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Abstract

Background: Mast cells (MC) are powerful inflammatory immune sentinel cells that
drive numerous allergic, inflammatory, and pruritic disorders when activated. MC-
targeted therapies are approved in several disorders, yet many patients have limited
benefit suggesting the need for approaches that more broadly inhibit MC activity.
MCs require the KIT receptor and its ligand stem cell factor (SCF) for differentiation,
maturation, and survival. Here we describe CDX-0159, an anti-KIT monoclonal anti-
body that potently suppresses MCs in human healthy volunteers.

Methods: CDX-0159-mediated KIT inhibition was tested in vitro using KIT-expressing
immortalized cells and primary human mast cells. CDX-0159 safety and pharmacoki-
netics were evaluated in a 13-week good laboratory practice (GLP)-compliant cynomol-
gus macaque study. A single ascending dose (0.3, 1, 3, and 9 mg/kg), double-blinded
placebo-controlled phase 1a human healthy volunteer study (n = 32) was conducted to
evaluate the safety, pharmacokinetics, and pharmacodynamics of CDX-0159.

Results: CDX-0159 inhibits SCF-dependent KIT activation in vitro. Fc modifications
in CDX-0159 led to elimination of effector function and reduced serum clearance. In
cynomolgus macaques, multiple high doses were safely administered without a sig-
nificant impact on hematology, a potential concern for KIT inhibitors. A single dose of
CDX-0159 in healthy human subjects was generally well tolerated and demonstrated
long antibody exposure. Importantly, CDX-0159 led to dose-dependent, profound
suppression of plasma tryptase, a MC-specific protease associated with tissue MC
burden, indicative of systemic MC suppression or ablation.

Conclusion: CDX-0159 administration leads to systemic mast cell ablation and may

represent a safe and novel approach to treat mast cell-driven disorders.
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GRAPHICAL ABSTRACT

This study presents the preclinical characterization, safety, pharmacokinetic and pharmacodynamic activity in a placebo-controlled phase
1a healthy volunteer study of CDX-0159, a specific and potent anti-KIT inhibitory monoclonal antibody. CDX-0159 inhibits SCF-dependent
KIT and mast cell activation. In a dose-dependent manner, CDX-0159 induces suppression of plasma tryptase - a marker of mast cell burden
- showing a potential as a therapeutic strategy in mast cell-driven disorders.

Abbreviations: CDX-0159, anti-KIT inhibitory monoclonal antibody; FcR, Fc receptor; KIT, KIT proto-oncogene, receptor tyrosine kinase;

MRGPRX2, mas-related G protein-coupled receptor-X2; SCF, stem cell factor

1 | INTRODUCTION

During normal homeostasis, mast cells (MCs) can exert protective
functions against helminth infections, venoms, and may play a role in
wound healing and initiating adaptive responses.t™ However, MCs
are better known for their role in driving or contributing to numer-
ous allergic, inflammatory, and autoimmune disorders.>® MCs are
long-lived innate immune sentinel cells that reside in tissues across
the body, particularly at interfaces with the external environment.
MCs initiate and perpetuate immune responses when activated by a
multitude of endogenous and exogenous stimuli, including allergen-
specific IgE, autoantibodies, complement, toll-like receptor (TLR) ag-
onists, alarmins, cytokines, neuropeptides, drugs, and venoms.>”8
Upon stimulation, MCs immediately release pre-formed mediators
stored in granules (proteases, histamine, serotonin, and cytokines),
followed by a second wave of eicosanoids (leukotrienes and prosta-
glandin D2) and a wide array of inflammatory cytokines and chemo-
kines through de novo synthesis.""11 These events lead to a rapid
inflammatory response characterized by vasodilation, extravasa-
tion, smooth muscle contraction, itch, and recruitment of additional
immune cell types, which can manifest in both acute and chronic
conditions.1012

MC activation underlies the etiology of allergic reactions and
has been strongly implicated in chronic acute and pruritic condi-
tions, neuroinflammatory disorders, pain, fibrosis, and autoimmune

diseases.>%1%22 |ndeed, therapies that inhibit specific MC triggers,

such as anti-IgE (omalizumab) or mediators (antihistamines) have
been approved by health authorities and recommended by guide-

lines as therapies,?32*

although many patients have limited benefit
indicating additional MC triggers or mediators are likely involved.
Thus, therapies that lead to comprehensive mast cell suppression
may result in broader efficacy in indications where MCs contribute
to disease pathophysiology.®2%2°

