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Background: The success of immune checkpoint inhibitors has revolutionized cancer treatment options and triggered
development of new complementary immunotherapeutic strategies, including T-cell co-stimulatory molecules, such as
glucocorticoid-induced tumor necrosis factor receptor-related protein (GITR). BMS-986156 is a fully agonistic human
immunoglobulin G subclass 1 monoclonal antibody targeting GITR. We recently presented the clinical data for BMS-
986156 with or without nivolumab, which demonstrated no compelling evidence of clinical activity in patients with
advanced solid tumors. Here, we further report the pharmacodynamic (PD) biomarker data from this open-label,
first-in-human, phase I/lla study of BMS-986156 =+ nivolumab in patients with advanced solid tumors (NCT02598960).
Materials and methods: We analyzed PD changes of circulating immune cell subsets and cytokines in peripheral blood
or serum samples collected from a dataset of 292 patients with solid tumors before and during treatment with BMS-
986156 =+ nivolumab. PD changes in the tumor immune microenvironment were measured by immunohistochemistry

and a targeted gene expression panel.

Results: BMS-986156 + nivolumab induced a significant increase in peripheral T-cell and natural killer (NK) cell
proliferation and activation, accompanied by production of proinflammatory cytokines. However, no significant
changes in expression of CD8A, programmed death-ligand 1, tumor necrosis factor receptor superfamily members,
or key genes linked with functional parameters of T and NK cells were observed in tumor tissue upon treatment

with BMS-986156.

Conclusions: Despite the robust evidence of peripheral PD activity of BMS-986156, with or without nivolumab, limited
evidence of T- or NK cell activation in the tumor microenvironment was observed. The data therefore explain, at least in
part, the lack of clinical activity of BMS-986156 with or without nivolumab in unselected populations of cancer patients.
keywords: glucocorticoid-induced tumor necrosis factor receptor—related protein (GITR), nivolumab, immune check-

point inhibitor, biomarker, pharmacodynamics, BMS-986156

INTRODUCTION

Glucocorticoid-induced tumor necrosis factor receptor-
related protein (GITR) is a member of the tumor necrosis
factor receptor (TNFR) superfamily.® GITR is highly
expressed on activated T cells and regulatory T cells
(Tregs).2 The engagement of GITR by the GITR ligand
co-stimulates the T-cell receptor-mediated activation of

*Correspondence to: Dr Ruslan Novosiadly, Translational Medicine, Bristol
Myers Squibb, 3551 Lawrenceville Rd, Lawrence Township, Lawrenceville, NJ
08648, USA

E-mail: ruslan.novosiadly@bms.com (R. Novosiadly).

fEmployee of Bristol Myers Squibb at the time the studies were carried out.

2059-7029/© 2023 The Authors. Published by Elsevier Ltd on behalf of Eu-
ropean Society for Medical Oncology. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Volume 8 m Issue 2 m 2023

downstream signaling pathways such as nuclear factor KB
and mitogen-activated protein kinase, which promote pro-
liferation and proinflammatory cytokine production, along
with increased effector functions and reduced apoptosis in
T cells.®>* In preclinical murine tumor models, GITR agonism
demonstrated robust antitumor activity attributable to both
Treg inhibition and effector T-cell stimulation.” Collectively,
these data make GITR an attractive therapeutic target in
oncology and support the exploration of a human GITR
agonist monoclonal antibody (mAb) to enhance antitumor
T-cell responses.

BMS-986156 is a fully human agonist mAb of the immu-
noglobulin G subclass 1 (IgG1) isotype which has preserved
immune effector functions such as antibody-dependent
cell-mediated cytotoxicity and antibody-dependent cellular
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phagocytosis.® Several lines of evidence demonstrate that a
GITR agonist mAb, such as BMS-986156, could potentially be
paired with other therapeutic agents to enhance antitumor
immunity, providing the rationale for combination therapies
to further enhance antitumor efficacy.”® Therefore, BMS-
986156 has been evaluated as monotherapy and in
combination with checkpoint blockade in early clinical
development for the treatment of solid tumors
(NCT02598960). Recently, we have reported the clinical
dataset of this study indicating that BMS-986156 had a
tolerable safety profile and the combination cohort had
similar safety profile to that of nivolumab in patients with
advanced solid tumors. Both monotherapy and combination
therapy exhibited linear pharmacokinetics of BMS-986156.
However, the monotherapy failed to generate clinical
response, and in the combination cohorts the efficacy was
comparable with historical response rates for nivolumab.’ In
the current analysis, we aimed to characterize the pharma-
codynamic (PD) profile of BMS-986156 in this clinical trial
through exploratory biomarkers. To our knowledge, this is
the largest clinical PD dataset to date for a GITR agonist, with
or without an anti-programmed cell death protein 1 (PD-1)
checkpoint inhibitor, in a broad cancer patient population.

