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ABSTRACT

Receptor tyrosine kinase-like orphan receptor (ROR2) has been identified as a highly relevant tumor-
associated antigen in a variety of cancer indications of high unmet medical need, including melanoma,
renal cell carcinoma, osteosarcoma, gastrointestinal stromal tumor, colorectal cancer, pancreatic ductal
adenocarcinoma, and non-small cell lung cancer. Overexpression of ROR2 often correlates with advanced
disease or poor prognosis, making it an attractive target for cancer therapy. We developed a novel,
conditionally active biologic (CAB) antibody-drug conjugate (ADC), ozuriftamab vedotin (BA3021), which
binds to ROR2 only in the acidic tumor microenvironment. In healthy tissue, binding to ROR2 is greatly
reduced by a novel selection mechanism using physiological chemicals as protein-associated chemical
switches (PaCS). The CAB anti-ROR2 ADC displays the anticipated binding properties and mediates potent
lysis of ROR2-positive cancer cell lines. In vivo, BA3021 has potent and durable antitumor activity in
human cancer xenograft mouse models, including patient-derived xenograft models. In non-human
primates, BA3021 was well tolerated at doses of up to 10 mg/kg and showed excellent stability in vivo.
These preclinical results indicate that CAB anti-ROR2 ADC is efficacious and well tolerated and may be
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a promising treatment for cancer patients with ROR2-expressing tumors.

Introduction

Receptor tyrosine kinase orphan receptor 2 (ROR2) is
a member of the ROR family of type I transmembrane recep-
tors with ligand-binding extracellular regions and intracellular
tyrosine kinase domains."> ROR2 interacts with Wnt3a and
Wnt5a, which activate canonical and non-canonical Wnt sig-
naling pathways. Wnt signaling is essential for embryonic
development, including cell polarization, motility, migration,
and invasion, processes in which ROR2 has also been
implicated.””” Mice deficient in ROR2 are viable for a short
time after birth, but have heart, nervous system, and skeletal
defects.®* ' Homozygous mutations in ROR2 are associated
with the human skeletal diseases, including Robinow syn-
drome and brachydactyly type B.'"'? Additionally, ROR2
was found to be meaningfully overexpressed in human papil-
loma virus (HPV) - associated squamous cell oropharyngeal
cancer.” Further studies have shown that the HPV oncogenic
E6 and/or E7 proteins drive increased ROR2 expression.'*
Finally, expression of ROR2 decreases during fetal
development,'” but a recent report indicates that ROR2 is
expressed in a variety of healthy tissues in adults (colon,
esophagus, and reproductive tissues).'®

ROR2 was first cloned from the neuroblastoma cell line,
SH-SY5Y,'”'® and subsequently shown to be highly expressed
in osteosarcoma,'® renal cell carcinoma,?®~>* melanoma,* col-
orectal cancer,”* pancreatic ductal adenocarcinoma,” non-
small cell lung carcinoma (NSCLC),*® squamous cell

carcinoma of the head and neck,”” gastrointestinal stromal
tumor (GIST),?® and breast cancer.?>° In many of these can-
cer types, expression of ROR2 correlates with advanced stage
of disease and/or poor prognosis.”’ > Due to its association
with increased aggression in many types of cancer and its
location on the cell surface, ROR2 has been identified as
a potential target for cancer therapeutic development.**

Antibody-drug conjugates (ADCs) represent a rapidly
expanding class of antitumor therapeutics that utilize mono-
clonal antibodies (mAbs) to deliver potent cytotoxic agents
directly to tumor cells by targeting specific tumor-associated
antigens.”” Factors such as the distribution of target antigens in
normal tissue, the efficiency of ADC internalization by target
cells, the stability of the linker-payload in circulation, and the
clearance of free cytotoxic agents significantly influence the
therapeutic efficacy and safety profile of each ADC.

Acidic extracellular pH is a key characteristic of the tumor
microenvironment (TME) because of the glycolytic metabolism
of cancer cells that underpins the continuous replication of cancer
cells.’® Conditionally active biologic (CAB) technology is an
innovative platform for generating antibodies that exploits the
differential binding of naturally occurring Protein-associated
Chemical Switches™ (PaCS™) on target molecules.’” This
approach results in antibodies that exhibit minimal/no binding
to target antigens in healthy tissue (under normal physiological
conditions with pH >7.4), while demonstrating robust binding
affinity in the acidic TME (pH 5.3 to 6.7).”® The measured
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extracellular pH in tumors depends greatly on the method used.
For example, experiments with pH electrodes or magnetic reso-
nance imaging have shown a pH range from pH6.3 to pH7.3 for
a wide variety of cancer types and animal models. However, these
methods lack spatial resolution at the single cell level. Using pH-
sensitive nanoprobes, it has been shown that the pH at the cell
surface is below pH6.0 based on the high local concentration of
secreted lactic acid.” In tumors, low pH measurements indicate
that all of the tumor cells have an acidic extracellular surface (<pH
6.5), including cells located in aerobic regions and close to the
interphase with normal cells.*’ Leveraging CAB technology, we
developed BA3021, a novel anti-ROR2 CAB-ADC designed to
target tumor tissues and potentially enhance the therapeutic index
by reducing on-target, off-tumor toxicity. Here, we present the
results of several pharmacological studies conducted in vitro and
in vivo. These studies collectively demonstrated that BA3021
selectively binds to human and cynomolgus monkey ROR2
under acidic conditions typical of the TME, while exhibiting
reduced binding under normal alkaline physiological conditions.
BA3021 induced the cytotoxicity of human tumor cell lines
expressing ROR2 in vitro and inhibited tumor growth in human
tumor xenografts in vivo. Moreover, BA3021 demonstrated favor-
able tolerability in non-human primate (NHP) toxicity studies.
These findings underscore the potential of BA3021 as a promising
strategy for cancers expressing ROR2. Early clinical results with
BA3021 (ozuriftamab vedotin) have shown promising outcomes
in patients with advanced malignancies, including melanoma and
head and neck squamous cell carcinoma.*'

Materials and methods

Generation of ROR2-specific conditionally active
antibodies and drug conjugates

Antibodies against human ROR2 were developed by immuniz-
ing BALB/c mice (Green Mountain Antibodies) with a peptide
(VLDPNDPLGPLDGQDGC, New England Peptides) specific
for ROR2 conjugated to keyhole limpet hemocyanin (KLH) for
immunization and to bovine serum albumin (BSA) for counter
screening. Hybridoma clones producing ROR2-specific mAbs
were identified by enzyme linked immunosorbent assay
(ELISA) with ROR2 peptides and by cell-based ELISA using
Chinese hamster ovary (CHO) cells expressing human ROR2
on the cell surface.

