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ABSTRACT
◥

Purpose: Patients with unresectable/metastatic chondrosarcoma
have poor prognoses; conventional chondrosarcoma is associated
with a median progression-free survival (PFS) of <4 months after
first-line chemotherapy. No standard targeted therapies are avail-
able. We present the preclinical characterization of INBRX-109, a
third-generation death receptor 5 (DR5) agonist, and clinical find-
ings from a phase I trial of INBRX-109 in unresectable/metastatic
chondrosarcoma (NCT03715933).

Patients and Methods: INBRX-109 was first characterized
preclinically as a DR5 agonist, with binding specificity and
hepatotoxicity evaluated in vitro and antitumor activity evaluated
both in vitro and in vivo. INBRX-109 (3 mg/kg every 3 weeks)
was then evaluated in a phase I study of solid tumors, which
included a cohort with any subtype of chondrosarcoma and a
cohort with IDH1/IDH2-mutant conventional chondrosarcoma.
The primary endpoint was safety. Efficacy was an exploratory

endpoint, with measures including objective response, disease
control rate, and PFS.

Results: In preclinical studies, INBRX-109 led to antitumor
activity in vitro and in patient-derived xenograft models, with
minimal hepatotoxicity. In the phase I study, INBRX-109 was well
tolerated and demonstrated antitumor activity in unresectable/
metastatic chondrosarcoma. INBRX-109 led to a disease control rate
of 87.1% [27/31; durable clinical benefit, 40.7% (11/27)], including
twopartial responses, andmedianPFSof 7.6months.Most treatment-
related adverse events, including liver-related events, were low grade
(grade ≥3 events in chondrosarcoma cohorts, 5.7%).

Conclusions: INBRX-109 demonstrated encouraging antitumor
activity with a favorable safety profile in patients with unresectable/
metastatic chondrosarcoma. A randomized, placebo-controlled,
phase II trial (ChonDRAgon, NCT04950075) will further evaluate
INBRX-109 in conventional chondrosarcoma.

Introduction
Chondrosarcoma, one of the over 100 different types of sarcoma (1),

is a heterogeneous malignant tumor that forms cartilaginous matrix
and accounts for approximately 20% of primary bone tumors (2). On
the basis of histology, chondrosarcoma is classified as conventional or
nonconventional, with clinical characteristics varying by subtype (2, 3).

Primary conventional chondrosarcoma represents 85% to 95% of all
chondrosarcoma cases and typically develops in the pelvis, femur,
humerus, or ribs; less common sites include the mobile spine and
craniofacial bones (2–4). Nonconventional chondrosarcoma is rare
and includes clear cell, mesenchymal, and dedifferentiated
chondrosarcoma (1–3). Mesenchymal and dedifferentiated chondro-
sarcoma are considered high grade and have a poor prognosis due to
more aggressive growth and a higher risk of metastases than conven-
tional chondrosarcoma; in contrast, clear cell chondrosarcoma is
considered low grade (1–3).

In patients with conventional chondrosarcoma, complete surgical
resection is the recommended management approach, although radi-
ation therapy is used for select situations. However, treatment options
for patients with unresectable or metastatic disease are greatly limited
given that these tumors tend to be resistant to chemotherapy and
radiation and that no standard targeted systemic therapies are avail-
able (5, 6). Prognosis in these patients is poor, with a median
progression-free survival (PFS) of approximately 2.0 months with no
systemic treatment (7). Chemotherapy has not greatly improved PFS
rates, with studies reporting a median PFS of 2.5 months with
doxorubicin and 3.6 months with doxorubicin in combination with
cisplatin or ifosfamide (5). Although several agents have been eval-
uated for the treatment of unresectable or metastatic conventional
chondrosarcoma, outcomes havenot changed substantially in 30 years,
highlighting the need for novel and effective therapies.

Death receptor 5 (DR5), a proapoptotic receptor that forms multi-
mers on the cell surface and is activated after binding TRAIL, has long
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been a target of interest in oncology due to the differential sensitivity of
cancerous over healthy cells to TRAIL-mediated killing (8, 9). The
binding of trimeric TRAIL to three death receptors leads to clustering
of DR5 and recruitment of the death-inducing signaling complex
(DISC; refs. 10, 11). Within the DISC, procaspases-8 and procas-
pases-10 are autocatalytically cleaved, leading to activation of down-
stream effector caspase-3 and caspase-7, ultimately resulting in
apoptosis (10–12). Although the trimer is the minimal functional unit
for TRAIL activity, clustering of multiple receptor trimers at the cell–
cell interface results in maximal apoptotic activity (13–15).

INBRX-109 is a third-generation, recombinant, humanized, agonis-
tic antibody against DR5 that has been precisely engineered for optimal
DR5 agonism and safety. INBRX-109 is based on a single-domain
antibody (sdAb) platform and was designed to simultaneously engage
four DR5molecules and induce robust apoptotic signaling. Important-
ly, the tetravalent format of INBRX-109 was selected as an optimal
balance ofDR5 agonismon tumor versus normal cells, enabling cancer-
biased cell death while avoiding hyperclustering and concomitant
hepatotoxicity observed with previous multivalent DR5 candidates (16;
Genmab; cited October 14, 2022). Available from: https://ir.genmab.
com/static-files/be692ea1-1ee7-44d3-ab20-f0dda61ea843.

Early studies reported encouraging responses to DR5 agonists in
patients with chondrosarcoma. In one case study, a patient achieved a
sustained partial response and, eventually, a complete response (17); in
a phase I study, a patient achieved a 20% reduction in measurable
disease (18). On the basis of these early reports, we evaluated INBRX-
109 in patients with chondrosarcoma as part of a phase I, first-in-
human study in advanced solid tumors (NCT03715933; Supplementary
Fig. S1).Here, we present the preclinical characterization of INBRX-109
as a DR5 agonist, followed by safety and efficacy findings in patients
with unresectable or metastatic chondrosarcoma in the phase I study.

Patients and Methods
Preclinical
Cell lines

Multiple cell lines were used in the study: NoSpin HepaRG (Lonza;
Catalog No. NSHPRG; RRID:CVCL_9720); H-EMC-SS (Millipore

Sigma; Catalog No. 94042258; RRID:CVCL_1238); ExpiCHO-S
(Thermo Fisher Scientific; Catalog No. A29127; RRID:CVCL_5J31);
and Jurkat CD16a–V158 ADCC Bioassay Effector Cells (Promega;
Catalog No. G701A). All cells were grown according to the manu-
facturers’ instructions.

Cytotoxicity assay
H-EMC-SS cells were plated at 10,000 cells/well in complete media

[Ham’s F12 (Sigma; Catalog No. N6658)/DMEM (Gibco; Catalog No.
11965–092) 1:1 þ 10% FBS (Avantor, Catalog No. 97068–085) þ
1� antibiotic-antimycotic (Gibco, Catalog No. 15240–062) and incu-
bated overnight (37�C; 5% CO2). INBRX-109 (Inhibrx), bivalent anti-
DR5 (Inhibrx), trivalent recombinant TRAIL (R&D Systems, Catalog
No. 375-TL/CF), and hexavalent anti-DR5 (Inhibrx) were prepared in
assay media and added at the indicated concentrations for 16 hours.
Cells were incubated with CellTiter-Glo 2.0 (Promega; Catalog No.
G924C) for 10 minutes at room temperature and luminescence (RLU)
read on the Spectra Max M5e plate reader (Molecular Devices) and
SoftMaxPro Data Acquisition and Analysis software v5.4 (Molecular
Devices, RRID: SCR_014240). Percent survival was calculated as
(experimental RLU/vehicle control RLU) � 100; percent cell death
was calculated as (100 � percent survival).

Caspase-3/7 induction assay
H-EMC-SS cells were plated at 10,000 cells/well in complete media

and incubated overnight (37�C; 5% CO2) with working dilutions
of INBRX-109 � Z-VAD-FMK (final concentration, 50 mmol/L;
Promega, Catalog No. G7223B), bivalent anti-DR5, trivalent recom-
binant TRAIL, or hexavalent anti-DR5. Caspase-3/7 green (Essen
BioScience, Catalog No. 4440) was then added at a final concentration
of 2.5 mmol/L. The plate was incubated at room temperature for
5 minutes, and live-cell imaging was performed every 30 minutes
for 16 hours using an Incucyte S3 Live-Cell Analysis System (10�
objective; Sartorius, Catalog No. 4647; RRID: SCR_023147). Images
were analyzed using Incucyte ZOOM 2018A software version
6.2.9200.0 (Sartorius). All data were background corrected using the
no-treatment condition.

