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ABSTRACT

Background Immunotherapies targeting immune
checkpoint inhibitors have revolutionized cancer
treatment but are limited by incomplete patient responses.
Costimulatory agonists like 0X40 (CD134), a tumor
necrosis factor receptor family member critical for T-

cell survival and differentiation, have shown preclinical
promise but limited clinical success due to suboptimal
receptor activation. Conventional bivalent 0X40 agonists
fail to induce the trimeric engagement required for optimal
downstream signaling. To address this, we developed
INBRX-106, a hexavalent 0X40 agonist designed to
enhance receptor clustering independently of Fc-mediated
crosslinking and boost antitumor T-cell responses.
Methods We assessed INBRX-106's effects on receptor
clustering, signal transduction, and T-cell activation

using NF-kB reporter assays, confocal microscopy, flow
cytometry, and single-cell RNA sequencing. Therapeutic
efficacy was evaluated in murine tumor models and ex
vivo human samples. Clinical samples from a phase I/

Il trial (NCT04198766) were also analyzed for immune
activation.

Results INBRX-106 demonstrated superior receptor
clustering and downstream signaling compared with
bivalent agonists, leading to robust T-cell activation and
proliferation. In murine models, hexavalent 0X40 agonism
resulted in significant tumor regression, enhanced
survival, and increased CD8" T-cell effector function.
Clinical pharmacodynamic analysis in blood samples
from patients treated with INBRX-106 showed heightened
T-cell activation and proliferation, particularly in central
and effector memory subsets, validating our preclinical
findings.

Conclusions Our data establish hexavalent INBRX-106
as a differentiated and more potent 0X40 agonist,
showecasing its ability to overcome the limitations of
conventional bivalent therapies by inducing superior
receptor clustering and multimeric engagement. This
unique clustering mechanism amplifies 0X40 signaling,
driving robust T-cell activation, proliferation, and effector
function in preclinical and clinical settings. These findings
highlight the therapeutic potential of INBRX-106 and

its capacity to redefine 0X40-targeted immunotherapy,
providing a compelling rationale for its further clinical
development in combination with checkpoint inhibitors.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Agonism of costimulatory receptors, such as 0X40,
is a therapeutic strategy complementary to immune
checkpoint blockade but has not demonstrated sig-
nificant therapeutic activity to date. However, prior
conventional agonists evaluated in the clinic were
bivalent antibodies that are inefficient at facilitat-
ing the trimeric engagement required for maxi-
mal receptor engagement and downstream signal
activation.

WHAT THIS STUDY ADDS

= This study introduces INBRX-106, a novel hexava-
lent 0X40 agonist designed to address the short-
comings of earlier-generation bivalent agonists.
INBRX-106 enhances receptor clustering, signal
transduction, and downstream activation resulting
in significantly greater CD4* and CD8* T-cell pro-
liferation and activation in vitro and in vivo. These
effects translated into improved tumor regression
and survival in murine models.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This is the first study to provide evidence that a
hexavalent OX40 agonist can achieve superior re-
ceptor clustering and signaling, leading to enhanced
antitumor T-cell responses. These findings offer
new mechanistic insights and establish a strong ra-
tionale for advancing INBRX-106 into clinical trials
(NCT04198766), with the potential to redefine co-
stimulatory receptor-targeted therapies in oncology.

INTRODUCTION

Cancer immunotherapy seeks to amplify the
antitumor cytotoxic potential of the immune
system and has significantly transformed
the oncology treatment landscape. Immune
activation is regulated through a variety of
costimulatory and inhibitory signals.' * Treat-
ment with immune checkpoint blockade
(ICB) blocks inhibitory signals of checkpoint
proteins such as cytotoxic T-lymphocyte asso-
ciated protein 4 (CTLA-4), programmed cell
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death protein 1 (PD-1), and programmed death-ligand
1 (PD-L1), thereby relieving T-cell inhibition and conse-
quently enhancing antitumor activity.' > To date, ICB of
PD-(L)1, either alone or in combination, has resulted in
improved survival and has become the standard of care
across various indications.® * Despite the success of ICB,
not all tumor types and patients respond, and relapses
occur frequently, highlighting the promise of finding
more efficacious cancer immunotherapies.”°®

Following T-cell activation through the T-cell receptor
and B7/CD28-mediated costimulation, further signaling
is necessary to potentiate T-cell expansion, differenti-
ation, and survival to support the generation of potent
antitumor responses. Several groups have evaluated the
ability of costimulatory receptor agonists to amplify T
cell-mediated antitumor immunity.” Specifically, OX40
(CD134) is a costimulatory receptor belonging to the
tumor necrosis factor receptor (TNFR) superfamily” ®
and is expressed on activated immune cells, particularly
CD4" and CD8" T cells, although it can be expressed by
other immune cells including neutrophils and natural
killer cells.” “" Tcell costimulation through OX40
significantly enhances T-cell proliferation, survival, and
effector function.” ® '* Additionally, depending on the
local microenvironment, OX40 agonism can affect the
inhibitory function of regulatory Foxp3'CD4" T cells
(T,.,), potentially reducing their suppressive activity and
contributing to a more robust and unhindered antitumor
response.l?’_19

Despite ample preclinical data supporting OX40-
induced T cell-mediated antitumor efficacy, previously
evaluated OX40 agonists, primarily bivalent monoclonal
antibodies (mAbs), have not shown significant clinical
activity in patients.”*” One possible explanation for
the lack of therapeutic efficacy is suboptimal receptor
activation. Binding of the endogenous trimeric OX40
ligand to three OX40 molecules is essential for initi-
ating downstream signaling;’ ® however, super-clustering
of costimulatory TNFRs, including OX40, is critical for
optimal signaling.***’ Most OX40 agonists that have been
evaluated clinically are bivalent mAbs, suggesting that
candidates capable of promoting higher-order receptor
clustering may be more likely to intensify the downstream
signaling cascade and promote more potent antitumor
immunity.Q 2891

