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ABSTRACT

Background Some patients with melanoma experience
disease progression during immunotherapy (10) and may
benefit from novel combinations of immune checkpoint
inhibitors (ICls). We report results from exploratory
biomarker analyses to characterize the responses of
patients with advanced melanoma to treatment with
nivolumab (anti-programmed cell death-1 (PD-1)) and
relatlimab (anti-lymphocyte-activation gene 3 (LAG-3))
combination therapy in RELATIVITY-020 (NCT01968109).
Methods Tumor biopsies collected at baseline and <4
weeks after treatment initiation were evaluated for %
LAG-3-positive and % CD8-positive immune cells and

% programmed death-ligand 1 (PD-L1) expression on
tumor cells. Baseline biomarker expression was compared
among patients with |0-refractory melanoma based on last
prior therapy and 10-resistance type, and between patients
with 10-refractory and 10-naive melanoma. Change in
biomarker expression after treatment was evaluated

in patients with 10-refractory and 10-naive melanoma.
Immune-related gene expression was compared among
resistance groups and by the last prior treatment.

Results Among patients with |0-refractory melanoma
(N=505), elevated baseline LAG-3, PD-L1, and CD8
expression (p<0.01, p<0.05, p<0.001, respectively) was
observed in patients whose last prior therapy was 10
versus non-l0, and in those who responded (complete/
partial per Response Evaluation Criteria in Solid Tumors
V.1.1) to nivolumab and relatlimab combination therapy
versus those who did not (stable/progressive disease).
Inflammation-related gene expression was significantly
higher (p<0.05) in patients with secondary versus primary
resistance to prior 10 treatment, and in those whose last
prior therapy was 10 versus non-10. |0-refractory patients
whose tumors responded to nivolumab and relatlimab

11

,'® Patrick Djidel," Deepti Warad,?
2

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Some patients with melanoma experience dis-
ease progression during immunotherapy (I0) and
may benefit from novel combinations of immune
checkpoint inhibitors (ICls). While resistance to pro-
grammed death-ligand 1 (PD-L1) and programmed
cell death-1 inhibitors has been associated with
the upregulation of immune checkpoints such as
lymphocyte-activation gene 3 (LAG-3) and cytotoxic
T-lymphocyte-associated antigen 4 on T cells, mod-
ulation of the tumor microenvironment and changes
in serum biomarkers in response to new IClI combi-
nation therapies have not been well characterized.

combination therapy had higher inflammation-related gene
expression than non-responders (p<0.05); proliferation
and hypoxia-related gene expression were enriched

in non-responders. During treatment with nivolumab

and relatlimab combination therapy, LAG-3 expression
increased significantly in patients with |0-refractory
(p<0.01) and 10-naive melanoma (p<0.001), and PD-L1
and CD8 increased significantly (p<0.01 and p<0.05,
respectively) in patients with 10-naive melanoma.
Conclusions Nivolumab and relatlimab combination therapy
can modulate the tumor microenvironment in patients with
both 0-refractory and 10-naive melanoma. Further research
is needed to identify patients who will most benefit from
anti-LAG-3/PD-(L)1 agents, and to elucidate the mechanisms
of action of, and resistance to, this combination therapy in
patients with advanced melanoma.

Trial registration number NCT01968109.
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WHAT THIS STUDY ADDS

= In this study, exploratory biomarker analyses were performed to
characterize the responses of patients with advanced melanoma
to treatment with nivolumab and relatlimab combination therapy
using targeted cohorts from RELATIVITY-020. Comparing baseline
tumor biomarker and gene expression among I0-refractory patients
grouped by most recent prior therapy showed that LAG-3, PD-L1,
and CD8 expression was elevated in patients whose most recent
prior treatment was 10 versus targeted therapy, radiotherapy, or
chemotherapy. On-treatment increases in LAG-3, PD-L1, and CD8
expression were seen in both 10-refractory patients and patients
who received nivolumab and relatlimab combination therapy as
first-line therapy. Together, our results suggest that the tumor mi-
croenvironment may be modulated by nivolumab and relatlimab
combination therapy despite earlier disease progression on 10.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR
POLICY

= Our study identifies key biologic pathways and types of prior cancer
treatments that help to explain why patients with advanced mela-
noma, whose tumors were refractory to prior immune checkpoint
blockade, may benefit from nivolumab and relatlimab combination
therapy. Additional research is needed to identify biologic pathways
or treatment histories that distinguish patients with primary versus
secondary resistance or reveal mechanistic differences between
responses among patients receiving 10 as first-line therapy versus
second-line or later treatment.

INTRODUCTION

Some patients with melanoma experience progressive
disease despite treatment with programmed cell death-1/
programmed cell death-ligand 1 (PD-(L)1) inhibitors.'™
Characterizing the responses of the tumor microenviron-
ment (TME) in this patient population to novel combi-
nations of immune checkpoint inhibitors (ICIs) may
help to guide patient stratification and improve patient
outcomes.

