RP1 combined with nivolumab generally overlapped
with that of nivolumab monotherapy?*’ and demonstrated no
evidence of additive toxicity. Hence, the safety profile of RP1
combined with nivolumab compares favorably with lifileucel
or the combination of anti—PD-1 and anti—CTLA-/4 that may
be used following anti—PD-1 therapy.>**

RP1 is unique and distinct from previous oncolytic immu-
notherapies. RP1 was constructed from a new clinical isolate
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of HSV-1 selected for its enhanced ability to kill a range of
human tumor cell lines** and encodes the transgenes for
GM-CSF and GALV-GP-R-. Expression of GALV-GP-R~ is
unique to RP1 and enhances tumor killing by causing cell-to-
cell fusion, the primary effect of which is to greatly increase
immunogenic cell death and thereby enhance systemic
immune activation (shown in preclinical models),** which is
further enhanced when combined with immune checkpoint
blockade.** Consistent with preclinical data and the intended
mechanism of action of RP1, biomarker data from patients in
the IGNYTE study demonstrated broad-spectrum immune
activation after treatment with RP1 combined with nivolu-
mab in responding patients, which was not seen in nonre-
sponders. This supports the hypothesis that the induction of
an immune-inflamed tumor microenvironment by RP1 is
critical for achieving the responses observed.

The key limitation of this study is the single-arm study
design. The rationale for conducting this phase Il study as a
single-arm trial was based on ethical and practicality
considerations, stemming from the lack of a well-
established standard of care in this patient population to
serve as a control arm. Based on the results of this phase II
study, a randomized phase III confirmatory study evalu-
ating RP1 combined with nivolumab versus treatment
of physician’s choice in patients with unresectable or
metastatic melanoma that has progressed on anti—PD-1
and anti—CLTA-4 therapy is underway and enrolling
(IGNYTE-3; NCT06264180).

In conclusion, RP1 combined with nivolumab demonstrated
clinically meaningful and durable responses with a favor-
able safety profile in patients with advanced melanoma
that progressed while being treated with an anti—PD-1-
containing regimen.

2University of Cincinnati Cancer Center, University of Cincinnati,
Cincinnati, OH

3Intermountain Medical Center, Murray, UT

"“Helen Diller Family Comprehensive Cancer Center, University of
California San Francisco, San Francisco, CA

Université Paris Cité, AP-HP Dermato-Oncology and CIC, Cancer
Institute APHP. Nord—Université Paris Cité, INSERM U376, Saint Louis
Hospital, Paris, France

6Aix-Marseille Université, APHM, Centre de Recherche en Cancérologie
de Marseille (CRCM), INSERM, U1068, CNRS, UMR7258, UM105, Hopital
Timone, CEPCM, Dermatology and Skin Cancer Department, Marseille,
France

""Churchill Hospital and University of Oxford, Oxford, United Kingdom
'8 eeds Institute of Medical Research at St James's, University of
Leeds, Leeds, United Kingdom

9 James Graham Brown Cancer Center, University of Louisville,
Louisville, KY

20west Cancer Center and Research Institute, Germantown, TN

Z1The Institute of Cancer Research/Royal Marsden NIHR Biomedical
Research Centre, London, United Kingdom

22Replimune, Inc, Woburn, MA

ascopubs.org/journal/jco | Volume mmm, |ssue mam | 9



VP S LULw OLLLLIVALL DULISLY UL ULLLICAL UIICULURY . ALL LIEILS TEseIved.

Wong et al

BGustave Roussy and Paris-Saclay University, Villejuif, France

CORRESPONDING AUTHOR

Michael K. Wong, MD, PhD, FRCPC; e-mail: Michael. Wong@
RoswellPark.org.

EQUAL CONTRIBUTION
M.K.W. and M.M.M. are co-first authors.

PRIOR PRESENTATION

Presented in part at annual meetings of the European Society for
Medical Oncology, Barcelona, Spain, September 13-17, 2024; the
Society for Immunotherapy of Cancer, Houston, TX, November 6-10,
2024; and ASCO, Chicago, IL, May 30-June 3, 2025.

SUPPORT
Supported by Replimune, Inc (Woburn, MA).