INBRX-106 is a novel hexavalent OX40 agonist,
comprised of six identical single domain antibodies
(sdAbs) targeting OX40, joined end-to-end with a native
human IgGl Fc constant domain,” designed to over-
come limitations of earlier-generation bivalent OX40. We
hypothesize that a hexavalent agonist will further inten-
sify the clustering of intracellular signaling components
resulting in a greater magnitude of downstream signaling.
This distinct hexavalent structure was engineered to
allow INBRX-106 to engage multiple OX40 receptors and
induce higher-order clustering, resulting in stronger acti-
vation of the OX40 costimulatory signaling pathway. Addi-
tionally, OX40 receptor clustering allows the intracellular

signaling components recruited by receptor activation to
form a clustered network, potentially allowing signaling
cooperativity between neighboring complexes.” Here,
we present preclinical characterization of INBRX-106
and examine the impact of its higher valency on receptor
clustering, downstream signaling, cell activation, prolifer-
ation, and subsequent antitumor activity. Finally, we also
demonstrate robust biological activity in humans as indi-
cated by costimulatory T-cell activity in patients treated
with INBRX-106.

METHODS

Compounds

INBRX-106 and INBRX-106(m) (Inhibrx, La Jolla, Cali-
fornia, USA) were used for human in vitro and murine in
vivo studies, respectively, and are comprised of six iden-
tical OX40-targeting sdAbs (figure 1A) with a functional
Fc domain (human, IgGl; murine, IgG2). An analog of
human bivalent agonistic OX40 antibody vonlerolizumab
(MOXRO0916a) and a tetravalent version of INBRX-
106 was also generated. The humanized hexavalent
OX40L:IgG fusion protein links the extracellular domain
of human OX40L to the Fc domain of a human IgGl
via a trimerizing isoleucine zipper domain (provided by
Andrew Weinberg, EACRI).” Control rat IgG2a (Bio X
Cell; Lebanon, New Hampshire, USA) and agonist murine
anti-OX40 mAb (IgG2a; OX86 clone; Absolute Antibody;
Oxford, UK) were diluted in phosphate-buffered saline
(PBS) prior to use.

Cell culture

Murine CT26 (BALB/c, ATCC; Manassas, Virginia, USA;
RRID:CVCL_7254) and MCA-205 (C57BL/6, ATCC;
RRID:CVCL_VR90) cells, and healthy donor human
peripheral blood mononuclear cells (PBMCs) were
cultured in Roswell Park Memorial Institute (RPMI)-
1640 medium (Gibco; Miami, Florida, USA). Culture
mediums were supplemented with 10% fetal bovine
serum, 10mmol/L HEPES (4-(2-hydroxyethyl)-1-pipera
zineethanesulfonic acid), 1% non-essential amino acids,
1% sodium pyruvate (Lonza; Basel, Switzerland), and
1% penicillin/streptomycin (Thermo Fisher; Waltham,
Massachusetts, USA). Cell line identity was verified
through monthly assessment of morphology and growth
kinetics. Cell lines were tested annually using MycoAlert
Mycoplasma Detection Kits (Lonza).

PBMC isolation from healthy donors

Leukopaks from healthy donors were purchased from
STEMCELL Technologies (Vancouver, California, USA)
with prior institutional review board (IRB) approval.
PBMCs were then isolated using Ficoll density gradient
centrifugation. Whole blood was diluted with PBS/2%
fetal bovine serum (FBS) and gently loaded onto a 50 mL
conical tube containing 15mL of Lymphoprep (STEM-
CELL). Cells were collected according to the Lymph-
oprep isolation protocol and resuspended in CryoStor
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Figure 1 INBRX-106 induces greater downstream signaling and receptor clustering over traditional OX40 agonists. (A)
Schematic representing the design of OX40 agonists evaluated. Bivalent—in-house generated sequence analog of human
bivalent IgG agonistic OX40 antibody vonlerolizumab (MOXR0916a); tetravalent OX40 agonist—four identical sdAbs targeting
human OX40 joined end to end with an IgG constant domain; hexavalent OX40L:IgG fusion protein—a humanized OX40
agonist with a linked extracellular domain of human OX40L to the Fc domain of a human IgG1 via a trimerizing isoleucine zipper
domain®; hexavalent INBRX-106 and its mouse surrogate —six identical sdAbs targeting OX40 (human or mouse) joined end to
end with an IgG constant domain. (B) Potency of OX40 agonists on binding to OX40. Jurkat cells were treated with increasing
concentrations of bivalent agonist (MOXR0916a), tetravalent agonist, and hexavalent agonists OX40L:lg or INBRX-106 and then
luciferase signal was measured. Graphs depict the mean+SEM. (C) Confocal microscopy imaging of cellular OX40 clustering.
High-resolution confocal microscopy images of CHO cells expressing either OX40-GFP alone, AF647 secondary antibody, or an
overlay are shown in the left, middle, and right, respectively. Pixel intensities of GFP (green) and AF647 (magenta) across the cell
are shown on the line profile graphs. All images are representative of at least 10 images from three independent experiments.
GFP, green fluorescent protein; sdAbs, single domain antibodies.
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freezing media (Biolife Solutions, Bothell, Washington,
USA). Cells were frozen at 1°C per hour overnight in a
-80°C freezer using a Corning CoolCell Container and
stored in liquid nitrogen. All samples analyzed were
thawed at 37°C for 5min and washed for further studies.