Variable domains from hybridomas were cloned, expressed
as human IgG1/kappa chimeras, and further characterized for
their binding and in vitro functional activities. Selected clones
were conjugated with monomethyl auristatin E (MMAE) and
tested for cell-killing activity in vitro. Chimeric clone BA-048-
2-11 was humanized using BioAtla’s proprietary Express
Humanization™ protocol. One of the humanized variants,
clone BA-048-hum2-11, was selected for further engineering
and the development of a CAB antibody’” that binds to human
ROR2-ECD at pH6.0 (TME conditions) and has reduced bind-
ing at pH7.4 (normal alkaline physiological conditions)
(Figure S1).

Lead ROR2 CAB clone BA302 and isotype control clone
B12 (specific for GP120) were conjugated with mc-vc-PAB-

MMAE containing a valine-citrulline protease cleavable dipep-
tide as described.*” BA3021, the resulting ADC from clone
BA302 (drug-to-antibody ratio 4:1, DAR4) (Figure la) was
characterized in vitro and in vivo and is described further in
this report.

Cell lines and cell culture

LCLC-103 h, a human large cell lung carcinoma cell line
(DSMZ, catalog no. ACC384), was cultured in RPMI1640
media (Gibco, catalog no. 11875-085) supplemented with
10% fetal bovine serum (FBS) (Gibco, catalog no. 16140-
071). SK-MEL-5, a human melanoma cell line (ATCC, catalog
no. HTB-70), and HT-1080, a human fibrosarcoma cell line
(ATCC, catalog no. CCL-21), were cultured in MEM media
(Gibco, catalog no. 11095-072) supplemented with 10% FBS.

293-F cells were derived from the 293 cell line, a primary
embryonal human kidney cell line transformed with sheared
human adenovirus type 5 DNA (ThermoFisher, catalog no.
R79007). 293-F cells expressing human ROR2 extracellular
domain (ECD) (293-HuROR2) or cynomolgus ROR2 ECD
(293-CynoROR?2) on the cell surface were created at BioAtla
and cultured in MEM (Gibco, catalog no. 11095-072) supple-
mented with 10% FBS and 1 mg/mL of G418 (Invivogen,
catalog no. ant-gn-5). All cells were maintained at 37°C and 5%
CO, in a humidified atmosphere and routinely sub-cultured
twice per week. Cells were harvested in an exponential growth
phase and used for the experiments described here.

pH affinity ELISA using BA3021

Human recombinant ROR2 extracellular domain fused to
mouse Fc (HuROR2-mFc¢, BioAtla) was immobilized in the
wells of a 96-well ELISA plate at 1 pg/mL in carbonate/bicarbo-
nate coating buffer (Sigma, catalog no. C3041-100CAP) over-
night at 4°C. Plates were blocked with either pH6.0 ELISA assay
incubation buffer (PBS with 2.5g/L sodium bicarbonate, 2%
nonfat milk, pH6.0) or pH7.4 ELISA assay incubation buffer
(PBS with 2.5 g/L sodium bicarbonate, 2% nonfat milk, pH7.4)
at room temperature for 1 h, then washed with the correspond-
ing pH ELISA wash solution (PBS with 2.5 g/L sodium bicar-
bonate, 0.05% Tween-20). BA3021 ADC was serially diluted in
the corresponding pH ELISA assay incubation buffer and
added to the previously blocked and washed wells. ELISA plates
containing diluted antibodies were sealed and incubated at
room temperature for 1 h with shaking. The plates were washed
three times with the corresponding pH ELISA wash buffer, then
100 pL of anti-human IgG horseradish peroxidase (HRP) con-
jugate (Promega, catalog no. W4031) diluted 1:2,500 in the
corresponding pH ELISA assay incubation buffer was added
to each well. Subsequently, the plates were sealed and incubated
at room temperature for 1 h with shaking. Following incuba-
tion, the plates were washed three times with the corresponding
pH ELISA wash buffer. About 100 pL of 3,3', 5,5’ tetramethyl-
benzidine dihydrochloride (TMB) peroxidase substrate solution
(ThermoFisher, catalog no. 002023) was added to each well,
and the reactions were stopped after 3 min with 100 puL of 0.1
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Figure 1. In vitro characterization of BA3021. a: Structure Overview. BA3021 consists of an IgG1 antibody (BA302) with pH-responsive binding to ROR2. In average,
4 mmAE toxins are conjugated to each antibody molecule via maleimide and a protease cleavable vedotin linker. b: pH affinity ELISA. Binding of BA3021 to human
ROR2 was determined by ELISA with a series of antibody concentrations as indicated on the graph. BA3021 was captured with huROR2 immobilized on the plate. Bound
ADC was detected with anti-human IgG-HRP conjugate. The EC50 values of BA3021 at pH6.0 (red filled circles) or pH7.4 (red open circles) were determined by
GraphPad Prism software. x-axis: log ADC concentration in ng/mL; y-axis: Optical Density at 450 nm (OD450nm). c: pH range ELISA. Binding of BA3021 to human ROR2
at different pH values was determined by ELISA. HUROR2 was immobilized on a plate and incubated with BA3021 at pH 5.5, 6.0, 6.2, 6.5, 6.7, 7.0, or 7.4. After washing at
the same pH, bound BA3021 was detected with an anti-human IgG-HRP conjugate. The pH inflection point (50% binding activity compared to pH6.0) was at pH6.4.
x-axis: pH values; y-axis: Optical Density at 450 nm (OD450nm). d: Cross Species ELISA. Binding of BA3021 to human (HUROR2, red circles), cynomolgus (CynoROR2, blue
squares), mouse (MsROR2, orange diamonds), and rat (RatROR2, green triangles) ROR2 at pH6.0 (full symbols) and pH7.4 (open symbols) was determined by ELISA.
ROR2 proteins were immobilized in the wells and incubated with BA3021 at pH6.0 or pH7.4. After washing at the same pH, bound BA3021 was detected with an anti-
human IgG-HRP conjugate. BA3021 shows a strong and very similar binding to human and cynomolgus ROR2 at pH6.0, but only weak binding at pH7.4. No binding was
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N HCI (Beijing Reagent, catalog no. G81788B). The OD at 450
nm was collected using a Microplate Spectrophotometer
(Molecular Device, SpectraMax 190). Half-maximal effective
concentration (ECs,) values for binding to human ROR2
ECD at pH6.0 and pH7.4 were determined using the nonlinear
fit model (variable slope, four parameters) of GraphPad Prism
version 7.03.