MATERIALS AND METHODS

Patients, study design, and treatment

NCT02598960 is an open-label, first-in-human, phase I/lla
trial investigating BMS-986156 as monotherapy and in
combination with nivolumab in patients with advanced
solid tumors. Generally, BMS-986156 and nivolumab were
administered intravenously every 2 weeks (Q2W) in 8-week
cycles, for up to three cycles. The escalation monotherapy
and combination therapy phases progressed concurrently,
wherein cohorts of patients received BMS-986156 mono-
therapy at doses of 10, 30, 100, 240, or 800 mg Q2W, or
combination BMS-986156 at 30, 100, 240, or 800 mg +
nivolumab at 240 mg Q2W. The 240 mg and 480 mg doses
of BMS-986156 (Q2W) were further investigated in the
expansion cohorts. In addition, a dose-expansion cohort
evaluating BMS-986156 480 mg every 4 weeks (Q4W) +
nivolumab 480 mg Q4W was included as well. Clinical trial
details have been disclosed previously.” All patients pro-
vided voluntary written informed consent for study entry
and analysis of blood and tumor samples. The study was
conducted in compliance with the protocol. The protocol,
any amendments, and the patient informed consent form
were reviewed and approved by an institutional review
board/independent ethics committee before initiation of
the study. Patients underwent tumor biopsy at both base-
line during screening (within 28 days before day 1 of the
study) and day 15 of cycle 1; however, on-treatment tumor
biopsy was not mandatory during dose escalation for
monotherapy. Additional information on patients, study
design, and treatment doses and schedules has been pub-
lished previously.’
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Immunophenotyping

For immunophenotyping flow cytometric analysis, we used
a T effector/memory panel that is capable of detecting
CDA45, CD3, CD4, CD8, CD27, CD45RA, CCR7, HLA-DR, CD38,
PD-1, CD152, and Ki67 (Supplementary Table S1, available
at https://doi.org/10.1016/j.esmoop.2023.100784) and an
NK panel that detects CD45, CD3, CD56, CD16, NKp46,
CD57, CD94, CD27, NKG2D, HLA-DR, Tim-3, and Ki67
(Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2023.100784). Patient blood samples were
collected in Cytochex BCT tubes and then managed by the
preferred study central lab. After red blood cell lysis, cells
were stained using fluorescently labeled antibodies specific
for the surface markers listed above. Samples were subse-
quently fixed, permeabilized, and then stained with an anti-
Ki67 antibody. Stained samples were analyzed on a Beck-
man Coulter Cytoflex S flow cytometer, and the resulting
data were analyzed using FlowJo v7 software (FlowJo LLC,
Ashland, OR).

Serum cytokines

Cytokine and soluble protein levels in patient serum were
measured using Luminex microbead immunoassays that
cover 75 analytes in four multiplex panels (catalog numbers:
HCYTMAG-60K-PX41; HCP2MAG-62K-PX23; HCYP3MAG-
63K-11; HSTCMAG-28SK-17; Millipore Sigma, Billerica,
MA). Luminex reagents were purchased from Millipore
Sigma, and the profiling assays were carried out following
manufacturer’s instructions for sample preparation, incu-
bation times and conditions, and reader settings. The Bristol
Myers Squibb in-house established protocol was followed
for sample/reagent volume and 384-well assay format.

