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abstract

PURPOSE Chronic graft-versus-host disease (cGVHD) remains the major cause of late morbidity after allogeneic
hematopoietic cell transplantation. Colony-stimulating factor 1 receptor (CSF-1R)–dependent macrophages
promote cGVHD fibrosis, and their elimination in preclinical studies ameliorated cGVHD. Axatilimab is a hu-
manized monoclonal antibody that inhibits CSF-1R signaling and restrains macrophage development.

PATIENTS AND METHODS This phase I (phI)/phase II (phII) open-label study (ClinicalTrials.gov identifier:
NCT03604692) evaluated safety, tolerability, and efficacy of axatilimab in patients age $ 6 years with active
cGVHD after$ 2 prior systemic therapy lines. Primary objectives in phI were to identify the optimal biologic and
recommended phII dose and in phII to evaluate the overall (complete and partial) response rate (ORR) at the
start of treatment cycle 7.

RESULTS Forty enrolled patients (17 phI; 23 phII) received at least one axatilimab dose. In phI, a dose of 3 mg/kg
given once every 4 weeks met the optimal biologic dose definition. Two dose-limiting toxicities occurred at the
3mg/kg dose given once every 2 weeks. At least one treatment-related adverse event (TRAE) was observed in 30
patients with grade $ 3 TRAEs in eight patients, the majority known on-target effects of CSF-1R inhibition. No
cytomegalovirus reactivations occurred. With the 50% ORR at cycle 7 day 1, the phII cohort met the primary
efficacy end point. Furthermore, the ORR in the first six cycles, an end point supporting regulatory approvals,
was 82%. Responses were seen in all affected organs regardless of prior therapy. Fifty-eight percent of patients
reported significant improvement in cGVHD-related symptoms using the Lee Symptom Scale. On-target activity
of axatilimab was suggested by the decrease in skin CSF-1R–expressing macrophages.

CONCLUSION Targeting profibrotic macrophages with axatilimab is a therapeutically promising novel strategy
with a favorable safety profile for refractory cGVHD.

J Clin Oncol 41:1864-1875. © 2022 by American Society of Clinical Oncology
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BACKGROUND

Chronic graft-versus-host disease (cGVHD) is the most
common late complication after allogeneic hematopoi-
etic cell transplantation affecting 30%-70% of
recipients.1,2 Multiorgan involvement, irreversible fibrotic
manifestations, and systemic toxicities related to im-
munosuppression use make cGVHD a major cause of
late morbidity2,3 and nonrelapse mortality.2,4,5 Fibrotic
cGVHD manifestations, including skin sclerosis, joint
and fascial involvement, and bronchiolitis obliterans
syndrome, affect up to 40%of all patients and impart the
greatest morbidity,6-9 with a significant impact on decline
in patient functioning and quality of life.10 Systemic
glucocorticoids remain the frontline therapy for moderate
and severe cGVHD, but the majority of patients with
cGVHD require additional treatments, which demon-
strate progressively decreasing response rates and in-
creasing cumulative toxicities.11,12 This is particularly true

for patients with fibrotic disease in whom clinical re-
sponses on the basis of the 2014 NIH consensus criteria
are difficult to achieve. Despite the recent approvals of
ibrutinib,13 belumosudil,14 and ruxolitinib,15 cGVHD re-
mains an area of unmet need as therapy failures remain
common.16

Dysregulated inflammation, chronic tissue injury, and
impaired remodeling are hallmarks of cGVHD.17-19

During this process, colony-stimulating factor 1 re-
ceptor (CSF-1R)–dependent monocytes instruct key
aspects of profibrotic (M2) macrophage differentiation,
polarization, and function and promote sustained in-
flammation and tissue injury and accelerated malad-
aptive tissue repair and fibrosis.20-22 On the basis of the
key role for CSF-1R–driven signaling in macrophage
biology and preclinical results documenting benefit of
CSF-1R targeting in cGVHD models,20 we initiated a
phase I (phI)/phase II (phII) study of axatilimab in
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patients with cGVHD after the failure of at least two prior
systemic therapy lines.