Binding to RORI antigen was tested following the ELISA
protocol with ROR2.

pH affinity ELISA using non-CAB and BA302 naked
antibody

Human recombinant ROR2 extracellular domain fused to
mouse Fc (HuROR2-mFc, BioAtla) was immobilized in the
wells of a 96-well ELISA plate at 1pg/mL in carbonate/
bicarbonate coating buffer (Sigma, catalog no. C3041-
100CAP) overnight at 4°C. Plates were blocked with either
pH6.0 ELISA assay incubation buffer (Krebs-Ringer bicarbo-
nate buffer from Sigma, catalog no. K4002 with 1.26 g/L
sodium bicarbonate, 0.09 g/L L-lactic acid, 1% BSA, pH6.0)
or pH7.4 ELISA assay incubation buffer (Krebs-Ringer bicar-
bonate buffer from Sigma, catalog no. K4002 with 1.26 g/L
sodium bicarbonate, 0.09 g/L L-lactic acid, 1% BSA, pH7.4)
at room temperature for 1 h, then washed with the corre-
sponding pH ELISA assay incubation buffer. Non-CAB and
BA302 naked antibodies were serially diluted in the corre-
sponding pH ELISA assay incubation buffer and added to
the previously blocked and washed wells. ELISA plates con-
taining diluted antibodies were sealed and incubated at room
temperature for 1 h with shaking. The plates were washed
three times with the corresponding pH ELISA assay buffer,
and then 100 pL of anti-human IgG horseradish peroxidase
(HRP) conjugate (Promega, catalog no. W4031) diluted
1:2,500 in the corresponding pH ELISA assay incubation
buffer was added to each well. Subsequently, the plates
were sealed and incubated at room temperature for
1 h with shaking. Following incubation, the plates were
washed 3 times with the corresponding pH ELISA wash
buffer. About 100 uL of TMB Peroxidase substrate solution
(ThermoFisher, catalog no. 002023) was added to each well,
and the reactions were stopped after 3 min with 100 pL of
0.1 N HCI (Beijing Reagent, catalog no. G81788B). The OD
at 450nm was collected using a Microplate
Spectrophotometer (Molecular Device, SpectraMax 190).
Half-maximal effective concentration (ECs,) values for bind-
ing to human ROR2 ECD at pH6.0 and pH7.4 were deter-
mined using the nonlinear fit model (variable slope, four
parameters) of GraphPad Prism version 7.03.

pH range ELISA

The binding activity of BA3021 to ROR2 was tested in a range
of pH ELISA assay conditions (pH5.5, 6.0, 6.2, 6.5, 6.7, 7.0, and
7.4) as described above (pH affinity ELISA). The BA3021 pH
inflection point that demonstrated 50% binding activity com-
pared to pH6.0 (set as 100%) was determined using the non-
linear fit model (variable slope, 4 parameters) of GraphPad
Prism version 7.03.

Cross-species ELISA

Human recombinant ROR2 antigen (BioAtla), cynomolgus
recombinant ROR2 antigen (BioAtla), mouse recombinant
ROR2 antigen (BioAtla), and rat recombinant ROR2 antigen
(BioAtla) were immobilized in the wells of 96-well ELSA plates
at 1 pg/mL in carbonate bicarbonate coating buffer (Sigma,
catalog no. C3041-100CAP) overnight at 4°C. The cross-
species ELISA was performed following the same method as
described in pH affinity ELISA and the data were analyzed
using the nonlinear fit model (variable slope, four parameters)
of GraphPad Prism version 7.03.

Antibody-drug conjugate preparation

A solution of naked mAb BA302 (5mg/mL in PBS with
100 mm arginine, 20 mm EDTA, pH6.7) was treated with 3
equivalents of tris(2-carboxyethyl)-phosphine (TCEP, Bond-
Breaker catalog no. 77720) for 1h at 25°C. Then, 10 molar
equivalents of maleimidocaproyl valine-citrulline-p-amino-
benzyloxycarbonyl- monomethyl auristatin E (mc-vc-PAB-
MMAE, MedChemExpress, catalog no. 646502-53-6) were
added to the fully reduced antibody, and the mixture was
incubated for 1h at 25°C. Excess reagents were removed by
size-exclusion chromatography. The DAR was determined by
hydrophobic interaction chromatography (Proteomix HIC
Butyl-NP5 column).