CLINICAL TRIAL INFORMATION
NCT03767348 (IGNYTE); EudraCT number, 2016-004548-12

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JC0O-25-01346.

DATA SHARING STATEMENT

A data sharing statement provided by the authors is available with this
article at DOI https://doi.org/10.1200/JC0-25-01346.

AUTHOR CONTRIBUTIONS

Conception and design: Michael K. Wong, Mohammed M. Milhem,
Joseph J. Sacco, Bartosz Chmielowski, Mark R. Middleton, Ari M.

REFERENCES

Ba =

127-137, 2022

® N s w

VanderWalde, Kevin J. Harrington, Praveen K. Bommareddy, Junhong
Zhu, Jeannie W. Hou, Robert S. Coffin, Caroline Robert
Administrative support: Dirk Schadendorf, Marcus Viana

Provision of study materials or patients: Michael K. Wong, Mohammed
M. Milhem, Joseph J. Sacco, Judith Michels, Gino K. In, Dirk
Schadendorf, Georgia M. Beasley, Jiaxin Niu, Trisha M. Wise-Draper,
Tawnya Lynn Bowles, Katy K. Tsai, Céleste Lebbé, Caroline Gaudy-
Marqueste, Mark R. Middleton, Aglaia Skolariki, Adel Samson, Jason A.
Chesney, Kevin J. Harrington, Caroline Robert

Collection and assembly of data: Michael K. Wong, Joseph J. Sacco,
Judith Michels, Gino K. In, Dirk Schadendorf, Georgia M. Beasley,
Bartosz Chmielowski, Katy K. Tsai, Céleste Lebbé, Caroline Gaudy-
Marqueste, Mark R. Middleton, Aglaia Skolariki, Adel Samson, Jason A.
Chesney, Yousef Zakharia, Kevin J. Harrington, Elizabeth Appleton,
Praveen K. Bommareddy, Junhong Zhu, Marcus Viana, Jeannie W. Hou,
Robert S. Coffin, Caroline Robert

Data analysis and interpretation: Michael K. Wong, Mohammed M.
Milhem, Joseph J. Sacco, Judith Michels, Gino K. In, Eva Mufoz
Couselo, Dirk Schadendorf, Georgia M. Beasley, Jiaxin Niu, Bartosz
Chmielowski, Trisha M. Wise-Draper, Tawnya Lynn Bowles, Katy K. Tsai,
Céleste Lebbé, Caroline Gaudy-Marqueste, Mark R. Middleton, Adel
Samson, Jason A. Chesney, Ari M. VanderWalde, Yousef Zakharia, Kevin
J. Harrington, Elizabeth Appleton, Praveen K. Bommareddy, Junhong
Zhu, Marcus Viana, Jeannie W. Hou, Robert S. Coffin, Caroline Robert
Manuscript writing: All authors

Final approval of manuscript: All authors

Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT

We would like to thank the patients for their participation in the trial as
well as their family members. We would also like to thank the site staff
and principal investigators for their critical contributions to this study
(Appendix Table A1, online only) and Bristol Myers Squibb for arranging
the supply of nivolumab. The authors thank Chris Tucci, Kristen Catron,
Piyush Sheladia, Gurjaap Bindra, George Kong, Tim Liu, and Heather
Cong of Replimune, Inc., for their critical contributions to this study;
Anton Patrikeev of ICR for bioinformatics work; Suzanne Thomas for
supporting preclinical work; and Tony Sallese of Red Nucleus (Yardley,
PA) for medical writing support.

Larkin J, Chiarion-Sileni V, Gonzalez R, et al: Five-year survival with combined nivolumab and ipilimumab in advanced melanoma. N Engl J Med 381:1535-1546, 2019
Walchok JD, Chiarion-Sileni V, Gonzalez R, et al: Long-term outcomes with nivolumab plus ipilimumab or nivalumab alone versus ipilimumab in patients with advanced melanoma. J Clin Oncol 40:

Robert C, Schachter J, Long GV, et al: Pembrolizumab versus ipilimumab in advanced melanoma. N Engl J Med 372:2521-2532, 2015

Lim SY, Shklovskaya E, Lee JH, et al: The molecular and functional landscape of resistance to immune checkpoint blockade in melanoma. Nat Commun 14:1516, 2023