Generation of DR5-ExpiCHO-S cells
Full-length DR5 was cloned in frame into pRP (Inhibrx), with

expression linked to citrine [pRP-DR5-FL-Cit (Inhibrx)]. ExpiCHO-S
cells were transfected with a 3:1 ratio of PEI MAX high potency linear
polyethylenimine hydrochloride (Polysciences, Inc., Catalog No.
24765–2) and pRP-DR5-FL-Cit; each was diluted separately in Opti-
MEM 1 (1x) þ Glutamax Reduced Serum Medium (Gibco, Catalog
No. 51985–034) before combining for 30 minutes at room tempera-
ture. The PEI-DNA solution was added to the cells, which were then
incubated for 14 hours (37�C; 8% CO2). DR5-expressing cells were
identified based on citrine expression by flow cytometry using an iQue
Screener Plus (Intellicyt).

Binding competition assay
DR5-ExpiCHO-S cells were incubated with INBRX-109 �

3.5 nmol/L His-tagged TRAIL (BioLegend, Catalog No. 752906) for
1 hour at 4�C in FACS buffer. Cells were washed and then resuspended
in FACS buffer at 5� 104 cells/well. Cells were transferred to a round-
bottom 96-well plate, and supernatant was removed; then, 100 mL of
serially diluted INBRX-109 or INBRX-109 plus TRAIL in FACS buffer
was added to the cells. Cells were incubated for 1 hour at 4�C and
protected from light; they were then washed two times with 150 mL
FACS buffer. Cells were resuspended in 100 mL FACS buffer

Translational Relevance

Chondrosarcoma is a rare, indolent, heterogeneous, malignant
bone tumor. Conventional chondrosarcoma, which accounts for
approximately 80% of chondrosarcomas, is largely resistant to
chemotherapy and radiation; nonconventional chondrosarcoma
(e.g., dedifferentiated chondrosarcoma) is generally associated
with more aggressive growth. Surgical resection remains the only
curative treatment, and options for patients with unresectable or
metastatic chondrosarcoma are limited, with no improvement in
outcomes observed in 30 years. In our study, INBRX-109, a novel,
tetravalent DR5 agonist, demonstrated encouraging antitumor
activity, including objective response and durable clinical benefit,
and a favorable safety profile in patients with unresectable or
metastatic chondrosarcoma. Our data suggest that DR5 is a valid
target and that INBRX-109, with its favorable safety and efficacy
profile, warrants further evaluation as a novel targeted therapy for
chondrosarcoma. Additional ongoing studies, including a random-
ized phase II study, will confirm the activity of INBRX-109 in
unresectable or metastatic chondrosarcoma.
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containing either Protein A-Alexa Fluor 647 (AF647) conjugate
(1:1,000; Invitrogen, Catalog No. P21462) or anti-His tag APC-
conjugated antibody (1:100; R&D Systems, Catalog No. IC050A;
RRID:AB_10718109) to detect INBRX-109 or TRAIL, respectively.
AF647 or APC on citrine-positive cells (median fluorescence intensity
>105) was assessed by flow cytometry using an iQue Screener Plus.

Binding assays with H-EMC-SS cells were performed similarly
using serial dilutions of INBRX-109, bivalent anti-DR5, His-tagged
trivalent recombinant TRAIL, and hexavalent anti-DR5. Plates were
incubated for 30 minutes at 4�C. Cells were washed twice with FACS
buffer and resuspended in 100 mL FACS buffer containing a 1:2,000
dilution of propidium iodide (BioLegend, Catalog No. 421301) and
respective antibodies. AF647-conjugated antihuman crystallizable
fragment (Fc) antibody (1:1,000; Jackson ImmunoResearch, Catalog
No. 709–605–098; RRID:AB_2340577) was used to detect anti-DR5
antibodies; AF647-conjugated mouse anti-His tag antibody (1:100;
BioLegend, Catalog No. 362611; RRID:AB_2721401) was used to
detect TRAIL.

Where indicated, raw mean fluorescence intensity values were
exported to Excel and then graphed and analyzed using GraphPad
Prism 9 (RRID:SCR_002798). All data were background corrected
using secondary antibody–onlywells. Apparent affinity (Kd in nmol/L)
was determined using a One Site total analysis, using the following
model: Y ¼ Bmax � X/(Kd þ X) þ NS � X þ Background.

Antibody-dependent cytotoxicity
Jurkat CD16a-V158 ADCC cells Bioassay Effector Cells were

cocultured with DR5-ExpiCHO-S or ExpiCHO-S cells and then
incubated with INBRX-109 or daratumumab (MedChemExpress,
Catalog No. HY-P9915) along with Z-VAD-FMK (50 mmol/L). Assay
plates were incubated at 37�C for 5.5 hours and then equilibrated at
room temperature for 10 minutes. Luciferase activity of the effector
cells was assayed using Bio-Glo reagent (Promega, Catalog No.
G7940). Luminescence was measured using a SpectraMax L micro-
plate reader (Molecular Devices). Curves were generated using Graph-
Pad Prism 9 with a four-parameter fit [(agonist) vs. response-variable
slope] using the following model equation: Y ¼ Bottom þ
(X^HillSlope) � (Top–Bottom) / (X^HillSlope þ EC50^HillSlope).

C1q complement binding ELISA
INBRX-109 or daratumumab was immobilized on 96-well Medi-

Sorp plates (Thermo Fisher Scientific, Catalog No. 467320) at
10 mg/mL in PBS and incubated for approximately 16 hours at 4�C.
Assay plates were blocked for 2 hours at room temperature and
incubated for 1 hour at room temperature with dilutions of pooled
human complement serum (Innovative Research, Catalog No.
ICSER10ML) followed by horseradish peroxidase–conjugated anti-
C1q antibody (1:100; 1 hour at room temperature; Abcam, CatalogNo.
ab46191; RRID:AB_726908). Absorbance at 650 nm was measured
approximately 5 minutes after adding peroxidase substrate (Seracare,
5210–0077) using an Emax microplate reader (Molecular Devices).

HepaRG toxicity assay
Cultured HepaRG cells were seeded at 6.3 � 104 cells/well and

incubated for 24 hours (37�C; 5% CO2) before culturing for 3 more
days in HepaRG Pre-Induction and Tox Medium (Lonza, Catalog No.
MHPIT). Cells were then incubated for 20 minutes (37�C; 5% CO2)
with INBRX-109, hexavalent compound, TAS266 analogue (Inhibrx),
or TAS266 mut (Inhibrx) followed by media or intravenous immuno-
globulin (IVIG; Grifols, NDC code 13533–800–72; final concentration,
10mg/mL).Green caspase-3/7 reagent (final concentration, 1.25mmol/L)

was then added, and live-cell imagingwas performed every 1 to 2 hours
for 42 hours using an Incucyte S3 Live-Cell Analysis System (37�C,
5% CO2) and Incucyte ZOOM 2018A software. Endpoint cell viability
was also measured at 42 hours with CellTiter-Glo 2.0. After equili-
bration to room temperature and addition of CellTiter-Glo reagent,
assay plates were incubated for 10 minutes at room temperature.
Luminescence was measured using the SpectraMax L microplate
reader with a target wavelength of 470 nm and percent viability
calculated as (experimental RLU/average untreated RLU) � 100.

InSphero InSight hepatotoxicity assay
Microtissues were treated with dilutions of INBRX-109 or a hex-

avalent agent for 7 days. Endpoint intracellular ATP content was
measured with the CellTiter-Glo 2.0 Cell Viability Assay (Promega),
and extracellular lactate dehydrogenase release was measured with the
Bioluminescent LDH Release Toxicity Assay Kit (Promega, Catalog
no. J2380), both according to InSphero AG internal technical oper-
ation procedures. The IC50, 95% CI, and Hill slope values were
calculated using a nonlinear regression sigmoidal dose–response
(variable slope) curve fitting with the bottom constrained to a constant
value of 0.

Screen for and confirmation of preexisting ADAs
Screening for and confirmation of preexisting antidrug antibodies

(ADA) was performed by BioAgilytix San Diego. Serum samples from
healthy individuals (BioChemed, Inc.) and patients with cancer (Bior-
eclamation) were screened for the presence of preexisting ADAs
against INBRX-109 or TAS266. 96-well microtiter plates (Meso Scale
Diagnostics, Catalog no. L55XA) coated with INBRX-109 or TAS266
analogue were incubated with human serum samples followed by
SULFO-TAG Labeled Anti-Hu Ig-LC (Thermo Fisher Scientific,
Catalog no. MA1–34883; RRID:AB_10980148). Electrochemilumi-
nescence was then measured. In the confirmatory assay, serum
samples that were at or above the cut-point for each test article were
diluted with either Assay Diluent or Assay Diluent spiked with
INBRX-109 or TAS266 analogue and incubated for 1 hour at
room temperature prior to addition to the plates. Percent inhibition
(%INH)was calculated using the formula%INH¼ 100� [1� (sample
ECLUspiked / sample ECLUunspiked)].