pH flow cytometry

The binding affinity of BA3021 to human and cyno-ROR2-
expressing 293 stable cells, as well as human ROR2-expressing
tumor cell lines was measured by flow cytometry under pH6.0
and pH7.4 conditions. B12 (anti-GP120 antibody) conjugated
to MMAE (B12-MMAE) at a similar DAR was used as the
isotype control. Briefly, the cells in the log phase were detached
and seeded in 96-well round bottom plates and then washed
with a pH flow cytometry assay buffer (PBS with 2.5g/L
sodium bicarbonate and 1% BSA) at pH6.0 or pH7.4 and
pelleted with centrifuge. The antibodies that were serially

detected with mouse or rat ROR2. x-axis: log ADC concentration in ng/mL; y-axis: Optical Density at 450 nm (OD450nm). e: Specificity ELISA. Binding of BA3021 and an
isotype control ADC (B12 mmAE) to human RORT (HUROR1) was determined by ELISA. HUROR1 protein was immobilized in the wells and incubated with varying
concentrations of BA3021 or B12 mmAE at pH6.0 or pH7 4. After washing at the same pH, bound ADC was detected with an anti-human IgG-HRP conjugate. No binding
of BA3021 (or the isotype ADC) to human ROR1 was detected. The presence of human ROR1 in the wells was confirmed with an anti-ROR1 antibody. f: pH affinity ELISA.
Binding of BA302 and non-CAB antibody to human ROR2 was determined by ELISA with a series of antibody concentrations as indicated on the graph. Antibody was
captured with huROR2 immobilized on the plate. Bound 302 or non-CAB antibody was detected with anti-human IgG-HRP conjugate. The ECsq values at pH6.0 (filled
circles or squares) or pH7.4 (open circles or squares) were determined by GraphPad Prism software. Red color for the non-CAB antibody and blue color for BA302. x-axis:

log antibody concentration in ng/mL; y-axis: Optical Density at 450 nm (OD450nm).



diluted in pH flow cytometry assay buffer were added to the
cells and incubated for 1 h at 4°C in the dark with shaking. The
mixture containing cells and antibodies was spun down and
washed with the corresponding pH flow cytometry assay buf-
fer three times. Secondary antibody (goat anti-human IgG,
Invitrogen, catalog no. A11013) conjugated with fluorophore
Alexa 488 was then added to each well and incubated for
45 min at 4°C in the dark with shaking. Cells were then washed
with pH assay buffer three times and fixed with 4% parafor-
maldehyde (Polyscience Inc. catalog no. 18814-10). The med-
ian fluorescence intensity (MFI) was calculated using
a NovoCyte flow cytometer (ACEA Biosciences, model 2060
R). MFI and antibody concentrations were used to generate
4-parameter nonlinear regression curves with variable slope
using GraphPad Prism software version 7.03.

Kinetic analysis of pH-dependent binding of BA3021

Binding kinetics of BA3021 to human ROR2 were analyzed by
surface plasmon resonance (SPR) on an SPR 2/4 instrument
(Sierra Sensors, Hamburg, Germany). In brief, varying anti-
body concentrations were injected over a sensor surface with
immobilized HuROR2. Binding kinetics were analyzed with
the provided analysis software (Sierra Analyzer R2) with a 1:1
binding model. A molecular weight of 150 kDa was used to
calculate the molar concentrations of the BA3021 analyte.

Receptor density

The ROR2 expression levels on 293-HuROR2 and 293-
CynoROR?2 cells were estimated using QantiBrite™ phycoery-
thrin (PE) quantitation kit (BD, catalog no. 340495), which
contains a mixture of beads that are loaded with known quan-
tities of PE molecules (high, medium, and low). The logarith-
mic geometric mean of PE fluorescence intensity from the
beads, and the number of PE molecules per bead provided by
the vendor, was used to generate a standard curve. The ROR2
expressing cells were stained with an anti-ROR2 PE-
conjugated antibody (R&D Systems, catalog no. FAB20641P),
and the copy number of ROR2 receptors on the cells was
calculated by extrapolation from the bead standard curve
using the logarithmic geometric mean of PE fluorescence on
stained cells (Figure S2).

In vitro cytotoxicity

The cytotoxicity of BA3021 or isotype control (B12-MMAE)
was tested with ROR2 expressing cell lines. Cells were seeded
in 50 uL of pH assay medium (DMEM +1xNEAA +1xsodium
pyruvate + 10% FBS, adjusted to pH6.0 or pH7.4) at 3000 cells
per well for human or cyno ROR2 expressing 293 stable clones
(293-HuROR?2 or 293-CynoROR?2) or 2000 cells per well for
LCLC103H or HT1080 in 96-well tissue culture-treated plates
and incubated for 2-3 h in a humidified incubator containing
5% CO, at 37°C. Serial dilutions of 2X BA3021 stock solution
at pH6.0 or pH7.4 assay media (50 pL per well) were added to
the plates. After a 3-d incubation, the cell viability was mea-
sured with the CellTiter-Glo (Promega Corporation) reagent,
and the luminescence was recorded on the SpectraMax i3X
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plate reader. The inhibition rate (IR) of BA3021 or isotype
antibody was determined by the following formula: IR (%) =
(1I-(RLU compound/RLU control)) x 100%. The inhibition
rate of different doses was plotted in concentration-response
inhibition curve, and half-maximal inhibitory concentration
(ICsp) values were calculated. The data were interpreted using
GraphPad Prism software using a four-parameter logistic non-
linear regression model.

In vivo efficacy study

Antitumor efficacy of BA3021 and the unconjugated parent
antibody BA302 were assessed using different cell line-derived
xenograft (CDX) models, including melanoma cancer cell line
SK-MEL5 and lung cancer cell line LCLC-103 h (both studies
were performed at Crown Bioscience, San Diego,
California, USA).

Female NOD/SCID mice were implanted with 5 x 10° SK-
MELS5 tumor cells or 20 x 10° LCLC-103 h tumor cells subcu-
taneously into the rear flank. When the tumor volume reached
100-150 mm”, the animals were randomized into groups of
eight animals and treated intravenously (IV) with either vehi-
cle, BA302, or BA3021 (once every 4 d, total of six injections).
Tumor sizes were monitored routinely, and %TGI (tumor
growth inhibition) was calculated (tumor volume change
between the controls and test article-treated cohort).

For the in vivo efficacy study in patient-derived xenograft
(PDX) models, low passage sarcoma models SA13179,
SA10160, CTG-1079, CTG-0677, CTG-0714, GIST models
GS11353, GS11327, GS11328, melanoma model CTG-0219,
triple-negative breast cancer (TNBC) model CTG-1167, uter-
ine cancer model CTG-1561, and colorectal model CTG-1951
were utilized (all studies were performed at Champion
Oncology, Rockville, Maryland, US). Tumor fragments from
the PDX models were implanted in female NOD-SCID mice.
Tumor-bearing animals were randomized into treatment
groups when the tumor volume reached approximately
150 mm”’. Following randomization, the animals (n=3 per
group) were treated with vehicle (PBS) or BA3021 (6 mg/kg)
once every 4 d for a total of four or six doses. Effects on tumor
growth were evaluated by measuring percent TGI. Tolerability
was assessed by body weight loss, lethality, and clinical signs of
adverse treatment-related side effects. Body weights were mea-
sured twice a week.

