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KEY PO INT S

l The Janus kinase
(JAK)1/2 inhibitor
ruxolitinib induced
responses in more
than half of patients
with steroid-
refractory aGVHD by
day 28.

l Ruxolitinib was well
tolerated, and the
safety profile was
consistent with
expectations for
ruxolitinib and this
patient population.

Patients who develop steroid-refractory acute graft-versus-host disease (aGVHD) after
allogeneic hematopoietic cell transplantation have poor prognosis, highlighting an un-
met therapeutic need. In this open-label phase 2 study (ClinicalTrials.gov identifier:
NCT02953678), patients aged at least 12 years with grades II to IV steroid-refractory
aGVHD were eligible to receive ruxolitinib orally, starting at 5 mg twice daily plus corti-
costeroids, until treatment failure, unacceptable toxicity, or death. The primary end point
was overall response rate (ORR) at day 28; the key secondary end point was duration of
response (DOR) at 6 months. As of 2 July 2018, 71 patients received at least 1 dose of
ruxolitinib. Forty-eight of those patients (67.6%) had grade III/IV aGVHD at enrollment.
At day 28, 39 patients (54.9%; 95% confidence interval, 42.7%-66.8%) had an overall
response, including 19 (26.8%) with complete responses. Best ORR at any time was 73.2%
(complete response, 56.3%). Responses were observed across skin (61.1%), upper (45.5%)
and lower (46.0%) gastrointestinal tract, and liver (26.7%). Median DOR was 345 days.
Overall survival estimate at 6 months was 51.0%. At day 28, 24 (55.8%) of 43 patients
receiving ruxolitinib and corticosteroids had a 50% or greater corticosteroid dose re-

duction from baseline. The most common treatment-emergent adverse events were anemia (64.8%), thrombocyto-
penia (62.0%), hypokalemia (49.3%), neutropenia (47.9%), and peripheral edema (45.1%). Ruxolitinib produced durable
responses and encouraging survival compared with historical data in patients with steroid-refractory aGVHD who
otherwise have dismal outcomes. The safety profile was consistent with expectations for ruxolitinib and this patient
population. (Blood. 2020;135(20):1739-1749)

Introduction
Allogeneic hematopoietic cell transplantation (HCT) is a potentially
curative treatment option for a variety of hematologic malignancies
and several nonmalignant hematologic diseases.1,2 More than 8000
HCTprocedures havebeenperformedannually in theUnitedStates
since 2013, with acute myeloid leukemia, myelodysplastic syn-
drome/myeloproliferative disorders, and acute lymphoblastic
leukemia representing themost common indications.2 Acute graft-
versus-host disease (aGVHD) develops in 50% to 70% of patients
after HCT with conventional prophylaxis, and is one of the major
barriers to successful transplant outcomes.3,4

The pathogenesis of aGVHD is complex and is initiated when
alloreactive donor immune cells recognize immunologically disparate

antigens in the host.1,5 T-cell receptor activation of donor T cells plays
a critical role in aGVHD, and the subsequent immune response
against the host results in tissue damage, primarily in the skin, liver,
and gut.1,5 The risk of developing aGVHD depends on the degree of
HLAmatch, recipient age, graft source, underlying disease diagnosis,
and intensity of conditioning regimen andGVHDprophylaxis used.3,6

Systemic corticosteroids are the recommended first-line treatment of
grades II to IV aGVHD, but less than 50% of patients achieve durable
responses.7,8 The reported 6-month survival estimate for patientswith
steroid-refractory aGVHD is approximately 50%, with 30% or less of
patients surviving beyond 2 years.8-10 Ruxolitinib recently became the
first drug approved by the US Food and Drug Administration for the
treatment of steroid-refractory aGVHD in adults and pediatric pa-
tients aged 12 years and older.11
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Ruxolitinib is an oral, selective inhibitor of Janus kinase (JAK)1/2.
JAKs are intracellular tyrosine kinases that play a critical role in
the development and function of immune cells, and have been
implicated in aGVHD pathogenesis.12 Retrospective clinical
studies of ruxolitinib as salvage therapy for steroid-refractory
aGVHD suggest clinical benefit, including encouraging overall
survival (OS) rates.13-15

REACH1 is the first prospective clinical trial evaluating the ef-
ficacy and safety of ruxolitinib for the treatment of patients with
steroid-refractory aGVHD. Here we report efficacy and safety
results after 6 months of follow-up.