Binding to tumor necrosis factor receptor superfamily members
Recombinant proteins composed of the extracellular domain of

human DR5, DR4, Decoy R1, or Decoy R2 fused to a mouse Fc were
generated and diluted to 2 mg/mL using PBS for ELISA plate coating.
Coating agents were added to 96-wellMediSorp plates, and plates were
incubated for 14 hours at 4�C.After washing and blocking, titrations of
INBRX-109 or recombinant, human His-tagged TRAIL were added,
and plates were incubated for 1 hour at room temperature. Peroxidase-
conjugated antihuman IgG antibody (Jackson ImmunoResearch, Cat-
alog no. 709–035–098; RRID:AB_2340494) and anti-His tag antibody
(R&D Systems, Catalog no. MAB050H; RRID:AB_357354) were used
to detect INBRX-109 and human His-tagged TRAIL, respectively.
Peroxidase substrate was added, plates were incubated for 1 minute at
room temperature, and sample A650 was measured using an Emax

microplate reader.

DR5-ExpiCHO-S and Jurkat CD16a reporter cell binding
DR5-ExpiCHO-S cells or Jurkat CD16a reporter cells were incubated

with a titration of INBRX-109 or daratumumab for 30 minutes at 4�C.
Cells were washed and incubated with a 1:1,000 dilution of AF647-
conjugated anti-humanFc antibody and a 1:2,000 dilution of propidium
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iodide for 20 minutes at 4�C. Cells were washed and resuspended in
FACS buffer for analysis using an iQue Screener Plus flow cytometer. As
described in the “Binding competition assay” section, detection of
AF647 on citrine-positive cells was used to measure binding to DR5þ

cells in the pool of transfected ExpiCHO-S cells.

Pharmacokinetics and immunogenicity
Blood samples were collected from all study patients to characterize

the pharmacokinetic behavior of and the potential for immunogenicity
against INBRX-109. Pharmacokinetic parameters were estimated via
noncompartmental analysis using Phoenix WinNonlin version 8.3
(Certara, RRID:SCR_021370). Nonlinearmixed-effectsmodeling soft-
ware (NONMEM, Version 7.3; ICON, RRID:SCR_016986), a software
package for nonlinear mixed-effects analysis, was used for population
pharmacokinetic modeling.

The method to quantify INBRX-109 in human serumwas validated
for clinical sample analysis and used the format described here. Wells
were first coated with recombinant DR5 as the antigen capture
(Inhibrx). INBRX-109 in standards, quality controls, and samples are
bound to the capture antigen and subsequently detected with a
ruthenium-labeled, drug-specific anti-idiotype antibody (Inhibrx).
The method used the Meso Scale Discovery Electrochemilumines-
cence platform (Meso Scale Diagnostics); assay signal from calibrators
were plotted, and a curve fit was generated using a 4PL fit model with
1/Y2 weighting for quantification of INBRX-109 in samples.

ADAs were detected and characterized using validated methods
that follow the traditional three-tiered testing scheme. The first
method used a direct bind format in which INBRX-109 coated to
wells of a 96-well microtiter assay plate was used to capture ADAs in
serum samples; ADAs were subsequently revealed with a ruthenium-
labeled anti-human immunoglobulin light chain antibody (Thermo
Fisher Scientific, MA1–34883; RRID:AB_10980148). Later in the
study, a second method was validated. A bead-based sample pretreat-
ment was used to purify ADAs from serum, which were then coated to
wells of a multiarray high-bind plate (Meso Scale Diagnostics, Catalog
no. L15XB) and directly detected using ruthenium-labeled INBRX-
109. The sensitivity of anti-INBRX-109 antibody detection was
increased approximately two-fold over the original method and was
less than 10 ng/mL of ADA in serum.

In vivo patient-derived xenograft (PDX) models
INBRX-109 activity was evaluated at Champions Oncology, Inc., in

low-passage chondrosarcoma PDXmodels CTG-1255 and CTG-2383.
Histology of these models was consistent with conventional chondro-
sarcoma. Study mice were treated weekly for 3 weeks, with intravenous
administration of vehicle control or 1 mg/kg INBRX-109. Effects on
tumor growth were evaluated by twice-weekly tumor volumemeasure-
ments. Tolerability was assessed by body weight loss (measured twice
weekly) or animal morbidity/mortality. The study endpoint was
reached when the mean tumor volume of the vehicle control group
(uncensored) reached 1,500 mm3. All animal studies were approved by
local regulatory authorities for animal welfare. All mice were kept in
accordance with federal and state policies on animal research.

Data visualization and analysis
Data were graphed and analyzed using GraphPad Prism 9.

Clinical
Study design

The INBRX-109 phase I trial is an ongoing, open-label, three-part
study evaluating INBRX-109 in patients with advanced/metastatic

solid tumors that was initiated in November 2018. Part 1 (3þ3 single-
agent dose escalation) was completed in 2019. Patients were treated
with dose levels of 0.3, 1, 3, 10, and 30 mg/kg. Intrapatient dose
escalation was not permitted. INBRX-109 was administered as an
intravenous infusion over 60 minutes every 21 days. INBRX-109 was
well tolerated, with no significant toxicities observed; anMTDwas not
reached, and a dose of 3 mg/kg was chosen for further investigation.

Inpart 2 (single-agent dose expansion), INBRX-109 3mg/kg i.v. every
3 weeks is being evaluated in several cancer types, including chondro-
sarcoma (cohort B4) and IDH1/IDH2-mutant conventional chondro-
sarcoma (cohort B6). Patients will be treated until disease progression or
significant toxicity. Part 3 (combination dose expansion) is currently
enrolling patients with various tumor types (Supplementary Fig. S1).

This study is being conducted in compliance with theDeclaration of
Helsinki, the International Council for Harmonisation Guidelines for
Good Clinical Practice, and applicable national and local laws and
regulatory requirements. The protocol was approved by the indepen-
dent ethics committee or institutional review board at each site. All
patients provided written informed consent before participation.

Inclusion and exclusion criteria
In part 1, patients were ages ≥18 years with advanced/metastatic or

nonresectable solid tumors. In part 2, patients in cohort B4were eligible if
they had been diagnosedwith chondrosarcoma, regardless of histology or
grade. Patients in cohort B6 had grade 2 or grade 3 IDH1(R132)- or IDH2
(R172)-mutant conventional chondrosarcoma. Patients were required to
have archival tissue samples or fresh biopsies. No prior treatment with
DR5 agonistswas permitted. Patientswith acute viral or toxic liver disease
or chronic liver disease could not participate, with some exceptions.

Outcomes
The primary endpoint was safety and tolerability of INBRX-109.

Treatment-emergent adverse events (AE) were recorded using Med-
ical Dictionary for Regulatory Activities preferred terms and graded
using Common Terminology Criteria for Adverse Events v5.0. Sec-
ondary endpoints were pharmacokinetics estimated using standard
noncompartmental methods and incidence of ADAs. Exploratory
endpoints are efficacy and potential predictive biomarkers. Efficacy
measures included objective response by RECIST v1.1 criteria, disease
control rate (DCR), duration of response, PFS, and calculation of the
growth modulation index (GMI; ratio of time to progression with
current therapy to time to progression with the last prior line of
therapy). In this analysis, a modified GMI was determined using the
ratio of PFS with INBRX-109 to prior treatment duration. Prior
treatment duration was used since time to progression with previous
therapy was not known for all patients.

Statistical analysis
The safety set comprised all patients who had received ≥1 dose of

INBRX-109. Efficacy was determined in evaluable patients. The data
cutoff for the analyses reported here was May 26, 2022. Time-to-event
endpoints were estimated using the Kaplan–Meier method. Descrip-
tive statistical analysis was used for other clinical and pharmacokinetic
parameters.

Data availability
The data generated and/or analyzed in this study are not publicly

available but are available upon reasonable request. Sharing of data is
subject to protection of patient privacy and respect for the patient’s
informed consent. For more information on the process or to submit a
request, contact clinicaltrials@inhibrx.com.
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Results
Preclinical
Characterization of INBRX-109

INBRX-109 is a 105.7-kDa recombinant, humanized, third-
generation DR5 agonist that is built on a camelid-derived sdAb
platform (Fig. 1A). INBRX-109 is composed of two identical sdAbs

(heavy chain–only binding domains) joined end to end with an Fc
domain based on human immunoglobulin G1 (IgG1) to create a
molecule that homodimerizes into a tetravalent antibody targeting
four DR5 receptors. To prevent the safety liability of excessive sec-
ondary clustering, the binding domains of INBRX-109 were human-
ized and specific modifications incorporated to eliminate recognition
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Figure 1.