In vivo toxicology and pharmacokinetics in non-human
primates

The cynomolgus monkey was chosen as the only toxicology
species due to the lack of cross-reactivity to the rodent ROR2
receptor. Nonclinical pharmacokinetics (PK) studies were con-
ducted to evaluate the systemic exposure to BA3021, total
antibody, and unconjugated MMAE in cynomolgus monkeys.
The single- and repeat-dose PK of BA3021 was assessed in
cynomolgus monkeys via IV administration. The plasma PK
and serum anti-drug antibody (ADA) samples collected from
a Good Laboratory Practice (GLP) toxicology study in cyno-
molgus monkeys were analyzed using validated bioanalytical
methods (PPD Laboratories, USA). The PK data were analyzed
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using the noncompartmental method and a semi-mechanistic
modeling approach.

A non-GLP dose-range finding (DRF) study (SNBL USA,
Ltd.) and a GLP compliant repeat-dose toxicity study were
performed to evaluate the PK and toxicity of BA3021 in cyno-
molgus monkeys (WuXi AppTec Co., Ltd.). In the DRF study,
male and female cynomolgus monkeys (one animal/sex/
group) received BA3021 at 1, 3, and 10 mg/kg by IV bolus.
Animals were observed for 21 d. Safety endpoints included
clinical observations, food evaluation/consumption, body
weight, hematology, coagulation, serum chemistry, and urina-
lysis. Blood was collected at multiple timepoints to character-
ize systemic exposure of BA3021, total antibody, and free-
MMAE. At termination, gross observations and organ weights
were recorded, and tissues were collected for microscopic
evaluation.

In the repeat-dose toxicity study, BA3021 was administered
by IV bolus in two doses, 3-week apart (Day 1 and Day 22) to
male and female cynomolgus monkeys (5 animals/sex/group)
at 0 (vehicle control), 1, 3, and 6 mg/kg/week. After the last
dose, on Day 23 a necropsy was performed on surviving
animals (5/sex/group), while the remaining animals were
placed into a 4-week recovery period. Safety endpoints
included clinical signs, body weights, ophthalmic exams, elec-
trocardiogram (ECG), body temperature, clinical pathology
(clinical chemistry, coagulation, hematology, and urinalysis),
organ weights, as well as macroscopic and microscopic exam-
inations. Blood samples were collected to evaluate systemic
exposure to total ADC (BA3021), total antibody, free-
MMAE, and for potential anti-drug antibodies (ADA).
Exposure to total ADC and total antibody was assessed by
immunoprecipitation, peptide digestion, and liquid chromato-
graphy/mass spectrometry (LC/MS analysis). Free-MMAE was
measured by LC/MS. ADA was measured by MSD-
electrochemiluminescence (ECL) method.

Results
Engineering of anti-ROR2 CABs

Novel antibodies against human ROR2 were developed target-
ing a ROR2-specific epitope close to the N-terminus to avoid
cross reactivity with ROR1. ROR2-specific hybridomas were
sequenced, expressed as chimeric IgGl antibodies, and
screened for cross reactivity with cynomolgus ROR2 and
in vitro functional activities.

Chimeric clone BA-048-2-11 was selected for further engi-
neering and the development of a conditionally active (CAB)
antibody.””*® The top humanized CAB lead, clone BA302, was
conjugated with MMAE using a vedotin-type protease-
cleavable linker, resulting in BA3021 (Figure 1a). The in vitro
and in vivo characterization of the ADC, BA3021, is described
below.

In vitro characterization of BA3021

The binding activity of BA3021 to human ROR2-ECD at
pH6.0 (TME condition) and pH7.4 (physiological condition)
was tested by pH affinity ELISA. BA3021 has strong binding to

human ROR?2 at pH6.0 with an ECs, of 56.3 ng/mL. At pH7.4,
minimal binding was observed for the highest BA3021 con-
centration tested, but no meaningful ECs, could be calculated
(Figure 1b). BA3021 binding to human ROR2 was tested at
pH5.5, 6.0, 6.2, 6.5, 6.7, 7.0, and 7.4 (pH range ELISA,
Figure 1c). BA3021 had strong binding to human ROR2 at
pH5.5 to ~pH6.4. At higher pH, the binding activity sharply
dropped and only very little binding was detectable at pH7.0 -
pH7.4. The pH inflection point (pH with 50% signal compared
to pH6.0 set as 100%) was pH6.4. BA3021 binds to cynomolgus
ROR2 at pH6.0 with a similar binding profile as to human
ROR2 and had very little binding at pH7.4. (Figure 1d).
BA3021 did not bind to mouse or rat ROR2 regardless of the
pH (Figure 1d). In addition, BA3021 is highly specific for
ROR2 and does not bind to human ROR1 (Figure le). The
binding activity of naked BA3021 (BA302) to human ROR2-
ECD at pH6.0 and pH7.4 conditions was tested by pH affinity
ELISA along with non-CAB ROR2 antibody. BA302 shows
a comparable strong binding as non-CAB antibody to human
ROR2 at pH6.0 with an ECsy of 11.9 ng/mL. The non-CAB
antibody shows a similar ECs, at pH7.4 as pH6.0, which is 9.7
ng/mL and 4.7 ng/mL, respectively. BA302 does not bind to
human ROR?2 well at pH7.4, and no meaningful ECs, could be
calculated (Figure 1f).

The binding activity of BA3021 to various ROR2-expressing
cell lines at pH6.0 and pH7.4 was also measured by flow
cytometry (Figure 2). BA3021 binds to cell-surface expressed
ROR2 at pH 6.0, but very little binding was observed at pH7.4.
BA3021 did not bind to naive 293-F cells not expressing ROR2
on the surface (data not shown). There was no detectable
binding of isotype control antibody (B12-MMAE) in any of
the cell lines tested.