Methods
Study design and patients
REACH1 is a prospective, multicenter, open-label, single-
cohort, phase 2 trial (ClinicalTrials.gov identifier: NCT02953678)
recruiting patients at 26 medical centers across 17 US states.
Eligible patients were aged at least 12 years, had undergone
their first HCT from any donor source for hematologic malig-
nancies, had evidence of myeloid engraftment, developed
clinically suspected grades II to IV steroid-refractory aGVHD per
Mount Sinai Acute GVHD International Consortium (MAGIC)
criteria,16 and received no more than 1 systemic treatment
in addition to corticosteroids for treatment of aGVHD. Patients
with prior infection were eligible to participate, provided they did
not have an active, uncontrolled infection at screening. Steroid-
refractory aGVHD was defined as progressive GVHD after 3 days
or no improvement of GVHD after 7 days of primary treatment
with at least 2 mg/kg per day methylprednisolone (or equiv-
alent), development of new organ GVHD after lower-dose
corticosteroid treatment ($1 mg/kg per day methylprednis-
olone) for skin or skin plus upper gastrointestinal (GI) GVHD, or
inability to tolerate corticosteroid taper (supplemental Table 1,
available on the BloodWeb site, contains full eligibility criteria).

The protocol was approved by institutional review boards at
participating centers. The full study protocol is available in the
supplemental Appendix. The study was conducted in accordance
with the International Council for Harmonization Guideline for
Good Clinical Practice and the principles embodied by the
Declaration of Helsinki. All patients provided written informed
consent. Incyte Corporation sponsored the REACH1 trial, par-
ticipated in study design development, and collaborated with
authors in analyzing and interpreting the data and writing the
manuscript. All authors had full access to the study data.

Procedures
Patients received a starting oral dose of ruxolitinib at 5 mg twice
daily (based on guidance from the US Food and Drug Admin-
istration), with an option to increase to 10 mg twice daily after
3 days in the absence of cytopenias ($50% decrease in platelet
counts and/or absolute neutrophil count relative to day 1).
Ruxolitinib could be tapered after day 180 in patients who
achieved complete response (CR) or very good partial re-
sponse (VGPR) and had discontinued corticosteroids for at least
8 weeks. The starting dose of corticosteroids was methyl-
prednisolone 2.0 mg/kg per day intravenously or prednisone
2.5 mg/kg per day orally on day 1; corticosteroids were tapered
per institutional guidelines. Patients who previously began
corticosteroids at a different dose than the recommended

starting dose (methylprednisolone 2.0 mg/kg per day intrave-
nously or prednisone 2.5 mg/kg per day orally) were permitted to
remain on that dose at the treating physicians’ discretion. Patients
who experienced GVHD flares during corticosteroid taper could
continue receiving ruxolitinib. Continued use of prophylactic an-
tibiotic, antiviral, and antifungal medications was permitted
throughout the study at the discretion of the investigator. Patients
received study treatment until treatment failure, unacceptable
toxicity, withdrawal of consent, or death.

End points
The primary end point was overall response rate (ORR) at day 28,
defined as the proportion of patients demonstrating a CR, VGPR,
or partial response (PR).17 The key secondary end point was
duration of response (DOR; time from first response to GVHD
progression or death), which was calculated once all patients
reached 6 months. Additional secondary end points included
ORR at any time, nonrelapse mortality (NRM), relapse rate,
OS, chronic GVHD (cGVHD), safety, and pharmacokinetics. Ex-
ploratory end points included average corticosteroid dose and
biomarkers.

Acute GVHD was graded by the investigator per MAGIC
guidelines.16 Response was assessed as previously described.17,18

Patients were evaluated for cGVHD signs and symptoms per Na-
tional Institutes of Health consensus guidelines.19 Adverse events
(AEs) were assessed according to National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (CTCAE) v.4.03. Ad-
ditional details on trial end points and assessments are provided
in the supplemental Appendix.