Ribas A, Hamid O, Daud A, et al: Association of pembrolizumab with tumor response and survival among patients with advanced melanoma. JAMA 315:1600-1609, 2016

Nowicki TS, Hu-Lieskovan S, Ribas A: Mechanisms of resistance to PD-1 and PD-L1 blockade. Cancer J 24:47-53, 2018

Rabert C, Long GV, Brady B, et al: Nivolumab in previously untreated melanoma without BRAF mutation. N Engl J Med 372:320-330, 2015

Shui IM, Scherrer E, Frederickson A, et al: Resistance to anti-PD1 therapies in patients with advanced melanoma: Systematic literature review and application of the Saciety for Immunotherapy of

Cancer Immunactherapy Resistance Taskforce anti-PD1 resistance definitions. Melanoma Res 32:393-404, 2022
9. Patrinely JR Jr., Baker LX, Davis EJ, et al: Qutcomes after progression of disease with anti-PD-1/PD-L1 therapy for patients with advanced melanoma. Cancer 126:3448-3455, 2020
10. Nordstrom BL, Hamilton M, Collins UM, et al: Treatment patterns and outcomes following disease progression on anti-PD-1 therapies for advanced melanoma. Future Oncol 18:1343-1355, 2022
11. Hodi FS, Chesney J, Pavlick AC, et al: Combined nivolumab and ipilimumab versus ipilimumab alone in patients with advanced melanoma: 2-year overall survival outcomes in a multicentre,

randomised, controlled, phase 2 trial. Lancet Oncol 17:1558-1568, 2016

12. Larkin J, Chiarion-Sileni V, Gonzalez R, et al: Combined nivolumab and ipilimumab or monotherapy in untreated melanoma. N Engl J Med 373:23-34, 2015

13. Tawbi HA, Schadendorf D, Lipson EJ, et al: Relatlimab and nivolumab versus nivolumab in untreated advanced melanoma. N Engl J Med 386:24-34, 2022

14. Long GV, Stephen Hadi F, Lipson EJ, et al: Overall survival and response with nivolumab and relatlimab in advanced melanoma. NEJM Evid 2:EVID0a2200239, 2023
15. National Comprehensive Cancer Network: NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®). Melanoma: Cutaneaus, 2025. hilps://www.ncen.orq
16. FDA approves first cellular therapy to treat patients with unresectable or metastatic melanoma. News release. 2024. hitp//tinyurl.com/5n7cuszk

17. AMTAGV! (lifileucel). Prescribing Information. Philadelphia, PA, lovance Biotherapeutics, 2024

18. Chesney J, Lewis KD, Kluger H, et al: Efficacy and safety of lifileuce!, a one-time autclogous tumor-infiltrating lymphocyte (TIL) cell therapy, in patients with advanced melanoma after progression
on immune checkpoint inhibitors and targeted therapies: Poaled analysis of consecutive coharts of the C-144-01 study. JJ Immunother Cancer 10:005755, 2022

19. Sarnaik AA, Hamid O, Khushalani NI, et al: Lifileucel, a tumor-infiltrating lymphacyte therapy, in metastatic melanoma. J Clin Oncol 39:2656-2666, 2021

20. Pires da Silva |, Ahmed T, Reijers ILM, et al- [pilimumab alone or ipilimumab plus anti-PD-1 therapy in patients with metastatic melanoma resistant to anti-PD-(L)1 monotherapy: A multicentre,

retrospective, cohort study. Lancet Oncol 22:836-847, 2021

10 | ©® 2025 by American Society of Clinical Oncology



YO eves LALUNLIVAL UULIGLY UL CLULVAL WUCULUR Y . AL LIBULS 1ESEIVEU.

— g

2

=

22.

23.

24,
25.

26.
27.

28

29.

30.

31

32.
33.