INBRX-109 characterization. A, Schematic representation of INBRX-109 structure. B, Representative binding curve of INBRX-109 on ExpiCHO-S transfected with
full-length human DR5; untransfected ExpiCHO-S cells served as a negative control. Apparent affinity of the observed binding interaction was determined using a
One Site total analysis. C, INBRX-109 competition with TRAIL for binding to DR5 expressed by ExpiCHO-S cells. Detection of a constant concentration of TRAIL
(3.5 nmol/L) in thepresenceof increasing concentrations of INBRX-109 is shown.D,ADCCcapability of INBRX-109was evaluated in thePromega Jurkat CD16a (V158)
ADCC reporter assay using DR5-transfected ExpiCHO-S cells as targets and untransfected cells as negative controls. Daratumumab, the target of which is expressed
on Jurkat cells, serves as a positive control. E, The ability of INBRX-109 to bind the complement component C1q containedwithin normal human serumwasmeasured
by ELISA. Daratumumab is used as a positive control. Abbreviations: Ab, antibody; ADCC, antibody-dependent cellular cytotoxicity; CDC, complement-dependent
cytotoxicity; CHO, Chinese hamster ovary cells; DR5, death receptor 5; Fc, crystallizable fragment; Kd, equilibrium dissociation constant; sdAb, single-domain
antibody; UT, untransfected.
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by preexisting ADAs. The Fc domain was engineered with a
proprietary three amino acid deletion (Glu233, Leu234, and
Leu235) near the hinge to prevent cross-linking and effector
function through interaction with Fcg receptors and complement,
thereby constraining the activity of this molecule to that of a
tetravalent agonist.

INBRX-109 bound its target, DR5, in a dose-dependent manner
with an apparent affinity of approximately 0.11 nmol/L (Fig. 1B)
and blocked binding of TRAIL to DR5 with an IC50 of 0.17 nmol/L
(Fig. 1C); no signal—and no cross-reactivity with hamster
DR5—was detected in untransfected ExpiCHO-S cells (negative
control). Binding of INBRX-109 was specific to DR5, with no
binding to DR4 or either of the decoy receptors observed (Supple-
mentary Fig. S2). No significant difference in INBRX-109 binding
to DR5 was observed when TRAIL was present in solution (Sup-
plementary Fig. S3). The potential for Fc receptor–mediated anti-
body-dependent cellular cytotoxicity (ADCC) with INBRX-109 was
assessed using the ADCC Reporter Bioassay (Promega), a surrogate
for primary cell ADCC activity, where a Jurkat reporter cell line was
cocultured with target cells expressing high levels of DR5. Reporter
activation was not observed with INBRX-109, consistent with a
disabled effector function and the inability to mediate ADCC
(Fig. 1D; Supplementary Fig. S4). In contrast, and as expected,
reporter activation was observed with daratumumab, an antibody
targeting CD38, a marker expressed on the Jurkat reporter cells
(Fig. 1D; Supplementary Fig. S4). Binding of the complement C1q
protein, a surrogate for complement-dependent cytotoxicity activ-
ity, was also absent for immobilized INBRX-109 (Fig. 1E), con-
firming effector silencing.

Antitumor activity in vitro and in vivo
Given its high DR5 expression, the human extraskeletal myxoid

chondrosarcoma cell line H-EMC-SS was used to characterize the
antitumor activity of INBRX-109 in vitro (Fig. 2). The cytotoxicity of
tetravalent INBRX-109 was compared with hexavalent and bivalent
antibodies using the same sdAb within INBRX-109 as well as with
recombinant, soluble TRAIL, a naturally occurring trimer. Although
molecules with valencies ≥3 showed similar (within four-fold) high
binding affinity to H-EMC-SS cells (Fig. 2A), their cytotoxic activities
diverged considerably, demonstrating the impact of valency (Fig. 2B).
Substantial increases in the potency of INBRX-109 and the hexavalent
agent over trimeric TRAIL and the bivalentDR5 agonist were observed,
indicating that increasing valency increases potency of signaling
(Figs. 2B and C). Of note, the hexavalent comparator resulted in only
a modest increase in potency over INBRX-109 (Fig. 2C).

Multimerization of DR5 leads to the formation of the DISC, in
which caspase-8 is activated, leading to the subsequent activation of the
downstream executioner caspase-3 and caspase-7 (10, 12, 19) and the
coordinated destruction of the cell. Treatment of H-EMC-SS cells with
INBRX-109 resulted in rapid activation of caspase-3 and caspase-7
(Fig. 2D). INBRX-109 induced substantially higher caspase activity
than agents with lower valencies (i.e., TRAIL and a bivalent agonist),
highlighting the impact of valency on executioner caspase activation.
Consistent with our previous observations (Fig. 2B and C), the
hexavalent comparator resulted in only a modest increase in cas-
pase-3 and caspase-7 activation relative to that induced by INBRX-109
(Fig. 2D). The induction of caspase-3 and -7 and subsequent loss of cell
viability could be inhibited by addition of a pan-caspase inhibitor,
further indicating that the cytotoxicity induced by INBRX-109 was
dependent on the activation of these executioner caspases (Fig. 2B
and D). Antitumor activity was also demonstrated in vivo in chon-

drosarcoma PDXmodels (Fig. 2E). In evaluating a wide range of doses
(0.1–10 mg/kg weekly) in mouse tumor models, INBRX-109 at a dose
of 1 mg/kg weekly was generally the most efficacious and led to
sustained tumor inhibition in two chondrosarcoma PDXmodels, with
near-complete tumor regressions observed in one model.

Hepatotoxicity analyses
In Good Laboratory Practice toxicology studies in cynomolgus

monkeys, INBRX-109 was well tolerated and the no-observed-
adverse-effect levels were the highest doses tested (100 mg/kg weekly
and 50 mg/kg every 2 weeks). Previous generations of DR5-targeted
therapeutic antibodies, such as TAS266, have exhibited dose-limiting
hepatotoxicity (16). In the case of TAS266, an sdAb-based tetra-
valent DR5 agonist, retrospective experiments revealed that hepa-
totoxicity correlated with the presence of preexisting ADAs to
TAS266. A bivalent IgG ADA capable of recognizing TAS266 could
bind two molecules, which would increase the functional valency of
TAS266 from 4 to 8, leading to hyperclustering of DR5 and a greater
potential for hepatotoxicity (16). INBRX-109 was engineered with
proprietary modifications to remove preexisting ADA recognition
sites and incorporates an Fc domain so that the C-terminal sdAb
is not exposed. To demonstrate the effectiveness of these modifica-
tions, we evaluated the impact of clinical grade immunoglobulin
(IVIG)—which is known to contain anti-sdAb ADAs—on the
hepatotoxicity profile of INBRX-109 in HepaRG cells, an immor-
talized hepatic progenitor cell line that recapitulates hepatic cell
biology and toxicity in vitro. By both CellTiter-Glo endpoint
analysis of cell viability (Fig. 3A) and Incucyte real-time imaging
of caspase-3 and caspase-7 activation (Supplementary Fig. S5A), the
TAS266 analogue and INBRX-109 induced similarly low rates of
HepaRG cell apoptosis in the absence of IVIG. The activity of
INBRX-109 remained unchanged with the addition of IVIG. In
contrast, the TAS266 analogue cross-linked by ADAs reduced the
viability of HepaRG cells to approximately 30% (Fig. 3A). The
ADA-mediated hepatotoxicity of the TAS266 analogue could be
attenuated by engineering the molecule to include modifications
from INBRX-109 that eliminate those ADA recognition sites (TAS266
mut), formally demonstrating that higher-order clustering, and not
tetravalent valency, is responsible for TAS266 hepatotoxicity.

INBRX-109 was also evaluated in a more physiologically relevant
3D liver spheroid model (3D InSight Human Liver Microtissues,
InSphero) composed of primary human hepatocytes pooled from
10 donors cocultured with nonparenchymal liver cells (i.e., mostly
Kupffer cells and liver endothelial cells). A hexavalent variant of
INBRX-109 was included to determine the impact of higher-order
valency on hepatotoxicity. Treatment with up to 10 nmol/L of INBRX-
109 resulted in no cell death as determined by total cellular ATP (7-day
treatment; Fig. 3B). In contrast, treatment with the hexavalent mol-
ecule [up to 1 nmol/L (IC50, 41.3 pmol/L)] led to dose-dependent
hepatotoxicity. At 10 nmol/L, the highest concentration tested,
the hexavalent molecule had substantial but reduced hepatotoxicity,
suggesting that at high concentrations, not all DR5 binding domains
in the hexavalent molecule engage receptors, which results in a
lower functional valency. Similar findings were observed when
cell death was determined by lactate dehydrogenase release (Supple-
mentary Fig. S5B).