Treatment with PD-(L)1 inhibitors is associated with
upregulation of immune checkpoints such as lymphocyte-
activation gene 3 (LAG-3) and cytotoxic T lymphocyte
antigen-4 (CTLA-4) on T cells, creating a potential mech-
anism of resistance to immunotherapy (10).*° In a study
of patients with metastatic melanoma treated sequen-
tially with anti-CTLA-4 followed by anti-programmed cell
death-1 (PD-1) agents (n=46), adaptive immune profiles
in early on-treatment tumor biopsies were predictive of
response versus non-response to immune checkpoint
blockade therapy.” Using a 12-marker immunohisto-
chemistry (IHC) panel, on-treatment tissue samples
collected within 3.2 months of anti-CTLA-4 therapy
showed increased levels of T cells and PD-L1, followed by
decreased PD-LI levels 3 months post-treatment. Assess-
ment of tumor biopsy samples collected within 1.4 months
of anti-PD-1 treatment initiation showed that patients who
received PD-1 blockade after progression on anti-CTLA-4
therapy had increased levels of T cells, PD-L1, and LAG-3.
Recent research on immunophenotyping in patients with
metastatic melanoma showed that combination treatment

with the PD-1 inhibitor nivolumab and the LAG-3 inhib-
itor relatlimab resulted in simultaneous activation of
cytotoxic T cells and adaptive natural killer (NK) cells,
both cell types with elevated LAG-3 expression.7 The stim-
ulatory effect of this combination therapy was greater in
responders, who had higher levels of cytotoxic T cells and
NK cells than non-responders.

Relatlimab is a monoclonal antibody that inhibits
LAG-3 and is available in a fixed-dose combination with
nivolumab for the treatment of patients with previously
untreated metastatic or unresectable melanoma,”? based
on the progression-free survival benefit versus nivolumab
monotherapy demonstrated in the RELATIVITY-047
trial.'’ RELATIVITY-020 (NCT01968109) is a phase
1/2a study evaluating the safety, tolerability, and efficacy
of relatlimab administered alone and in combination
with nivolumab in patients with solid tumors, including
patients with advanced melanoma. The results from Part
D showed that nivolumab in combination with relatlimab
had durable clinical benefit in a proportion of heavily
pretreated patients with advanced melanoma, over half
of whom had received two or more lines of therapy.1 The
observed objective response rate (ORR) per Response
Evaluation Criteria in Solid Tumors (RECIST) V.1.1 by
blinded independent central review (BICR) in evaluable
patients who had progressed during or within 3 months of
treatment with 1 anti-PD-l1-containing regimen prior to
nivolumab and relatlimab combination therapy (n=351)
was 12% (95% CI, 8.8% to 15.8%). Responses occurred
regardless of baseline LAG-3 and PD-L1 expression in
the TME but were enriched among patients with tumors
expressing LAG-3 and PD-L1.!

To better understand subgroups of patients who may
derive increased benefit from nivolumab and relat-
limab, we performed exploratory IO biomarker analyses
using data from Parts C and D of RELATIVITY-020. We
conducted post hoc analyses in patients with advanced
melanoma to investigate the on-treatment effects of
nivolumab and relatlimab combination therapy on
IO biomarkers, specifically LAG-3, tumor cell (TC)
PD-L1, and CD8. These analyses included both IO-naive
patients and those who had received prior treatment
with IO. In addition, we compared baseline biomarker
expression between IO-naive and IO-refractory disease,
and investigated whether baseline biomarker levels were
associated with prior therapy modality or type of resis-
tance to 10. We also conducted RNA sequencing (RNA-
seq) of tumor tissues to characterize immune gene
signatures associated with IO resistance, and to eval-
uate gene expression profiles with respect to the type of
most recent prior therapy. The overall study objective
was to determine, based on inflammatory biomarker
expression, whether tumors that were resistant to prior
anti-PD-(L)1 treatment may be sensitive to subsequent
10 regimens, and whether this sensitivity depends on
the type of prior treatment or lack of previous exposure
to IO therapies.
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METHODS

Trial design

RELATIVITY-020 (NCT01968109) was a phase 1/2a
study evaluating the safety, tolerability, and efficacy
of relatlimab administered alone and in combination
with nivolumab in patients with advanced solid tumors.
Details on the trial design can be found in the Supple-
ment (online supplemental file 2). Patients enrolled in
RELATIVITY-020 Parts C and D1 who had histologically
or cytologically confirmed advanced (metastatic and/or
unresectable) melanoma were selected for the current
analyses (online supplemental figure SI).

In the Part C dose-expansion phase, eligible patients
included those for whom the RELATIVITY-020 treat-
ment regimen was the first line of treatment (1L patients;
n=66), and, in a separate cohort, patients with disease
that had progressed on prior treatment with anti-PD-
(L) 1-containing regimens, with or without an anti-CTLA-
4-containing regimen (IO-refractory patients, n=151).
All patients were administered 240 mg nivolumab+80 mg
relatlimab every 2 weeks by sequential infusion.

Part D1 was an extended expansion phase in which
eligible patients had received 1 line of prior anti-PD-1-
containing treatment (with or without anti-CTLA-4) and
had documented disease progression within 3 months of
the final dose of anti-PD-1 therapy. Patient cohorts and
methods of drug delivery are described in Ascierto et al,'
and the study design is shown in online supplemental
figure S1.

Assessment of treatment response

Tumor response was evaluated using RECIST V.1.1'"! per
BICR. Patients with a best overall response (BOR) of
complete response (CR) or partial response (PR) were
classified as responders; patients whose BOR did not meet
the criteria for CR or PR were classified as non-responders.
ORR was defined as the number of responders divided by
the total number of patients.

Patients with melanoma that was refractory to prior anti-
PD-(L)1 therapy and whose most recent prior therapy
was IO were classified by type of resistance (primary vs
secondary). Resistance was categorized using modified
Society for Immunotherapy of Cancer criteria'” as limited
information regarding characteristics of response to
prior IO was collected in the study; for example, informa-
tion on confirmatory scans or duration of stable disease
(SD) was not captured. Primary resistance was defined
as having a best response of progressive disease (PD) or
SD, and a time to progression of less than 6 months, after
at least 6 weeks of treatment. Secondary resistance was
defined as the best response of CR, PR, or SD, and a time
to progression of more than 6 months, after at least 6
weeks of treatment.