RP1 + Nivolumab in Anti—PD-1-Failed Melanoma

. VanderWalde A, Bellasea SL, Kendra KL, et al: Ipilimumab with or without nivolumab in PD-1 or PD-L1 blockade refractory metastatic melanoma: A randomized phase 2 trial. Nat Med 29:

22782285, 2023

Atkins MB, Lee SJ, Chmielowski B, et al: Combination dabrafenib and trametinib versus combination nivolumab and ipilimumab for patients with advanced BRAF-mutant melanoma: The
DREAMseq trial-FCOG-ACRIN FA6134. J Clin Oncol 41:186-197, 2023

Ascierto PA, Mandala M, Ferrucci PF, et al: Sequencing of ipilimumab plus nivolumab and encorafenib plus. binimetinib for untreated BRAF-mutated metastatic melanoma (SECOMBIT): A
randomized, three-arm, open-label phase Il trial. J Clin Oncol 41:212-221, 2023

Thomas S, Kuncheria L, Roulstone V, et al: Development of a new fusion-enhanced oncolytic immunotherapy platform based on herpes simplex virus type 1. J Immunother Cancer 7:214, 2019
Khushalani NI, Harrington KJ, Melcher A, et al: Breaking the barriers in cancer care: The next generation of herpes simplex virus-based oncolytic immunatherapies for cancer treatment. Mol Ther
Oncolytics 31:100729, 2023

Ferrucci PF, Pala L, Conforti F, et al: Talimogene laherparepvec (T-VEC): An intralesional cancer immunotherapy for advanced melanoma. Cancers (Basel) 13:1383, 2021

Andtbacka RHI, Collichio F, Harrington KJ, et al: Final analyses of OPTiM: A randomized phase Ili trial of talimogene laherparepvec versus granulocyte-macrophage colony-stimulating factor in
unresectable stage IIl-IV melanoma. J Immunother Cancer 7:145, 2019

Gastman B, Robert C, Gogas H, et al: Primary analysis of a phase 2, open-label, multicenter trial of talimogene laherparepvec (T-VEC) plus pembrolizumab (pembro) for the treatment (Tx) of
patients (pts) with advanced melanoma (MEL) who progressed on prior anti—PD-1 therapy: MASTERKEY-115. J Clin Oncol 40:9518, 2022

Hu-Lieskovan S, Moon J, Hyngstrom J, et al: Abstract 3275. Combination of talimogene laherparepvec (T-VEC) with pembrolizumab (pembro) in advanced melanoma patients following
progression on a prior PD-1 inhibitor: SWOG S1607. Cancer Res 83:3275, 2023

Kluger HM, Tawbi HA, Ascierto ML, et al: Defining tumor resistance to PD-1 pathway blockade: Recommendations from the first meeting of the SITC Immunotherapy Resistance Taskfarce.
J Immunother Cancer 8:2000398, 2020

Beaver JA, Hazarika M, Mulkey F, et al: Patients with melanoma treated with an anti-PD-1 antibody beyond RECIST progression: A US Food and Drug Administration pooled analysis. Lancet Oncol
19:229-239, 2018

Warner AB, Hamid O, Kemanduri K, et al: Expert consensus guidelines on management and best practices for tumor-infiltrating lymphocyte cell therapy. J Immunother Cancer 12:¢008735, 2024
Ribas A, Kirkwood JM, Flaherty KT: Anti-PD-1 antibody treatment for melanoma. Lancet Oncol 19:¢219, 2018

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume mmm, |ssue mmm | 11



s Ve L aLuiaves DUVILLY UL CLUIVAL WAIVUIUE Y - £AL L1BULS 1EDTLVEU.

o~

o

Wong et al

AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
RP1 Combined With Nivolumab in Advanced Anti—PD-1-Failed Melanoma (IGNYTE)

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated unless
otherwise noted. Relationships are self-held unless noted. | = Immediate Family Member, Inst = My Institution. Relationships may not relate to the
subject matter of this manuscript. For more information about ASCO's conflict of interest policy, please refer to www.asco.org/rwe or

ascopubs.org/jco/authors/author-center.

Open Payments is a public database containing information reported by companies about payments made to US-licensed physicians (Open

Payments).