The KIT (c-KIT/CD117) receptor tyrosine kinase and its only li-
gand stem cell factor (SCF) are master regulators of MC biology.?4"%®
KIT is highly expressed throughout the life of a MC and is also ex-
pressed in hematopoietic stem cells, melanocytes, interstitial cells of
Cajal, germ cells, and a subset of taste receptor cells.??34 MCs arise
from multipotent hematopoietic stem cell progenitors, entering cir-
culation as immature progenitors and influx into tissues, where they
reach maturity.*®2° KIT phosphorylation by soluble or transmem-
brane SCF expressed in stromal cells (e.g., fibroblasts, keratinocytes,
and endothelial cells) and MCs themselves, regulates their differen-
tiation, tissue migration, adhesion, maturation, survival, and modu-
lates their activation.?835-%7 Similarly, exogenous SCF is required to
differentiate, mature, and maintain primary MCs grown in vitro.3¢%’
Mice deficient in either KIT or SCF lack tissue MCs,*%*! and the KIT
tyrosine kinase inhibitor (TKI) imatinib significantly reduces the MC
burden (and serum tryptase) after long-term dosing in patients with
asthma or chronic myelogenous leukemia.*?43
KIT-targeting TKls have received regulatory approval in indi-

cations that are generally driven by activating KIT mutations, and
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typically exhibit relatively low potency for wild-type KIT and reactiv-
ity to related kinases.**** By contrast, monoclonal antibodies can be
developed with high affinity and selectivity toward extracellular tar-
gets. A KIT-targeting antibody has been shown to efficiently deplete
MCs in mice, though this may be through effector function.*®#”
Similarly, we have previously demonstrated that an anti-KIT mAb
reduced skin MCs in dogs.*® Here, we present the preclinical charac-
terization, safety, pharmacokinetic, and pharmacodynamic activity
in a placebo-controlled phase 1a healthy volunteer study of CDX-

0159, a specific and potent anti-KIT inhibitory mAb.

2 | RESULTS

2.1 | CDX-0159 inhibits SCF-dependent KIT and
mast cell activation

CDX-0159 is a humanized 1gG1/x monoclonal antibody with a modi-
fied Fc domain that was derived from CDX-0158, a predecessor anti-
KIT antibody with an unmodified IgG1/x backbone.*® The antibody was
developed from mice immunized with the membrane proximal dimeri-
zation domains (Ig 4 and 5) of human KIT (huKIT-D4D5), which are re-
quired for KIT activation by SCF but are not directly involved in ligand
binding.*” CDX-0159 bound to immobilized purified KIT extracellular
domain (huKIT-ECD) and huKIT-D4D5 by ELISA with similar potency
(Figure 1A). While strong reactivity was observed for purified KIT from
human, monkey, cat, and dog, no binding to mouse or rat KIT could be
measured (Figure S1), indicative of substantial epitope divergence in
rodents. Furthermore, CDX-0159 bound specifically to KIT but not to
other related type-Ill receptor tyrosine kinases (Figure S2). CDX-0159
bound to KIT naturally expressed in the surface of megakaryoblastic
leukemia M-07e cells with an EC,, of 153 + 22 pM (Figure 1B), and
completely blocked binding of fluorescently labeled SCF to M-07e cells
with an IC,, value of 118 + 6 pM (Figure 1C). Similarly, titration of CDX-
0159 on CHO cells stably transfected to express human KIT (CHO-KIT)
inhibited SCF-dependent KIT phosphorylation (Figure 1D) with an IC,
of 232 + 4 pM, or 2-3 orders of magnitude more potently than FDA-
approved KlT-targeting TKls imatinib, pexidartinib, and avapritinib (IC,,
=931+ 78nM, 87 + 7 nM, and 175 + 59 nM, respectively). Consistent
with the observed reactivity with monkey KIT, CDX-0159 inhibited KIT
phosphorylation in CHO cells expressing cynomolgus KIT with an IC,
of 230 pM (Figure S3). Similar inhibition of SCF-dependent signaling
through KIT, ERK, and AKT was observed in M-07e cells (Figure S4),
as well as cell proliferation when co-cultured with SCF (IC., = 1.11 +
0.15 nM), in a longer term assay (Figure 1E).