The immunogenicity of INBRX-109 was also assessed in an ELISA-
based ADA assay (Fig. 3C). The prevalence of preexisting anti-sdAb
antibodies was assessed in sera from healthy individuals and patients
with cancer. INBRX-109 had an ADA rate of 0%, whereas a TAS266
analogue had a combined ADA rate of 36% across healthy individuals
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and patients with cancer (Fig. 3D; Supplementary Table S1), indicat-
ing successful elimination of recognition sites for preexisting ADAs in
INBRX-109.

The pharmacodynamic characteristics, in vitro and in vivo antitu-
mor activity, and safety profile observed in the preclinical setting
demonstrated the therapeutic potential of INBRX-109 in chondro-
sarcoma. A first-in-human phase I study in patients with advanced
solid tumorswas initiated (NCT03715933); safety and efficacyfindings
for INBRX-109 in chondrosarcoma are presented.

Clinical
Patients

A total of 149 patients with advanced solid tumors were
included. In part 1 (Supplementary Fig. S1), patients received
INBRX-109 at five escalating dose levels ranging from 0.3 to
30 mg/kg. Common tumor types were mesothelioma, chondro-
sarcoma, synovial sarcoma, and adenocarcinomas. Patients had
received a median of 5.5 lines (range, 1–15 lines) of previous
systemic therapies. INBRX-109 was well tolerated, and a
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Figure 2.

In vitro and in vivo antitumor activity. A, Representative dose-dependent binding of bivalent, trivalent (TRAIL), tetravalent (INBRX-109), and hexavalent anti-DR5
molecules on H-EMC-SS chondrosarcoma cells. B, Impact of valency on H-EMC-SS cell death. Death of H-EMC-SS cells 16 hours after treatment with the indicated
concentrations of molecules of increasing valency was measured by CellTiter-Glo. Data were fit with a nonlinear four-parameter agonist concentration versus
response curve, and calculated EC50 values are reported. Activity of INBRX-109 was assessed in the presence of the pan-caspase inhibitor Z-VAD-FMK. C, Impact of
valency on potency. The fold improvement in potency from bivalent to trivalent, trivalent to tetravalent, and tetravalent to hexavalent is shown. D, Activation of
caspase-3 and -7 in H-EMC-SS cells treated with bivalent, trivalent (TRAIL), tetravalent (INBRX-109), and hexavalent anti-DR5molecules for the indicated durations
of time was measured by real-time imaging on an Incucyte live cell imaging system. Activity of INBRX-109 was assessed in the presence or absence of the pan-
caspase inhibitor Z-VAD-FMK. E, Tumor volume over time in animals harboring patient-derived chondrosarcoma tumors and treated with vehicle or INBRX-109
(1 mg/kg, i.v. once every week� 3 weeks starting on study day 0, as indicated by arrows). Each symbol represents the mean tumor volume of 8 animals, with error
bars to denote SEM. Abbreviations: DR5, death receptor 5; Kd, equilibrium dissociation constant.

Subbiah et al.

Clin Cancer Res; 29(16) August 15, 2023 CLINICAL CANCER RESEARCH2994

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/29/16/2988/3354593/2988.pdf by guest on 31 January 2024



maximum tolerated dose was not reached; 3 mg/kg was selected as
the recommended phase II dose. Based on preclinical activity and
clinical efficacy observed in part 1, eight cohorts were opened in
part 2 of the study (single-agent expansion), including two cohorts
of patients with chondrosarcoma; cohort B4 consisted of patients
with any subtype of chondrosarcoma (n ¼ 23), and cohort B6
included patients with IDH1/IDH2-mutant conventional chon-
drosarcoma (n ¼ 12). Part 3 (combination therapy expansion) is
ongoing.

Overall, 33 patients with chondrosarcoma (84.8% conventional)
were included in this analysis (Table 1); patients were largely
representative of the overall chondrosarcoma patient population
(Supplementary Table S2). Most patients were male (78.8%).
Among the 11 patients with a known IDH1/IDH2 mutation status,
10 (90.9%) carried IDH1 mutations. Median age was 59 years

(range, 21–86 years); patients with IDH1/IDH2-mutant chondro-
sarcoma were younger (median age, 54 years) than those in the
general chondrosarcoma cohort (median age, 63 years). Most
patients had grade 2 chondrosarcoma (64.3%) and metastatic
disease (87.9%). Almost all patients (97.0%) had undergone sur-
gical treatment; 36.4% had received radiotherapy. Patients had
received a median of one prior line of systemic therapy (range, 0–
12 lines), with the most common prior systemic therapies being
chemotherapy, immunotherapy, and molecularly targeted thera-
pies. As expected, patients with IDH1/IDH2-mutant chondrosar-
coma were more likely to have received immunotherapy or molec-
ularly targeted therapy. Approximately one-quarter of patients
(24.2%) had received no prior systemic therapy. As of the data
cutoff (May 26, 2022), 9 of 33 patients with chondrosarcoma
continued to receive study treatment.
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Figure 3.

Hepatotoxicity analyses.A, The impact of valency and ADA on the risk of hepatoxicity was evaluated in HepaRG cells. Percent viability, as measured by CellTiter-Glo
and using average relative light unit value for untreated cell samples for normalization, 41 hours after treatment with INBRX-109, hexavalent sdAb, TAS266 analogue,
and TAS266mut (a re-engineered version of the TAS266 analogue with no ADA recognition sites) in the presence or absence of IVIG as a source of preexisting ADA.
B, The impact of valency on cell viability of treated 3D human liver microtissues as determined using intracellular ATP content after 7 days of treatment measured by
CellTiter-Glo.C andD, The existenceof preexisting anti-sdAbantibodies to INBRX-109 (C) or an analogue of TAS266 (D)was assessed in anELISA-based competitive
inhibition assay in sera fromhealthy individuals andpatientswith cancer.C andD showpreexisting anti-sdAb antibodies thatwere at or above the cutpoint in an initial
screen. Serum samples from healthy individuals and patients with cancer that had low screen signal to INBRX-109 (C) or TAS266 (D) were not analyzed in the
confirmatory assay and assumed negative for ADA. TAS266 is an sdAb-based therapeutic with known preexisting ADA reactivity. Abbreviations: ADA, antidrug
antibody; IVIG, intravenous immunoglobulin; mut, mutant.
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Table 1. Baseline demographics and patient characteristics of patients with chondrosarcoma.

Category
Chondrosarcoma,
anya (n ¼ 23)

IDHmt conventional
chondrosarcomab (n ¼ 10) Total (n ¼ 33)

Age, years
Mean (SD) 57.6 (16.7) 50.9 (14.8) 55.6 (16.24)
Median (range) 63.0 (25.0–86.0) 54.0 (21.0–67.0) 59.0 (21.0–86.0)

Sex, n (%)
Male 18 (78.3) 8 (80.0) 26 (78.8)
Female 5 (21.7) 2 (20.0) 7 (21.2)

ECOG performance status, n (%)
0 2 (8.7) 1 (10.0) 3 (9.1)
1 21 (91.3) 9 (90.0) 30 (90.9)

Race, n (%)c

White 19 (82.6) 10 (100.0) 29 (87.9)
Black or African American 1 (4.3) 0 1 (3.0)
Asian 3 (13.0) 0 3 (9.1)

Cancer stage, n (%)
I 0 0 0
II 1 (4.3) 0 1 (3.0)
III 0 0 0
IV 18 (78.3) 8 (80.0) 26 (78.8)
Unknown 4 (17.4) 2 (20.0) 6 (18.2)

Histological subtype
Conventional 18 (78.3) 10 (100) 28 (84.8)
Dedifferentiated 3 (13.0) 0 3 (9.1)
Mesenchymal 1 (4.3) 0 1 (3.0)
Extraskeletal myxoidd 1 (4.3) 0 1 (3.0)

Histological grade, n (%)e n ¼ 16 n ¼ 10 n ¼ 26
Grade 2 9 (56.3) 8 (80.0) 17 (65.4)
Grade 2/3 2 (12.5) 2 (20.0) 4 (15.4)
Grade 3 5 (31.3) 0 5 (19.2)

IDH1/IDH2 mutation status, n (%)
IDH1 1 (4.3) 9 (90.0) 10 (30.3)
IDH2 0 1 (10.0) 1 (3.0)
No or unknown 22 (95.7) 0 22 (66.7)

Disease status at study entry, n (%)
Metastatic 20 (87.0) 9 (90.0) 29 (87.9)
Locally advanced 3 (13.0) 1 (10.0) 4 (12.1)

Prior anticancer surgery, n (%)
Yes 22 (95.7) 10 (100.0) 32 (97.0)
No or missing 1 (4.3) 0 1 (3.0)

Prior anticancer radiation, n (%)
Yes 8 (34.8) 4 (40.0) 12 (36.4)
No or missing 15 (65.2) 6 (60.0) 21 (63.6)