Axatilimab is a high-affinity (KD 4-8 pM) humanized IgG4
monoclonal antibody recognizing the ligand-binding do-
main on CSF-1R, with binding demonstrated to known
CSF-1R variants (V32G, A245S, P247H, and V279M).
Axatilimab blocks binding of both colony-stimulating factor
1 (CSF-1) and interleukin-34 ligands and potently inhibits
ligand-induced monocyte activation (IC50 100-400 pM),
without antibody-mediated receptor internalization or ac-
tivation. In early-phase clinical trials, axatilimab demon-
strated preferential elimination of nonclassical monocytes
from peripheral blood and a safety profile consistent with its
mechanism of action.23

Here, we present the primary analysis of a phI/II study of
axatilimab and describe its safety and efficacy in a heavily
pretreated patient cohort with recurrent or refractory
cGVHD, highlighting the first evidence of promising clinical
activity of CSF-1R–targeting in a human fibroproliferative
disease.

PATIENTS AND METHODS

Eligible patients were at least 6 years of age, had undergone
allogeneic hematopoietic cell transplantation, and had evi-
dence of active cGVHD per the 2014 National Institutes of
Health (NIH) consensus criteria.24 Patients must have
received at least two prior lines of systemic therapy
for cGVHD. Concomitant use of systemic glucocorticoids
and/or a calcineurin inhibitor was allowed. Patients with
evidence of underlying malignancy relapse or post-
transplant lymphoproliferative disease and/or active un-
controlled infection at the time of screening were excluded.

The study sponsor (Syndax Pharmaceuticals, Waltham,
MA), in collaboration with subject matter experts, designed
the SNDX-6352-0503 (ClinicalTrials.gov identifier:

NCT03604692) phI/II open-label, multicenter trial and
analyzed the data. The trial was conducted in accordance
with the guidelines for Good Clinical Practice of the In-
ternational Council for Harmonisation, principles of the
Declaration of Helsinki, and applicable local regulations.
The Protocol (online only) was approved at each partici-
pating site by the institutional review board. All patients (or
their guardians) provided informed consent. Eligible pa-
tients were assigned doses sequentially on the basis of the
time at which they enrolled.

The phI portion followed a dose-escalation design, enrolling
patients at doses of 0.15 mg/kg, 0.5 mg/kg, and 1 mg/kg
once every two weeks and 3mg/kg once every two weeks or
once every four weeks (Fig 1). Toxicities were graded by
investigators according to the common terminology criteria
for adverse events version 5.0. The dose-limiting toxicity
(DLT) assessment window covered the first 28 days from
axatilimab treatment initiation or administration of third dose
for once every 2 weeks dosing regimens (cycle 2 day 1),
whichever was later. DLT definitions are outlined in the
Data Supplement. On the basis of the prior clinical
experience with axatilimab in healthy volunteers25 and
relapsed/refractory solid tumors,26 if the first patient en-
rolled into the 0.15 mg/kg or 0.5 mg/kg once every two
weeks cohort did not experience a $ grade 2 toxicity (non-
DLT) during the toxicity assessment window, the next
patient would be treated at the subsequent dose level. A
31 3 design was used to determine themaximum tolerated
dose in cohorts 3, 4, and 5 (1 mg/kg once every 2 weeks, 3
mg/kg once every 2 weeks, and 3 mg/kg once every
4 weeks). Cohort 5 enrolled six patients per the safety
review committee (consisting of investigators and the
sponsor) recommendation.

The key objectives for the phI portion were characterization
of an optimal biologic dose (OBD), identification of a rec-
ommended phII dose (RP2D), evaluation of safety and

CONTEXT

Key Objective
Chronic graft-versus-host disease (cGVHD) is a major and difficult-to-treat cause of late complications after allogeneic

hematopoietic cell transplantation. Colony-stimulating factor 1 receptor–dependent macrophages are important for
cGVHD development and worsening. This study examined safety and preliminary efficacy of colony-stimulating factor 1
receptor blockade with the monoclonal antibody axatilimab in patients with advanced cGVHD.