The activity of CDX-0159 on primary human MCs differenti-
ated from peripheral blood was also evaluated. Consistent with
previously published results SCF addition to human MCs greatly
enhanced IgE/FceR1-dependent MC degranulation as measured by
B-hexosaminidase release.® In this assay, CDX-0159 titration fully
inhibited SCF-dependent MC degranulation (IC,, = 650 + 88 pM)
(Figure 1F).

2.2 | Fcdomain mutations abolish FcyR-dependent
MC activation and extend serum half-life

A significant concern for systemic dosing of KIT-targeting antibod-
ies is the potential for MC activation and degranulation by KIT-
dependent clustering of MC FcyRs via the antibody Fc domain.>
Indeed, significant infusion reactions and marked transient eleva-
tion of plasma tryptase, a bona fide marker of mast cell degranula-
tion, were observed in patients with gastrointestinal stromal tumors
administered CDX-0158 (NCT02642016) (Table S1, Figure S5). In
addition, Fc-mediated effector functions could result in unwanted
effects on other KIT-bearing cells.

To eliminate the potential for FcyR crosslinking and effector
functions, we engineered 3 amino acid substitutions (L234A/
L235Q/K322Q) in the Fc region of CDX-0158 predicted to abol-
ish FcyR binding and expected to similarly impact C1lq receptor
binding.52 In addition, we also incorporated a set of modifica-
tions (M252Y/S254T/T256E)—herein named YTE—that increase
the binding affinity for the neonatal Fc receptor (FcRn) which
enhances the pharmacokinetic (PK) properties of the mAb by re-
ducing the rate of in vivo clearance.”® YTE mutations also reduce
binding to FcyRllla and reduce ADCC activity. Together, these
substitutions in CDX-0159 completely abolished any measurable
binding to all FcyRs (Figure Sé). In addition, increased affinity
for FcRn was observed. These Fc-silencing mutations also com-
pletely eliminated KIT-dependent FcyR activation in two differ-
ent contexts.

The engineered modifications do not affect CDX-0159 binding
or inhibition of the KIT receptor (Figure S7). However, in cultured
primary MCs, which express low levels of the high-affinity FcyRI
that can be upregulated by treatment with IFNy (Figure S8), CDX-
0158 (IgG1 unmutated)-induced significant degranulation in MCs
pre-treated with IFNy, comparable in magnitude to that of treat-
ment with cross-linked IgE with SCF (Figure 1G). By contrast, CDX-
0159 did not elicit any measurable p-hexosaminidase release under
these conditions. Moreover, CDX-0158-induced robust antibody-
dependent cell-mediated cytotoxicity (ADCC) using a FcyRllla-
driven NFAT-luciferase reporter assay and M-07e as target cells,
whereas no ADCC signal could be detected with CDX-0159 at
saturating concentrations (Figure 1H). Taken together, these data
demonstrate that the Fc modifications in CDX-0159 effectively
abolish Fc-dependent effector function and agonist activity lead-
ing to MC degranulation.

We also tested the effect of YTE mutations on the pharmaco-
kinetic (PK) properties of CDX-0159. Consistent with previously
published data with antibodies harboring YTE mutations, the phar-
macokinetic properties of CDX-0159 in cynomolgus macaques were
indeed enhanced relative to CDX-0158 as demonstrated by drug ex-
posure levels (24,654 + 955 day*ug/ml vs. 14,174 + 866 day*ug/ml)
and terminal half-life (22 + 5.8 vs. 4.8 + 3.5 days) (Figure S9).