In vitro T-cell assays with healthy donor PBMCs

PBMCs were resuspended in complete media and
counted on an automated cell counter using trypan blue
to exclude dead cells. Pan T cells or purified CD4" or
CDS8" T cells were used to evaluate proliferation and acti-
vation in the presence of OX40 agonism. EasySep Human
T cell CD4" or CD8" isolation kits were used to enrich for
desired populations following manufacturer’s protocol
(STEMCELL Technologies). Cells were resuspended at
20x10° cells/mL in labeling buffer with CellTrace Violet
(Invitrogen) at a final dilution of 1:1,000. Cells were
resuspended in complete media, suboptimally stimulated
with anti-CD3 (OKT3) coated beads ata 2:1 T cell to bead
ratio for 20 min and plated at 1.5x10° cells/well in 96-well
U-bottom plates for pan T cells or 1x10° cells/well for
purified CD4" or CD8" T cells. After 20min incubation
at room temperature (RT), OX40 agonists were added.
Cells were incubated at 37°C and cell activation (online
supplemental tablet S1) and proliferation were measured
by flow cytometry after 4 days.

Cell-based 0X40 activation assay

Potency of OX40 agonists on binding to OX40 was eval-
uated using the OX40 Bioassay Propagation Model™
(Promega; Madison, Wisconsin, USA), consisting of
engineered Jurkat cells expressing human OX40 and a
luciferase reporter driven by response to OX40 ligand/
agonists. Cells were treated with serial dilutions of OX40
agonists for 5hours at 37°C, 5% CO,. Luciferase produc-
tion was quantified using commercial Bio-Glo Lucif-
erase detection reagent. Luminescence signals were
detected on a plate reader and relative luminescence
units were plotted against corresponding OX40 agonist
concentrations.

Confocal microscopy

CHO cells, previously cultured in BalanCD CHO medium
(Fuji; Tokyo, Japan), were transiently transfected with a
plasmid driving expression of full-length human OX40
(RefSeq: NM_003327.2) fused to green fluorescent
protein (GFP) at the C-terminus. ExpiCHO-S cells were
transfected (3:1) with PEI MAX high potency linear poly-
ethyleneimine hydrochloride (Polysciences; Warrington,
Pennsylvania, USA) and pCMV3-OX40-C-GFPSpark (Sino
Biological; Beijing, China). Each was diluted separately
in Opti-MEM (Ix) GlutaMAX Reduced Serum Medium
(Gibco) before combining for 5min at RT. PEI-DNA solu-
tion was added to cells and incubated for 14 hours (37°C;
8% CO,). OX40-expressing cells were identified based on
GFP expression using an iQue Screener Plus (IntelliCyt;
Albuquerque, New Mexico, USA) and sorted based on an

intermediate-to-high level of GFP expression, excluding
the brightest cells.

To assess the effects of OX40 agonists on receptor
clustering, 4x10* OX40-expressing cells were plated on
an eight-well glass-bottom chamber (Ibidi; Grafelfing,
Germany) previously coated with Collagen IV (Corning;
Corning, New York, USA) as per manufacturer’s recom-
mendation. Cells were incubated with 5nM or 25nM of
either hexavalent INBRX-106 or bivalent MOXR0916a,
respectively, for 1 hour at 37°C, fixed with methanol-free
4% PFA (Electron Microscopy Sciences; Hatfield, Penn-
sylvania, USA), stained with AF546 Phalloidin (33nM,
Thermo Fisher; Waltham, Massachusetts, USA), and
AF647-labeled secondary antibody (Jackson ImmunoRe-
search; West Grove, Pennsylvania, USA 1:200 for 30 min)
before Hoechst nucleus staining (5pg/mL for 10min;
Thermo Fisher). Cells were washed with PBS and overlaid
with mounting medium (Ibidi). Images were acquired
using a ZEISS LSM 980 confocal microscope and analyzed
using ZEN analysis software. Imaging was done with 405,
488, 561, and 639nm lasers at 1%, 0.5%, 1%, and 0.2%
power, respectively, using 405, and 488/561/639 main
beam splitters. A 20x0.8 NA(numerical aperture) objec-
tive was used, and pixel size was set to 124nm. Scan mode
was set to unidirectional frame with a 1.34 ps pixel dwell
time. Z-stacks spanning whole cells were collected with a
1.5 pm step size, with a pinhole set to 1 Airy unit. Fluo-
rescence signals from DNA, GFP, cytoskeleton, and test
articles were collected using four tracks with spectral
ranges set to 428-499nm, 490-570nm, 570-597 nm, and
645—-696 nm using gallium arsenide phosphate photomul-
tipliers for visible range and a multialkali photomultiplier
for infrared.

In vivo tumor studies

6-8 weeks old female BALB/c (RRID:IMSR_JAX:000651)
and C57BL/6] (RRID: ISMR_JAX:00064) mice obtained
from Jackson Laboratories (Bar Harbor, Maine, USA),
were maintained under specific pathogen-free conditions
in the Earle A. Chiles Research Institute vivarium at Provi-
dence Portland Medical Center (Portland, Oregon, USA).
Experimental procedures were performed according to
the National Institutes of Health Guide for the Care and
Use of Laboratory Animals and in accordance with the
Institutional Animal Care and Use Committees. 1x10°
(CT26 or MCA-205) tumor cells were inoculated subcu-
taneously in right flanks of wild-type mice. Tumor growth
was monitored using two-dimensional (lengthxwidth)
caliper measurements 2-3 times per week. Treatments
began 8days following implant, when tumors reached
40-60mm®. Mice received control (rat IgG2a; 250 pg/
dose; intraperitoneal (ip)), bivalent OX40 agonist (OX86
IgG2a; 250 ng/dosex2; ip), or hexavalent OX40 agonist
(INBRX-106m; 10pg/single dose; intravenous). Tumor
size was measured until all animals reached a primary
endpoint (tumor-free or total tumor burden >175mm?).
T-cell depletion experiments were performed using
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200pg anti-CD4 (clone GK1.5) or 200 pg anti-CD8 (clone
53-6.7).