No. of lines of prior systemic therapy, median (range) 1.0 (0–12) 1.5 (0–4) 1.0 (0–12)
Prior systemic therapy, n (%)f

Chemotherapy 10 (43.5) 4 (40.0) 14 (42.4)
Immunotherapy 8 (34.8) 5 (50.0) 13 (39.4)
Molecularly targeted therapy 4 (17.4) 6 (60.0) 10 (30.3)
Biologicsg 2 (8.7) 0 2 (6.1)
None 7 (30.4) 1 (10.0) 8 (24.2)

Note: Data cutoff: May 26, 2022.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; IDHmt, isocitrate dehydrogenase 1/2 mutant.
aIncludes 1 patient fromdose-escalation cohort A4 (INBRX-109 10mg/kg) and22patients fromdose-expansion cohort B4 (INBRX-109 3mg/kg). Five patients did not
have conventional chondrosarcoma but are included because this was not an exclusion criterion at the time of their enrollment.
bTwo patients were excluded from the analysis due to taking prohibited medication (n ¼ 1) or having dedifferentiated chondrosarcoma (n ¼ 1).
cPatients could select >1 category for race.
dPatient was diagnosed with chondrosarcoma and described as having chondrosarcoma-like features per investigator assessment. Patient was allowed to enroll
since inclusion in this cohort was dependent on diagnosis and not tumor histology.
eHistological gradewas determined usingpathology reports reviewedon an individual patient basis. Only conventional chondrosarcomaand evaluable patientswere
included.
fPatients could have received >1 systemic therapy.
gBiologics included ozuriftamab vedotin (BA3021) and DeltaRex-G (n ¼ 1 for each).
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Pharmacokinetic and immunogenicity profile
Following intravenous infusion, peak INBRX-109 concentrations

(Cmax), which increased in an approximately dose-proportional
manner across the single-agent dose-escalation dose range of 0.3 to
30 mg/kg, were observed at or near the end of the infusion (Supple-
mentary Fig. S6). Themean terminal elimination half-life after the first
dose ranged from �2 to 8 days (Supplementary Table S3). Early
unaudited pharmacokinetic data from single-agent dose-expansion
and combination cohorts showed no significant difference in INBRX-
109 pharmacokinetics in patients with different tumor types or in
combination with various anticancer agents. The expansion dose of
3mg/kg every 3 weeks was selected based on clinical efficacy and safety
data as well as pharmacokinetic/pharmacodynamic modeling of non-
clinical and clinical data.

Preliminary immunogenicity assessments indicated that treatment-
emergent ADAs against INBRX-109 were present in at least half of
study patients; however, most samples were of low titer, and no
significant impact on INBRX-109 pharmacokinetics was observed in
any ADA-positive patient.

Safety
Treatment-related AEs occurred in 46.3% of all enrolled patients

and were predominantly grade 1 or 2; 12.1% of patients had an AE
of grade ≥3 (Table 2). The most common (in >5% of patients)
treatment-related AEs were fatigue (18.8%; grade ≥3, 1.3%),
increased alanine aminotransferase (10.7%; 4.0%), increased aspar-
tate aminotransferase (8.7%; 2.7%), nausea (8.7%; 0.7%), and diar-
rhea (6.0%; 2.0%).

Among patients with chondrosarcoma, 20.0% had ≥1 treatment-
related AE; 5.7% of AEs were grade ≥3 (Table 2). The most common
(in >5% of patients) treatment-related AEs in patients with chon-
drosarcoma were increased alanine aminotransferase (11.4%; grade
≥3, 0%), increased aspartate aminotransferase (8.6%; 0%), increased
blood bilirubin (5.7%; 2.9%), and fatigue (5.7%; 0%). Among patients

with frequent treatment-related AEs, no grade 4 or 5 events were
reported.

Given the potential for hepatotoxicity, liver-related AEs associ-
ated with INBRX-109 treatment were also assessed. Most patients
(93.3%) had no or low-grade liver-related AEs associated with
INBRX-109 treatment; grade ≥3 events were reported in 10 patients
(6.7%). Similarly, liver-related AEs in patients with chondrosar-
coma were mostly low grade; grade ≥3 events were reported in 2
patients. Two deaths occurred due to hepatic failure and were
temporally associated with INBRX-109 treatment; 1 patient had
mesothelioma, and 1 had IDH2-mutant chondrosarcoma. At the
time of INBRX-109 initiation, the patient with mesothelioma was
taking high doses of acetaminophen and antibiotics for the treat-
ment of urinary tract infections, urosepsis, and pneumonia. The
patient died 2 weeks after study start. The patient with chondro-
sarcoma experienced a significant increase in liver function tests
7 days after the first dose of INBRX-109. The patient was treated
with steroids and plasmapheresis but experienced liver failure and
died. It was later discovered that this patient had been self-
medicating with high doses of fenbendazole, a veterinary antihel-
minthic that has been linked to hepatic dysfunction (20); the patient
had received no prior systemic therapies.

Efficacy
Among evaluable patients with chondrosarcoma (n ¼ 31), the

DCR—defined as best overall response of complete response, partial
response (PR), or stable disease (SD) up to thefirst event of progression
or death—was 87.1% (27/31; Fig. 4A). The DCR was 88.5% (23/26) in
evaluable patients with conventional chondrosarcoma and 80.0% (4/5)
in those with nonconventional subtypes. Although it is rare for
chondrosarcoma tumors to shrink with currently available therapy,
2 patients (both with conventional chondrosarcoma) achieved PR
(objective response rate, 6.5%). The observed clinical benefit was
durable: 11 of 27 patients who achieved disease control had a clinical

Table 2. Frequent (in ≥3 patients) treatment-emergent and treatment-related adverse events.

Chondrosarcomaa (n ¼ 35) Other tumors (n ¼ 114) All patients (N ¼ 149)
Preferred term, n (%) Any grade Grade ≥3 Any grade Grade ≥3 Any grade Grade ≥3

≥1 TEAE 7 (20.0) 2 (5.7) 62 (54.4) 16 (14.0) 69 (46.3) 18 (12.1)
Fatigue 2 (5.7) 0 26 (22.8) 2 (1.8) 28 (18.8) 2 (1.3)
Alanine aminotransferase increased 4 (11.4) 0 12 (10.5) 6 (5.3) 16 (10.7) 6 (4.0)
Nausea 1 (2.9) 0 12 (10.5) 1 (0.9) 13 (8.7) 1 (0.7)
Aspartate aminotransferase increased 3 (8.6) 0 10 (8.8) 4 (3.5) 13 (8.7) 4 (2.7)
Diarrhea 0 0 9 (7.9) 3 (2.6) 9 (6.0) 3 (2.0)
Pyrexia 0 0 6 (5.3) 1 (0.9) 6 (4.0) 1 (0.7)
Blood alkaline phosphate increased 1 (2.9) 0 4 (3.5) 1 (0.9) 5 (3.4) 1 (0.7)
Constipation 0 0 4 (3.5) 0 4 (2.7) 0
Vomiting 0 0 4 (3.5) 1 (0.9) 4 (2.7) 1 (0.7)
Blood bilirubin increased 2 (5.7) 1 (2.9) 2 (1.8) 0 4 (2.7) 1 (0.7)
Thrombocytopenia 0 0 3 (2.6) 1 (0.9) 3 (2.0) 1 (0.7)
Headache 0 0 3 (2.6) 0 3 (2.0) 0
Decreased appetite 0 0 3 (2.6) 0 3 (2.0) 0
Alopecia 0 0 3 (2.6) 0 3 (2.0) 0
Infusion-related reaction 0 0 3 (2.6) 1 (0.9) 3 (2.0) 1 (0.7)

Note: TEAEs were recorded using MedDRA preferred terms and graded according to CTCAE v5.0. Related AEs are those considered to be possibly, probably, or
likely/certain to be related to INBRX-109 by the principal investigator. AEs are presented based on descending frequency in any-grade AEs seen in all patients. Data
cutoff: May 26, 2022.
Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; TEAE, treatment-emergent AE.
aIncludes 1 patient from dose-escalation cohort A4 (INBRX-109 10 mg/kg), 22 patients from dose-expansion cohort B4 (INBRX-109 3 mg/kg), and 12 patients from
dose-expansion cohort B6 (IDH1/IDH2-mutant chondrosarcoma; INBRX-109 3 mg/kg).
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benefit lasting ≥180 days; the longest duration of SD was 17.8 months.
Of the 25 patients who experienced SD, 14 (56.0%; 13/14 with
conventional chondrosarcoma) had decreases from baseline in tumor
size (Fig. 4B). Disease control was observed in patients with and
without IDH1/IDH2 mutations. Five patients were treated for
>12 months, including 2 with an IDH1/IDH2 mutation.