Knowledge Generated
This phase I/II study provided the proof of concept that blocking pathologic macrophage development in cGVHD is safe and

can lead to therapeutic benefits in heavily pretreated patients.
Relevance (C.F. Craddock)
Axatilimab shows promising efficacy in patients with advanced chronic GVHD, supporting its current evaluation in a

randomized prospective trial.*

*Relevance section written by JCO Associate Editor Charles F. Craddock, MD.
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tolerability, and description of the pharmacokinetic profile
of axatilimab in patients with cGVHD. OBD was defined as
the lowest safe dose with the highest rate of biologic activity
(100% reduction of nonclassical monocytes at the time of
dose interval and plateaued increase of circulating CSF-1
levels that persist for an entire dosing level). OBD and
RP2D(s) for further evaluation were defined by the safety
review committee.

A phII dose-expansion portion was added to the design with
version 7 of the protocol, with the decision to expand at the
1 mg/kg once every 2 weeks dose level on the basis of
observations from the phI portion to date (clinical benefit in
cGVHD and conserved pharmacokinetic/pharmacodynamic
effects comparable with those observed in previous studies
using this dose25,26). The primary objective for the phII
portion was evaluation of the cGVHD overall response rate
(ORR) at cycle 7 day 1 (complete and partial response, per
the 2014 NIH consensus criteria27) with axatilimab. Sec-
ondary objectives included assessment of patient-reported
outcomes using the Lee Symptom Scale28 and further
characterization of efficacy and safety/tolerability. In both
phases, treatment could continue if there was ongoing ev-
idence of benefit without progressive disease requiring ad-
ditional therapy and/or unacceptable toxicity.

For the phI portion, statistical analysis was descriptive
without formal hypothesis testing. In the phII, the sample
size was calculated by hypothesizing a true ORR of 60%.
With a 1-sided a5 .05, 22 patients provided. 90% power
to test the null hypothesis of 30% ORR. The data were
summarized using descriptive statistics, including mean,
standard deviation, median, and range for continuous
variables and frequency and percentage for discrete vari-
ables. The Kaplan-Meier method was used to analyze the
failure-free survival (FFS).

Detailed descriptions of correlative analysis methods are
outlined in the Data Supplement. All investigators

contributed to the development of this manuscript and
approved its submission.

RESULTS

Patients

From February 2019 to April 2021, 40 patients were en-
rolled at 10 study sites and had received at least one dose of
axatilimab by the time of the data cutoff (October 22, 2021).
Seventeen patients were enrolled in the phI portion (once
every 2 weeks: 0.15 mg/kg [n 5 1]; 0.5 mg/kg [n 5 1];
1 mg/kg [n5 3]; 3 mg/kg [n5 6]; and once every 4 weeks:
3mg/kg [n5 6]). All 23 patients in the phII received 1mg/kg
of axatilimab once every 2 weeks. No significant differences
in baseline characteristics were noted when comparing phI
and phII patients (Table 1). Before study entry, patients had
received a median of four prior lines of treatment, including
ibrutinib (n 5 26), ruxolitinib (n 5 21), and belumosudil
(n 5 8). At baseline, patients had a median of four organ
systems affected by cGVHD (range, 1-9). At the time of the
data cutoff, 17 patients (5 phI; 12 phII) remain on study
treatment (Data Supplement).

Safety

In the phI cohort, two DLTs were reported, both at the 3
mg/kg once every 2 weeks dose level. One patient with
pre-existing myositis and grade 2 creatinine phosphoki-
nase (CPK) elevation at baseline developed a grade 4 CPK
increase with evidence of inflammatory myopathy. An-
other patient required a 2-week treatment delay because
of a grade 3 lipase elevation without evidence of pan-
creatitis arising during the DLT assessment period.
Overall, 39 patients (98%) experienced at least one
treatment-emergent adverse event across phI and phII
(Table 2) with most events related either to cGVHD or the
on-target effect of CSF-1R inhibition (Table 3). Treatment-
related adverse events (TRAEs) occurred in 75% (n 5 30
of 40) of patients, with 20% (n 5 8 of 40) of patients

Phase II
Expansion

(n = 23)

Phase I
Dose escalation

(n = 17)

1.0 mg/kg
once every 2 weeks

Cohort 3 (n = 3)

Cohort 2 (n = 1)

0.5 mg/kg
once every 2 weeks

Cohort 1 (n = 1)

0.15 mg/kg
once every 2 weeks

Cohort 5 (n = 6)

3.0 mg/kg once
every 4 weeksCohort 4 (n = 6)