Tumor and lymph node collection and processing

Tumors were harvested 4 or 7days post-treatment and
digested in 1 mg/mL collagenase and 20mg/mL DNase
(Sigma; St. Louis, Missouri, USA) in serum-free RPMI-
1640 for 30min at RT. Tumor-infiltrating lymphocytes
(TIL) were filtered through 70 pm nylon mesh (Cell Treat;
Pepperell, Massachusetts, USA), washed with 10mL 10%
complete RPMI (cRPMI), and collected by centrifuga-
tion (1,500rpm, 4min). Pelleted cells were resuspended
for staining and analysis by flow cytometry or single-cell
RNA sequencing (scRNA-seq) (see below). Lymph nodes
(LNs) were harvested 4 and 7days post-treatment and
processed to obtain single-cell suspensions. Red blood
cells were lysed with ACK buffer (Lonza) for 2min at RT.
Cells were rinsed with cRPMI (Thermo Fisher) and resus-
pended and incubated with fluorescence-conjugated anti-
bodies (online supplemental table S2) for 30 min at 4°C
in the dark.

Patient samples

Peripheral blood was collected from patients with
advanced unresectable or metastatic solid tumors enrolled
in a phase 1 dose-escalation clinical trial (NCT04198766).
All human subjects were assessed for medical decision-
making capacity using a standardized, approved assess-
ment and voluntarily gave informed consent before
being enrolled in the study. Patients were administered
0.1-3mg/kg of INBRX-106 as a monotherapy or in
combination with 200-400mg of pembrolizumab (every
21 days). Blood samples were collected prior to treatment
(C1D1), 15 days post-treatment (C1D15), or 21 days post-
treatment (C1D21). Blood samples were drawn into BD
Vacutainers according to the manufacturer’s protocol.
Fresh whole blood was evaluated with same-day analysis as
described previously.” * Briefly, heparinized whole blood
was stained with a cocktail of antibodies to identify T-cell
subsets (online supplemental table S3). For intracellular
targets (ie, Ki-67), cells were fixed and permeabilized with
eBioscience FOXP3/Transcription Factor Staining Buffer
Kit (Thermo Fisher) followed by incubation with staining
antibodies (online supplemental table S3). Samples were
acquired with a BD LSRFortessa (BD Biosciences).

Flow cytometry: antibodies and reagents

For TIL and LN phenotyping, single cell suspensions
were stained for 30min in the dark with combinations
of surface markers (online supplemental table S2). Cells
evaluated only for surface proteins or scRNA-seq were
re-ssuspended in flow wash buffer containing PBS/2%
FBS/5mM EDTA or PBS/0.5% bovine serum albumin
(BSA), respectively. All samples evaluated for intracel-
lular proteins were stained with fixable viability dye
LIVE/DEAD Green (Thermo Fisher) together with
surface markers prior to fixation/permeabilization. Cells
were fixed and permeabilized following manufacturer’s

instructions  (FOXP3/Transcription Factor Staining
Buffer Set, Thermo Fisher) and stained with intracellular
targets (online supplemental table S2). Flow cytometry
data was acquired on a Cytek Aurora spectral cytometer
(B 16UV-16V-14B-10YG-8R). Spectral channels were
unmixed on SpectroFlow software using fluorophore-
specific single color controls using compensation beads
(Thermo Fisher) and cells for viability dyes. All post-
acquisition analysis was performed using FlowJo software
(V.10.3) or OMIQ.

Single-cell RNA sequencing

CT26 tumors were harvested from mice 7days post-
treatment (n=5/treatment group). scRNA-seq libraries
were generated using the Chromium Single Cell 3’
Library and Gel Bead Kit V.3.1 (10x Genomics; Pleas-
anton, California, USA). After reverse transcription,
gel beads in emulsion were disrupted using the Kkit’s
recovery agent following manufacturer’s instructions
(10x Genomics). Barcoded complementary DNA was
isolated and amplified by PCR (12 cycles). Following frag-
mentation, end repair, and A-tailing, sample indexes were
added during index PCR (10x Genomics). Samples were
resuspended at a concentration of 5ng/pL and added in
equal volumes to Illumina sequencing chips. scRNA-seq
was performed using Illumina NovaSeq 6000. Data was
analyzed using Seurat and BBrowserX (Bioturing). Briefly,
for quality control, cells with the highest (top 0.2%) or
lowest (bottom 0.2%) numbers of detected genes were
excluded for downstream analyses. Genes of interest, or
highly variable genes to be used for downstream analysis,
were selected based on a dispersion value greater than 3.
Dimensionality reduction by principal component anal-
ysis (PCA) was performed using variable genes. Uniform
Manifold Approximation and Projection (UMAP) plots
were generated based on PCA dimensions. Cell types
were annotated with BioTuring’s cell type ontology, iden-
tified by gating on relevant gene expression.

