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BACKGROUND
Colony-stimulating factor 1 receptor (CSF1R)–dependent monocytes and macro-
phages are key mediators of chronic graft-versus-host disease (GVHD), a major 
long-term complication of allogeneic hematopoietic stem-cell transplantation. The 
CSF1R-blocking antibody axatilimab has shown promising clinical activity in 
chronic GVHD.

METHODS
In this phase 2, multinational, pivotal, randomized study, we evaluated axatilimab 
at three different doses in patients with recurrent or refractory chronic GVHD. Pa-
tients were randomly assigned to receive axatilimab, administered intravenously, at 
a dose of 0.3 mg per kilogram of body weight every 2 weeks (0.3-mg dose group), at 
a dose of 1 mg per kilogram every 2 weeks (1-mg dose group), or at a dose of 3 mg 
per kilogram every 4 weeks (3-mg dose group). The primary end point was over-
all response (complete or partial response) in the first six cycles; the key secondary 
end point was a patient-reported decrease in chronic GVHD symptom burden, as 
assessed by a reduction of more than 5 points on the modified Lee Symptom Scale 
(range, 0 to 100, with higher scores indicating worse symptoms). The primary end 
point would be met if the lower bound of the 95% confidence interval exceeded 30%.

RESULTS
A total of 241 patients were enrolled (80 patients in the 0.3-mg dose group, 81 in 
the 1-mg dose group, and 80 in the 3-mg dose group). The primary end point was 
met in all the groups; an overall response was observed in 74% (95% confidence 
interval [CI], 63 to 83) of the patients in the 0.3-mg dose group, 67% (95% CI, 55 to 
77) of the patients in the 1-mg dose group, and 50% (95% CI, 39 to 61) of the pa-
tients in the 3-mg dose group. A reduction of more than 5 points on the modified 
Lee Symptom Scale was reported in 60%, 69%, and 41% of the patients in the three 
dose groups, respectively. The most common adverse events were dose-dependent 
transient laboratory abnormalities related to CSF1R blockade. Adverse events leading 
to discontinuation of axatilimab occurred in 6% of the patients in the 0.3-mg dose 
group, 22% in the 1-mg dose group, and 18% in the 3-mg dose group.

CONCLUSIONS
Targeting CSF1R-dependent monocytes and macrophages with axatilimab resulted 
in a high incidence of response among patients with recurrent or refractory chronic 
GVHD. (Funded by Syndax Pharmaceuticals and Incyte; AGAVE-201 ClinicalTrials.gov 
number, NCT04710576.)
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Allogeneic hematopoietic stem-cell 
transplantation is a curative therapy for 
a range of hematologic disorders.1-3 Chron-

ic graft-versus-host disease (GVHD) affects ap-
proximately half of transplant recipients and is a 
major cause of complications and late nonrelapse-
associated death.4-8 With the increase in alloge-
neic hematopoietic stem-cell transplantations, the 
consequent increase in the prevalence of chronic 
GVHD represents a growing burden among survi-
vors.2,9-12

Chronic GVHD is characterized by inflamma-
tory and fibrotic manifestations in multiple or-
gans; it shares clinical features with autoimmune 
disorders such as systemic sclerosis, systemic lupus 
erythematosus, and interstitial lung disease.7,13,14 
Frontline chronic GVHD therapies fail to induce 
durable responses in more than half of patients 
who, despite increased use of new therapies, have 
disease that subsequently progresses to end-organ 
impairment.4,15-17 Treatments that reduce fibrosis 
and inflammation in patients with recurrent or 
refractory chronic GVHD are needed.18-21

Colony-stimulating factor 1 (CSF1) and inter-
leukin-34–mediated signaling through the CSF1 
receptor (CSF1R) play key roles in regulating 
the development and function of tissue macro-
phages in healthy persons and in persons with 
disease. In addition to their role in promoting 
tumor-driven immune evasion, CSF1R signaling–
dependent monocytes and macrophages are es-
sential mediators of inflammation and fibrosis 
in chronic GVHD and a range of autoimmune 
diseases.22-24 Consequently, blocking CSF1R offers 
a targeted approach to attenuating monocyte-
driven and macrophage-driven disorders and may 
reduce the manifestations of chronic GVHD.24-28

Axatilimab, a high-affinity, humanized IgG4 
monoclonal antibody, inhibits ligand-mediated 
CSF1R signaling and thereby affects the differ-
entiation and function of CSF1R-expressing mono-
cytes and macrophages. A study in mice showed 
that early post-transplantation administration 
of a CSF1R blocking antibody targeted donor-
derived macrophages and ameliorated chronic 
GVHD; these findings may translate into new 
ways to treat patients with established chronic 
GVHD.24 In an early-phase clinical study involv-
ing patients with recurrent or refractory chronic 
GVHD, axatilimab showed promising prelimi-
nary efficacy and safety results accompanied by 
the preferential elimination of CSF1R-dependent 

nonclassical monocytes and tissue macro-
phages.26,29 Here we present the results of the 
primary analysis of AGAVE-201, a phase 2, multi-
national, pivotal, randomized study that evaluated 
the efficacy and safety of axatilimab at three dif-
ferent doses.