Statistical analysis
The targeted ORR at day 28 was 60%. With a sample size of
70 patients, the study had 90% power to exclude a lower 95%
confidence limit of 40%. The ORR at day 28 (primary end point)
and at various times was calculated, together with its 95%
confidence interval (CI). Kaplan-Meier methodology was used to
estimate DOR and OS. A post hoc multivariate analysis of
baseline characteristics and response at day 28 was performed
using logistic regression. Post hoc model-based analyses of
baseline characteristics with OS and NRMwere performed using
Cox regression and Fine and Gray regression, respectively. For
the post hoc OS analysis, HLA matching, aGVHD grade at en-
rollment, steroid-refractory status, and duration of prior corti-
costeroid exposure were assessed as covariates.

All patients enrolled in the study were included in the efficacy
analysis; patients who received at least 1 dose of ruxolitinib were
included in the safety analysis. Reduction in corticosteroid use
was assessed at day 28 in patients who were still receiving
ruxolitinib treatment because corticosteroid dosage data col-
lected after ruxolitinib discontinuation may be unreliable and
patients may have received additional medications. The data
cutoff for this analysis was 2 July 2018.

Results
Patients
Between 27 December 2016 and 2 July 2018, 71 patients re-
ceived at least 1 dose of ruxolitinib. Median age was 58 (range,
18-73) years, and 48 patients (67.6%) had grade III/IV aGVHD at
enrollment (Table 1). Median exposure to corticosteroids for all
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patients before enrollment was 15 (range, 3-285) days (Table 1)
and 17 and 12 days for patients with grade II and grade III/IV
aGVHD, respectively. No patients had chronic GVHD or overlap
syndrome at the time of enrollment. Table 2 presents prior cor-
ticosteroid use by steroid-refractory aGVHD status. All patients
received anti-infective prophylaxis: 83.1% received triazole
derivatives, 97.2% received nucleosides/nucleotides (excluding
reverse transcription inhibitors), and 59.2% received anti-
mycotics before or during the study (supplemental Table 2). At the
time of the analysis, 30 patients (42.3%) remained on study and
11 (15.5%) were receiving ruxolitinib. The median follow-up
interval was 156.0 (range, 9-518) days. Reasons for ruxolitinib
discontinuation were AEs (28.2%), physician decision (28.2%;
including 4 patients who had clinical improvement), death
(9.9%), and aGVHD progression (8.5%; supplemental Figure 1).

Response outcomes
The median duration of ruxolitinib treatment of all patients was
46 (range, 4-473) days, and themedian average total daily dose
was 10.3 (range, 5-20) mg/d. The primary end point, overall
response at day 28, was observed for 39 patients (54.9%; 95%
CI, 42.7%-66.8%), including 19 patients (26.8%) with CR, 7 (9.9%)
with VGPR, and 13 (18.3%) with PR (Table 3). The median DOR
at 6 months was 345 days (lower limit, 159 days; Figure 1A).

The ORR at any time was 73.2% (95% CI, 61.4%-83.1%; CR,
56.3%), which included 9 patients (12.7%) who had a response
(2 CR, 1 VGPR, 6 PR) before day 28 but did not respond at the day
28 visit, and 4 patients (5.6%) who responded after day 28 (1 CR,
3 PR). The median time to first response was 7 (range, 6-49) days;
43 patients (60.6%) had first response on or before the day 14 visit.
Themedian DOR at 6 months for patients with a response at any
time was also 345 days (lower limit, 106 days).

Subgroup analysis of baseline characteristics demonstrated
that day 28 response was associated with aGVHD grade at
enrollment; no significant associations were observed for other
factors evaluated (Figure 1B). Responses were observed irre-
spective of steroid-refractory status (Table 4) and across skin
(61.1%), upper (45.5%) and lower (46.0%) GI tract, and liver
(26.7%; Table 5; Figure 1B). Day 28 response rates were 62.9%
and 47.2% among patients with 1 organ and 2 or more organs
involved at enrollment, respectively. In a post hoc model-based
analysis, grade II vs. grade III/IV aGVHD was significantly as-
sociated with day 28 response (odds ratio, 0.15; 95% CI, 0.04-
0.55; P 5 .0042).