3.0 mg/kg
once every 2 weeks

1.0 mg/kg once
every 2 weeks

FIG 1. Study schema.
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TABLE 1. Baseline Patient Demographics and Clinical Characteristics
Characteristic Phase I (n 5 17) Phase II (n 5 23) Total (N 5 40)

Age, years, median (range) 60 (29-73) 57 (16-69) 59 (16-73)

Female, No. (%) 6 (35.3) 9 (39.1) 15 (37.5)

Conditioning intensity, No. (%)a

Myeloablative 9 (52.9) 17 (73.9) 26 (65)

Nonmyeloablative 8 (47.1) 6 (26.1) 14 (35)

Stem-cell source

Peripheral blood 16 (94.1) 21 (91.3) 37 (92.5)

Bone marrow 1 (5.9) 2 (8.7) 3 (7.5)

HLA matching, No. (%)b

Matched 16 (94.1) 23 (100) 39 (97.5)

Mismatched 1 (5.9) — 1 (2.5)

Time from cGVHD diagnosis to first dose, years, median (range) 3.5 (0.11-15.62) 3.0 (0.35-6.74) 3.2 (0.11-15.62)

NIH cGVHD severity, No. (%)

Moderate 1 (5.9) 5 (21.7) 6 (15.0)

Severe 16 (94.1) 18 (78.3) 34 (85.0)

Organ involvement

Median number of organs involved, No. (range) 4 (1-5) 4 (1-9) 4 (1-9)

Patients with $ 4 organs involved, No. (%) 10 (58) 16 (69.6) 26 (65)

Skin, No. (%) 14 (82.4) 21 (91.3) 35 (87.5)

Skin, features score $ 2, No. (%) 13 (76.5) 18 (78.3) 31 (77.5)

Joints and fascia, No. (%) 14 (82.4) 17 (73.9) 31 (77.5)

Eyes, No. (%) 14 (82.4) 16 (69.6) 30 (75.0)

Mouth, No. (%) 10 (58.8) 12 (52.2) 22 (55.0)

Lungs, No. (%) 7 (41.2) 9 (39.1) 16 (40.0)

Esophagus, No. (%) 1 (5.9) 6 (26.1) 7 (17.5)

Liver, No. (%) 1 (5.9) 5 (21.7) 6 (15.0)

Lower GI, No. (%) 1 (5.9) 4 (17.4) 5 (12.5)

Upper GI, No. (%) — 4 (17.4) 4 (10)

Karnofsky performance status, No. (%)

100 1 (5.9) — 1 (2.5)

80-90 8 (47.0) 15 (65.2) 23 (57.5)

60-70 8 (47.0) 7 (30.4) 15 (37.5)

No. of prior therapies, median No. (range) 4 (1-9) 3 (2-11) 4 (1-11)

1-3, No. (%) 4 (23.6) 13 (56.5) 17 (42.5)

$ 4, No. (%) 13 (76.4) 10 (43.5) 23 (57.5)

Prior systemic therapy, No. (%)

Corticosteroids 17 (100.0) 23 (100.0) 40 (100.0)

Ibrutinib 13 (76.5) 13 (56.5) 26 (65.0)

Ruxolitinib 10 (58.8) 11 (47.8) 21 (52.5)

Extracorporeal photopheresis 10 (58.8) 9 (39.1) 19 (47.5)

Sirolimus 6 (35.3) 11 (47.8) 17 (42.5)

Rituximab 7 (41.2) 6 (26.1) 13 (32.5)

Tacrolimus 3 (17.6) 9 (39.1) 12 (30.0)

(continued on following page)
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experiencing grade $ 3 TRAEs. Serious adverse events
were noted in 40% (n 5 16) of patients, with seven pa-
tients discontinuing the study intervention because of
adverse events, four of which were deemed treatment-
related (Table 2). The only death that occurred on study
was unrelated to the study intervention and was the result
of a fall.