Me thods

Study Oversight

The AGAVE-201 study was funded by Syndax 
Pharmaceuticals and Incyte. Employees of these 
sponsors designed the study and analyzed the 
data. Data were entered by investigators into 
case-report forms. The study was conducted in 
accordance with the principles of the Declara-
tion of Helsinki and the Good Clinical Practice 
guidelines of the International Council for Har-
monisation of Technical Requirements for Phar-
maceuticals for Human Use. The study protocol, 
available with the full text of this article at 
NEJM.org, was approved by the institutional re-
view board and independent ethics committee at 
each site, and written informed consent was 
provided by all the patients or their legally au-
thorized representatives. The first author devel-
oped a draft of the manuscript with review from 
all the authors and with writing assistance pro-
vided by MedThink SciCom, funded by Syndax 
Pharmaceuticals and Incyte. All the authors re-
viewed and approved the manuscript for submis-
sion and vouch for the accuracy and complete-
ness of the data and for the fidelity of the study 
to the protocol.

Patient Eligibility

Patients with refractory or recurrent chronic 
GVHD were eligible for enrollment in the study 
if they were 2 years of age or older, had active 
signs and symptoms of chronic GVHD accord-
ing to the 2014 National Institutes of Health 
(NIH) Consensus criteria,30 and had previously 
received at least two lines of systemic therapy. 
There were no restrictions regarding the maxi-
mum number of previous therapies or the sever-
ity of individual organ manifestations. Adequate 
performance status (a Karnofsky or Lansky score 
of ≥60 on a scale of 0 to 100, with lower num-
bers indicating worse disability) and adequate 
organ function were required for eligibility. Con-
tinued use of systemic glucocorticoids, a calci-
neurin inhibitor (tacrolimus or cyclosporine), or 
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is available at 
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a mammalian target of rapamycin (mTOR) in-
hibitor (sirolimus or everolimus) that the patient 
was taking at the time of randomization was 
allowed but not required (see the Methods sec-
tion in the Supplementary Appendix, available at 
NEJM.org). Other concurrent systemic therapies 
for chronic GVHD had to be discontinued before 
randomization. Patients were excluded if they had 
evidence of relapse of the underlying cancer or 
post-transplantation lymphoproliferative disease 
at the time of screening, a history of acute or 
chronic pancreatitis, a history of myositis, or a his-
tory or other evidence of severe illness or uncon-
trolled infection.

Study Design

Patients were randomly assigned, in a 1:1:1 ratio, 
to receive axatilimab, administered intravenously, 
at a dose of 0.3 mg per kilogram of body weight 
every 2 weeks (0.3-mg dose group), 1 mg per kilo-
gram every 2 weeks (1-mg dose group), or 3 mg 
per kilogram every 4 weeks (3-mg dose group). 
These doses were based on the safety and ef-
ficacy results observed in the earlier phase 1–2 
study.26 Randomization was stratified according 
to the severity of chronic GVHD (mild or moder-
ate vs. severe)30 and previous use (yes or no) of at 
least one of the therapies for chronic GVHD that 
have been approved by the Food and Drug Ad-
ministration (ibrutinib, ruxolitinib, or belumosu-
dil). Dose changes that were recommended by 
the independent data monitoring committee and 
changes to dosing schedules allowed by the pro-
tocol are described in the Supplementary Appen-
dix. Patients received axatilimab until the occur-
rence of unequivocal progression of chronic 
GVHD, unacceptable toxic effects, or withdrawal 
of consent; in addition, axatilimab was discon-
tinued if the patient did not have a partial re-
sponse by 9 months.

End Points

The primary end point was overall response, 
defined as a complete or partial response ac-
cording to the NIH Consensus criteria,27 within 
the first six cycles after randomization (i.e., 
from randomization to day 169 or the beginning 
of cycle 7, whichever was later). The primary end 
point would be met if the lower bound of the 
95% confidence interval exceeded 30%. Organ-
specific responses were evaluated with the sever-
ity of chronic GVHD at baseline as a reference.27 

Patients with missing response assessments 
were classified as not having a response. All re-
sponses were assessed by investigators at each 
study site.