Tumor tissue collection and IHC

For each patient, baseline tumor tissue for biomarker
assessment was obtained either from an archival sample
collected within 3 months of enrollment or from a fresh

pretreatment biopsy. LAG-3, PD-L1, and CDS8 levels
in formalin-fixed, paraffin-embedded tumor samples
from patients were evaluated by IHC at baseline and
within 4 weeks of treatment. LAG-3 and CD8 IHC were
performed as described previously.'” "> LAG-3 expression
was assessed as the percentage of positive immune cells
among all nucleated cells within the tumor and invasive
margin, using mouse antibody clone 17B4."* CD8 was
scored as the percentage of CD8-positive cells relative
to total nucleated cells using a pathologist-supervised
digital image analysis algorithm."”” TC PD-L1 expression
was assessed using the Dako PD-L1 IHC 28-8 pharmDx
assay (Agilent Technologies Inc., Santa Clara, California,
USA) and was quantified as the percentage of PD-L1-ex-
pressing TCs divided by all TCs.

Serum assessment of soluble LAG-3

Free soluble LAG-3 (sLAG-3) was measured in baseline
serum samples by electrochemiluminescence (Meso
Scale Discovery, Rockville, Maryland, USA), which uses
a custom biotinylated monoclonal antibody targeting
LAG-3, as described previously.'

RNA sequencing

RNA samples were processed by Q2 Solutions (Morris-
ville, North Carolina, USA) using the Illumina TruSeq
RNA Access method (Illumina Inc., San Diego, California,
USA), which is a hybridization-based protocol to enrich
for coding RNAs from total RNA-seq libraries. First-strand
complementary DNA (cDNA) synthesis was primed from
total RNA using random primers, followed by the gener-
ation of second-strand ¢cDNA with deoxyuridine triphos-
phate used in place of deoxythymidine triphosphate
in the master mix. Double-stranded cDNA then under-
went end-repair, A-tailing, and ligation of adapters that
included index sequences. The resulting molecules were
amplified via PCR, their yield and size distribution deter-
mined, and their concentrations normalized in prepara-
tion for the enrichment step. Libraries were enriched for
the messenger RNA fraction by positive selection using
a cocktail of biotinylated oligonucleotides corresponding
to coding regions of the genome. Targeted library mole-
cules were then captured via the hybridized biotinylated
oligonucleotide probe using streptavidin-conjugated
beads. After two rounds of hybridization/capture reac-
tions, the enriched library molecules were amplified by
PCR. Normalized libraries were pooled and sequenced
using the Illumina NovaSeq 6000 sequencing-by-synthesis
platform, with a sequencing protocol of 50 bp paired-end
sequencing and a total read depth of 50 M reads per
sample.

Exploratory biomarker analyses

Several exploratory biomarker analyses were conducted.
IO-refractory patients were grouped according to their
most recent type of prior therapy: IO, targeted therapy,
radiotherapy, chemotherapy, or “Other/Not applicable
(NA)”, as shown in table 1. The decision to include
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Table 1 Types of most recent prior therapies received by patients with melanoma in cohorts from Parts C and D1*

Most recent line of prior therapy, n (%) Prior therapy categoryt Part C (n=151) Part D1 (n=354)
Anti-PD-(L)1 monotherapy Prior 10 96 (63.6) 210 (59.3)
Anti-CTLA-4 monotherapy Prior 10 11 (7.3) 20 (5.6)

10 combo Prior 10 11 (7.3) 35 (9.9)

10 combo+chemotherapy Prior 10 1(0.7) 0(0)
Radiotherapy Radiotherapy 9 (6.0) 30 (8.5)
Targeted therapy Targeted therapy 0(0) 1(0.3)
Chemotherapy-+targeted therapy Targeted therapy 10 (6.6) 20 (5.6)
Chemotherapy only Chemotherapy 7 (4.6) 23 (6.5)
Other/NA Other/NA 6 (4.0) 5(4.2)

*Excludes treatment-naive (1L) patients.
tCategory used for group comparisons in the current analysis.

Combo, combination anti-PD-(L)1 and anti-CTLA-4 therapy; CTLA-4, cytotoxic T lymphocyte antigen-4; 10, immunotherapy; NA, not

applicable; PD-(L)1, programmed death (ligand)-1

radiotherapy as part of this systemic therapy grouping
strategy was based on the abscopal effect of radiotherapy
(ie, tumor regression outside of the irradiated field).'> 1
Baseline biomarker expression by IHC (LAG-3, PD-L1,
and CD8) and by immunoassay (sLAG-3) was then
compared among patients from Parts C and D1 who
had been previously exposed to 10 based on their most
recent prior therapy. Differential gene expression of base-
line tumor samples based on RNA-seq was also evaluated
in IO-refractory patients from Parts C and D1 to deter-
mine whether immune-related gene expression differed
among patients depending on their most recent prior
therapy. The gene sets targeted for this analysis have been
previously described.'

Next, baseline IHC biomarker expression was evalu-
ated by resistance type (primary vs secondary resistance)
in IO-refractory patients from Parts C and D1 who had
received anti-PD-(L)1 regimens as the most recent prior
therapy. LAG-3, PD-L1, and CD8 IHC expression was
compared between patients who had experienced primary
versus secondary resistance, and RNA-seq was performed
to characterize gene signatures, including inflammatory
and stromal signatures, associated with resistance status.