To support human trials, a GLP-compliant toxicology study was

performed with CDX-0159 in cynomolgus monkeys with dose levels
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FIGURE 1 CDX-0159 Inhibits SCF-dependent KIT Activation and MC Degranulation. (A) CDX-0159 binds to purified human KIT
extracellular domain (huKIT-ECD) and a fragment comprised of the membrane proximal dimerization domains g4 and Ig5 (huKIT-D4D5)
with indistinguishable potency. Purified KIT proteins were immobilized in ELISA plates followed by titration with CDX-0159. (B) Binding to
KIT-expressing M-07e cells was demonstrated by flow cytometry, with an EC50 value of 153 + 22 pM (C). CDX-0159 completely blocks
binding of 10 nM fluorescently labeled SCF to M-07e cells with a potency of 118 + 6 pM. (D) Inhibition of SCF-dependent KIT tyrosine
phosphorylation in CHO cells expressing human KIT is demonstrated for CDX-0159 and KIT-targeting TKIls imatinib, pexidartinib, and
avapritinib. (E) SCF-dependent proliferation of M-07E cells is inhibited by CDX-0159 more potently than with imatinib. (F) IgE-dependent
MC degranulation as measured by -hexosaminidase release is significantly enhanced by addition of 100 ng/mL of SCF. CDX-0159 fully
inhibits SCF-dependent B-hexosaminidase release. (G) Fc-silencing mutations in CDX-0159 abolish FcyR-dependent MC activation. In MCs
pre-treated with IFNy to upregulate FcyRI, CDX-0158 but not CDX-0159 induces MC p-hexosaminidase release. Cross-linked IgE (xI-IgE)
plus SCF is used as a positive control. (H) CDX-0159 does not elicit measurable ADCC. Fc-silencing mutations abolish ADCC observed with
CDX-0158 using a reporter assay using Jurkat cells with an NFAT-luciferase reporter element under the control of FcyRIll as effector cells,
and M-07e as target cells. All experiments were performed at least 3 independent times. Mean values and S.E.M.s are shown

of 1, 10, and 75 mg/kg administered every two weeks for 13 weeks.
The highest dose level of CDX-0159 provided significant drug ex-
posure maintaining circulating CDX-0159 concentrations of at least
1950-fold over the IC50 for in vitro MC KIT inhibition, throughout the
dosing and 8-week recovery period (Figure 2A). CDX-0159 was well
tolerated with no significant changes in body weight, coagulation,
clinical chemistry, ophthalmology, electrocardiography, respiratory,
or neurological function during the treatment and recovery period.
Observations attributed to CDX-0159-included minimal increases in
the myeloid to erythroid ratio in bone marrow smears in the animals
dosed at 10 and 75 mg/kg at the end of dosing (day 85), with evi-
dence of recovery by day 141 despite continued drug exposure in
the recovery period (Figure 2B). In addition, recoverable minimal/
mild decreases in red blood cell mass parameters were observed
(Figure 2C). Hair color changes were noted in some high-dose-
treated animals, consistent with inhibition of KIT activity in follicular
melanocytes.>*

2.3 | CDX-0159 administration to healthy human
subjects was generally well tolerated

The safety, pharmacokinetics, and pharmacodynamic activity of
CDX-0159 in human healthy subjects were evaluated in a rand-
omized, double-blind, placebo-controlled, Phase 1 single, ascend-
ing dose study. A single dose of CDX-0159 at 0.3, 1, 3, and 9 mg/
kg, or placebo was intravenously administered to healthy subjects
(Table 1). A CDX-0159 intravenous infusion was well tolerated at all
doses. The most common adverse event (AE)s observed in thirteen
out of twenty-four subjects who received CDX-0159 were mild,
self-limited infusion reactions that were consistently described as
areas of local itching associated with erythema, and induration/
hives, which started during the infusions (Table 2). None of the in-
fusion reactions were associated with clinically significant changes
in vital signs or difficulty breathing and they all spontaneously re-
solved within a few hours of completing the infusion without any
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FIGURE 2 Repeat dosing of CDX-0159 in non-human primates does not induce significant myelosuppression. (A) CDX-0159
administration every two weeks results in high drug levels and exposure at 10 and 75 mg/kg throughout the dosing period 13weeks and
post-treatment recovery (8 weeks). Arrows denote dosing. (B) In bone marrow smears, CDX-0159-induced marginal increases in myeloid/
erythroid ratios at the end of treatment which were not seen at the end of the recovery period. Cohort means (n = 6 for on-treatment

and n = 4 for recovery animals) and S.E.M. values are shown. p-values; ns: not significant; *: p < 0.05. (C) Repeat CDX-0159 administration
induces mild rapid decreases in hemoglobin values (left) without further decline despite high and prolonged drug exposure. A similar pattern
is observed in total leukocyte count (center) and neutrophils (right), although the total counts exhibit greater intra-subject variability. Cohort
means (n = 10 for on-treatment and n = 4 for recovery animals) and S.E.M. values are shown. In all cases, no meaningful differences in

hematology values between genders were observed

medications, and no recurrence of symptoms after the initial reac-
tions resolved.