The key secondary end point was a clinically 
significant reduction in symptoms, as measured 
by the modified 28-item Lee Symptom Scale 
(i.e., a reduction of >5 points on the scale, which 
uses a linearly transformed range from 0 to 100, 
with higher scores indicating worse symp-
toms).31 For the analysis of the modified Lee 
Symptom Scale scores, missing data were han-
dled as described previously.31,32 Complete infor-
mation on efficacy and safety assessments, in-
cluding sensitivity analyses, and details of 
pharmacokinetic and pharmacodynamic analy-
ses and population pharmacokinetic and phar-
macodynamic modeling are provided in the 
Supplementary Appendix.

Statistical Analysis

The intention-to-treat population included all 
the patients who underwent randomization. The 
safety analysis included all enrolled patients who 
received at least one dose of axatilimab, with the 
grouping based on the actual treatment received 
on day 1 of cycle 1.

Using Simon’s optimal two-stage design to 
calculate the sample size, we estimated that with 
70 patients in each dose group, the study would 
have 90% power to detect a true overall response 
of 50% in the first six cycles, at a one-sided sig-
nificance level of 0.025. The final boundary for 
efficacy was recalculated to account for enroll-
ment that exceeded the planned number of pa-
tients per group. With approximately 80 patients 
randomly assigned to each dose group, the dose 
would be considered successful in the final 
analysis if at least 32 patients had an overall re-
sponse in the first six cycles. Time-to-event data 
were analyzed with the use of the Kaplan–Meier 
method. No multiplicity adjustments were made 
(see the Methods section in the Supplementary 
Appendix).

R esult s

Patient Disposition and Characteristics

From March 2021 through August 2022, a total 
of 241 patients were enrolled across 121 study 
sites in 16 countries; 239 patients (99%) received 
axatilimab and 98 (41%) were still receiving 
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treatment as of the data-cutoff date, April 7, 
2023 (Fig. 1). Baseline demographic and clinical 
characteristics were similar across the three 
dose groups (Table 1). Most of the patients had 
severe chronic GVHD and advanced sclerotic 
manifestations at baseline. The patients had been 
previously treated with a median of 4 (range, 2 to 
15) systemic chronic GVHD therapies, with more 
than 80% having received ibrutinib, ruxolitinib, 
belumosudil, or any combination of these thera-
pies. For most of the patients (55%), the disease 
had progressed with or had not responded to the 
most recent chronic GVHD therapy.

Efficacy

The primary end point was met in all the 
groups, as indicated by the lower bound of the 
95% confidence interval exceeding 30%. An over-
all response in the first six cycles occurred in 
74% (95% confidence interval [CI], 63 to 83) of 
the patients in the 0.3-mg dose group, 67% (95% 
CI, 55 to 77) of the patients in the 1-mg dose 
group, and 50% (95% CI, 39 to 61) of the pa-

tients in the 3-mg dose group (Fig. 2). In all the 
dose groups, the efficacy of axatilimab in the 
first six cycles was consistent across all sub-
groups defined according to underlying demo-
graphic and baseline disease characteristics, in-
cluding in the subgroup of patients who had 
previously received ibrutinib, ruxolitinib, or belu-
mosudil (Fig. S2 in the Supplementary Appendix).

The patients had a rapid response to axatil-
imab, with a median time to response across 
dose groups of less than 2 months (Table S1). 
Among the patients who had a response, an es-
timated 60% in the 0.3-mg dose group, 60% in 
the 1-mg dose group, and 53% in the 3-mg dose 
group had a durable response at 12 months (Fig. 
S3). Among patients with baseline glucocorti-
coid use, most reported a reduction in the dose 
or discontinuation of the glucocorticoid by day 1 
of cycle 7 (Table S1). The median overall survival 
was not reached in any of the dose groups (Fig. S4), 
and the 12-month survival according to Kaplan–
Meier estimates was 98% (95% CI, 89 to 100) 
among the patients in the 0.3-mg dose group, 

Figure 1. Enrollment, Randomization, and Treatment.