The binding kinetics of BA3021 at different pH values were
determined by SPR. Representative sensorgrams for each pH
condition are shown in Figure 3a. BA3021 showed a high
affinity to human ROR2 at different pH values tested
(Figure 3b). The affinity dropped from pH6.0 to pH7.4 about
5.7-fold, Kp [pH6.0] = 1.5 nM; Kp [pH7.4] = 8.6 nM. In addi-
tion to the lower affinity, the observed maximum SPR signal at
pH7.4 reached only ~10% of the signal at pH6.0, which is
characteristic of CABs.

In vitro cytotoxicity

The cytotoxicity of BA3021 to ROR2-expressing cell lines
was initially assessed with HEK293 cells expressing human
ROR2 (HuROR?2) or cynomolgous ROR2 (CynoROR2) on
the cell surface, both of which were engineered to highly
express ROR2 (~220,000 copies of human and ~80,000
copies of cyno ROR2 based on PE staining). As shown in
Figure 4a, b, BA3021 induced dose-dependent cytotoxicity
in both stable cell lines. At pH6.0, IC5, values were 280 ng/
mL and 167 ng/mL for 293-HuROR2 and 293-CynoROR2,
respectively. Lower levels of cytotoxicity were observed at
pH7.4 for both cell lines. IC5, data are summarized in
Figure 4f. Cytotoxicity of the isotype ADC was observed
only at the highest concentration tested. BA3021 also
showed activity against LCLC103H and HT1080 cancer cell
lines (Figures. 4c, d). Both cell lines express low levels of
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ROR2 (the exact copy numbers could not be determined, as
the signal with the commercial anti-ROR2-PE antibody was
consistently low). BA3021 did not have a cytotoxic effect on
ROR2-negative cells (Figure 4e). These findings collectively
demonstrate that BA3021 mediates cytotoxicity in
a concentration-dependent manner and achieves more
potent cell-killing activity under tumor microenvironment
conditions.

BA3021 inhibits tumor growth in vivo

The in vivo activity of BA3021 was evaluated in several CDX

and PDX models representing different cancer indications.
BA3021 exhibited potent antitumor activity in an SK-MEL5

melanoma CDX model at doses of 6 and 10 mg/kg, with tumor

growth inhibition of 106% and 116%, respectively, at Day 33
(Figure 5a).

The efficacy of BA3021 was also evaluated in the LCLC103H
human lung cancer xenograft model, in which BA3021 also
showed strong dose-dependent antitumor activity. Treatment
with BA3021 at 1 mg/kg moderately inhibited tumor growth,
while treatment with BA3021 at 3 and 6 mg/kg resulted in com-
plete tumor regression (Figure 5b). There was no observed tumor
regression in the groups with unconjugated parental antibody
BA302, in which the animals were administered with the same
highest doses as the ones in BA3021-treated groups. Collectively,
results from these in vivo xenograft studies demonstrate that
BA3021 treatment can lead to effective anti-tumor responses.

Anti-tumor activity of BA3021 was evaluated in several
PDX models. Treatment with BA3021 at 6mg/kg
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Figure 3. BA3021 binding kinetics measured by SPR. Kinetic analysis of BA3021 binding to human ROR2 at pH6.0, pH6.5, pH7.0, and pH7.4. Kinetic analysis was
performed on an SPR2/4 instrument (Sierra Sensors) using a multicycle protocol injecting five different concentrations of BA3021 and buffer only. Three independent
experiments were conducted at each pH. A: Representative sensorgrams for pH6.0 (top left), pH6.5 (top right), pH 7.0 (bottom left), and pH7.4 (bottom right). The same
chip was used for all runs. The maximum signal drops from ~800 RU at pH6.0 to ~700 RU at pH6.5, and to ~300 RU at pH7.0, ~50 RU at pH7.4 based on the pH sensitive
binding of BA3021. x-axis: time [s]; y-axis: Response units [RU]. B: Calculated binding kinetics of BA3021 to human ROR2. The binding affinity drops from 1.5 nM at
pH6.0 to 2.5 nM at pH6.5, and to 5.1 nM at pH7.0, 8.6 nM at pH7.4. In addition, the maximum SPR signal drops ~16-fold from pH6.0 to pH7.4.

eradicated sarcoma SA13179 tumors (Figure 5c) and com-
pletely inhibited the growth of the gastrointestinal tumor,
GS11353 (Figure 5d). Treatment with BA3021 at 6 mg/kg
induced greater than 40% TGI in other PDX models
(Table S1), suggesting that BA3021 has activity in a wide
range of tumor types including sarcoma, GIST, melanoma,
TNBC, uterine cancer, and colorectal cancer.

Pharmacokinetic, safety, and tolerability analysis of
BA3021 in non-human primates

The PK profile of BA3021 in cynomolgus monkeys was deter-
mined after a single IV dose of 1, 3, or 10 mg/kg. Plasma con-
centration of unconjugated MMAE (Free MMAE) peaked at 1-2
d post dose (Figure 6a). The maximum concentration (C,.x), area
under the curve extrapolated to infinity (AUC,,s), and half-life
(t12) from the noncompartmental analysis of the PK data are
presented in Figure 6b. The AUC of each analyte showed
a slightly greater than dose proportional increase, suggesting the
presence of a saturable elimination process for BA3021.**

In the definitive GLP repeat-dose toxicity study of BA3021,
there were no detectable ADC, total Ab, or unconjugated
MMAE in samples analyzed from control groups. In general,
the peak plasma BA3021 (Total ADC) concentration (Cmax)
was dose-proportional (Figure 6¢, d). The peak plasma levels of
unconjugated MMAE occurred 24 h post-dose (Figure 6c).
Mean AUC 4., where 1 is the dosing interval of 3 weeks
(504 h), increased from 580 to 1,870 to 4,450 ug*h/mL over
the dose range of 1, 3, and 6 mg/kg for the first dose given on
Day 1. Similar AUC, was observed for the last dose (Day 22)
with mean values of 637, 2,130, and 4,310 pgxh/mL for the
three different dose levels, respectively. Mean clearance (CL)
ranged from 1.36 to 1.75 mL/kg/h for Day 1 and from 1.45 to
1.59 mL/kg/h for Day 22, suggesting no change in TK and no
accumulation. Mean plasma t;,, determined on Days 1 and 22
ranged from 39 to 71 h (Figure 6d).