Observed transient elevations of serum enzymes (AST,
ALT, CPK, amylase, and lipase) were consistent with the
described effect of CSF-1R inhibition of Kupffer cell–
mediated enzymatic clearance29,30 and were not ac-
companied by other evidence of end-organ damage ex-
cept in a single patient with a history of myositis described
above. Reversible periorbital edema, a class effect of
CSF-1R targeting related to macrophage depletion,31 was
largely mild and infrequent although more common in
patients receiving axatilimab at 3 mg/kg, regardless of
dosing interval. No $ grade 3 on-target toxicities of CSF-
1R blockade were seen in the phII cohort (Table 3). Serial
neurologic examination monitoring showed no clinically
significant changes from baseline in all patients. Finally,
axatilimab had a negligible impact on hematopoietic
reserve, with neutropenia (grade 2) observed in only one
and thrombocytopenia in two patients (grades 1 and 3),
respectively.

No relapse of primary hematologic malignancy was seen on
the study. Infections were reported in 19 patients across all
dose cohorts (48%; Data Supplement). While on study,
none of the patients developed an invasive fungal infection
and no CMV reactivations or other systemic viral infections
were observed. The observed infection rates and their
profiles are similar to or lower than those reported in the
cGVHD patient population treated on recent clinical
trials.13-15 Thus, these findings further support a favorable
safety profile of axatilimab.

Efficacy

Thirty-nine patients were evaluable for response across phI
and phII (one patient in phII withdrew from study because of
reasons unrelated to axatilimab tolerance and before a post-
baseline assessment). In phI, the dose of 3 mg/kg given once
every 4 weeks demonstrated the highest rate of biologic activity
and was considered the optimal biologic dose per protocol.

The primary efficacy end point in the phII cohort, ORR at
cycle 7 day 1, was 50% (n 5 11 of 22; 90% CI, 31 to 69;
Fig 2A). The ORR by cycle 7 day 1, an end point consistent
with the contemporary end points supporting regulatory
approvals in cGVHD,14,15 was 82% (n 5 18 of 22; 95% CI,
60 to 95) in the phII cohort and 67% (n5 26 of 39; 95% CI,
50 to 81) among all evaluable patients on study (Fig 2B).
The best ORR observed at any point during the study was
69% (n 5 27 of 39; 95% CI, 52 to 83), was similar in
patients previously treated with ibrutinib (58%; n 5 15 of
26), ruxolitinib (65%; n 5 13 of 20), and belumosudil
(50%; n 5 4 of 8; Data Supplement), and did not differ
between patients with moderate (83%; n 5 5 of 6) and
severe cGVHD (67%; n 5 22 of 33; Data Supplement).
Chronic GVHD progression led to discontinuation of the
study medication in seven patients (Data supplement), six
of whom discontinued axatilimab within the first six cycles.

Median times to response of 4 weeks (range, 4-20 weeks;
phII cohort, Fig 2C) and 5 weeks (range, 4-48 weeks, phI
cohort; Data Supplement) were noted. In all responding pa-
tients, the median duration of axatilimab exposure was
38 weeks (range, 6-116 weeks, 16 patients ongoing). In all
study participants, the median duration of axatilimab use was
29 weeks (range, 2-116 weeks, 17 patients ongoing). The
overall FFS rate (using a broadened failure definition that in-
corporates toxicity-related discontinuation and cGVHD pro-
gression not included in the standard cGVHD FFS
reporting11,32) at 12 months was 77% (95% CI, 54 to 90;

TABLE 1. Baseline Patient Demographics and Clinical Characteristics (continued)
Characteristic Phase I (n 5 17) Phase II (n 5 23) Total (N 5 40)

Mycophenolate mofetil 3 (17.6) 6 (26.1) 9 (22.5)

Belumosudil 6 (35.3) 2 (8.7) 8 (20.0)

Total nodal irradiation 1 (5.9) 1 (4.3) 2 (5.0)

Methotrexate 1 (5.9) 1 (4.3) 2 (5.0)

Imatinib 1 (5.9) 1 (4.3) 2 (5.0)

Glasdegib 2 (11.8) — 2 (5.0)

Infliximab — 1 (4.3) 1 (2.5)

Hydroxychloroquine — 1 (4.3) 1 (2.5)

Basiliximab — 1 (4.3) 1 (2.5)

Antithymocyte globulin 1 (5.9) — 1 (2.5)

Prednisone dose equivalent at enrollment, mg/kg/d, median (range) 0.25 (0.06-0.55) 0.15 (0.02-0.44) 0.16 (0.02-0.55)