Statistical analyses

Graphs show cumulative results with bar representing
mean+SEM and each symbol representing results from
independent experiments or experimental replicates.
Statistical analyses were performed with Prism (V.10;
GraphPad Software) or R to determine statistical signif-
icance as indicated using a Student’s t-test, one-way anal-
ysis of variance (ANOVA), two-way ANOVA, or repeated
measures ANOVA as appropriate along with Dunnett’s
multiple comparisons tests. Spearman’s correlation was
used to correlate peripheral blood lymphocyte and TIL
populations with tumor size, and Kaplan-Meier plots and
log-rank tests were used for tumor survival analysis. A
p<0.05 was considered significant.
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RESULTS

Enhancing 0X40 signaling potency induced by multivalent
0X40 agonists

Potent agonism of TNFRSF members, such as OX40,
generally requires trimeric-ligand induced high-order
receptor clustering on the cell membrane. There-
fore, we hypothesized that multivalent engagement of
OX40 would enable stronger downstream signaling.
Canonically, OX40L-trimers bind to OX40 inducing
receptor clustering resulting in downstream activation
and translocation of nuclear factor kappa B (NF-kB)
to the nucleus to facilitate interleukin-2 transcription,
leading to lymphocyte expansion and differentiation.
To investigate the impact of increased valency on this
process, we used Jurkat cell lines expressing human
OX40 and an NF-kB luciferase reporter.’ The effect of
OX40 agonists on receptor activation and downstream
signaling was measured by luciferase expression. OX40-
signaling reporter cells were incubated with either a biva-
lent OX40 agonist (MOXR0916a), a tetravalent agonist,
or two different hexavalent agonists, OX40L:Ig fusion
protein and INBRX-106 (figure 1A) and then lumines-
cence was quantified. Conventional bivalent antibodies
resulted in some OX40-induced activation, as previously
reported.z7 However, tetravalent agonists led to improved
signaling compared with bivalent agonism, and hexava-
lent agonism induced a further and marked increase in
OX40-driven reporter activity (figure 1B). Overall, these
results support the hypothesis that higher valency results
in stronger activation of OX40 signaling.

INBRX-106 induced higher clustering of the 0X40 receptor

To dissect the mechanisms underlying the differences in
downstream signaling potency between hexavalent and
bivalent agents, we explored receptor clustering on CHO
cells expressing a human OX40 extracellular domain
coupled to GFP. Given that MOXR0916 was previously
evaluated in the clinic we selected its analog, MOXR0916a,
as a bivalent control to directly compare with INBRX-
106 and evaluated their binding by confocal microscopy.
Maximum intensity projection images revealed differ-
ences in receptor distribution patterns between the two
agonists on binding. INBRX-106 induced distinct clusters
while the bivalent MOXR0916a exhibited more dispersed
staining throughout the same cell surface as revealed by
the white gatherings in the overlay. Enhanced receptor
clustering induced by the hexavalent agonist was demon-
strated by high levels of co-occurrence of the two signals on
the cell membrane, correlating with receptor clusters and
internalization (figure 1C). The bivalent agonist elicited
modest signal association on the cell membrane but did
not lead to aggregation and accumulation of both signals
inside the cell. As expected, control-treated cells showed
no signal, and therefore no co-occurrence. Clustering was
additionally evaluated by line profiles on single 1.5pm
optical sections, which demonstrate a greater correlation
of GFP-tagged receptor and INBRX-106, shown as spikes
in these graphs. For the bivalent MOXR0916a, there was

receptor-antibody association on the cell membrane, but
not intracellularly (figure 1C). Thus, while both agonists
induce OX40 receptor clustering, INBRX-106 induces
more robust receptor aggregation and internalization,
which may promote increased signal accumulation and
enhanced activity. Together, these data provide evidence
that functional agonism correlates with distinct patterns
of receptor clustering, with INBRX-106 generating more
prominent OX40 clustering, thereby likely facilitating
stronger downstream signaling.

INBRX-106 enhances T-cell activation in vitro

0OX40 agonism is known to increase T-cell proliferation,
effector function, and survival. To measure the extent to
which increased valence of OX40 agonism impacts T-cell
function, we measured the proliferation and activation of
T cells suboptimally activated with anti-CD3 in the pres-
ence of OX40 agonists. Changes in T-cell proliferation
were measured by alterations in fluorescence intensity
of the CTV stain/peak, where shifts below the undi-
vided parental peak denote proliferation (online supple-
mental figure 1). In human pan-T cell cultures, increased
CD4" and CD8" T-ell proliferation was observed after
0OX40 engagement, with maximum enhancement noted
between 0.1-0.5nM INBRX-106 and 10-100nM OX40L
fusion protein (hexavalent OX40L:Ig) (figure 2A-B).
Furthermore, INBRX-106 induced statistically significant
proliferation and activation effects at lower concentra-
tions than the hexavalent OX40 fusion protein, when
compared with the bivalent agonist. These oligomeri-
zation effects were also observed in a separate donor,
although we were unable to include the OX40L fusion
protein as the agent was no longer available (online
supplemental figure 2A and B).

Activation was evaluated by surface expression of human
leukocyte antigen (HLA)-DR, as this has been associated
with T-cell activation in many disease models.”® * CD4"
and CD8" T cells exhibited increased HLA-DR expression
following hexavalent OX40 administration (figure 2A-B,
online supplemental file 2A-B). To evaluate the direct
effects of OX40 agonists on each T-cell subset, purified
CD4" and CD8" T-cell populations were sorted from donor
PBMCs, and proliferation was measured after suboptimal
activation with anti-CD3 in the presence of OX40 agonists.
As seen in the co-culture results, proliferation and acti-
vation markers were substantially enhanced on both
purified T-cell populations with hexavalent treatment
compared with traditional bivalent therapy. These data
indicate INBRX-106 induces direct and potent agonistic
effects on both CD4" and CD8" T cells, regardless of the
differential receptor expression level in CD4" versus CD8"
T cells (figure 2C-D, online supplemental figure 2C-D).
In a system where OX40 expression is constant, our data
suggests that valency is the driving factor in the differen-
tial activity between hexavalent and bivalent agonism.