Immunohistochemistry of patient biopsies

Immunohistochemistry (IHC) for programmed death-ligand
1 (PD-L1) (clone 28-8; Agilent/Dako PharmDx) was carried
out on 4-um-thick formalin-fixed paraffin-embedded (FFPE)
sections using a Leica Bond RX (Buffalo Grove, IL) by Mosaic
Labs (Lake Forest, CA). From whole slide images, geographic
readouts for single/double IHC-positive cells within tumors
were generated using Definiens image analysis software
(Cambridge, MA). PD-L1 expression was assessed in tumor
cell compartment (tumor proportion score); scoring was
carried out by a qualified pathologist in samples with a
minimum of 100 viable tumor cells. Paired tumor biopsies
from screening and cycle 1 day 15 (C1D15) were available
from 86 patients representing multiple tumor types,
including bladder (n = 12), cervical (n = 19), hepatocellular
carcinoma (n = 6), head and neck (n = 16), non-small-cell
lung (n = 12), ovarian (n = 18), and other (n = 3).

Gene expression profiling

Gene expression data were generated from 64 subjects with
paired FFPE tumor biopsy samples from screening and
C1D15 on the targeted gene expression HTG EdgeSeq
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platform (HTG Molecular, Tucson, AZ) including 3083 probes.
Data were transformed into log, trimmed mean of M-values
normalized counts per million before analysis based on
manufacturer’s instructions. Gene signature scores were
calculated as the arithmetic mean of the expression level of
genes included in the signatures including immune
signatures for interferon-y (IFN-y) pathway activation,
inflammation, and cytolytic activity (PRF1, GZMA).****

Statistical analysis

Flow cytometry and cytokine data were log, transformed
for analysis. Differences between on-treatment and base-
line variables were analyzed by a linear mixed-effects model
with Dunnett post hoc test for flow cytometry data and by
paired t-test for cytokine data. Changes in IHC and gene
expression markers were compared between paired base-
line and on-treatment patient samples using a Wilcoxon
signed rank test. P < 0.05 was considered statistically sig-
nificant for all comparisons.

RESULTS

Modulation of peripheral PD biomarkers in patients with
advanced solid tumors treated with BMS-986156 in
monotherapy or in combination with nivolumab

BMS-986156 is a fully agonistic human 1gG1 mAb that binds
to primary human activated CD4" and CD8" T cells with
high affinity (ECso: 0.42-0.44 nM).® We previously reported
general enhanced proliferation of T cells and NK cells in the
whole blood of patients receiving BMS-986156 mono-
therapy or BMS-986156 + nivolumab combination in the
dose-escalation part of the trial.’ Further analysis by
multicolor flow cytometry-based immunophenotyping of
peripheral blood from patients enrolled in the expansion
cohorts suggested an increased frequency of cycling (Ki67™")
and activated (HLA-DRTCD38™") effector and central mem-
ory CD41 and CD8" T cells (Ki67" CCR7 CD45RA™ and
Ki67" CCR7TCD45RA™, respectively) after treatment with
BMS-986156 in combination with nivolumab (n = 30)
(Figure 1A-D). In agreement with these data, an increased
frequency of HLA-DR™ and Ki67" within the CD57" NK cell
subset was observed after the combination therapy (n =
26) (Figure 1E and F). In addition, the peak increase in Ki67 ™"
and HLA-DR™ T- and NK cell subpopulations occurred 7 days
after infusion (C1D8) (Figure 1).

To assess the effect of BMS-986156 with or without
nivolumab on cytokine production, we investigated circu-
lating levels of relevant cytokines in patient serum samples
at baseline (C1D1) and during treatment (C1D15). Signifi-
cant increases in serum levels of several proinflammatory
cytokines, including IFN-y-induced chemokines such as MIG
(CXCL9), IP-10 (CXCL10), I-TAC (CXCL11), and MIP-38
(CCL19), were observed when BMS-986156 was adminis-
tered in combination with nivolumab (n = 169) (Figure 2A).
BMS-986156 monotherapy induced only a trend toward
increased expression of these cytokines (n = 30)
(Figure 2B). However, there were no clear dose-dependent
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effects on cytokine levels or peripheral immune cell prolif-
eration in the dose-escalation study of BMS-986156 (data
not shown). Although there was a certain degree of vari-
ability associated with kinetics of cytokine modulation, the
peak timing for cytokine increase occurred 14 days after
infusion at C1D15, and this is consistent between mono-
therapy and combination therapy (Figure 2).