Third, baseline levels of target biomarkers measured
by IHC were compared between IO-refractory and 1L
patients using the patient cohorts from Part C of RELA-
TIVITY-020. On-treatment changes in biomarker levels
were also evaluated to determine whether the TME
in IO-refractory and 1L patients was modulated by
nivolumab and relatlimab combination therapy.

A fourth analysis using baseline LAG-3, PD-L1, and CD8
IHC data from IO-refractory patients in Parts C and D1,
baseline soluble LAG-3 data from IO-refractory patients
in Part D1, and RNA-seq data from patients in Part D1
was conducted to determine whether baseline levels of
biomarkers or gene signatures differentially associate
with responders versus non-responders to nivolumab and
relatlimab combination therapy.

Statistical approach

Descriptive statistics were used in all analyses, and all data sets
and results were internally validated by a team of statisticians.
Group comparisons included a pooled approach in which
patients from Parts C and D1 were combined, as the various
dosing regimens have been shown to have no appreciable
effect on the safety and efficacy of nivolumab and relatlimab
combination therapy.! Group comparisons were tested using
the Wilcoxon test without multiple comparison correction,
and linear mixed effect modeling was used to assess paired
differences within patient treatment groups.

Throughout the study, IHC expression levels of LAG-3,
PD-L1, and CDS8 were treated as continuous variables,
allowing for more exploratory and expanded statistical
approaches to be used than those available for binarized
variables. However, given that binary variables are conven-
tionally used in biomarker studies, we also defined tumor
positivity for PD-L1, LAG-3, and CDS8 expression using
a 1% cutoff when evaluating tumor response. Conse-
quently, all IHC-based biomarkers were analyzed as both
binary and continuous variables across the study.

RNA-seq analysis was limited to the Part DI cohort to
avoid batch effects in the analysis. Inmune-related gene
signatures chosen for evaluation have been published
elsewhere.'” % % %2 For each signature derived from
RNA-seq, the signature scores were calculated by Z-scoring
the expression values for each gene in the signature, then
calculating the median score value across all genes for
each sample. The signature scores for each sample were
then determined by the median of the zscore scaled
expression of each gene.

RESULTS

The types of most recent prior therapy received by IO-re-
fractory patients with melanoma in Parts C and DI of
RELATIVITY-020 are shown in table 1. The majority of
patients had received 10 (anti-PD-(L)1 monotherapy,
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anti-CTLA-4 monotherapy, combination IO, or combina-
tion IO plus chemotherapy) as their most recent prior
therapy. A smaller proportion of patients had received
targeted therapy, with or without chemotherapy, as their
most recent line of prior therapy. The remaining patients
had been treated either with chemotherapy or radio-
therapy alone as their most recent line of therapy or were
classified as “Other/NA”. The percentage of patients with
evaluable samples for each biomarker, grouped by most
recent prior treatment, is shown in online supplemental
table S1. At least 50% of patients had evaluable samples
for LAG-3, PD-L1, and CD8. Less than 50% of patients
had evaluable samples for sSLAG-3 and RNA-seq.

Baseline biomarker expression by most recent prior therapy
In the pooled analysis of patients in Parts Cand D1, IO-re-
fractory patients whose most recent prior line of therapy

was IO had significantly higher baseline expression
(assessed by IHC) of LAG-3 (p<0.01), PD-L1 (p=0.05),
and CD8 (p<0.001) than those whose most recent prior
line was targeted therapy, radiotherapy, or chemotherapy
(figure 1A). Compared with LAG-3 and PD-L1, CD8
expression was most variable in patients whose most
recent line of therapy was non-IO. Similar results were
observed when Parts C and D1 were evaluated individ-
ually or when prior PD-(L)1 was separated from prior
CTLA-4 as most recent therapy; baseline LAG-3, PD-L1,
and CD8 IHC expression levels were significantly higher
(p=<0.05 to p<0.01) in IO-refractory patients whose most
recent prior line of therapy was IO than in patients whose
most recent prior treatment was targeted therapy, radio-
therapy, or chemotherapy (online supplemental figure
S2).
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Number of patients (median biomarker level) Number of patients (median biomarker level) Number of patients (median biomarker level)
CR/PR 374  3(0) 3(1) 0(NA) 5(2) CR/PR 36(5  3(0) 3(0) 0(NA) 5(0) CR/PR 30 (16.7) 3(8.0) 2(6.6) 0 (NA) 5(23.0)
SD/PD 252 (1) 23(0) 24(1) 19(0) 11(0) SD/PD 245 (0) 23(0) 22(0.5) 20(0) 9(0) SD/PD 233 (8.0) 21 (4.9) 21 (7.0) 17 (5.1) 10 (4.5)
NE/NN/ND 26 (0) 4(0) 8(1.5) 6(0) 3(0) NE/NN/ND 26 (0) 4(0)  7(0) 5(1)  3(0) NE/NN/ND 24 (7.1) 4(0.7) 5(5.0) 6 (4.5) 2(0.6)