241 Patients underwent randomization

80 Were assigned to receive axatilimab,
0.3 mg/kg every 2 wk

80 Were assigned to receive axatilimab,
3 mg/kg every 4 wk

1 Did not receive treatment 1 Did not receive treatment

79 Received treatment
(median treatment duration, 9 cycles

with range 1–23)

81 Received treatment
(median treatment duration, 8 cycles

with range 1–25)

79 Received treatment
(median treatment duration, 6 cycles

with range 1–18)

81 Were assigned to receive axatilimab,
1 mg/kg every 2 wk

38 Discontinued treatment
5 Had adverse event

13 Had progressive disease
4 Were withdrawn by

investigator or sponsor
8 Withdrew consent
7 Had need for intervention
1 Had other reason

46 Discontinued treatment
18 Had adverse event
12 Had progressive disease
2 Were withdrawn by

investigator or sponsor
5 Withdrew consent
1 Had protocol deviation
3 Had need for intervention
1 Completed treatment
4 Had other reason

57 Discontinued treatment
15 Had adverse event
23 Had progressive disease
9 Withdrew consent
5 Had need for intervention
4 Had other reason
1 Was unable to be located

41 Continued ongoing treatment 35 Continued ongoing treatment 22 Continued ongoing treatment
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Table 1. Baseline Demographics and Clinical Characteristics.*

Characteristic

0.3-mg Dose 
Group 

(N = 80)

1-mg Dose 
Group 

(N = 81)

3-mg Dose 
Group 

(N = 80)

Median age (range) — yr 50 (7–76) 56 (26–81) 53 (7–79)

Age group — no. (%)

<17 yr 4 (5) 0 3 (4)

≥17 to <65 yr 55 (69) 62 (77) 61 (76)

≥65 yr 21 (26) 19 (23) 16 (20)

Male sex — no. (%) 47 (59) 51 (63) 53 (66)

Race or ethnic group — no. (%)†

American Indian or Alaska Native 0 1 (1) 0

Asian 4 (5) 4 (5) 8 (10)

Black or African descent 2 (2) 2 (2) 1 (1)

Native Hawaiian or other Pacific Islander 0 0 1 (1)

White 68 (85) 70 (86) 62 (78)

Not reported 5 (6) 4 (5) 7 (9)

Other 1 (1) 0 1 (1)

Hispanic or Latino ethnic group — no. (%)†

Yes 5 (6) 9 (11) 5 (6)

No 73 (91) 69 (85) 73 (91)

Not reported or unknown 2 (2) 3 (4) 2 (2)

Median time from chronic GVHD diagnosis to randomization (range) 
— yr

3.9 (0.4–17.6) 4.1 (0.6–17.1) 3.8 (0.4–15.4)

Global severity rating — no. (%)‡

Mild or moderate 17 (21) 17 (21) 15 (19)

Severe 63 (79) 64 (79) 65 (81)

Median no. of organs involved (maximum no.)§ 4 (8) 4 (7) 3 (7)

Organs involved — no. (%)

Skin 64 (80) 63 (78) 66 (82)

Eyes 59 (74) 70 (86) 54 (68)

Mouth 40 (50) 40 (49) 32 (40)

Esophagus 23 (29) 18 (22) 20 (25)

Upper GI 11 (14) 8 (10) 9 (11)

Lower GI 9 (11) 5 (6) 4 (5)

Liver 10 (12) 13 (16) 17 (21)

Lungs 32 (40) 41 (51) 35 (44)

Joints and fascia 55 (69) 56 (69) 51 (64)

Median no. of previous systemic chronic GVHD therapy (range) 4 (2–12) 4 (2–14) 4 (2–15)

Previous use of ≥1 FDA-approved systemic chronic GVHD therapy  
— no. (%)

67 (84) 69 (85) 68 (85)

Ibrutinib 27 (34) 19 (23) 29 (36)

Ruxolitinib 57 (71) 64 (79) 58 (72)

Belumosudil 16 (20) 19 (23) 21 (26)
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91% (95% CI, 82 to 96) among the patients in 
the 1-mg dose group, and 83% (95% CI, 72 to 91) 
among the patients in the 3-mg dose group. The 
overall survival among the patients in this study 
aligns with the 2-year overall survival rates 
shown in other studies.19,20,33-35

The median failure-free survival was 11.1 
months when dose escalation was considered to 
be a failure event (Fig. 2B), and the 12-month 
failure-free survival according to Kaplan–Meier 
estimates was 49% (95% CI, 35 to 61) in the 
0.3-mg dose group, 59% (95% CI, 46 to 70) in the 
1-mg dose group, and 44% (95% CI, 31 to 55) in 
the 3-mg dose group. Since the data did not sup-
port greater efficacy of the dose of 1 mg per 
kilogram than the dose of 0.3 mg per kilogram, 
a sensitivity analysis of failure-free survival was 
conducted in the 0.3-mg dose group that ex-
cluded the protocol-allowed dose escalation from 
0.3 mg per kilogram to 1 mg per kilogram as a 
failure event. The median failure-free survival 

from the sensitivity analysis was 17.3 months 
(95% CI, 14.2 to could not be estimated) (Fig. 
S1), with 12-month failure-free survival in 64% 
(95% CI, 50 to 75) of the patients.