Anti-BA3021 antibodies were detected in some of the
plasma samples collected on Day 22 within each BA3021
treatment group and represented 30% of low dose (1 mg/kg/
dose) animals (3 of 10 animals), 30% of mid dose (3 mg/kg/
dose) animals (3 of 10 animals), and 10% of high dose (6 mg/



293-HUROR2 - BA3021 pH6.0
100+ -©- BA3021 pH7.4
804 - B12-MMAE pH6.0
0. -9+ B12-MMAE pH7.4
S
< 40+
x
20~
0-
-20 T T T T .
o 1 2 3 4 5
Log [BA3021] (ng/mL)
c
LCLC103H - BA3021 pH6.0
100- @ BA3021pH7.4
80+
__ 601
2
< 404
x
20
E
-20 r T T Y o
o 1 2 3 4 5
Log [BA3021] (ng/mL)
€ 293F
-o- BA3021 pH6.0
100- -0+ BA3021 pH7.4
804 - B12-MMAE pH6.0
0. -+ B12-MMAE pH7 4
<
o 404
204
04
-20 T T ’ . ;
0 1 2 s 4 6

Log [BA3021] (ng/mL)

MABS (&) 9

b
293-CynoROR2 - BA3021 pH6.0
1007 -©- BA3021 pH7.4
80+ - B12-MMAE pH6.0
60 -9+ B12-MMAE pH7.4
9
< 40+
x
20+
o-
-20 L] L] L] L] 1
0 1 2 3 4 5
Log [BA3021] (ng/mL)
d
HT1020 - BA3021pH6.0
100+ -©- BA3021 pH7.4
80-
60+
<
< 404
&
204
04
-20 Ll Ll Ll Ll L)
0 1 2 3 4 5
Log [BA3021] (ng/mL)
f
ICso (ng/mL) pH6.0 pH7.4
293-HuROR2 280 6,896
293-CynoROR2 167 8,844
LCLC103H 2,186 4,646
HT1080 4,573 8,826
293F n.c. n.c.

Figure 4. In vitro cytotoxicity of BA3021 at pH6.0 and pH7.4. Viability of cell line 293-HUROR2 cells (A) or 293-CynoROR2 cells (B) or LCLC103H (C) or HT1080 (D) or 293F
(E) after a 3-d incubation period with the indicated ADCs was analyzed with a Cell Titer Glo viability assay. Inhibition rate (IR) was calculated as described in Materials
and Methods. (F) Summary of Half-Maximal Inhibitory Concentration (ICso) values in ng/mL. Each data point represents the mean of duplicate wells. x-axis: log ADC

concentration in ng/mL; y-axis: Inhibition rate; N.A., not applicable

kg/dose) animals (1 of 10 animals). No apparent change in the
PK characteristics of BA3021 or its components (total anti-
body and unconjugated MMAE) was associated with the pre-
sence of anti-BA3021 antibodies.

In a single-dose exploratory toxicity study in cynomolgus
monkeys, bolus IV administration of BA3021 was well toler-
ated at the highest dose tested (10 mg/kg). There were no
unscheduled deaths or morbidity in this study. Test article-
related changes were confined to decreased white blood cell
counts, particularly neutrophils. There was a dose-dependent
decrease in neutrophil counts 7d after dosing, which
rebounded by Day 21. Also, BA3021-induced (10 mg/kg
dose) decreases in CD3*, CD3'CD4", CD3"CDS8",
CD37CD20", or CD3"CD14" cells were transient, as all cell
types recovered on or before Day 21. Among these decreased

cells, there was also a notable change in cell counts of the
monocyte population (CD3°CD14") with an effect at 3 and
10 mg/kg. The effect of BA3021 on this population was rever-
sible and monocyte counts rebounded to values exceeding
pretest levels on Day 14. The exposure between males and
females was similar and dose-proportional based on C,,y
values and AUGC;,r. Based on the tolerability data for BA3021
in this study, the maximum tolerated dose (MTD) was 10 mg/
kg. At 10 mg/kg, the mean BA3021 exposure (AUC™) was
8,210 pg*h/mL and the C,,., was 208 pg/mL, while the t;/,
was 116 h (Figure 6b). The AUC;,s and C,,.x levels of the
released MMAE payload were 6.8 x 10 ~> ug*h/mL and 6.2 x
10~* pg/mlL, respectively (Figure 6b). The nonclinical safety
profile of BA3021 has been also characterized with repeat-dose
studies up to one-month in duration, including the assessment
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Figure 5. In vivo efficacy of BA3021in CDX and PDX models. Cytotoxicity of BA3021 was tested in several cell-line derived xenograft models (CDX) and patient-derived
xenograft models (PDX) in mice. In each model above, tumor growth was monitored routinely. The dosing dates were marked as blue arrows in the figures. x-axis: days
after the start of treatment; y-axis: tumor volume in mm?>. a and b: In CDX model, female NOD/SCID mice were implanted with SK-MEL5 tumor cells (A) or LCLC103H
tumor cells (B) subcutaneously into the rear flank. When tumor volume reached 100-150 mm?, animals were randomized into groups of eight animals and treated
intravenously with either vehicle, BA3021, or BA302 (Q4Dx6, once every 4 d, a total of six injections). c and d: BA3021 suppressed the tumor growth in Sarcoma
SA13179 (C) and GIST GS11353 (D) models. The tumor fragments from the PDX models were implanted in female NOD-SCID mice. Tumor-bearing animals were
randomized into treatment groups when the tumor volume reached approximately 150 mm?. Following randomization, animals (n = 3 per group) were treated with
vehicle (PBS), or BA3021 (6 mg/kg) once every 4 d (Q4D) for six doses. Tumor growth curves of the indicated models are shown as mean tumor volumes. Error bars

represent standard error of the mean (SEM).

of reversibility of toxicological effects. In both single- and
repeat-dose studies, decreases in white blood cell parameters
occurred in a dose-dependent manner. The effect on the
hematopoietic system was completely reversible, as there
were no remarkable findings after the one-month recovery
period.