Figure 1 Tumor biomarker expression levels by most recent prior therapy at baseline (A) and in responders compared with
non-responders (B). Boxes extend from the first to third quartiles, the middle line shows the median biomarker level, and the
whiskers extend to the most extreme data point that is no more than 1.5 times the IQR from the box. ***p<0.001; **p<0.01;
*p<0.05. P values compare biomarker levels between the CR/PR and SD/PD groups using the Wilcoxon test without multiple
comparison correction. *Trend association, p<0.10. CR, complete response; IHC, immunohistochemistry; |0, immunotherapy;
I0-last, patients whose most recent prior therapy was 10; LAG-3, lymphocyte-activation gene 3; NA, not applicable; ND, not
determined; NE, non-evaluable; NIVO, nivolumab; NN, non-CR/non-PD; ns, not significant; PD, progressive disease; PD-L1,
programmed death ligand 1; PR, partial response; RELA, relatlimab; SD, stable disease; TC, tumor cell.
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Among IO-refractory patients treated with nivolumab
and relatlimab combination therapy whose most recent
prior therapy was IO compared with non-IO, a BOR of CR
or PRwas seen in 46,/384 (ORR 12.0%) and 12/121 (ORR
9.9%) patients, respectively. Evaluating ORRs by LAG-3
and PD-L1 positivity, ORRs were higher for patients whose
tumors were positive versus negative (1% expression vs
<1%) for LAG-3, whether the most recent prior therapy
was IO (15.9% vs 4.4%) or non-10 (13.2% vs 7.1%; online
supplemental figure S3A). ORRs were also higher for
patients with PD-Ll-positive tumors (1% expression
vs <1%) whose most recent prior therapy was IO versus
non-I0 (15.0% vs 8.4%), but comparable among patients
with PD-LIl-positive and PD-Ll-negative tumors whose
most recent prior therapy was non-IO (10.0% vs 10.9%).
ORRs were also higher in patients whose tumors were
positive for LAG-3 or PD-L1 expression, whether the most
recent prior IO was anti-PD-L1 or anti-CTLA-4; within this
group, the highest ORRs were observed in patients who
received an anti-CTLA-4 containing regimen (LAG-3+,
22.5%; PD-L1+, 17.9%; online supplemental figure S3B).

When patients whose most recent line of prior therapy
was IO were grouped by response to nivolumab and
relatlimab combination treatment, baseline TME expres-
sion of LAG-3, PD-L1, and CD8 was significantly higher
in responders than in non-responders (p<0.01, p<0.05,
and p<0.001, respectively; figure 1B, online supplemental
figure S2). Differential expression of biomarkers between
responders and non-responders was not observed for
patients who received targeted therapy, radiotherapy, or
chemotherapy as their most recent prior therapy.

In contrast to the TME biomarkers, no significant
differences in sLAG-3 levels in peripheral blood samples
were observed between the different lines of most recent
prior therapy in IO-refractory patients (online supple-
mental figure S4A, table S2). Similarly, baseline sLAG-3
levels were not significantly different between nivolumab
and relatlimab responders and non-responders across the
prior therapy groups (online supplemental figure S4B,
table S3).

Gene expression by a most recent line of therapy

Gene expression profiles varied among IO-refractory
patients whose most recent line of therapy was IO, targeted
therapy, radiotherapy, or chemotherapy. A summary of
treated patients and RNA-evaluable samples is provided in
the online supplemental table S4. IO was associated with
enriched inflammation-related signaling, suggesting myeloid
cell involvement, whereas non-IO regimens (such as targeted
therapy and chemotherapy) were associated with signatures
representing carcinoma-associated fibroblasts, angiogenesis,
and epithelial-mesenchymal transition (p<0.01 for all signa-
tures; figure 2A). In addition, different gene signatures were
enriched in tumors previously treated with PD-(L) 1-only regi-
mens (eg, gene signatures for proliferation, hypoxia, and the
Myc pathway) compared with tumors previously treated with
anti-CTLA-4-containing regimens, for which gene signatures
representing epithelial-mesenchymal transition, myeloid

cells/macrophages, Wnt, and stromal/ carcinoma-associated
fibroblasts were higher (p<0.05 for all signatures; figure 2B).

Baseline biomarker expression in primary and secondary 10
resistance

Baseline biomarker expression, measured by IHC, was
assessed in IO-refractory patients with anti-PD-(L)1 as
their most recent line of prior therapy and compared
between groups with primary versus secondary resis-
tance to the prior anti-PD-(L) 1 therapy. The numbers
of patients whose most recent prior therapy was anti-
PD-(L)1 and who were classified as having primary
resistance, secondary resistance, unknown
tance, or inadequate exposure for Parts C and D1 are
given in online supplemental table S5. In the pooled
analysis, 50.3% of patients in Parts C and D1 were
classified as having primary resistance to prior anti-
PD-(L)1 therapy, and 38.2% were classified as having
secondary resistance.

Expression of LAG-3, PD-L1, and CD8 by IHC was
similar in tumors with primary versus secondary
resistance to prior anti-PD-(L)1 therapy (figure 3A).
The ORR with nivolumab and relatlimab combina-
tion therapy among patients with primary versus
secondary resistance to prior anti-PD-(L)1 therapy
was 11% versus 14%, respectively. RNA-seq analyses
revealed that inflammatory gene signatures were
significantly (p<0.05) reduced in tumors with primary
resistance compared with tumors with secondary resis-
tance, unknown resistance, or inadequate exposure
(figure 3B). Signatures of tertiary lymphoid struc-
tures and B cells were elevated in secondary resis-
tance tumors. There were no differences in stromal
and extracellular matrix signatures in primary versus
secondary resistance groups.