Consistent with observations from the non-human primate tox-
icology studies, CDX-0159 treatment resulted in modest changes in
hematologic parameters (Figure 3). Mild decreases in hemoglobin lev-
els generally within the normal range were observed, which rapidly
stabilized despite the presence of high plasma drug levels (Figure 3A).
The relatively low incidence and magnitude of decreases in hemoglo-
bin support the conclusion that CDX-0159 had minimal effects on
erythropoiesis despite high exposure. In addition, all CDX-0159 treat-
ment groups showed variable, asymptomatic decreases relative to pla-
cebo on circulating neutrophils, which were also reflected in the total
leukocyte count and did not further decline during the course of the
study (Figure 3B,C). Individual subjects in all of the treatment groups
including placebo crossed threshold values per Common Terminology
Criteria for Adverse Events (CTCAE) grades with many of the low val-
ues observed in subjects with low baseline values.

CDX-0159 serum levels were dose proportional and indica-
tive of a PK profile with high exposure and long half-life at higher
doses, consistent with the expected effects of the YTE substitutions
(Figure 4A and Table S2). Mean terminal phase half-life increased
from 15 days at 0.3 mg/kg to 32 days at 9 mg/kg, which exceeds the
average expected half-life of 10-21 days for human 1gG,>® and that
of CDX-0158 (6 days at 9 mg/kg) (Table S2).

24 | CDX-0159 induces dose-dependent
suppression of plasma tryptase and increases in SCF

Mature tissue MCs store proteolytic enzymes such as tryptase in
granules, ready for deployment when they are activated by a variety
of stimuli. MCs also release small amounts of tryptase in the steady
state resulting in circulating tryptase levels that correlate to the num-
ber of MCs in tissues.’®>” Therefore, we measured plasma tryptase
levels as an indicator of the potential impact of CDX-0159 on tissue
MC numbers (Figure 4B). Baseline tryptase levels (4.0 + 3.8 ng/ml)
were within the normal expected range, with the exception of one
subject who had elevated (21.2 ng/ml) levels at baseline. Tryptase
reduction was manifest in all subjects dosed with CDX-0159 at
24 h after the infusion. At the lowest dose of 0.3 mg/kg, plasma
tryptase was reduced by approximately 50%, including the subject
with high baseline tryptase. At higher doses, tryptase levels were
reduced below the lower limit of assay quantitation (LLoQ) (1 ng/
ml) in all CDX-0159 treated subjects for at least 3 weeks at 1 mg/kg,
6-14 weeks at 3 mg/kg and over 18 weeks at 9 mg/kg (Figure 4B and
Figure S10). No significant change in tryptase was observed in the
placebo group. These data are consistent with a sustained systemic
impact of CDX-0159 on MC number.

In a subset of subjects who experienced infusion reactions
plasma tryptase levels from samples collected during or shortly after
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TABLE 1 CDX-0159 healthy volunteer patient demographics

CDX-0159
0.3 mg/kg
(n = 6) 1 mg/kg(n=6) 3 mg/kg (n = 6) 9 mg/kg (n=6) Total (n = 24) Placebo (n = 8)
Age (median, range, 29.5 (24-55) 27.5(26-44) 39.5(23-55) 25.5(20-53) 29.0 (20-55) 33.5(24-51)
years)
Gender
Female, N (%) 2 (33%) 4 (67%) 3 (50%) 3 (50%) 12 (50%) 4 (50%)
Male, N (%) 4(67%) 2 (33%) 3 (50%) 3 (50%) 12 (50%) 4 (50%)
Race
White, N (%) 2 (33%) 3 (50%) 6 (100%) 1(17%) 12 (50%) 1(12%)
Black/African 4(67%) 3 (50%) 0 (0%) 5(83%) 12 (50%) 7 (88%)
American,
N (%)
Ethnicity
Not Hispanic or 6 (100%) 6 (100%) 6 (100%) 6 (100%) 24 (100%) 8 (100%)