Effect of BMS-986156 on expression of PD-L1 and immune-
related genes in tumor tissue

IHC and gene expression analysis was carried out to assess
PD changes in PD-L1 and other immune-related markers in
tumor tissue. Percent PD-L1-positive tumor cells by IHC
were found to be modestly up-regulated upon treatment
with combination therapy (Figure 3A, P = 0.02). Through
paired tumor biopsy gene expression analysis, we did not
observe changes in expression of TNFRSF18 (encoding GITR)
as well as other TNFR superfamily members such as
TNFRSF9 (encoding CD137). Trend towards increased CD3E
and CD8A messenger RNA levels was observed, but statis-
tical significance was not achieved. In addition, genes
indicative of T- and NK cell activation and function, such as
IFNG and GZMB, did not show significant changes upon
treatment with BMS-986156 and nivolumab combination
(Figure 3B). Gene expression signatures indicative of tumor-
infiltrating immune cells, IFN-y pathway activation, inflam-
mation, and/or cytolytic activity were also interrogated;
however, no major changes during treatment were
observed. The data suggest that the combination treatment
did not elicit significant immune response in tumor tissue,
in contrast to the changes observed in peripheral blood.

DISCUSSION

The success of immune checkpoint inhibitors such as PD-(L)
1 and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
antibodies has revolutionized treatment options for cancer
patients.”*** Although this class of agents has demon-
strated significant antitumor efficacy across a broad range
of tumor types, only a subset of patients appear to derive a
long-term benefit from these therapies. In addition, cancer
patients who progressed on prior immune checkpoint in-
hibitors have limited treatment options.*>*’ Therefore,
development of new immunotherapeutic strategies that
can overcome various immune-suppressive and resistance
mechanisms represents a high unmet need. It was hy-
pothesized that activation of co-stimulatory molecules on T
cells may further potentiate immune responses induced by
immune checkpoint blockade, potentially leading to
enhanced clinical benefit.®*® To date, several agonists of co-
stimulatory receptors have entered clinical trials, including
anti-GITR agonistic antibodies.™®

Preclinical studies have demonstrated that GITR activa-
tion could synergize with PD-1/PD-L1 blockade and thus
lead to potent antitumor immunity.®’ Results from various
murine models suggested a dual mechanism of action
(MOA) for GITR agonist therapy attributable to both
reduction of regulatory CD4" T cells and activation of
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Figure 1. Effect of BMS-986156 + nivolumab on proliferating T- and natural killer (NK) cell subpopulations in peripheral blood from patients with advanced solid
tumors. Flow cytometric quantification of the frequency of (A) Ki67"CD38"HLA-DRTCD4 ™" effector memory T cells, (B) Ki67TCD38 "HLA-DRCD8™ effector memory T
cells, (C) Ki67*CD38"HLA-DR*CD4" central memory T cells, (D) Ki67*CD38"HLA-DR*CD8™ central memory T cells, (E) Ki67"CD57" NK cells, and (F) HLA-DR*CD57"
NK cells in patient peripheral blood at pretreatment (C1D1) and various post-treatment time points. See Supplementary Table S3, available at https://doi.org/10.1016/
j.esmo0p.2023.100784, for summary of P values.
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Figure 2. Effect of BMS-986156 t nivolumab on serum cytokine levels. Serum levels in patients treated with (A) BMS-986156 + nivolumab combination or (B) BMS-
986156 monotherapy of MIG (CXCL9), IP-10 (CXCL10), I-TAC (CXCL11), and MIP-3( (CCL19) at pre- (C1D1) and on-treatment (C1D15) time points as measured by the

Luminex cytokine assay. *P < 0.0001 between C1D1 and C1D15.

cytotoxic effector CD8™ T cells in the tumor.” However, to
date, there are limited clinical data to confirm whether this
MOA would translate from mouse models to patients.
Therefore, we recently published our clinical data from the
dose-escalation/dose-expansion phase I/lla study of BMS-
986156 with or without nivolumab in 292 patients with
advanced solid tumors.® We did not observe a clear signal
of clinical activity of BMS-986156 that would support GITR
agonism as an effective therapeutic strategy in a broader
cancer patient population.® Here, we present PD biomarker
data from this first-in-human study to expand our under-
standing of peripheral and tumor PD effects in the context
of BMS-986156 therapy.