Abbreviations: cGVHD, chronic graft-versus-host disease; NIH, National Institutes of Health.
aConditioning intensity was defined as myeloablative versus nonmyeloablative per the standard clinical practice and assigned by the study investigators.
bHLA matching was reported by the study investigators following standard clinical practice.
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Fig 2D) for the phII cohort and 68% (95%CI, 51 to 81; data not
shown) for all patients. Median duration of response for phII
responding patients was not reached (95% CI, 2.79months to
not evaluable; Data Supplement), with 33% of patients ex-
periencing sustained response lasting$ 20 weeks. Among all
treated patients, responses were noted in all involved organs

with the best response commonly the initial partial response.
The joints and fascia response rate was 61% (n 5 19 of 31;
53% in the phII cohort assessed per the refined NIH algo-
rithm33; Data Supplement), lung 31% (n 5 5 of 16) and skin
response was seen in 14% of all patients (n5 5 of 35; Fig 2E),
including four patients with sclerosis improvement (90% of

TABLE 2. Safety End Point Results
AE Phase I (n 5 17), No. (%) Phase II (n 5 23), No. (%) Total (N 5 40), No. (%)

Any AE 17 (100.0) 22 (95.7) 39 (97.5)

$ grade 3 AE 13 (76.5) 7 (30.4) 20 (50.0)

TRAE 15 (88.2) 15 (65.2) 30 (75.0)

SAE 9 (52.9) 7 (30.4) 16 (40.0)

Deaths 1 (5.9) — 1 (2.5)

$ grade 3 TRAE 6 (35.3) 2 (8.7) 8 (20.0)

Related SAE 1 (5.9) 3 (13.0) 4 (10.0)

AE leading to dose modification 6 (35.3) 7 (30.4) 13 (32.5)

AE leading to discontinuation 5 (29.4) 2 (8.7) 7 (17.5)

Any grade AE in . 20% patients (overall), No. (%)a Phase I (n 5 17) Phase II (n 5 23) Total (n 5 40)

Laboratory abnormalities

AST increase 10 (58.8) 5 (21.7) 15 (37.5)

CPK increase 12 (70.6) 2 (8.7) 14 (35.0)

ALT increase 8 (47.1) 5 (21.7) 13 (32.5)

LDH increase 10 (58.8) 2 (8.7) 12 (30.0)

Amylase increase 6 (35.3) 5 (21.7) 11 (27.5)

Lipase increase 7 (41.2) 3 (13.0) 10 (25.0)

Creatinine increase 5 (29.4) 3 (13.0) 8 (20.0)

Signs and symptoms

Fatigue 7 (41.2) 12 (52.2) 19 (47.5)

Nausea 7 (41.2) 5 (21.7) 12 (30.0)

Peripheral edema 6 (35.3) 6 (26.1) 12 (30.0)

Dizziness 6 (35.3) 5 (21.7) 11 (27.5)

Diarrhea 3 (17.6) 7 (30.4) 10 (25.0)

Headache 4 (23.5) 4 (17.4) 8 (20.0)

Periorbital edema 6 (35.3) 2 (8.7) 8 (20.0)

Upper respiratory tract infection 3 (17.6) 5 (21.7) 8 (20.0)

Any $ grade 3 AE in $ 2 patients (overall), No. (%)a Phase I (n 5 17) Phase II (n 5 23) Total (n 5 40)

Hypertension 3 (17.6) 1 (4.3) 4 (10.0)

CPK increase 4 (23.5) — 4 (10.0)

Pneumonia 3 (17.6) — 3 (7.5)

Acute kidney injury 1 (5.9) 1 (4.3) 2 (5.0)

AST increase 2 (11.8) — 2 (5.0)

GGT increase 2 (11.8) — 2 (5.0)

Lipase increase 2 (11.8) — 2 (5.0)

Fever 1 (5.9) 1 (4.3) 2 (5.0)

Abbreviations: AE, adverse event; CPK, creatinine phosphokinase; GGT, gamma-glutamyl transferase; LDH, lactate dehydrogenase; SAE serious adverse
event; TRAE, treatment-related adverse event.

aRegardless of causality, numbers reflect events, not unique patients.
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patients had sclerotic disease; n5 31 of 35). Improvement in
the investigator-reported severity of skin tightening and/or
improvement in skin-tightening symptoms recorded in the
Lee Symptom Scale was recorded in 84% (n 5 26 of 31) of
patients with sclerotic skin cGVHD, suggesting a measurable
benefit in this difficult-to-treat manifestation.