The costimulatory activity of the hexavalent agonists
exhibited a bell-shaped dose response curve, with maximal
activity peaking between 0.1-10nM for INBRX-106 and
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Figure 2 0OX40 agonism effects on T-cell proliferation and activation. CD4* and CD8" T cells enriched from healthy donor
peripheral blood mononuclear cells were stained with a proliferation dye and suboptimally stimulated with anti-CD3 beads,
either alone (dotted line) or in the presence of MOXR0916a (blue), hexavalent fusion protein (red), or INBRX-106 (green). (A)
After 96 hours, CD4" T-cell proliferation in a pan T-cell culture was assessed. Activation of CD4" T cells within the mixed
culture was evaluated by HLA-DR expression. (B) Proliferation of CD8" T cells in a pan T-cell culture was assessed following
the same protocol as (A). Activation was evaluated by HLA-DR expression. (C-D) Purified CD4* or CD8" T cells were evaluated
for proliferation and activation using the same protocol as (A-B). Graphs represent cumulative quantitative results of per

cent proliferation after normalization (mean+SEM; n=3 healthy donors). *p<0.05; **p<0.01; **p<0.001; ***p<0.0001 by two-
way analysis of variance. Dotted lines represent statistical significance at indicated concentrations between bivalent OX40
(MOXR0916a) and hexavalent OX40L:Ig (red) or bivalent OX40 (MOXR0916a) and INBRX-106 (green).

OX40L Fc and declining at concentrations over 10nM,
suggesting that oversaturation of OX40 receptors does
not result in added costimulatory activity above 100 nM.
Overall, these results highlight the superior agonistic
activity of INBRX-106 versus bivalent agonism consistent
with the increased potency observed in the NF-kB reporter
experiments. INBRX-106 also outperformed the bivalent
antibody in activating human CD4" and CDS8" T cells.
Together, these data suggest a strong correlation between
receptor clustering patterns and functional agonism, with
INBRX-106 inducing more prominent clustering and,
consequently, greater T-cell activation.

Hexavalent 0X40 agonism elicited superior antitumor activity
in vivo

OX40 agonists are thought to facilitate T-cell activation
within the tumor-draining lymph nodes (tdLN), effec-
tively priming the immune system for robust antitumor
responses. Given OX40’s pivotal role in boosting T-cell
responses, we hypothesized thathexavalent OX40 agonism
would further enhance T-cell priming and activation
compared with the bivalent. Therefore, we investigated

the extent to which the hexavalent agonist improved the
survival of MCA-205 (fibrosarcoma) or CT26 (colorectal
adenocarcinoma) tumor-bearing mice. Mice were treated
with control Ab, bivalent OX40 agonist mAb (OX86),
or mouse surrogate hexavalent agonist (INBRX-106m)
that was generated due to lack of rodent cross-reactivity
of INBRX-106 (figure 3A). INBRX-106m contains an
mlgG2a effector-enabled Fc, the mouse isotype most anal-
ogous to human IgGl. While INBRX-106m was valency,
affinity, and activity matched to its human counterpart,”
the difference in isotype may have additional impacts on
activity not evaluated in this study. While treatment with
the bivalent mAb had a lesser impact on tumor growth
or survival (figure 3B-C), INBRX-106m treatment was
well tolerated and led to decreased tumor size and signifi-
cantly improved survival (figure 3B—C) in both models.
While CD4" and CD8" T cells transiently express
0OX40 following T cell receptor (TCR) stimulation,
expression is higher on CD4" compared to CD8" T
cells. Several studies have shown that OX40 agonist
therapy directly targets CD4" and CD8" T cells,
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Figure 3 Effect of OX40 agonism in murine tumor models. (A) Treatment schedule of MCA-205 (C57BL/6) or CT26 (BALB/c)
mice (n=19 mice/group), created with BioRender.com. Treatment began when tumor was established (~7 days after inoculation).
Mice were treated with control rat IgG2a (250 ug, intraperitoneal, 2x), bivalent agonist OX86 (250 ug, ip, 2x), or hexavalent
agonist INBRX-106m (10 g, intravenous, 1x). (B-C) Overall survival and tumor growth of (B) MCA-205 and (C) CT26 tumor-
bearing mice treated with control, OX86, or INBRX-106m was evaluated. (D) Model, created with BioRender.com. CT26 tumor-
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highlighting the importance of both cell types in
mediating the effects of these therapies.*™* To inves-
tigate the role of these subsets, we depleted CD4" or
CD8" T cells and found that INBRX-106m efficacy was
highly dependent on CD8" T cells, while the absence
of CD4" T cells only partially reduced its effects
(figure 3D-F, online supplemental figure D-F). This
suggests that INBRX-106m can effectively engage and
activate CD8" T cells to control tumor growth, even
with limited CD4" T-cell help and despite CD8" T
cells’ lower levels of OX40 expression.

INBRX-106m induced robust CD8* T-cell expansion and
effector differentiation in murine tumor models

Our data demonstrated that INBRX-106m induced
more potent systemic antitumor responses than
bivalent anti-OX40 (OX86). To understand the