In patients receiving BMS-986156 as monotherapy in the
dose-escalation part of the study, we observed a trend to-
ward an increase in proliferating (Ki67") CD8 T- and NK cell
counts’ accompanied by an enhancement of proin-
flammatory cytokine production (Figure 2); however, these
data were based on a small number of available samples.’
Furthermore, we report a significant increase in fre-
quencies of proliferating and activated effector or central
memory T cells, as well as proliferating CD57" NK cells in
the cohorts of patients receiving BMS-986156 + nivolumab
(Figure 1). In addition, a robust increase in circulating levels
of Th1 cytokines further confirmed treatment-induced pe-
ripheral immune cell activation (Figure 2). Nevertheless,
historical data indicated similar peripheral immune activa-
tion induced by anti-PD-1 therapy.”*** Therefore, without a
head-to-head comparison to nivolumab monotherapy, dis-
secting the contribution of BMS-986156 and nivolumab to
the PD effects observed in the combination therapy cohorts
is not feasible. In addition, there were no clear dose-
dependent changes in peripheral PD biomarker levels in
patients treated with BMS-986156 alone or combined with
nivolumab which could potentially be due to the unselected

Volume 8 m Issue 2 m 2023

and/or heterogeneous patient population in the dose-
escalation part of the study.

Preclinical studies have suggested that the therapeutic
activity of GITR agonists is associated with enhancement of
effector CD8" T-cell responses and decrease in Tregs.”
A recent report has further demonstrated that GITR
agonist could reduce circulating and intratumoral Tregs in
patients with advanced refractory tumors, although no
significant association to clinical response was observed.?®
In these analyses, we did not observe a strong evidence
of tumor CD8" T-cell infiltration or Treg depletion upon
treatment with BMS-986156 + nivolumab combination in
patients with advanced solid tumors.” While tumor PD-L1
was very modestly up-regulated upon the combination
treatment, we did not observe changes in expression of
genes associated with the T-cell inflamed phenotype.
Expression of TNFR superfamily members, such as GITR or
CD137, which would be indicative of T-cell activation,
remained largely unchanged during treatment with BMS-
986156 + nivolumab combination. The lack of tumor PD
effect should be interpreted with caution as these results
could also be attributable to intra- and intertumor hetero-
geneity and/or early tumor biopsy (at day 15 of cycle 1)
conducted in this trial. In addition, although the pharma-
cokinetics of BMS-986156 was linear and exhibited a dose-
related increase in exposure that was not affected in
combination with nivolumab,’ the operational challenges of
obtaining serial on-treatment tumor samples prevented us
from confirming the intratumor drug concentration.
Therefore, despite clear evidence of biological activity of
BMS-986156 in peripheral blood, evidence of immune
modulation in the tumor microenvironment is lacking.

In conclusion, in the current work we have summarized
peripheral and tumor PD activity data from the phase I/l
trial of GITR agonist (BMS-986156) with or without
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Figure 3. Tumor expression of PD-L1 and immune-related genes during treatment with BMS-986156 + nivolumab. (A) Effect of BMS-986156 + nivolumab on tumor
PD-L1 expression assessed by IHC as % of PD-L1-positive tumor cells (TPS, tumor proportion score), P = 0.02. (B) Gene expression levels of CD3E, CD8A, GZMB, IFNG,
TNFRSF18 (GITR), and TNFRSF9 (CD137) upon treatment with BMS-986156 + nivolumab combination.

BOR, best overall response; CR, complete response; GITR, glucocorticoid-induced tumor necrosis factor receptor-related protein; IHC, immunohistochemistry; NE, not
evaluable; PD, progressive disease; PD-L1, programmed death-ligand 1; PR, partial response; SD, stable disease.

nivolumab. To our knowledge, this is by far the largest
clinical biomarker dataset investigating PD activity of GITR
agonist therapy, with or without PD-(L)1 blockade. We
demonstrate that while BMS-986156 in combination with

6 https://doi.org/10.1016/j.esmoop.2023.100784

nivolumab elicited the anticipated PD effects in peripheral
blood, there was no effector T-cell activation or Treg
depletion in the tumor microenvironment upon treatment
with BMS-986156. Similar results of limited clinical activity
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and inadequate immunological response were also reported
from the clinical trials of other GITR agonist antibodies.”***
The current biomarker data complement our recent publi-
cation on the clinical activity of BMS-986156 + nivolumab,’
and could explain, at least in part, the lack of therapeutic
benefit from the GITR agonist in combination with nivolu-
mab in an unselected population of cancer patients.
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