resis-

Baseline TME biomarker expression in 1L and 10-refractory
patients

Baseline TME biomarker expression was assessed in,
and compared between, 1L and IO-refractory patients
using the patient cohort from Part C of RELATIVI-
TY-020. Despite a higher response to the combination
of nivolumab and relatlimab in 1L versus 1O-refrac-
tory patients (ORR 47% vs 11%), baseline expres-
sion levels of the IO biomarkers LAG-3, PD-L1, or
CD8 by IHC did not differ between 1L and IO-re-
fractory patients, even when the analysis was limited
to IO-refractory patients whose most recent prior
line of therapy was IO (figure 4). For patients with
biomarker-evaluable samples, the ORRs for the 1L
and IO-refractory groups were 49% versus 12% (LAG-
3), 51% versus 11% (PD-L1), and 48% versus 10%
(CD8). Comparing IO-refractory patients who had
any type of most recent prior therapy with 10-refrac-
tory patients who had IO as their most recent line of
therapy, ORRs were 12% versus 11% (LAG-3), 11%
versus 11% (PD-L1), and 10% versus 8% (CDS8).
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Figure 2 Summary of enriched gene sets by most recent prior treatment. For each gene signature name, the number of genes
in the signature is shown in parentheses. (A) Enriched gene sets for prior IO (red shaded bars) versus non-10 (blue shaded bars);
(B) enriched gene sets for prior anti-PD-1 therapy (red shaded bars) versus anti-CTLA-4 therapy (blue shaded bars). In this
analysis, we tested the differentially expressed genes between the most recent prior therapy types after accounting for sex, age,
ECOG performance score, disease stage, melanoma subtype, sequencing batch, and the number of expressed genes within
each sample. CTLA-4, cytotoxic T lymphocyte antigen-4; ECOG, Eastern Cooperative Oncology Group; IO, immunotherapy;
NES, normalized enrichment score; p.adj, adjusted p value; PD-1, programmed cell death-1.

Pre-treatment and post-treatment change in TME biomarker
expression in 1L and 10-refractory patients

Using the patient cohort from Part C of RELATIVITY-020,
the change in IHC-assessed TME biomarker expression
between baseline and on-treatment with nivolumab and
relatlimab combination therapy was determined for 1L and
IO-refractory patients. Significant on-treatment increases

in LAG-3 expression were observed in both 1L (p<0.001)
and IO-refractory patients (p<0.01), with greater increases
observed in 1L patients (log,fold change 1.462 vs 0.731;
table 2, figure 5). Significant on-treatment increases in
PD-L1 and CDS8 expression (p<0.01 and p<0.05, respec-
tively) were observed only in 1L patients; however, increased
PD-L1 expression was observed in some patients in the
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Figure 3 Baseline tumor IHC markers (A) and RNA gene signatures (B) by type of resistance to prior anti-PD-(L)1 therapy.
Primary resistance was defined as the best response of PD or SD with time to progression <6 months after >6 weeks of
treatment. Secondary resistance was defined as the best response of CR/PR or SD with time to progression >6 months after
>6 weeks of treatment. The signature score was determined by the median of the Z-scaled expression of each gene from the
signature. Boxes extend from the first to third quartiles, the middle line shows the median biomarker level, and the whiskers
extend to the most extreme data point that is no more than 1.5 times the IQR from the box. ***p<0.0001; ***p<0.001; **p<0.01;
*p<0.05. P values compare biomarker levels between primary and secondary IO resistance groups by the Wilcoxon test
without multiple comparison correction. *The length of time between progression on prior anti-PD(L)-1 therapy and collection
of baseline tumor samples was not determined. "Baseline tumors may not represent the TME at the time of progression. BMS,
Bristol Myers Squibb; CAF, cancer-associated fibroblasts; CR, complete response; EMT, epithelial to mesenchymal transition;
IFN-y, interferon gamma; IHC, immunohistochemistry; 10, immunotherapy; 10-rf, refractory to prior immunotherapy; LAG-3,
lymphocyte-activation gene 3; ns, not significant; PD, progressive disease; PD-(L)1, programmed death (ligand)-1; PR, partial
response; SD, stable disease; TC, tumor cell; TLS, tertiary lymphoid structures; TME, tumor microenvironment.
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Figure 4 Baseline TME expression of LAG-3, PD-L1, and CD8 in patients from Part C of RELATIVITY-020 including 1L, I1O-
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and relatlimab combination therapy as their first line of therapy; 10, immunotherapy; |0-rf, refractory to prior immunotherapy;

LAG-3, lymphocyte-activation gene 3; ns, not significant; PD-(L)1, programmed death (ligand)-1; TC, tumor cell; TME, tumor

microenvironment.

IO-refractory group following treatment with nivolumab
and relatlimab combination therapy.

Gene expression profiles by treatment response

Baseline gene expression profiles associated with
responders and non-responders to nivolumab and relat-
limab combination therapy in RELATIVITY-020 were eval-
uated in IO-refractory patients from Part D1. Compared
with non-responders, responders to combination therapy
had higher levels of inflammation-related signatures,
including those representing myeloid-derived suppressor
cells and M2 macrophages; by contrast, non-responders
had higher (p<0.05) levels of signatures for cell prolifer-
ation, and hypoxia (online supplemental figure S5A). In
select gene sets, responders had higher levels of inflam-
mation signatures (p<0.05), Thl helper and B cells

(p<0.01), chemokine signatures (p<0.01), and CD8+ T
cells (p<0.05) at baseline, whereas in non-responders,
mitogen-activated protein kinase (MAPK) (p<0.05) and
Myc signatures (p<0.05) were more pronounced (online
supplemental figure S5B).