A clinically meaningful reduction in chronic 
GVHD symptoms (>5-point reduction in the 
modified Lee Symptom Scale score) was report-
ed in 60% of the patients in the 0.3-mg dose 
group, 69% of the patients in the 1-mg dose group, 
and 41% of the patients in the 3-mg dose group 
in the first six cycles (Fig. 3). The median time 
to a clinically meaningful reduction in symp-
toms was 1.7 months (range, 0.3 to 8.6) in the 
0.3-mg dose group, 1.1 months (range, 1.0 to 
9.3) in the 1-mg dose group, and 1.1 months 
(range, 0.9 to 8.0) in the 3-mg dose group, find-
ings that were similar to the median time to over-
all response in the three groups.

Organ-specific responses were observed across 
all organs in all dose groups, including in the 
organs that had the most fibrotic changes (Fig. 2C 

Characteristic

0.3-mg Dose 
Group 

(N = 80)

1-mg Dose 
Group 

(N = 81)

3-mg Dose 
Group 

(N = 80)

Best response to the most recent previous chronic GVHD treatment  
— no. (%)

Complete response 4 (5) 2 (2) 2 (2)

Partial response 26 (32) 27 (33) 21 (26)

No change 32 (40) 39 (48) 45 (56)

Progression 6 (8) 7 (9) 3 (4)

Unknown 12 (15) 6 (7) 9 (11)

Concomitant systemic therapy for chronic GVHD — no./total no. (%)¶

Glucocorticoids 56/79 (71) 45/81 (56) 55/79 (70)

Calcineurin inhibitor 18/79 (23) 26/81 (32) 22/79 (28)

*	�Percentages may not total 100% because of rounding. The 0.3-mg dose group received axatilimab, administered intra-
venously, at a dose of 0.3 mg per kilogram of body weight every 2 weeks, the 1-mg dose group received axatilimab at a 
dose of 1 mg per kilogram every 2 weeks, and the 3-mg dose group received axatilimab at a dose of 3 mg per kilogram 
every 4 weeks. GVHD denotes graft-versus-host-disease, and GI gastrointestinal.

†	�Race and ethnic group were determined by the investigator. Data were then recorded in the electronic case report forms in 
accordance with the Food and Drug Administration Guidance on Collection of Race and Ethnicity Data in Clinical Trials, 
issued October 26, 2016.

‡	�The global severity rating was based on the National Institutes of Health global severity score.30

§	� Data on organ involvement were not available for one patient assigned to the 0.3-mg dose group because a serious adverse 
event occurred in that patient and the patient withdrew consent before day 1 of cycle 1 (the time at which baseline in-
formation was to be reported). One patient in the 3-mg dose group had a baseline assessment on day 7 of cycle 1. 
No patients in the study had zero organs involved.

¶	�Use of other concurrent immunosuppressive medications or procedures for chronic GVHD was prohibited. The analysis 
of concomitant systemic therapy was performed in the safety analysis population, which included all enrolled patients 
who received at least one dose of axatilimab.

Table 1. (Continued.)
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and Fig. S5). In patients with sclerotic skin mani-
festations of chronic GVHD (>90% of patients 
with chronic GVHD of the skin in each group), 
a reduction in sclerotic skin surface area was seen 
in 44% of the patients in the 0.3-mg dose group, 
34% of the patients in the 1-mg dose group, and 
60% of the patients in the 3-mg dose group, and 
a reduction in skin tightening was seen in 66%, 
56%, and 60% of the patients in the three dose 
groups, respectively. In findings consistent with 
these results, a reduction of symptoms related to 
skin thickening was reported by 73%, 77%, and 
68%, respectively (Table S2).