Among responders, the dose decrease in glucocorticoids
was observed in 52% of patients (11 of 21 patients with
glucocorticoid use at baseline), with a mean dose re-
duction of 22% (from 0.23 mg/kg once daily to 0.18 mg/kg
once daily of prednisone dose equivalent). Finally, a
clinically meaningful improvement in the summary Lee
Symptom Scale of least 7 points was seen in 58% (n5 21
of 36) of all evaluable patients (four patients did not
complete either baseline or at least one postbaseline
assessment; Fig 3).

Correlative Studies

To assess the impact of axatilimab on biomarkers of the
CSF-1R blockade, correlative studies were conducted on
collected samples. Patients were included in the analyses
based solely on the sample availability. The on-target effect
of the CSF-1R blockade with axatilimab was seen in re-
duction of nonclassical, but not in classical and interme-
diate monocyte levels in peripheral blood (Fig 4A), with a
parallel increase in plasma CSF-1 and interleukin-34 levels
(not shown). Reduction in the skin density of CSF-1R1

macrophages was observed in analysis of four paired skin
biopsies (Fig 4B). Three of the four patients analyzed had
baseline cGVHD skin involvement, and all showed im-
provements in both total and skin-specific patient-reported
outcomes. Analysis of plasma biomarkers centered on
concentrations of cytokines, chemokines, and growth
factors associated with profibrotic macrophage homeo-
stasis. Among analyzed patients, we observed a rapid and
significant decrease in transforming growth factor-b in the
responding patients, with no change noted in tumor ne-
crosis factor-a or interleukin-6, commonly associated with
classical macrophages (Fig 4C).

DISCUSSION

In this phI/II study, we document safety and promising ef-
ficacy of axatilimab in a heavily pretreated patient population
and highlight CSF-1R targeting as a novel approach for
cGVHD control. Forty patients were enrolled and received at
least one dose of axatilimab. Their baseline characteristics
were reflective of advanced cGVHD, including multiorgan
fibrotic disease. Patients received a median of four prior
treatment lines, including the use of at least one of the Food
and Drug Administration recently approved agents in the
majority of the study population. Aside from the two DLTs
noted in the 3 mg/kg once every 2 weeks dose cohort,
axatilimab was well-tolerated across all other dose levels.
Importantly, likely owing to the negligible impact on classical

TABLE 3. Adverse Events Related to On-Target Activity of the CSF-1R Blockade
Any-Grade On-Target Effect of the CSF-1R Blockade (Overall)a Phase I (n 5 17), No. (%) Phase II (n 5 23), No. (%) Total (N 5 40), No. (%)

AST increase 10 (58.8) 5 (21.7) 15 (37.5)

CPK increase 12 (70.6) 2 (8.7) 14 (35.0)

ALT increase 8 (47.1) 5 (21.7) 13 (32.5)

LDH increase 10 (58.8) 2 (8.7) 12 (30.0)

Amylase increase 6 (35.3) 5 (21.7) 11 (27.5)

Lipase increase 7 (41.2) 3 (13.0) 10 (25)

Periorbital edema 6 (35.3) 2 (8.7) 8 (20.0)

GGT increase 3 (17.6) 2 (8.7) 5 (12.5)

Alkaline phosphatase increase 2 (11.8) 1 (4.3) 3 (7.5)

‡ Grade 3 On-Target Effect of the CSF-1R Blockade Phase I (n 5 17), No. (%) Phase II (n 5 23), No. (%) Total (N 5 40), No. (%)

CPK increase 4 (23.5) — 4 (10.0)

AST increase 2 (11.8) — 2 (5.0)

GGT increase 2 (11.8) — 2 (5.0)

Lipase increase 2 (11.8) — 2 (5.0)

ALT increase 1 (5.9) — 1 (2.5)

Periorbital edema 1 (5.9) — 1 (2.5)

Abbreviations: CPK, creatinine phosphokinase; CSF-1R, colony-stimulating factor 1 receptor; GGT, gamma-glutamyl transferase; LDH, lactate
dehydrogenase.

aNumbers reflect events, not unique patients.
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monocytes and lack of myelosuppression, observed infec-
tion rates were lower than those seen in contemporary
reports.13-15 In this population prone to toxicities, TRAEs led
to discontinuation in only three (8%) patients. TRAEs were
largely predictable on the basis of the on-target effects of the
CSF-1R blockade. Serum elevations of AST, ALT, and CPK
reflected decreased clearance because of Kupffer cell
impact29,30 and were not accompanied by symptomatic
organ dysfunction except in a single patient with pre-existing
myositis.