Michael K. Wong
Consulting or Advisory Role: Regeneron, Castle Biosciences,
Replimune, Sun Pharma

Mohammed M. Milhem
Research Funding: Amgen (Inst), Novartis (Inst), Merck (Inst), Pfizer
(Inst), E.R. Squibb Sons, LLC (Inst), Prometheus (Inst)

Joseph J. Sacco

Honoraria: Immunocore

Consulting or Advisory Role: Immunocore (Inst), MSD, BMS,
Immunocore

Research Funding: AstraZeneca (Inst), Immunocore (Inst), Replimune
(Inst), BMS (Inst)

Travel, Accommodations, Expenses: BMS, MSD

Judith Michels

Consulting or Advisory Role: GlaxoSmithKline, Regeneron
Pharmaceuticals, Inc;

Research Funding: Merck (Inst)

Travel, Accommodations, Expenses: Merck, Merck

Gino K. In

Honoraria: Array BioPharma/Pfizer, regeneron, Bristol Myers Squibb,
Sanofi, Pfizer

Consulting or Advisory Role: Bristol Myers Squibb, Castle Biosciences,
Novartis, Sanofi, Pfizer, Replimune

Speakers’ Bureau: Merck, Rockpointe CME, Regeneron, Targeted
Oncology

Research Funding: Regeneron (Inst), Xencor (Inst), Checkmate
Pharmaceuticals (Inst), Replimune (Inst), Instil Bio (Inst), Idera (Inst),
lovance Biotherapeutics (Inst), Pfizer (Inst), Bicara Therapeutics (Inst),
Obsidian Therapeutics (Inst), Merck (Inst), Immunocore (Inst),
Georgiamune (Inst)

Travel, Accommodations, Expenses: Regeneron, Bristol Myers Squibb/
Pfizer, Pfizer

Eva Muioz Couselo

Honoraria: BMS, Novartis, Pierre Fabre, MSD, Regeneron, Immunocore
Consulting or Advisory Role: Bristol Myers Squibb/Celgene, Novartis,
Pierre Fabre, MSD, Sanofi, Regeneron, Immunocore, Menarini
Speakers’ Bureau: Bristol Myers Squibb/Celgene, Pierre Fabre, Sanofi,
MSD, Novartis

Dirk Schadendorf

Honoraria: Novartis, Bristol Myers Squibb, Merck Sharp & Dohme,
Immunocore, Merck Serono, Pfizer, Pierre Fabre, Philogen, Regeneron,
NeraCare GmbH, Sun Pharma, InflarxGmbH, Daiichi Sankyo Japan,
LabCorp, Replimune, Agenus, AstraZeneca, immatics, Novigenix, Ipsen,

© 2025 by American Society of Clinical Oncology

Boehringer Ingelheim, BioNTech SE, 10 Biotech, lovance
Biotherapeutics, Skyline Diagnostics

Consulting or Advisory Role: Novartis, Bristol Myers Squibb, Merck
Sharp & Dohme, Pierre Fabre, AstraZeneca, Daiichi Sankyo, immatics,
Immunocore, NeraCare GmbH, Replimune, BioNTech SE, |0 Biotech,
Boehringer Ingelheim, lovance Biotherapeutics, Skyline Diagnostics,
Sun Pharma, Philogen

Speakers’ Bureau: Bristol Myers Squibb, Merck Sharp & Dohme, Pierre
Fabre, Merck KGaA, Regeneron

Research Funding: Bristol Myers Squibb (Inst), MSD Oncology (Inst),
Regeneron (Inst)

Travel, Accommodations, Expenses: Roche/Genentech, Bristol Myers
Squibb, Merck Serono, Novartis, Merck Sharp & Dohme, Pierre Fabre,
Sanofi/Regeneron

Georgia M. Beasley

Honoraria: National Comprehensive Cancer Network

Consulting or Advisory Role: Cardinal Health, Regeneron, Bristol Myers
Squibb

Research Funding: Istari Oncology (Inst), Oncosec (Inst), Delcath
Systems (Inst), Replimune (Inst), Checkmate Pharmaceuticals (Inst),
Skyline Diagnostics (Inst)

Jiaxin Niu

Consulting or Advisory Role: AstraZeneca, Bristol Mers Squibb, Daiichi
Sankyo, Johnson & Johnson, Mirati Therapeutics, Takeda, Sanofi, Pfizer,
G1 Therapeutics