DISCUSSION

Expression of the immune biomarkers LAG-3, PD-L1,
and CD8 in the TME was significantly higher in IO-re-
fractory patients whose most recent prior line of therapy
was immune checkpoint blockade than in patients whose
most recent prior line was targeted therapy, radiotherapy,
or chemotherapy. These results align with previous
reports that immune checkpoint blockade can induce the

Table 2 On-treatment fold change in TME biomarker expression in 1L and 10-refractory patients

Biomarker Cohort Paired samples (n) Unpaired samples (n) Log,-fold change P value

LAG-3 1L 13 43 1.462 <0.001
1O-rf 34 96 0.731 <0.01

PD-L1 1L 12 42 1.51 <0.01
10-rf 34 94 0.429 ns

CD8 1L 10 41 0.951 <0.05
10-rf 25 94 0.177 ns

10, immunotherapy; 10-rf, refractory to prior immunotherapy; 1L, patients with treatment-naive melanoma who received nivolumab and
relatlimab combination therapy as their first line of therapy; LAG-3, lymphocyte-activation gene 3; ns, not significant; PD-L1, programmed

death ligand 1; TME, tumor microenvironment.
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Figure 5 On-treatment changes in TME biomarker expression in 1L and 10-refractory patients by response to nivolumab and
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expression of inflammatory biomarkers,*®> more robustly
than other standard therapies, such as chemotherapy,
radiotherapy, or targeted therapies, and thus may have
a greater impact on immune modulation within tumors.
Upregulation of certain pro-inflammatory cytokines
appears to enhance ICI efficacy. For example, immune
checkpoint blockade has been shown to induce intra-
tumoral interferon gamma (IFN-y) production, in turn
enhancing ICI treatment efficacy by promoting tumor
antigen presentation to CD8+ cytotoxic T lymphocytes;
increasing the function of tumor-infiltrating immune
cells, such as cytotoxic T lymphocytes, Thl cells, and
macrophages; suppressing regulatory T-cell function; and
altering stromal cell function.” The importance of IFN-y
in treatment efficacy is further supported by an observed
association between IFN-y pathway gene mutations and
tumor resistance to ICIs.*

We observed lower levels of LAG-3, PD-L1, and CD8
expression in IO-refractory tumors from patients most
recently treated with targeted therapies compared with
those most recently treated with 10, supporting previous
research suggesting that targeted therapies may make the
TME of IO-refractory tumors less sensitive to further 10.**
However, some 1O-refractory patients whose most recent
line of therapy was non-IO still responded to nivolumab
and relatlimab combination therapy, suggesting that
baseline biomarker expression alone is not sufficient to
predict response to this therapy. Moreover, the higher
levels of LAG-3, PD-L1, and CD8 expression and numeri-
cally higher ORR (12.0% vs 9.9%, respectively) observed
in patients whose most recent prior therapy was IO versus
non-IO suggest that patients who experience disease
progression while on anti-PD-(L)1 or anti-CTLA-4 ther-
apies may benefit from subsequent treatment with
nivolumab and relatlimab combination therapy, which

would take advantage of an inflamed TME with no inter-
vening non-IO regimens.

In contrast to the significant differences in baseline
tumoral LAG-3 expression by therapy group and response
category, baseline peripheral sSLAG-3 levels were similar
among IO-refractory patients whose most recent line
of therapy was 1O versus chemotherapy, radiotherapy,
or targeted therapy, and among responders versus non-
responders to nivolumab and relatlimab. Thus, an asso-
ciation between LAG-3 expression and patient response
is more apparent from tumor expression of LAG-3 than
from circulating LAG-3 levels. The explanation for this
discrepancy remains unknown, owing in part to gaps in
knowledge about LAG-3 biology. Although best known
for its ability to mediate T-cell inhibition, the signaling
mechanism by which LAG-3 acts is not well understood;
however, cell surface shedding has been shown to impact
LAG-3 expression and inhibitory activity, with increased
T-cell suppression in situations where LAG-3 cannot be
cleaved.” While it is known that the disintegrin and metal-
loprotease domain-containing protein-10 (ADAM10) and
ADAM17 cleave the peptide connecting LAG-3 to the cell
membrane and release the monomeric soluble form of
LAG-3,% this sLAG-3 is not known to have any biological
activity.* *7 It is also not known for how long individual
sLLAG-3 molecules are retained in the circulation, or the
rate at which they are cleared.

Assessment of differential gene expression patterns
based on the most recent line of therapy demonstrated
that IO is associated with signatures for myeloid cells,
while non-10 is associated with stromal factors. Evaluation
of gene expression in prior CTLA-4-containing regimens
versus non-CTLA-4 1O revealed that both macrophages
and stromal factors were associated with prior CTLA-4 10,
rather than anti-PD-(L)1 therapy only.

10
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The similarity of expression of LAG-3, PD-L1, and
CD8 among tumors with primary versus secondary
resistance to prior anti-PD-(L)1 therapy implies that
there is no clear association between these biomarkers
and prior primary or secondary resistance status, and
that the LAG-3 pathway may be equally associated with
both types of resistance. However, variance in immune-
infiltration gene-expression signatures between primary
and secondary IO-resistant tumors, such as lower levels
of multiple signatures of inflammation in primary resis-
tance samples than in secondary resistance samples,
indicates that the resistance subgroups may have distinct
TMEs and IO sensitivities that are detectable when more
sensitive gene-expression methods are employed over
IHC approaches. These results suggest that immuno-
logical features of the TME differ between types of ICI
resistance, and that studies comparing these features in
primary versus secondary resistance to individual immu-
notherapeutic agents are warranted.