Safety

The most common adverse events among the 
239 patients who received at least one dose of 
axatilimab were transient laboratory abnormali-
ties associated with Kupffer cell depletion induced 
by CSF1R blockade, with increasing incidence 
and grading associated with escalating dose 
(Table  2). Axatilimab-driven laboratory abnor-
malities were not accompanied by end-organ 
damage, a finding consistent with previous re-
ports. In the entire study, only 1 patient, ran-
domly assigned to the 3-mg dose group, had a 
grade 3 elevation in the creatine kinase level that 
was associated with grade 2 myositis, as well as 
a grade 3 myocardial infarction (attributed to 
vasospasm), from which the patient recovered 
fully without cardiac function being affected. 
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Panel A shows the percentage of patients with an over-
all response (complete or partial response) in the first 
six cycles in the group that received a dose of 0.3 mg 
per kilogram of body weight every 2 weeks (0.3-mg  
dose group), 1 mg per kilogram every 2 weeks (1-mg dose 
group), or 3 mg per kilogram every 4 weeks (3-mg dose 
group). Panel B shows the Kaplan–Meier curve of esti-
mated failure-free survival in the three groups. The me-
dian duration of follow-up was 7.7 months in the 0.3-mg 
dose group, 8.2 months in the 1-mg dose group, and 
6.6 months in the 3-mg dose group. Failure-free survival 
was defined as the absence of a change in treatment for 
chronic graft-versus-host disease (GVHD), nonrelapse-
related death, and recurrent cancer. In this analysis, 
dose escalation was considered to be a failure event. 
For the analysis in which dose escalation was excluded 
as an event, see Figure S1. Panel C shows the percent-
age of patients in the 0.3-mg dose group with an overall 
response according to organ system. GI denotes gastro-
intestinal, and NE could not be estimated.
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Periorbital edema (any grade), another on-target 
effect of CSF1R blockade, was dose dependent 
(occurring in 3% of the patients in the 0.3-mg 
dose group, 23% in the 1-mg dose group, and 
29% in the 3-mg dose group), with no events 
higher than grade 1 seen in the 0.3-mg dose 
group.

Infusion-related reactions occurred in 8% of 
the patients in the 0.3-mg dose group, 5% of the 
patients in the 1-mg dose group, and 1% of the 
patients in the 3-mg dose group, with only 
two patients discontinuing the study drug be-
cause of infusion-related reactions (both in the 
1-mg dose group). Infections were common in 
all three groups and occurred in 73% of the 
patients in the 0.3-mg dose group, 73% of the pa-
tients in the 1-mg dose group, and 70% of the 
patients in the 3-mg dose group; these infec-
tions included coronavirus disease 2019, which 
occurred in approximately 20% of the patients. 
Cytomegalovirus infection, Epstein–Barr virus in-
fection or reactivation, or invasive fungal infec-
tions occurred in 0, 4, and 6 patients in the three 
dose groups, respectively (Table 2). Serial neuro-
logic assessments showed no cognitive–behavioral 
abnormalities of clinical significance and no 
persistent or progressive abnormal changes in 
any dose group.

Grade 3 or higher adverse events were re-
ported in 49% of the patients in the 0.3-mg dose 
group, 60% of the patients in the 1-mg dose group, 
and 71% of the patients in the 3-mg dose group 
(Table 2). Adverse events leading to discontinua-
tion of axatilimab occurred in 5 patients (6%), 
18 patients (22%), and 14 patients (18%) in the 
three dose groups, respectively, and fatal adverse 
events occurred in 1 patient (1%), 7 patients 
(9%), and 6 patients (8%) (Table 2 and Table S3).

Pharmacokinetics and Pharmacodynamics

The peak concentrations of CSF1 and interleukin-34 
increased in a dose-dependent manner with doses 
higher than 0.3 mg per kilogram and were most 
prominent in the 3-mg dose group (Figs. S6A 
and S6B). No substantial changes were seen in 
the 0.3-mg dose group. Simulated pharmacoki-
netic and pharmacodynamic analyses showed 
that axatilimab, CSF1, aspartate aminotransferase, 
and creatine kinase did not accumulate after 
multiple doses of axatilimab at a dose level below 
1 mg per kilogram every 2 weeks but started to 
accumulate at higher doses, an effect particularly 

pronounced in the 3-mg dose group (Fig. S6C). 
Simulated analyses likewise showed transient 
reduction of nonclassical monocytes lasting less 
than the duration of the dosing interval in the 
0.3-mg and 1-mg dose groups.

Discussion

The AGAVE-201 pivotal phase 2 study evaluated 
the efficacy and safety of axatilimab monother-
apy in a heterogeneous multinational population 
of patients with recurrent or refractory chronic 
GVHD who had previously received two or more 
lines of therapy. The study met its primary end 
point and showed the efficacy of axatilimab in 
patients across all three dose groups, with an 
overall response occurring in 50 to 74% of the 
patients.

A high incidence of clinical response, includ-
ing complete response, was seen in all involved 
organs. The response was durable and was not 
influenced by key baseline disease characteris-
tics, including the severity of chronic GVHD, the 
number of organs involved, the duration of 
chronic GVHD, the number of previous treat-
ments, or the failure of ibrutinib, ruxolitinib, or 
belumosudil therapy. Responses were seen in 
patients with inflammatory and fibrotic chronic 
GVHD manifestations, including prototypic fi-
brotic manifestations in the lung, esophagus, 
joints and fascia, and skin. Most patients with 
skin sclerosis, which affected more than 90% of 
the patients with chronic GVHD of the skin, had 
not just disease control but amelioration of skin 
sclerosis after treatment with axatilimab as 
measured by the 2014 NIH Consensus secondary 
disease metrics, the patient-reported symptom 
scale, or both.27,36,37 About half the patients re-
ported a rapid, clinically meaningful reduction 
in symptoms, which further supported the over-
all assessment of clinical efficacy and the poten-
tial for quality-of-life improvements in a patient 
population with severe complications related to 
both the disease and the treatment.