+rat IgG

A +tumor cells

pharmacodynamic effects of this response, we char-
acterized the phenotypic and functional status of
effector Foxp3™ CD4" (T_), regulatory Foxp3" CD4"
(ng), and CD8" T cells post-treatment. CT26 tumor-
bearing mice were treated with control IgG, biva-
lent OX86, or hexavalent INBRX-106m. LNs and
TILs were harvested 4 and 7 days post-treatment and
T-cell responses were evaluated via flow cytometry
(figure 4A). INBRX-106m significantly expanded
CD8" T cells within the tumor at day 7 and greatly
increased the frequency and proliferation of T cells
within the LN (figure 4D, online supplemental figure
3 and 4). Remarkably, while we observed a large CD8"
T-cell population following INBRX-106m treatment,
this did not appear to be attributed to tumor-intrinsic
proliferation, as we did not observe a concomitant
increase in Ki-67 expression within the expanded
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Figure 4 Hexavalent agonism increases CD8" T-cell frequency and decreases T__frequency. (A) Model, created with
BioRender.com. (B) Flow cytometry analysis of TIL effector CD4* T cells (B), Foxp3* CD4" Tege (C), and CD8* T cells (D) including
the frequency of CD45" T cells (top row) and Ki-67 expression (bottom row). Graphs depict cumulative results (mean+SEM)
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***p<0.001; ***p<0.0001 by one-way analysis of variance. TIL, tumor-infiltrating lymphocyte; Treg, regulatory T cell.
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CD8" T-cell population. We therefore examined tdLNs
and peripheral blood (online supplemental figure 5)
to determine whether the enhanced TIL frequency
reflects efflux from the LN. Surprisingly, we observed
decreased CD8" T-cell frequency in the tdLN, but
a corresponding increase in proliferation (Ki-67)
(online supplemental figure 4A and B), suggesting
LN CD8" T cells are more proliferative but on OX40
agonist therapy, may leave the secondary lymphoid
organs to traffic to the tumor site.

We also evaluated the effects of higher valency
treatment on CD4" T and T, g Analogous to its
effects on CD8" T cells, INBRX- 106m showed a trend
of increasing CD4" T, proliferation as compared
with controls in the tumor and LN (figure 4B, online
supplemental figure 4A-B). Additionally, T - were
significantly depleted in LN and TIL followmg biva-
lent OX86 treatment, but only slightly reduced with
INBRX-106m (figure 4C and online supplemental
figure A-B). Ex vivo analyses of cytokine production
revealed enhanced interferon (IFN)-y and TNF-a
production after INBRX-106m treatment compared
with control and bivalent treatments in the LN
(online supplemental figure C-D). These analyses
indicate that hexavalent INBRX-106m therapy results
in enhanced T-cell activation and T cell-mediated
antitumor activity, culminating in tumor regression.

Single-cell transcriptomic profiling of CD45* cells in the tumor
microenvironment (TME) revealed unique features following
hexavalent treatment
Given that CD8" T cells play an important role in
the efficacy of INBRX-106m, and the associated
changes in expansion and differentiation of these
cells, we sought to investigate the impact of INBRX-
106 on the transcriptional profile of CD8" T cells
using scRNA-seq. CD45°CD11b" cells were isolated
from tumors 7 days post-treatment and processed for
scRNA-seq. We sequenced 8706 cells from controls,
8,476 cells from bivalent OX86, and 7,546 cells from
mice treated with INBRX-106m, achieving over 90,000
reads per cell. UMAP analysis and unbiased clustering
identified 15 distinct clusters, including three CD8"
T-cell clusters, two effector CD4" T clusters, and one
ng cluster (figure 5A). Cellular distribution across
these clusters confirmed our earlier observations
that mice receiving INBRX-106m have an increased
frequency of CD8" T cells and a decreased frequency
of T, . compared with controls (figure 5B).
Additionally, we sought to determine whether the
observed changes in gene expression were specifi-
cally caused by INBRX-106m’s hexavalent structure
and enhanced receptor clustering, or if they were a
general effect of OX40 agonism. Many genes associ-
ated with differentiated tumor-specific CDS8" T cells,
including Ifng, Gzmb, Prfl, Tox, Pdcdl, and Lag3,
were increased in the effector CD8" T population of
hexavalent-treated mice (figure 5C-D). Analyses of

CD8" T-cell clusters demonstrated that INBRX-106m
decreased expression of 99 genes in comparison to
bivalent OX86 treatment (figure 6A and D-I), and
increased expression of 219 genes compared with the
OX86 agonist (figure 6B and D-I). Graphical Gene
Set Enrichment Analyses also indicated hexavalent
agonism preferentially activates pathways involved in
signal receptor binding, cytokine activity, and leuko-
cyte chemotaxis compared with the bivalent OX86
(figure 6C).

Pharmacodynamic effects of INBRX-106 in patients with
cancer

We next sought to validate these observations in samples
collected from patients treated with INBRX-106. Our goal
was to determine if the T-cell proliferation and activation
effects observed in our preclinical models were also evident
in a clinical setting. The clinical development of INBRX-
106, as a monotherapy and in combination with anti-PD-1
(pembrolizumab), provided an opportunity to address
this question. We analyzed a total of 48 fresh peripheral
whole blood samples from 16 patients enrolled in a phase
I/1I clinical trial (NCT04198766) over one complete
21-day cycle of INBRX-106 treatment, either alone or in
combination with anti-PD-1. In this trial, patients received
INBRX-106 every 3weeks (online supplemental table S4
and S5). We obtained samples from selected patients at
three different time points: pretreatment (C1D1), 15 days
later (C1D15), and 21 days following their initial treat-
ment (C1D21). We did not observe significant changes
pretreatment to post-treatment in the overall frequency
of CD3", CD4", or CD8" T cells (online supplemental
figure 6). However, we observed significant increases in
proliferation (Ki-67) among patients receiving combina-
tion therapy, which was consistent with our murine data
(figure 7A-C).