Bartosz Chmielowski

Consulting or Advisory Role: Atreca, Regeneron, Treeline Biosciences,
SpringWorks Therapeutics, SERVIER

Research Funding: Bristol Myers Squibb (Inst), Macrogenics (Inst),
Infinity Pharmaceuticals (Inst), Advenchen Laboratories (Inst), Xencor
(Inst), Compugen (Inst), lovance Biotherapeutics (Inst), RAPT
Therapeutics (Inst), IDEAYA Biosciences (Inst), Ascentage Pharma
(Inst), Atreca (Inst), Replimune (Inst), Instil Bio (Inst), Adagene (Inst),
TriSalus Life Sciences (Inst), Kinnate Biopharma (Inst), PTC
Therapeutics (Inst), Xilio Therapeutics (Inst), Kezar Life Sciences (Inst),
Immunocore (Inst), AskGene Pharma (Inst), Krystal Biotech (Inst),
Regeneron (Inst), Nested Therapeutics (Inst), Pierre Fabre (Inst),
Georgiamune (Inst), immatics (Inst)

Travel, Accommodations, Expenses: immatics



S mme s smshaces UUVARL) VA S AWGL UVULUBY - £RLL UBULS LUOUL VAL

.

g

RP1 + Nivolumab in Anti—PD-1-Failed Melanoma

Trisha M. Wise-Draper

This author is a member of the Journal of Clinical Oncology Editorial
Board. Journal policy recused the author from having any role in the
peer review of this manuscript.

Stock and Other Ownership Interests: High Enroll

Consulting or Advisory Role: Merck, Caris Life Sciences, Need, EMD
Serono, Adlai Nortye, Replimune, Adaptimmune, Genmab

Research Funding: Merck, AstraZeneca/Medimmune, Bristol Myers
Squibb, GlaxoSmithKline, Caris Life Sciences, GlaxoSmithKline,
Janssen Oncology

Travel, Accommodations, Expenses: Caris Life Sciences

Tawnya Lynn Bowles
Research Funding: Amgen (Inst), Replimune (Inst), Genentech (Inst),
Natera (Inst)

Katy K. Tsai

Consulting or Advisory Role: Bristol Myers Squibb, Bristol Myers
Squibb/Celgene

Research Funding: Oncosec (Inst), Bristol Myers Squibb (Inst), Pfizer
(Inst), Replimune (Inst), Genentech (Inst), ABM (Inst), OnKure (Inst),
BioAtla (Inst), AstraZeneca (Inst), IDEAYA Biosciences (Inst), Innovent
Biologics (Inst), Georgiamune (Inst), Merck (Inst)

Céleste Lebbe

Honoraria: Bristol Myers Squibb, Novartis, MSD, Pierre Fabre, Pfizer,
Sanofi

Consulting or Advisory Role: Bristol Myers Squibb, MSD, Novartis,
Amgen, Merck Serono, Sanofi, Pierre Fabre, Inflax

Speakers’ Bureau: Bristol Myers Squibb, Novartis, MSD, Pierre Fabre,
Sanofi

Research Funding: Roche (Inst), Bristol Myers Squibb (Inst)

Travel, Accommodations, Expenses: Bristol Myers Squibb, MSD,
Novartis, Sanofi, Pierre Fabre, Roche

Other Relationship: InflaRx, Sanofi, BMS, MSD, Pierre Fabre, Novartis,
Jazz Pharmaceuticals

Caroline Gaudy-Marqueste

Honoraria: BMS france, Pierre Fabre, UCB

Consulting or Advisory Role: Pierre Fabre, MSD Oncology, Bristol Meyer
Squib, Regeneron, Sun Pharma, lovance Biotherapeutics

Research Funding: Day One Biopharmaceuticals (Inst), Immunocore
(Inst), Merck (Inst), Sairopa (Inst), DOT therapeutics (Inst), Dragonfly
Therapeutics (Inst), Incyte (Inst), Daiichi Sankyo Europe GmbH (Inst),
Microbiotica (Inst), Erasca, Inc (Inst), Bristol Myers Squibb (Inst), Pfizer
(Inst), Amgen (Inst), GlaxoSmithKline (Inst), Roche (Inst), Novartis (Inst),
Pierre Fabre (Inst), Replimune (Inst), MSD (Inst), Janssen (Inst), Kartos
Therapeutics (Inst), IFX (Inst), HUYA Bioscience International (Inst),
Regeneron (Inst), 10 Biotech (Inst), Philogen (Inst), Sotio (Inst), Kinnate
Biopharma (Inst), AstraZeneca (Inst), Cytovation (Inst)