Representative CT scans of the 2 patients who achieved a PR are
presented in Figs. 4C and D. Both patients had grade 3, metastatic,
IDH1/IDH2 wild-type, conventional chondrosarcoma and had
received no prior therapies before starting INBRX-109. The first
patient, a 29-year-old man, experienced a 61% decrease in target
lesions after starting treatment with INBRX-109; the response was
durable, and he continued to receive study treatment for 45 weeks. The
second patient, a 57-year-old woman, experienced a 32% decrease in
target lesions after seven treatment cycles.

Representative CT scans of a patient who achieved SD are pre-
sented in Fig. 4E. This patient was a 55-year-old man with grade 3,
metastatic, conventional chondrosarcoma who had received four
prior lines of therapy, including pazopanib, nivolumab, and pazo-
panib plus nivolumab. The patient had a 20% decrease in target
lesions after initiating INBRX-109; disease control was maintained
for 17.8 months (Fig. 4A).

Median PFS among patients with chondrosarcoma (n ¼ 33)
was 7.6 months (range, 0.03–17.8 months; median follow-up,
11.6 months; Fig. 4F). The 3- and 6-month PFS rates were 82%
and 58%, respectively. Median PFS was not reached in the cohort of
patients with IDH1/IDH2-mutant conventional chondrosarcoma.

To further examine its antitumor activity, we determined the
growth-modulating effect of INBRX-109 in chondrosarcoma.
Growth modulation can be measured by calculating the GMI, or
von Hoff ratio (21), which is defined as the ratio of the time to
progression (TTP) with a new treatment versus TTP with the prior
line; the patient serves as their own control (21). In our study,
TTP with the last therapy was not available. To circumvent this, we
used a modified analysis that determined the ratio of TTP with
INBRX-109 versus prior treatment duration (modified GMI).
Among 23 evaluable patients, the median modified GMI was
1.07 (range, 0.03–9.87; Fig. 4G). Overall, 54.5% of patients had
a modified GMI of >1, 36.3% had a modified GMI of >1.33 (i.e.,
33% improvement), and 31.8% had a modified GMI of >1.5 (i.e.,
50% improvement), further indicating that INBRX-109 has anti-
tumor activity in chondrosarcoma.

Discussion
Drug development for rare diseases is challenging. INBRX-109, a

precisely engineered, tetravalent, DR5 agonist, has been designed to
overcome the limitations of earlier-generation agonists that lacked
efficacy or ceased development due to hepatoxicity. This study dem-
onstrated that INBRX-109 had encouraging antitumor activity in
chondrosarcoma and amanageable safety profile, suggesting that DR5
is a valid target in the treatment of this tumor.

DR5 has long been of interest in oncology due to its ability to induce
programmed cell death through the extrinsic apoptosis pathway in a
cancer-biased manner (8, 9). The first DR5 agonist to enter the clinic,
dulanermin (recombinant TRAIL), showed some promising clinical
activity in chondrosarcoma; however, rapid clearance and decoy
receptor binding limited its activity (9, 17, 22–24). Several bivalent
antibodies targeting DR5 were also developed on the basis of
promising in vitro and in vivo preclinical data (25–28). Unfortu-
nately, the clinical activity for bivalent antibodies was underwhelm-
ing, likely due to requiring Fc receptor engagement for DR5
clustering and activity (29, 30). To circumvent this requirement,
a second-generation DR5 agonist, TAS266, was developed using
camelid-derived sdAbs to create a tetravalent molecule designed to
more efficiently cluster DR5 in the absence of Fc receptor engage-
ment (31). However, preexisting ADAs toward this molecule led to
additional higher-order DR5 clustering that was presumably
responsible for the observed hepatotoxicity that led to the cessation
of a phase I trial (16).

INBRX-109 also has a tetravalent configuration and induces
DR5-mediated apoptosis without the need for additional cross-
linking. In preclinical studies, DR5 receptor clustering by INBRX-
109 induced death in H-EMC-SS cells (Fig. 2). This chondrosar-
coma-like line has high DR5 expression, making it well suited for
characterizing the activity of INBRX-109, and was previously used
to evaluate an anti-DR5 pentameric IgM antibody that is currently
in clinical development (32).

With the activity of INBRX-109 as a DR5 agonist established
in vitro, we examined its activity in PDX mouse models of various
cancers, including chondrosarcoma. The encouraging results that we
observed (Fig. 2E), along with prior studies that suggested that
targetingDR5 in this tumor type could be beneficial (17, 18),motivated
our clinical evaluation of INBRX-109. In patients with metastatic or
locally advanced chondrosarcoma, INBRX-109 demonstrated antitumor

Figure 4.
Clinical efficacyof INBRX-109 in chondrosarcoma.A,Best tumor response and time receiving treatment up to the first event of progression or death.B,Best response
up to data cutoff date. C andD, Representative baseline and posttreatment contrast-enhanced CT scans of patients who experienced a PR. Orange arrows show the
diameter of target lesions. E,Representative baseline and posttreatment contrast-enhanced CT scans of a patient who experienced SD. All patients inC–E had grade
3, metastatic, conventional chondrosarcoma. F, PFS by Kaplan–Meier analysis. Median follow-up was 11.6 months. Crosses indicate censored data.G,Meanmodified
growthmodulation index (modifiedGMI), as determined by the ratio of PFSwith INBRX-109 to prior treatment duration. Best response to treatment with INBRX-109
is indicated within each bar, and the ratio of PFS on INBRX-109 to prior treatment duration is indicated at the right of each bar. Data cutoff: May 26, 2022.
Abbreviations: GMI, growthmodulation index; IDHmt, isocitrate dehydrogenase 1/2mutant; NA, no postbaseline scan available; PD, progressive disease. aA total of 31
patients were included in the analysis. Four patients from cohort B6 were excluded for taking prohibited medications (n ¼ 1), not having conventional
chondrosarcoma (n ¼ 1), or not having first scan data (n ¼ 2). bPatient has a mutation in IDH1 (R132) or IDH2 (R172). cOne patient is from dose-escalation cohort
A4 and received INBRX-109 at a dose of 10 mg/kg; all other patients are from dose-expansion cohort B4 (INBRX-109 3 mg/kg). Patients with nonconventional
chondrosarcoma are indicated with a stippled pattern. dDurable disease control is SD, PR, or CR for >6 months. ePatient’s first tumor assessment during treatment
showed PD. A second scan post PD showed tumor shrinkage, and the best change from baseline up to data cutoff is shown; patient was not receiving a subsequent
therapy at the time of the second scan. fA total of 30 patients were evaluable. Five patients were excluded for taking prohibited medications (n¼ 1; cohort B6), not
having conventional chondrosarcoma (n¼ 1; cohort B6), not having first scan data (n¼ 2; cohort B6), or due to death (n¼ 1; cohort B4). gTwo patientswere excluded
due to taking prohibited medication (n¼ 1) or having dedifferentiated chondrosarcoma (n¼ 1). hOverall, 23 of 35 patients were included in this analysis. One patient
had a long prior treatment duration of 84months (cohort B6) and, although included in the analysis, is not included in the figure (GMI, 0.03). Patients were excluded
for taking prohibited medications (n¼ 1; cohort B6), not having conventional chondrosarcoma (n¼ 1; cohort B6), or having a treatment duration that could not be
estimated. (n ¼ 10). Partial start and stop dates were ignored.
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activity (Fig. 4) and, unlike TAS266,minimal hepatotoxicity both in vitro
(Fig. 3) and in the clinical setting (Table 2).

Although both tetravalent and hexavalent anti-DR5 antibodies
show superior cytotoxic activity to bivalent antibodies and trimeric
TRAIL in the absence of Fc receptor binding, increasing valency carries
with it an increased risk of activity on normal healthy tissue, as was
seen with HexaBody-DR5/DR5 (GEN1029), a mixture of two DR5-
specific antibodies with a hexamerization-enhancing Fc mutation
[ref. 33; Genmab. (cited August 8, 2022). Available from: https://ir.
genmab.com/static-files/60467b61-f6ed-4196-ae15–455d57d9f919.].
In August 2019, the FDA issued a partial clinical hold on a phase
I/II study of HexaBody DR5/DR5 (NCT03576131) due to liver
toxicity. The clinical hold was lifted in October 2019; however,
development of the drug was later stopped due to what the sponsor
considered to be a narrow therapeutic index [Genmab. (cited
August 8, 2022). Available from: https://ir.genmab.com/static-
files/be692ea1–1ee7–44d3-ab20-f0dda61ea843]. In our study, the
hexavalent comparator showed robust cross-linking–independent
hepatocyte cytotoxicity in vitro (Fig. 3). In contrast, INBRX-109
demonstrated little induction of the DR5-mediated apoptotic
pathway in hepatocytes, suggesting that a tetravalent molecule
may have achieved an optimal combination of activity and safety.