Akin to our findings from the in vitro analyses, we also
observed increased expression of the activation markers
CD38 and HLA-DR on T cells following INBRX-106 treat-
ment. Activation was sustained with INBRX-106 alone and
in combination with pembrolizumab, although the effect
was more pronounced following combination treatment
(figure 7D-F). Next, we examined the effects on naive
(CD45RA'CCR7"), central memory (CD45RA CCR7),

Temra (CD45RA'CCR77), and effector memory
(CD45RA'CCR7") subsets (figure 7G-H). In mono-
therapy and combination-treated patients, CD4" and

CDS8" central memory, Temra, and effector memory T
cells showed drastic increases in proliferation after initial
INBRX-106 treatment (figure 7G-H). Together, these
data studies highlight the superior potency of INBRX-
106. By optimizing receptor clustering, INBRX-106 more
effectively enhances T-cell proliferation compared with
traditional bivalent agonists, in vitro and in vivo.
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Figure 5 Single-cell RNA-seq indicates activated clusters of CD8" T cells within hexavalent-treated murine tumors. Five
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Cycle and Day

INBRX-106 induces rapid changes in proliferation and activation of T cells from patients peripheral blood
mononuclear cells were isolated at baseline (C1D1), 15 days post-treatment (C1D15), and 21 days post-treatment (C1D21)
from patients receiving INBRX-106 monotherapy or in combination with pembrolizumab. (A-C) Immune cell proliferation was
assessed by Ki-67 expression. All patients were normalized to their own baseline. (D) Representative flow cytometry plots

showing the gating strategy of activated CD38*HLA-DR* CD8" T cells. (E-F) Quantification of activated (CD38"HLA-DR") CD4*
or CD8" T cells in patients receiving INBRX-106+pembrolizumab. (G) Gating strategy to analyze naive (CD45RA*CCR7*), central

memory (CD45RACCRT7"), effector memory (CD45RA"CCR7"), or Temra (CD45RA*CCR7") T cell subsets. (H) Proliferation
(Ki-67) was evaluated in each memory subset in patients receiving monotherapy or combination therapy. Graphs depict the

mean+SEM; *p<0.05; ***p<0.001; ***p<0.0001 by unpaired Student’s t-test.

Holay N, et al. J Immunother Cancer 2025;13:6011524. doi:10.1136/jitc-2025-011524

13



DISCUSSION

The data presented in this study highlight the transfor-
mative potential of INBRX-106, a novel hexavalent OX40
agonist, in potentiating the use of higher valency for
enhanced clinical outcome. While bivalent mAbs were
employed due to their ability to mimic cell signaling
properties of natural ligands, clinical OX40 agonists,
like MOXRO0916 (Genentech), PF-04518600 (Pfizer),
and INCAGNO1949 (Incyte) among others have shown
limited efficacy even in combination with checkpoint
inhibitors.** These shortfalls may be attributed to biva-
lent mAbs inability to achieve higher-order receptor clus-
tering essential for maximal OX40 activation. In contrast,
OX40’s natural trimeric ligand induces receptor hyper-
clustering, which is critical to fully activate downstream
signaling (eg, NF-kB) and drive robust T-cell responses,
while bivalent mAbs rely on suboptimal or inconsistent in
vivo crosslinking.

INBRX-106 overcomes this limitation through its
hexavalent design, featuring six sdAbs targeting OX40 on
a human IgG1 Fc backbone, enabling trimeric receptor
engagement and autonomous clustering without external
crosslinking, leading to enhanced receptor activation,
stronger T-cell responses, and improved antitumor effi-
cacy. In both preclinical models and clinical samples,
INBRX-106 consistently drove sustained CD4" and CD8"
T-cell proliferation and activation, resulting in more
pronounced tumor regression and improved survival.
These findings reaffirm the importance of receptor clus-
tering for TNFR superfamily agonists and introduce a
new paradigm for optimizing costimulatory receptor
activation. Furthermore, INBRX-106’s hexavalent design
helps to achieve the critical balance between potency
and safety—an essential consideration for TNFR super-
family agonists. Unlike CD28, whose broad expression
led to severe toxicities (eg, TGN1412), OX40 is limited
to activated T cells, offering a more favorable therapeutic
window.”™*" This selectivity, combined with enhanced
potency at lower doses, positions INBRX-106 as a safer
and more effective alternative.

While the preclinical data demonstrate that hexavalent
OX40 agonism leads to robust receptor clustering and
signaling, the effectiveness may be influenced by T s
within the TME. Although some studies show that 0X40
agonism reduces T, -mediated suppression, * INBRX-
106 shows modest effects on T, depletion compared
with bivalent agonists. Given that INBRX-106m efficacy
may involve enhanced CD8" T=cell activity and decreased
T,, suppression function, further research is needed to
clarlfy the influence of T, _in mediating the efficacy of
hexavalent OX40 agomsts Additionally, INBRX-106’s
efficacy may vary with TME differences, including OX40
expression levels on other immune cells. Our preliminary
analyses into other cell types that express OX40, such as
natural killer cells, revealed increases in frequency and
proliferation, suggesting INBRX-106 may have comple-
mentary effects on non-T-cell antitumor responses
(online supplemental figure 7). Evaluating longitudinal

clinical data from paired tumor biopsies and peripheral
blood samples will be essential to further characterize
INBRX-106’s pharmacodynamic effects, including T-cell
trafficking, immune cell exhaustion, and TIL dynamics.
scRNA-seq studies are also underway to refine our under-
standing of INBRX-106’s modulation of distinct immune
cell populations and their functional states within the
TME. Additionally, combining INBRX-106 with check-
point inhibitors like anti-PD-1 or anti-CTLA-4 could
yield complementary mechanisms of action, enhancing

both the priming and effector phases of the antitumor

740 49 50
response.” 7

In conclusion, INBRX-106 represents a significant
advancement in OX40-targeted immunotherapy, offering
a firstin-class approach to overcome the limitations of
prior bivalent agonists. By enabling superior receptor
clustering and downstream signaling, INBRX-106
enhances antitumor immunity. These findings provide a
compelling rationale for further clinical development of
INBRX-106, both as a monotherapy and in combination
with other immunotherapeutic agents, with the potential
to redefine the therapeutic landscape for OX40 agonists.

X Annah S Rolig @annahrolig
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