Latino

Weight (median, 79.0 (60.5-89.9) 76.8 (55.1-95.4) 74.3 (57.4-94.1) 68.7 (59.7-85.8) 76.0(55.1 - 95.4) 71.6 (62.0-84.7)

range, kg)
Baseline Tryptase 3.9 (2-21.2) 2.3(1.8-3.8) 3.8(1.7-8.4) 3.4(1.9-4.7) 3.4(1.7-21.2) 3.1(1.9-6.7)
Levels (median,
range, ng/ml)
TABLE 2 Treatment-emergent adverse events occurring in 3 or more subjects
CDX-0159
0.3 mg/kg 1 mg/kg 3 mg/kg 9 mg/kg Total Placebo
(n=6) (n=6) (n=6) (n=6) (n = 24) (n=38)
Any Event 2 (33%) 5(83%) 6 (100%) 6 (100%) 19 (79%) 5(63%)
Infusion-related reaction 2 (33%) 5(83%) 5(83%) 1(17%) 13 (54%) 0 (0%)
WABC count decreased 0 (0%) 0 (0%) 0 (0%) 4 (67%) 4 (17%) 1(13%)
Neutrophil count decreased 0 (0%) 0 (0%) 0 (0%) 4 (67%) 4(17%) 1 (13%)
Sensation of Foreign Body in the Throat 0 (0%) 0 (0%) 0 (0%) 3(50%) 3(13%) 0 (0%)

the infusion were slightly elevated (3.58 + 0.45 ng/ml) relative to
pre-dose values (3.55 + 0.50 ng/ml) consistent with a low level of
MC activation in those subjects (Figure S5) and the observed mild
infusion reactions. However, the magnitude of the tryptase eleva-
tions in CDX-0159-treated subjects was lower than that observed
in patients with gastrointestinal stromal tumors administered CDX-
0158 (Figure S5).

CDX-0159 allosterically blocks binding of SCF to KIT, which
may result in an elevation of SCF plasma levels from accumulat-
ing unbound SCF. We therefore measured plasma SCF as another
pharmacodynamic biomarker of KIT engagement and inhibition by
CDX-0159 (Figure 4C). We observed dose-proportional increases in
SCF levels that mirrored the effects of CDX-0159 on plasma trypt-
ase. Together with the effect of the antibody on tryptase levels,
these data provide additional evidence of systemic KIT saturation
with CDX-0159 at doses of 1 mg/kg and above.

3 | DISCUSSION

MCs are powerful tissue-resident inflammatory cells that respond
to a wide array of endogenous and environmental stimuli and are
the key effector cells in many allergic, pruritic, and inflammatory
disorders. MC-targeting strategies have generally focused on neu-
tralizing known triggers (IgE) or individual mediators (histamine and
leukotrienes), with inherently limited efficacy. By targeting the KIT
receptor tyrosine kinase, which is central to MC differentiation and
survival, broader and systemic MC suppression may be achieved in
disorders where MCs play an important role, independent of the
causative trigger, or dominant mediators.

The data presented herein demonstrate that the anti-KIT mAb
CDX-0159 is a potent inhibitor of KIT signaling and MC activation
induced by SCF. Moreover, in healthy subjects, CDX-0159 induces
rapid, profound, and durable tissue MC suppression as reflected by
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Neutrophils (109/L) -1.3(1.1) -1.8(1.0) -2.7 (0.8) -1.9(0.7) -1.9 (1.0) -1.0 (1.1)