In this phase I study, INBRX-109 was well tolerated and demon-
strated a manageable safety profile in patients with chondrosarcoma.
Most treatment-related AEs in patients with chondrosarcoma or in
those with other tumors were low grade. Among those with chon-
drosarcoma who experienced frequently reported AEs, only 1 patient
had a grade 3 event (increased blood bilirubin). Similarly, liver-related
AEs were mainly grade 1 or 2, indicating that the INBRX-109 design
minimizes hepatotoxicity, unlike earlier DR5 agonists. Two deaths
occurred, both due to hepatic failure. Both patients had several
comorbidities and/or were taking concomitant medications, including
fenbendazole, a prohibited treatment linked to hepatotoxicity (20).
Therefore, the deaths were considered as possibly related to INBRX-
109 treatment by the investigators. To better understand any treat-
ment-related effects on liver function, hepatotoxicity will continue to
be closely monitored in future studies of INBRX-109.

INBRX-109 demonstrated single-agent activity in chondro-
sarcoma—including in the traditionally chemotherapy-resistant
conventional chondrosarcoma subtype—with a DCR of 87.1%; 2
patients achieved a PR (6.5%; Fig. 4). Although a direct compar-
ison is not possible, this rate was much higher than the DCR of
31.3% observed in patients treated with placebo (n ¼ 16) in a
randomized phase II study in advanced chondrosarcoma (7).
These suggest that the observed DCR in our study was due to
the activity of INBRX-109 and not the indolent nature of the
disease. Similar to our study, in the phase II study most patients
had conventional chondrosarcoma; only 2 patients in the placebo
arm had nonconventional subtypes (7).

As expected in sarcomas (34, 35), few objective responses by
RECIST criteria were observed. However, 25 of 31 patients (80.6%)
achieved SD, regardless of IDH1/IDH2mutation status, with many of
these patients having decreases in tumor size (Fig. 4). Disease control
was durable for >6 months in 11 of 27 patients (40.7%). We acknowl-
edge that, due to the indolent nature of chondrosarcoma, the use of
RECIST criteria may lead to an overinterpretation of the DCR for this
tumor indication. In the study by Duffaud and colleagues (7), 5 of 16
patients (31.3%) in the placebo arm had tumor shrinkage. However, in
our study, tumor shrinkage was observed in 16 of 30 evaluable patients
(53.3%; 56% of patients with SD; Fig. 4B). These data suggest activity
of INBRX-109 in chondrosarcoma.

These findings with INBRX-109 are notable given the lack of
effective therapies in this setting and the lower DCR seen with targeted
single-agent therapies in recent studies. A phase I study of ivosidenib
(IDH1 inhibitor) in patients with IDH1-mutant advanced solid tumors
reported a DCR of 40% (no complete response or PR) in 21 patients
with advanced chondrosarcoma (36). Ivosidenib is considered a
systemic treatment option for patients with IDH1-mutant chondro-
sarcoma despite no objective response observed in the phase I
study (36), highlighting the importance of SD in this setting and the
need formore effective treatment options. Similarly, a phase II study of
pazopanib in patients with unresectable or metastatic conventional
chondrosarcoma (N ¼ 47) reported a DCR of 42% at week 16, with 1
patient achieving a PR (37); olaparib, a PARP inhibitor, led to aDCRof
40% in 5 patients with chondrosarcoma in a phase II, open-label study
in patients with metastatic solid tumors (38).

Given the limitations with RECIST criteria, other measures of
activity, such as nonprogression and tumor growth delay, have been
explored and are widely considered to be appropriate indicators of
activity in sarcomas (39, 40). In our study, nonprogression was
determined by PFS, which has been suggested as a measure of success
for targeted therapies in sarcomas (21, 34, 35, 41). Patients treatedwith
INBRX-109 had a median PFS of 7.6 months, which was substantially
longer than what has been observed with chemotherapy (usually
<4 months; ref. 5) and other recently evaluated targeted therapies,
including ivosidenib (5.6 months) (36) and the tyrosine kinase inhib-
itor regorafenib (�5 months; ref. 7). Median PFS in patients treated
with pazopanib was similar (7.9 months; ref. 37).

The GMI, which measures tumor growth delay, has also been
considered by some to be a way of determining success in studies of
sarcomas (39). In a study evaluating concordance between the GMI
and efficacy outcomes in advanced sarcomas, a higher GMI correlated
with better outcomes, including survival (39). A GMI of >1 was
considered a sign of activity, and a GMI of >1.33 (i.e., 33% improve-
ment)was considered amore conservative threshold (21). In our study,
36.3% and 31.8% of patients had modified GMIs of >1.33 and >1.5,
respectively, suggesting that INBRX-109 has an antitumor effect and
can delay tumor growth in patients with chondrosarcoma. However,
our modified analysis used the time receiving prior line of treatment
rather than TTP, which could make interpretation of the results
difficult given the potential confounders. For example, physicians
may change a patient’s treatment before progression if they believe
a new treatment regimen will lead to greater clinical benefits or
tolerability. Overall, INBRX-109 not only demonstrated clinical activ-
ity by RECIST criteria (objective response and tumor shrinkage) but
also by nonprogression and tumor growth delay, which are two
additional measures considered to be appropriate indicators of activity
in sarcomas (39, 40).

Together with previous findings, our data suggest that DR5 is a valid
target in the treatment of chondrosarcoma. Although the mechanisms
driving tumor response to INBRX-109 are not known, enhanced
sensitivity of chondrosarcoma to DR5 agonism could play a role. It
is not uncommon for tumors to develop resistance to DR5 agonism
due to prior exposure to TRAIL expressed on infiltrating immune
cells (42). However, immune cell infiltration into conventional chon-
drosarcoma is poor (43–45), making chondrosarcoma less likely to
develop resistance toDR5 agonism; this provides support for the use of
DR5 agonists in this tumor type. Another possiblemechanism involves
the activity ofDR5 agonismon tumor-associated, suppressive immune
cell populations. Immune infiltrates in chondrosarcoma are largely
composed of immunosuppressive macrophages (44, 45), which have
been shown to express functional DR5 (46). In a study of patients with

Subbiah et al.

Clin Cancer Res; 29(16) August 15, 2023 CLINICAL CANCER RESEARCH3000

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/29/16/2988/3354593/2988.pdf by guest on 31 January 2024

https://ir.genmab.com/static-files/60467b61-f6ed-4196-ae15--455d57d9f919
https://ir.genmab.com/static-files/60467b61-f6ed-4196-ae15--455d57d9f919
https://ir.genmab.com/static-files/60467b61-f6ed-4196-ae15--455d57d9f919
https://ir.genmab.com/static-files/be692ea1--1ee7--44d3-ab20-f0dda61ea843&rsqb;
https://ir.genmab.com/static-files/be692ea1--1ee7--44d3-ab20-f0dda61ea843&rsqb;
https://ir.genmab.com/static-files/be692ea1--1ee7--44d3-ab20-f0dda61ea843&rsqb;


advanced cancers (NCT02076451), the DR5 agonist DS8273a reduced
the tumor-associated, myeloid-derived suppressor cell population (47),
suggesting that INBRX-109 could be acting on this suppressive immune
cell population in chondrosarcoma. Given that tumor DR5 expression
could not be assessed in patients at baseline, additional studies are
needed to better understand themechanism of action of INBRX-109 in
chondrosarcoma and the link between DR5 levels on tumor and/or
tumor-infiltrating immune cells and response to INBRX-109. To fur-
ther evaluate INBRX-109 and address these open questions, a random-
ized, blinded, placebo-controlled, phase II trial of INBRX-109 in un-
resectable ormetastatic conventional chondrosarcoma (ChonDRAgon;
NCT04950075) is currently enrolling in the United States and Europe.
In addition, the phase I study (NCT03715933) is now exploring clinical
activity of INBRX-109 in patients with nonconventional chondrosar-
coma. This cohort is still enrolling, and findings will be reported in a
separate manuscript.

In conclusion, INBRX-109 demonstrated a manageable safety
profile and led to a high DCR of 87.1% in patients with metastatic
or advanced chondrosarcoma; 2 patients achieved PR, and approxi-
mately half of the patients achieved tumor shrinkage. Importantly,
median PFS with INBRX-109 was 7.6 months, which is a substantial
improvement over results with currently available therapies. However,
given the indolent nature of the disease, randomized controlled
studies, like the ongoing ChonDRAgon study, are needed to validate
these early findings. Overall, our study suggests that DR5 is a valid
target in chondrosarcoma and indicates that INBRX-109 has antitu-
mor activity in unresectable or metastatic chondrosarcoma, regardless
of IDH1/IDH2mutation status. Importantly, findings from this study
fill a highly unmet need in a rare disease and provide support for
continued evaluation of INBRX-109 in unresectable or metastatic
chondrosarcoma.
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