Table 1. Patient demographics and baseline disease
characteristics

Variable
Ruxolitinib
(N 5 71)

Median (range) age, y 58 (18-73)
Age group, n (%)

,65 y 58 (81.7)
$65 y 13 (18.3)

Female, n (%) 36 (50.7)

Race, n (%)
White 66 (93.0)
Black 3 (4.2)
Asian 2 (2.8)

MAGIC aGVHD grade, n (%)
II 23 (32.4)
III 34 (47.9)
IV 14 (19.7)

Steroid-refractory criteria, n (%)
Progressive GVHD after 3 d of primary treatment 19 (26.8)
GVHD not improved after 7 d of primary treatment 30 (42.3)
Previously began CS therapy at a lower dose, but

developed new GVHD in another organ system
8 (11.3)

Unable to tolerate CS taper 14 (19.7)

Median (range) prior exposure to corticosteroids, d 15 (3-285)

Underlying malignancy, n (%)
Acute myeloid leukemia 20 (28.2)
Myelodysplastic syndrome 20 (28.2)
Lymphoma 9 (12.7)
Acute lymphoblastic leukemia 8 (11.3)
Chronic lymphocytic leukemia 3 (4.2)
Myelofibrosis/myeloproliferative neoplasm 2 (2.8)
Multiple myeloma 2 (2.8)
Other 7 (9.9)

Donor type, n (%)
Matched unrelated donor 27 (38.0)
Matched related donor 18 (25.4)
Mismatched related donor 11 (15.5)
Mismatched unrelated donor 10 (14.1)
Other 5 (7.0)

Conditioning regimen, n (%)
Nonmyeloablative 36 (50.7)
Myeloablative 31 (43.7)
Missing 4 (5.6)

Prior lines of therapy (other than corticosteroids),
n (%)
1 59 (83.1)
.1 12 (16.9)

Graft type, n (%)
Peripheral blood stem cells 57 (80.3)
Bone marrow 13 (18.3)
Umbilical cord blood 1 (1.4)

Table 1. (continued)

Variable
Ruxolitinib
(N 5 71)

CMV serostatus, n (%)*
Donor-positive/recipient-positive 24 (33.8)
Donor-positive/recipient-negative 7 (9.9)
Donor-negative/recipient-positive 16 (22.5)
Donor-negative/recipient-negative 23 (32.4)
Missing 1 (1.4)

CS, corticosteroid.

*Donor serostatus was missing from 1 patient (patient was positive).
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OS and nonrelapse mortality
The 6- and 12-month OS rates for all patients were 51.0%
(95% CI, 38.7%-62.1%) and 42.6% (95% CI, 30.0%-54.6%), re-
spectively; median OS was 7.6 (95% CI, 3.1: not evaluable)
months. OS was greater for day 28 responders compared with
nonresponders (P , .0001) or other responders (P 5 .0016;
Figure 2A). The probability that day 28 responders were alive at
6 and 12 months was 73.2% (95% CI, 55.9%-84.6%) and 66.2%
(95% CI, 47.8%-79.4%), respectively. In a model-based analysis
of OS, aGVHD grade III/IV and longer prior corticosteroid
exposure were significantly associated with reduced OS (grade
III/IV aGVHD, P 5 .0076 [Figure 2B]; duration of prior corti-
costeroid exposure, hazard ratio [HR], 1.01; 95% CI, 1.00-1.02;
P5 .0015). Response status, when added to the model, was an
independent predictor of OS (HR, 0.40; 95% CI, 0.26-0.61;
P , .0001).