Travel, Accommodations, Expenses: Pierre Fabre, BMS France, MSD
Oncology

Mark R. Middleton

Consulting or Advisory Role: GRAIL (Inst)

Research Funding: Immunocore (Inst), Novartis (Inst), AstraZeneca
(Inst), Roche (Inst), Amgen (Inst), Bristol Myers Squibb (Inst), Merck
(Inst), Pfizer (Inst), Replimune (Inst), Regeneron (Inst), GRAIL (Inst),
Infinitopes (Inst), Moderna Therapeutics (Inst)

Uncompensated Relationships: GenesisCare

Journal of Clinical Oncology

Aglaia Skolariki

Employment: University of Oxford

Research Funding: Cancer Research UK, Hellenic Society of Medical
Oncology

Travel, Accommodations, Expenses: Roche, Nucana

Adel Samson
Consulting or Advisory Role: Roche, Chugai/Roche
Research Funding: Transgene (Inst), Transgene (Inst), Stratosvir

Jason A. Chesney

Consulting or Advisory Role: lovance Biotherapeutics

Research Funding: Amgen, Replimune, lovance Biotherapeutics, Bristol
Myers Squibb

Patents, Royalties, Other Intellectual Property: University of Louisville
US Patents

Ari M. VanderWalde

Employment: Caris Life Sciences

Consulting or Advisory Role: West Clinic, George Clincal

Research Funding: Amgen (Inst), Merck (Inst), Genentech/Roche (Inst),
Millennium (Inst), AstraZeneca (Inst), Lilly (Inst), Bristol Myers Squibb
(Inst), Replimune (Inst), Caris Life Sciences (Inst), EMD Serono (Inst),
Immunomedics/Gilead (Inst)

Yousef Zakharia

Consulting or Advisory Role: Eisai, Novartis, Exelixis, Pfizer, Bayer,
Janssen, EMD Serono, Bristol Myers Squibb/Medarex, Genzyme, Gilead
Sciences, AstraZeneca

Research Funding: Pfizer (Inst), Exelixis (Inst), Eisai (Inst)

Travel, Accommodations, Expenses: Newlink Genetics

Kevin J. Harrington

Honoraria: AstraZeneca (Inst), BMS (Inst), Boehringer Ingelheim (Inst),
Merck Serono (Inst), MSD (Inst), Replimune (Inst), Scenic Biotech,
Johnson and Johnson (Inst), Nanobiotix (Inst), ALX Oncology (Inst),
BeiGene (Inst), GlaxoSmithKline (Inst), Bicara Therapeutics (Inst),
Merus (Inst), PDS Biotechnology (Inst), Exelixis (Inst), Flamingo Pharma
(Inst), PsiVac Ltd (Inst), Abbvie (Inst)

Consulting or Advisory Role: AstraZeneca (Inst), BMS (Inst), Boehringer
Ingelheim (Inst), Merck Serono (Inst), MSD (Inst), Replimune (Inst),
Nanobiotix (Inst)

Speakers’ Bureau: BMS (Inst), Merck Serono (Inst), MSD (Inst)
Research Funding: AstraZeneca (Inst), Replimune (Inst), Boehringer
Ingelheim (Inst)

Elizabeth Appleton
Research Funding: Replimune (Inst)

Praveen K. Bommareddy
Employment: Replimune
Stock and Other Ownership Interests: Replimune

Junhong Zhu
Employment: Replimune
Stock and Other Ownership Interests: Replimune

Marcus Viana

Employment: Replimune

Stock and Other Ownership Interests: Replimune
Travel, Accommodations, Expenses: Replimune

ascopubs.org/journal/jco | Volume =mm, |ssuc smm



TR JAADMY S mves S aiusavua UUVIVLY UL CLUHVAL VUVULIUEY . ALL LIEBUL LTEICLVEU.,

Wong et al

Jeannie W. Hou

Employment: Replimune

Stock and Other Ownership Interests: agenus, Day One
Biopharmaceuticals

Robert S. Coffin

Employment: Replimune

Leadership: Replimune

Stock and Other Ownership Interests: Replimune

Consulting or Advisory Role: Replimune

Patents, Royalties, Other Intellectual Property: | am the inventor on all
Replimune's patents