Although levels of IO biomarkers were higher in tumor
samples from IO-refractory patients who had IO as their
most recent prior therapy than in tumor samples from
IO-refractory patients who had non-IO treatment as
their most recent therapy, the baseline expression of 10
biomarkers was similar in 1L and IO-refractory patients
in this study. This suggests that it is unlikely that the varia-
tion in treatment response between IO-naive patients and
those with previous IO experience can be fully attributed
to differences in expression levels of any of the three indi-
vidual biomarkers as measured by IHC.

Significant on-treatment increases in LAG-3 expres-
sion in both 1L and IO-refractory patients should enable
patients who progressed on prior 10 to be responsive to
the T-cell promoting activity of relatlimab in combina-
tion with nivolumab. These results are consistent with
a previous analysis of data from RELATIVITY-020 that
showed activation of cytotoxic T cells and adaptive NK
cells, both LAG-3—-expressing cell types, in nivolumab
and relatlimab-treated patients with melanoma who were
naive or refractory to prior 10.” By contrast, PD-L1 and
CD8 levels were significantly modulated by nivolumab
and relatlimab combination therapy only in 1L patients
and not in IO-refractory patients, which suggests that
LAG-3+ cells within the TME are modulated differently
by nivolumab and relatlimab combination therapy after
prior IO exposure, compared with CD8+ and PD-L1+ TCs
within the TME in these patients. This also suggests that
LAG-3, CD8, and TC PD-L1 are not interchangeable phar-
macodynamic inflammatory biomarkers in IO-refractory
patients with advanced melanoma.

Evaluation of baseline gene expression signatures
associated with responders showed that several myeloid
cell signatures existed, including those representing
myeloid-derived suppressor cells, M2 macrophages,
and dendritic cells. While some of these signatures may
be associated with immune-suppressive cell types, these
data could suggest that these signatures are modulated
to more favorable phenotypes by prior exposure to 10.

By contrast, the many MAPK and proliferation signatures
dominating the tumors of non-responders could be due
to a higher proliferative capacity of TCs (mitotic index)
themselves or, alternatively, other inhibitory stromal cell
types. Single-cell approaches would be needed to further
resolve the cell types that these signatures are coming
from.

The study had some limitations. Information on the
duration of time between progression on the most
recent prior therapy and the collection of baseline
tumor samples in RELATIVITY-020 was not available
for a subset of patients in the most recent prior therapy
cohort, and it also varied among patients; therefore,
the baseline tumor samples may not have been repre-
sentative of the TME at the time of progression on
most recent prior therapy. We also may not have the
entire picture of the TME, as not all metastatic sites
were equally accessible to biopsy, and primary tumors
were not available to evaluate potential changes in
phenotypes over time as patients switched from one
treatment regimen to another. It is also plausible
that some patients who received targeted therapy in
later lines had more advanced disease, and that some
tumors had been irradiated, as radiotherapy-treated
patients were included in the study. There were
limited on-treatment samples available for evaluating
changes in biomarker levels from baseline to on-treat-
ment between the patients who responded to therapy
and those who did not. Finally, the sample sizes were
small, particularly for the subgroups of IO-refractory
patients whose most recent line of therapy was non-I10;
thus, differences in biomarker levels between tumors
with primary versus secondary resistance in patients
with non-IO as their last line of therapy could not be
explored. Samples were also limited for the 1L group,
and no sLAG-3 data were available for the 1L group of
Part C. Because of the small sample sizes, the results
of this study should be interpreted with caution, and
additional integrated analysis incorporating the rela-
tionship between multiple biomarkers was not feasible.
However, future studies with greater statistical power
to test associations between biomarker combinations
and therapy regimens or outcomes could provide
greater insight into which biomarkers may best guide
IO treatment decisions for patients with melanoma.

In summary, we conducted exploratory anal-
yses to evaluate baseline and on-treatment immune
biomarker expression in the TME of 1L and IO-re-
fractory patients with melanoma in RELATIVITY-020.
IO-refractory patients whose most recent prior
therapy was IO had elevated tumorous expression
of LAG-3, PD-L1, and CD8 compared with patients
whose most recent prior treatment was non-IO, which
could mechanistically explain why the former group
may be more responsive to treatment with nivolumab
and relatlimab combination therapy. Additionally,
baseline TME expression of LAG-3, PD-L1, and CD8
in patients whose most recent line of therapy was IO
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was significantly higher in responders to nivolumab
and relatlimab than in non-responders. Gene expres-
sion signatures associated with immune cell infiltra-
tion differed between tumors with primary versus
secondary resistance and may reflect distinct TMEs
and IO sensitivities in these subgroups. Signifi-
cant on-treatment increases from baseline in LAG-3
expression in both 1L and IO-refractory patients
suggest that the TME of both subgroups is modulated
by nivolumab and relatlimab, with greater effects
observed in 1L patients. These results provide insight
into potentially useful predictive biomarkers and may
influence future study designs that test biomarker
utility for patient selection; however, considering the
retrospective nature of these analyses, more prospec-
tive data may be needed to help design such studies
and to inform on combinations to overcome IO-re-
sistance. Results from ongoing clinical research are
also needed to better understand which patients
may derive maximal clinical benefit from inhibition
of the LAG-3 and PD-1 pathways and to confirm the
mechanisms of action and resistance to nivolumab
and relatlimab combination therapy in patients with
IO-refractory melanoma.
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