Adverse events related to treatment with axa-
tilimab were closely associated with inhibition 
of CSF1R signaling and included transient eleva-
tions of serum enzyme levels and periorbital 
edema. CSF1R inhibition depletes the resident 
macrophages in liver (Kupffer cells) and skin, 
which leads to decreased serum enzyme clearance 
and proteoglycan accumulation, respectively.38,39 
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Whereas in preclinical studies early peritrans-
plantation CSF1R blockade was associated with 
GVHD exacerbation because of host macrophage 
depletion, treatment of patients with established 
chronic GVHD avoids these risks because their 
macrophages have been replaced with patho-
genic donor-derived macrophages.40,41 The ad-
verse events related to CSF1R inhibition showed 
a dose dependency in frequency and intensity 
and were generally transient and asymptomatic. 
The incidence of infection was not dose depen-
dent, did not differ from that reported with 
available chronic GVHD therapies, and was re-
flective of patients with previous prolonged ex-
posure to immunosuppressive therapy.18-20,27 In-
vasive mycoses, Epstein–Barr virus infections, 
and cytomegalovirus reactivations or infections 
did not develop in the 0.3-mg dose group, al-
though they were seen in the groups receiving 
higher doses. The primary causes of death in 
this study did not appear to be related to the 
known axatilimab mechanism of action, but 
toxic effects with doses higher than 0.3 mg per 
kilogram administered every 2 weeks cannot be 
ruled out as contributing to an increase in the 
incidence of death (Table S3).

The higher percentage of patients with a re-
sponse in the lower-dose groups (the 0.3-mg and 
1-mg dose groups) than in the highest-dose 
group was an unexpected finding and is not 
explained by the increased frequency of adverse 
events in the highest dose group. The persistent 
depletion of nonclassical monocytes and the el-
evation of the serum CSF1 level observed in pa-
tients receiving a dose of 3 mg per kilogram 
highlight a possible biologic rationale. Sus-
tained, nonclassical monocyte ablation may ad-
versely affect the homeostasis of immunomodu-
latory macrophages necessary for the resolution 
of inflammation, whereas concurrent CSF1 ele-
vation may contribute to worsening of the ongo-
ing inflammation, as observed in a range of in-
flammatory and autoimmune conditions.42-45 At 
the specific time points evaluated in AGAVE-201, 
no substantial changes in the serum concentra-
tions of CSF1 and interleukin-34 were seen in the 
0.3-mg dose group. However, in healthy volun-
teers, doses less than 1 mg per kilogram were 
shown to transiently reduce the serum concentra-
tion of nonclassical monocytes with corresponding 

Figure 3. Symptom Burden, According to the Score on the Modified Lee 
Symptom Scale.

The waterfall plots indicate the best change in chronic GVHD symptoms 
in the three dose groups, as measured according to the summary score  
of the modified Lee Symptom Scale (range, 0 to 100, with higher scores 
indicating worse symptoms). Bars indicate individual patients, and the 
solid line represents the threshold for clinically meaningful reduction of 
symptoms (a reduction of >5 points on the modified Lee Symptom 
Scale).
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Table 2. Safety Overview.*

Adverse Event

0.3-mg Dose 
Group 

(N = 79)

1-mg Dose 
Group 

(N = 81)

3-mg Dose 
Group 

(N = 79)

number of patients (percent)

Any adverse event 76 (96) 80 (99) 78 (99)

Grade ≥3 39 (49) 49 (60) 56 (71)

Serious 30 (38) 33 (41) 38 (48)

Fatal 1 (1) 7 (9) 6 (8)

Any grade event in ≥20% of any dose group

Aspartate aminotransferase level increased 11 (14) 31 (38) 43 (54)

Blood creatine kinase level increased 9 (11) 26 (32) 49 (62)

Lipase level increased 9 (11) 21 (26) 39 (49)

Amylase level increased 3 (4) 10 (12) 34 (43)

Blood lactate dehydrogenase level increased 11 (14) 22 (27) 32 (41)

Alanine aminotransferase level increased 10 (13) 18 (22) 31 (39)

Periorbital edema 2 (3) 19 (23) 23 (29)

Fatigue 18 (23) 16 (20) 21 (27)