FIGURE 3 CDX-0159 induces mild transient decreases in hemoglobin and neutrophil parameters in healthy human subjects. Mean

levels of hemoglobin (A) leukocytes (B) and neutrophils (C) after a single dose of CDX-0159 in healthy subjects are shown. Gray shaded area
represents the 95% confidence interval values from placebo-treated subjects. (D) Maximal mean post-baseline values for several hematology
parameters are shown
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FIGURE 4 CDX-0159 induces systemic MC depletion at saturating doses. (A) The PK analysis showed a dose-dependent increase in
levels of CDX-0159 as expected. Results indicate a PK profile and volume of distribution consistent with those of a monoclonal antibody
through this dosing range with evidence of target mediated clearance below approximately 5 pg/ml. Geometric means and 95% confidence
intervals are shown. (B) Dose-dependent reductions in plasma tryptase are observed after a single i.v. dose of CDX-0159. At the 1 mg/kg
dose or above, tryptase suppression below the level of assay detection (1 ng/ml) is observed in all subjects for at least 3 weeks at 1 mg/kg
or 6 weeks for 3 and 9 mg/kg. No notable tryptase modulation was observed in placebo-treated patients. Tryptase values below the lower
limit of quantitation were assigned a value of 0 ng/ml. Dose cohort means and S.E.Ms are reported. (C) Dose-dependent increases in SCF
levels were observed, mirroring the pattern of tryptase suppression. No significant modulation of SCF was observed in placebo-treated
subjects. Subjects with baseline levels below the LLoQ (100 pg/ml) were set to 100 pg/ml for normalization. Dose cohort means and S.E.Ms
are reported

reductions in plasma tryptase levels. The duration of tryptase sup- dose of 1, 3, and 9 mg/kg, respectively. The observed tryptase re-
pression was clearly dose-dependent, and levels remain below the ductions follow similar kinetics to dose-dependent increase in cir-
level of quantitation for at least 3, 6, and 18 weeks after a single culating SCF, indicative of systemic KIT saturation at higher doses.
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These effects on circulating tryptase are unprecedented, as small
molecule KIT inhibitors have only partial effects on tryptase levels
that require months to achieve.*® We attribute this dramatic effect
to the much higher and more specific KIT antagonist activity of CDX-
0159 on MCs.

Importantly, the administration of CDX-0159 was not accom-
panied by any severe infusion reactions. The related antibody that
targeted KIT with an unmodified IgG1 Fc domain (CDX-0158) re-
sulted in significant (Grade 2 and several Grade 3) infusion reactions
(Table S1), despite pre-medications, which were clearly related to MC
activation as demonstrated by rapid increases in circulating tryptase
levels (Figure S5). Similarly, the severe infusion reactions reported for
another anti-KIT mAb with unmodified IgG1 Fc domain were demon-
strated to be the result of FcyR crosslinking and MC activation.>! The
Fc-silencing mutations engineered in CDX-0159 clearly had a pro-
found effect in eliminating Fc-mediated MC activation and limiting
the magnitude of infusion reactions. In this study, only half of the
CDX-0159-dosed patients experienced any infusion reactions, which
were mild and resolved rapidly without any medication or without
decreasing the infusion rate.

The importance of KIT/SCF signaling in hematopoiesis is well
documented and an important safety consideration for KIT antago-
nists. Overall, the effects of CDX-0159 on circulating hematology pa-
rameters were clinically asymptomatic and mostly maintained within
normal range, consistent with observations from our multi-dose tox-
icology study with observations through 21 weeks. Surprisingly, the
most prominent effect in human volunteers was mild decreases in
neutrophil levels, which appeared soon after dosing and did not de-
crease further over time, and while saturating drug levels were still
present, suggesting maximal effect on neutrophil decreases were
observed as inferred from PK and pharmacodynamic (PD) measure-
ments. The mechanistic reason for the mild effect in neutrophils is
unclear and could reflect interference with certain aspects of KIT-
dependent neutrophil differentiation or survival, or indirect modula-
tion of neutrophil tissue distribution as a result of MC suppression.
Interestingly, decreases in neutrophil count have also been reported
with other approved mAbs that affect MC activity such as the anti-
IgE omalizumab and the anti-IL4Rx mAb dupilumab.?®°%°? |n addi-
tion to its role in hematopoiesis, KIT signaling is important in other
processes and has been described to have a role in hair pigmentation
and spermatogenesis.3132¢%¢1 |mportantly, the data from preclini-
cal models suggest these effects are fully reversible. We observed
patches of hair lightening in our 21 weeks, high-dose monkey study
and this finding could be expected in humans as this has been ob-
served with other KIT inhibitors.’*? In our healthy volunteer study,
there were no reports of hair color changes. The effect of CDX-0159
on fertility parameters will be studied in relevant preclinical models.