Discussion

ROR?2 is expressed in many different cancer types and is often
associated with more aggressive tumors and poor prognosis.
Therapeutic strategies targeting ROR2 present a promising
new approach for cancer treatment, but few such molecules
are currently in development. In this report, we describe the
preclinical development and characterization of BA3021,
a first-in-class CAB ADC specific for ROR2. First, we gener-
ated novel ROR2-specific antibodies from hybridomas, huma-
nized the lead antibody, and screened a library of variants for
conditional binding to ROR2 in the TME. CAB generation was
performed as previously described.”” BA3021 was character-
ized by in vitro binding ELISA and cytolysis assays that mimic
the acidic pH conditions of the TME. BA3021 demonstrated
tumor-selective binding to human and cynomolgus ROR2,

with a pH inflection point at pH6.4 (i.e., 50% binding signal
compared to pH6.0) and minimal binding at normal physio-
logical alkaline pH (= pH7.4) in an affinity ELISA assay. When
the binding kinetics of BA3021 were analyzed by SPR, we
observed a simultaneous decrease in both affinity and max-
imum signal with pH changes from pH6.0 to pH7.4. We have
previously shown that this signal drop is caused by a change in
the reversible availability of the reactive ligands on the sensor
surface. The number of available reactive ligands drops with an
increase in pH. The availability of reactive ligands at different
pH conditions is affected by the interaction of the proteins
with PaCS molecules, i.e., bicarbonate ions, which block the
binding of BA3021 in a concentration-dependent manner.
Therefore, the pH selectivity is a combination of the change in
Kp and the fold change in the maximum signal observed.’”**
Flow cytometry analysis showed that BA3021 demonstrated
strong binding to various human cancer cell lines at acidic pH,
but very little binding under normal physiologic alkaline
conditions.

BA3021 demonstrated in vitro anti-cancer activity in a pH-
dependent manner. Cell-growth inhibition by BA3021 was
observed in melanoma and NSCLC cell lines at lower pH
conditions. BA3021 was also tested in CDX mouse models
and exhibited dose-dependent antitumor activity in vivo.
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Figure 6. Pharmacokinetic and toxicokinetic analysis of BA3021 in non-human primates. a: PK Analysis for a single dose non-GLP study of BA3021 in cynomolgus
monkeys. Mean plasma concentrations of total ADC, total Ab and free MMAE from cynomolgus monkeys (one female and one male) were determined after a single
intravenous dose of 3 mg/kg. Plasma samples were collected post-dose at 2, 6, 24, 48, 96, 168, 216, 312, 480 h. x-axis: time after injection in hours; y-axis: mean plasma
concentrations in ug/mL. b: Summary of TK parameters for BA3021, total Ab and free-MMAE in cynomolgus monkeys. The Cpax, AUCin¢ and ty/, in cynomolgus monkeys
(1 monkey/sex/dose) were determined after a single intravenous dose of 1, 3, and 10 mg/kg. NC, not calculated. c: PK Analysis for repeat doses of BA3021 in
cynomolgus monkeys. The cynomolgus monkeys (10 monkey/sex/dose) were given BA3021 via intravenous injection at 1, 3 or 6 mg/kg for a total of 2 doses on Days 1
and 22. Plasma samples were collected post-dose at 0.5, 2, 6, 24, 96, 168, 336, 528 h. Mean plasma concentration of total ADC (BA3021) and free MMAE from
cynomolgus monkeys was determined after the first dose on Day 1 and second dose on Day 22. x-axis: time after the first injection in hours; y-axis: mean plasma
concentrations in pug/mL. d: TK data of BA3021in repeat-dose intravenous toxicity study in cynomolgus monkeys. The cynomolgus monkeys were given BA3021 via

intravenous injection at 1, 3 or 6 mg/kg for a total of 2 doses on Days 1 and 22.

BA3021 significantly inhibited the tumor growth of NSCLC
and melanoma cancer xenografts. In all the studies described
herein, the parental unconjugated antibody BA302 was
included as a control for efficacy and showed no antitumor
activity in these tumor models. We do not know if the CAB-
selective binding influences the efficacy of BA3021 compared
to the non-CAB parental clone, as it was not included in the
efficacy studies. However, we performed a detailed efficacy
study for our EpCAM-targeting T cell engager and showed
that the pH-selective binding has no impact on its efficacy in
a mouse model.*®

The nonclinical safety profile of BA3021 has been charac-
terized through single- and repeat-dose studies lasting up to
one-month, including an assessment of the reversibility of
toxicological effects. BA3021 was well tolerated following sin-
gle or repeat IV dosing. Neither morbidity nor mortality was
observed in the monkeys. Test article-related hematological
changes were not associated with adverse pathological changes
in lymphoid organs, and all findings were reversible following

a 4-week recovery period. In the repeat-dose study, a few
animals tested positive for anti-BA3021 antibodies; however,
despite the ADA response, there was no effect on BA3021
exposure, and no ADA-associated toxicities were observed.
The nonclinical safety findings with BA3021 were consistent
with toxicities observed with other MMAE-containing ADCs
and are easily monitored, reversible, and present a controllable
and acceptable risk in the targeted patient group. The non-
clinical safety profile of BA3021 supports clinical development
in advanced cancer indications. BA3021 (ozuriftamab vedotin)
is currently in multiple Phase 2 clinical trials with several solid
tissue tumor settings. Multiple objective responses have been
observed with ozuriftamab vedotin among patients with heav-
ily pretreated HPV-positive oropharyngeal cancer, with accep-
table tolerability,** including one complete response [Eric
Sievers, personal communication**]. Future clinical trials are
planned to further investigate the promising antitumor activity
in patients with HPV-driven cancers associated with ROR2
overexpression.
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