Travel, Accommodations, Expenses: Replimune

© 2025 by American Society of Clinical Oncology

Caroline Robert

Stock and Other Ownership Interests: RiboNexus

Honoraria: Pierre Fabre, Sanofi, Bristol Myers Squibb, MSD, Novartis,
Merck, Roche, Pfizer, Sun Pharma, Ultimovacs, Regeneron, Egle,
Philogen, MaaT Pharma, 10 Biotech

Consulting or Advisory Role: Bristol Myers Squibb, Roche, Novartis,
Pierre Fabre, MSD, Sanofi, Pfizer, Sun Pharma, Merck, Ultimovacs,
Regeneron, Egle, Philogen, MaaT Pharma

Travel, Accommodations, Expenses: Pierre Fabre

No other potential conflicts of interest were reported.



TP RS S SULY MULLULLIVGLL DULITLY UL LLUIUAL ULCULIURY . ALL I1ZULS TESEIVed.

APPENDIX

RP1 + Nivolumab in Anti—PD-1-Failed Melanoma

TABLE A1. List of Participating Investigators and Study Sites

Principal Investigator

Site Name

Dr Jason A. Chesney

University of Louisville

Dr Jiaxin Niu

Banner MD Anderson Cancer
Center

Dr Terence Rhodes

Intermountain Cancer Center of
St George

Dr Katy K. Tsai

UCSF/Helen Diller Family Com-
prehensive Cancer Center

Dr Ari M. VanderWalde

West Cancer Clinic and Research
Institute

Dr Evan Hall

University of Washington Seattle
Cancer Care Alliance

Dr Tawnya Lynn Bowles

Intermountain Medical Center

Dr Mohammed M. Milhem

University of lowa

Dr Gregory Daniels

Moores UCSD Cancer Center

Dr Bartosz Chmielowski

University of California, Los
Angeles

Dr John Fruehauf

University of California, Irvine

Dr Gino K. In

USC Norris Comprehensive Can-
cer Center

Dr Georgia M. Beasley

Duke Cancer Institute

Dr Trisha M. Wise-Draper

University of Cincinnati Cancer
Center

Dr Robert McWilliams

Mayo Clinic in Minnesota

Dr Mahesh Seetharam

Mayo Clinic in Arizona

Dr Aleksandar Sekulic

Mayo Clinic in Arizona

Dr Issam Makhoul

CARTI Cancer Center

Dr Michael K. Wong

MD Anderson Cancer Center

Dr Céleste Lebbé

Hopital Saint Louis APHP

Dr Sophie Dalac-Rat

CHU Dijon-Bourgogne

Dr Caroline Gaudy-Marqueste

CHU de La Timone Aix-Marseille
University

Dr Charlée Nardin

CHU Besancon Hopital Jean
Minjoz

Dr Antoine Italiano

Institut Bergonié

Dr Mona Amini-Adle

Center Léon Bérard

Dr Judith Michels

Institut Gustave Roussy

Dr Ana Maria Arance Fernandez

Hospital Clinic Barcelona

Dr Eva Mufioz Couselo

Hospital Universitari Vall
d'Hebron

Dr Pablo Cerezuela

Hospital Universitario Virgen de la
Arrixaca

Dr Miguel Sanmamed

Clinica Universitaria de Navarra

Dr Maria Luisa Limon

Hospital Universitario Virgen del
Rocio

Dr Mark R. Middleton

Oxford University Hospital

Dr Kevin J. Harrington

Royal Marsden Hospital

Dr Joseph J. Sacco

Clatterbridge Cancer Centre

Dr Adel Samson

University of Leeds

Dr Patricia Roxburgh

The Beatson West of Scotland
Cancer Center

Dr Dirk Schadendorf
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University Hospital Essen
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