Despite being a single-dose study, the high exposure achieved
with CDX-0159 resulted in long-lasting pharmacodynamic effects.
For example, the terminal half-life of CDX-0159 at a single 3 mg/kg
dose was 23 days and was accompanied with tryptase suppression
for >6 weeks. The extended half-life is attributed to modifications
engineered into the Fc domain, which increase binding to the FcRn

and reduce clearance of the antibody. The half-life for CDX-0159
in this study was approximately five-fold longer than what was ob-
served for CDX-0158 in a phase 1 clinical trial (Table S2).

The unprecedented and dramatic decrease in circulating tryptase
observed in this study is expected to reflect a concomitant decrease
in tissue MC numbers. In a nonclinical study with healthy dogs, CDX-
0158 depleted the majority of skin MCs within 2 weeks, with evi-
dence of apoptosis in the remaining MCs, although this may be at
least partially driven by effector function.*® Furthermore, studies
with imatinib and avapritinib have demonstrated partial reductions
in both tryptase and mast cells in several studies when given at high
doses for an extended time.*>*3%% Emerging data from an ongoing
study with CDX-0159 in chronic inducible urticaria (NCT04548869)
confirm that CDX-0159 administration leads to significant depletion
of skin MCs, consistent with the reduction in circulating tryptase
shown in this manuscript.

The long-term consequence of mast cell ablation or suppression
remains to be determined. MCs are thought to play a predominant
role in Th2 inflammatory responses, although they can also release
Th1 cytokines and pro-fibrotic cytokines such as TGF-p or fibro-
blast growth factors. Mice lacking MCs show no overt phenotype
but take longer to clear certain parasitic infections, consistent with
MC involvement in Th2 immunity.>* In addition, murine MCs have
been implicated in combating bacterial infections, and in wound
healing, although their exact contribution to these processes is still
not fully understood.®>%® Chronic dosing with imatinib, which par-
tially depletes MCs, or omalizumab, which eliminates an important
regulator of MCs, has not shown any toxicities that can be directly
ascribed to MC impairment. Importantly, other mAbs that inhibit the
activity of key Th2 cytokines such as IL-4, IL-13, IL-5, or eliminate
eosinophils have demonstrated favorable long-term safety profiles
to date.1>¢770

MCs have been directly implicated in the pathogenesis of numer-
ous inflammatory disorders and are the key effector cell in chronic
urticarias. Mast cell activation by known triggers (inducible urticaria)
or unidentifiable triggers (spontaneous urticaria) leads to the forma-
tion of itchy wheals and/or angioedema, and a significantly impaired
quality of life.”*”? While inhibition of specific triggers, such as IgE
or mediators, such as histamine leads to limited response rates, it is
expected that depletion or metabolic suppression of MC may have
broader impact in chronic urticarias and other MC-driven disorders.
As such, the activity and safety of CDX-0159 are currently being ex-
plored in both chronic inducible urticaria and chronic spontaneous
urticaria (NCT04548869 and NCT04538794).

The present study demonstrates for the first time that potent
and specific KIT inhibition with a monoclonal antibody can achieve
profound suppression of tissue MCs without significantly impact-
ing hematopoiesis. This surprising dichotomy may reflect KIT re-
dundancy with other pathways in the stem cell niche or may be
due to a yet unappreciated mechanistic aspect of CDX-0159. For
instance, it has been shown that hematopoietic stem cells (HSCs)
and MCs have different thresholds for SCF/KIT signaling, as evi-
denced by SCF variants with partial agonism that can fully activate
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HSCs but not MCs.”® Importantly, the approach described herein
circumvents limitations inherent to KIT-targeting TKls, which typ-
ically suffer from relatively lower potency and poor tolerability
due to reactivity with multiple other kinases, hindering their use in
chronic inflammatory disorders.

In summary, the preclinical and clinical safety and pharmacody-
namic data presented in this manuscript show that CDX-0159 is well
tolerated and impacts tissue mast cells systemically, indicating it may
have broad utility in diseases with MC involvement. Importantly, this
potent MC-targeted agent will be an invaluable tool to elucidate the
true role of MCs in numerous disorders, which has previously been
difficult to discern.
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