In the phII cohort, axatilimab demonstrated a high response
rate (50% ORR at cycle 7 day 1), meeting the primary
efficacy end point. Furthermore, the observed ORR was
even higher (82%) when assessed by the ORR by cycle
7 day 1, the regulatory end point used in recent
approvals.14,15 The observed efficacy rates may be even
more noteworthy considering that the only allowed con-
comitant agents were glucocorticoids and one calcineurin
inhibitor, and the cohort included refractory patients after
failure of a median of four prior lines of systemic therapy.
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The activity seen in fibrotic manifestations, short median
time to response, durability of response, and the obser-
vation of clinically significant improvement in patient-
reported outcomes in 58% of patients further support
the meaningful clinical benefits of axatilimab and the

potential for CSF-1R targeting in this disease. The small
size of our study is the major limitation to the broader
inference on axatilimab efficacy, which will be addressed
in the ongoing AGAVE-201 study. Furthermore, study
design with follow-up and data collection ending at
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90 days after the end of treatment per protocol and a
relatively short on-treatment follow-up duration may limit
accurate appraisal of long-term axatilimab effects, in-
cluding duration of sustained cGVHD response, potential
for its deepening, and impact on FFS.

In correlative studies, documentation of an early decrease
in plasma transforming growth factor-b concentrations and
tissue CSF-1R1 macrophages in responding patients
highlights possible response and pharmacodynamic bio-
markers in cGVHD consistent with the CSF-1R blockade.
However, limited numbers of analyzed patients warrant
further studies in the ongoing AGAVE-201 clinical trial.

Despite significant changes in the cGVHD therapeutic
landscape in recent years with the approval of ibrutinib,
belumosudil, and ruxolitinib, challenges to successful
cGVHD management persist. Nowhere is that more
pronounced than in the cGVHD phenotypes character-
ized by significant fibrosis, such as joints and fascia and
bronchiolitis obliterans, in which complete responses are
rare (, 15%14,15) and the need for prolonged treatment
commonly adds to the disease burden. CSF-1R targeting
was initially proposed as a strategy to enhance anticancer
benefits of chemoimmunotherapy through elimination of
CSF-1R–dependent and immunosuppressive tumor-
associated macrophages.29 However, outside of tenosy-
novial giant cell tumor, which is uniquely accompanied by
a genetic alteration in CSF1 expression, studies have
largely failed to demonstrate a measurable clinical benefit

for oncology indications. CSF-1R–driven macrophage
signaling, however, plays a critical role in a host of human
diseases and is essential in fibroproliferative conditions,
which may contribute to as many as 45% of all deaths in
the United States.34 In cGVHD, CSF-1R–dependent
donor-derived macrophages are essential disease me-
diators, with an increasing amount of evidence suggesting
their bidirectional role in enhancing extracellular matrix
responses and collagen deposition, while sustaining
dysregulated adaptive alloimmunity.20,22,35 The latter may
partly explain the observed short time to response seen in
this study, where inflammatory modulation may herald
antifibrotic effects seen in the improvements in joints and
fascia scores and reports of skin-tightening benefits by
patients and clinicians.

Our study provides the proof of concept of CSF-1R targeting
in cGVHD, and observation of tolerability and clinical
benefit lends further credence to development in this
disease. Furthermore, because axatilimab is an antibody,
minimal drug-drug interactions may facilitate the potential
for future combinatorial approaches to target nonoverlap-
ping pathways and provide therapeutic synergy with limited
toxicity. The ongoing registrational clinical trial AGAVE-201
(ClinicalTrials.gov identifier: NCT04710576) will further
test axatilimab efficacy in advanced cGVHD in which the
need for more efficacious approaches persists despite
recent therapeutic progress.
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