γ-Glutamyltransferase level increased 8 (10) 16 (20) 21 (27)

Covid-19 13 (16) 18 (22) 11 (14)

Diarrhea 13 (16) 18 (22) 7 (9)

Blood alkaline phosphatase level increased 5 (6) 4 (5) 17 (22)

Headache 15 (19) 14 (17) 16 (20)

Any grade infection 58 (73) 59 (73) 55 (70)

Any grade key infection or reactivation

Covid-19 15 (19) 19 (23) 14 (18)

Pneumonia 9 (11) 12 (15) 8 (10)

Aspergillus 0 3 (4) 0

Cytomegalovirus 0 1 (1) 2 (3)

Epstein–Barr virus 0 0 4 (5)

Any grade infusion-related reaction 6 (8) 4 (5) 1 (1)

Any grade ≥3 event in ≥5% of any dose group

Pneumonia 8 (10) 7 (9) 5 (6)

Blood creatine kinase level increased 1 (1) 6 (7) 12 (15)

Covid-19 3 (4) 5 (6) 5 (6)

Hypertension 3 (4) 5 (6) 4 (5)

γ-Glutamyltransferase level increased 1 (1) 2 (2) 4 (5)

Lipase level increased 1 (1) 1 (1) 4 (5)

Periorbital edema 0 1 (1) 5 (6)

Any serious event in ≥5% of any dose group

Covid-19 2 (3) 4 (5) 5 (6)

Pneumonia 7 (9) 8 (10) 4 (5)

Any adverse event leading to dose interruption 30 (38) 34 (42) 25 (32)

Any adverse event leading to dose reduction 5 (6) 6 (7) 13 (16)

Any adverse event leading to discontinuation of axatilimab 5 (6) 18 (22) 14 (18)†

*	�The safety analysis population consisted of all enrolled patients who received at least one dose of axatilimab. Covid-19 
denotes coronavirus disease 2019.

†	�One patient reported the reason for discontinuation as an adverse event. If this patient were included, the number 
would be 15; however, the data were not included in the safety analysis.
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increases in CSF1 and interleukin-34 concentra-
tions.46,47 Given that these concentrations re-
turned to baseline on or before day 7 in patients 
receiving doses of less than 1 mg per kilogram, 
samples collected in the 0.3-mg dose group in 
this study largely missed capturing the expected 
pharmacodynamic effects, whereas the observa-
tion of on-target adverse events supported the 
macrophage-targeting activity of the patients in 
the 0.3-mg dose group. Thus, although the re-
sults of this trial confirm that a dosing strategy 
that uses a transient blockade of CSF1R signal-
ing may represent one of the best possible treat-
ment strategies for patients with chronic GVHD, 
the precise explanation for this observation, as 
well as its applicability to other conditions in 
which pathologic CSF1R signaling plays a role, 
remains to be elucidated.

A key limitation of the current study is that 
all the patients received axatilimab and no com-
parator group was provided, thus introducing a 
possibility of outcome-reporting bias. A stan-
dard comparator group would have been diffi-
cult to implement given that multiple standard-
care interventions had already failed. Although 
the study was sufficiently powered to define the 
best of the three doses of axatilimab for treat-
ment of chronic GVHD, a broader interpretation 
of the subgroup analyses is limited by the small 
number of patients in each subgroup. The re-
quired discontinuation of systemic chronic GVHD 
therapy other than glucocorticoids and a calci-
neurin or mTOR inhibitor limits comparison 
with common management practice in recurrent 

or refractory chronic GVHD, in which advancing 
lines of therapy are often combined. Finally, 
sample collection was not able to capture the tran-
sient pharmacodynamic effects in the 0.3-mg dose 
group, which limited a comparison of the changes 
at that dose level with changes at the higher doses 
tested. Further studies of axatilimab at a dose of 
0.3 mg per kilogram every 2 weeks in patients 
with chronic GVHD are planned (ClinicalTrials.
gov number, NCT06388564).

Refractory chronic GVHD with extensive fi-
brotic manifestations, a condition highly repre-
sented in the AGAVE-201 study, continues to 
present a major therapeutic challenge.18-20, The 
AGAVE-201 study showed that single-agent ther-
apy with axatilimab is effective for many patients 
with recurrent or refractory chronic GVHD, in-
cluding those in whom standard-of-care therapies 
failed. Additional studies — such as the Study to 
Evaluate Axatilimab in Participants with Idiopathic 
Pulmonary Fibrosis (NCT06132256) — are war-
ranted to evaluate axatilimab in earlier treatment 
of chronic GVHD and autoimmune diseases in 
which CSF1R-driven macrophages contribute to 
inflammation and fibrosis.
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