Causes of death
Thirty-five patients (49.3%) died of causes other than malignancy
relapse, including 10 patients who died within the first 28 days.
The 6- and 12-month cumulative incidence rates for NRM
were 44.4% (95% CI, 32.5%-55.7%) and 52.9% (95% CI, 39.6%-
64.5%), respectively, for all patients, and were lower for day 28
responders (Figure 2C). Four patients (5.6%) had a malignancy
relapse (acute myeloid leukemia, n 5 2 [both fatal]; myelodys-
plastic syndrome, n 5 1; plasma cell leukemia, n 5 1 [fatal]). All
relapses occurred on the day of (n 5 2) or after (n 5 2; 34 days

and 99 days from last dose) ruxolitinib discontinuation. Mortality
outcomes by response status are provided in supplemental
Figure 2. In a model-based analysis of NRM using the same
covariates as in OS, aGVHD grade III/IV (HR, 0.252; 95%CI, 0.11-
0.58; P 5 .0013) and longer prior corticosteroid exposure (HR,
1.01; 95% CI, 1.01-1.02; P5 .0001) were significantly associated
with increased NRM.When added to the model, response status
was an independent predictor of NRM (HR, 0.442; 95% CI,
0.29-0.69; P 5 .0003).

Supplemental Table 3 describes outcomes (ORR, OS, DOR, NRM)
stratified by aGVHD grade at enrollment (grade II vs III/IV) and re-
sponse (CR/VGPR vs PR).Of the 48patientswith grade III/IV aGVHD,
11 (22.9%) achieved CR or VGPR at day 28. Among the 11 patients
with CR or VGPR, OS probability was 81.8% and NRM cumulative
incidence rate was 9.1% at both 6 and 12 months. The relationship
between skin vs nonskin involvement at enrollment and response
was also explored. Patients with grade II and grade III/IV aGVHD at
enrollment with skin involvement had day 28 ORRs of 88.2% and
36.8%, respectively. Patients with grade II and grade III/IV aGVHD
without skin involvement had day 28 ORRs of 66.7% and 44.8%,
respectively.

Long-term follow-up
At a median follow-up of 323 (range, 57-518) days for surviving
patients, 4 patients developed cGVHD after discontinuation of
ruxolitinib (on study days 55, 115, 156, and 347).

Table 2. Prior corticosteroid use by steroid-refractory status

GVHD progression
after 3 d* (n 5 19)

No improvement in
GVHD after 7 d*

(n 5 30)
New GVHD†

(n 5 8)
Taper intolerant

(n 5 14) Total (N 5 71)

Dose of corticosteroid at enrollment, mg/d

Mean
(SD)

179.9 (58.1) 169.9 (63.5) 114.2 (55.0) 124.1 (45.9) 157.3 (62.2)

Median
(range)

180.0 (81.3-300.0) 168.8 (62.5-300.0) 109.4 (50.0-212.5) 125.0 (60.0-200.0) 156.3 (50.0-300.0)

Days on corticosteroids before enrollment

Mean
(SD)

31.6 (52.8) 32.2 (54.9) 20.6 (23.5) 28.9 (23.4) 30.1 (46.2)

Median
(range)

14.0 (6.0-224.0) 13.0 (6.0-285.0) 13.5 (3.0-75.0) 21.0 (6.0-85.0) 15.0 (3.0-285.0)

*After primary treatment with methylprednisolone at least 2 mg/kg per day.

†In another organ in patients who previously received corticosteroids ($1 mg/kg per day methylprednisolone) for skin or skin plus upper GI GVHD.

Table 3. ORR at day 28 by baseline aGVHD grade

Response Grade II (n 5 23) Grade III (n 5 34) Grade IV (n 5 14) Total (N 571)

CR 11 (47.8) 7 (20.6) 1 (7.1) 19 (26.8)

VGPR 4 (17.4) 2 (5.9) 1 (7.1) 7 (9.9)

PR 4 (17.4) 5 (14.7) 4 (28.6) 13 (18.3)

Overall response 19 (82.6) 14 (41.2) 6 (42.9) 39 (54.9)
95% CI 61.2-95.0 24.6-59.3 17.7-71.1 42.7-66.8

Data are presented as n (%).
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Pharmacokinetics
Covariate analysis was performed to identify factors pre-
dictive of variability in ruxolitinib pharmacokinetics in patients with
aGVHD. In addition to effects of body weight on apparent central
volumeof distribution and sexon apparent oral clearance (CL/F) of
ruxolitinib, concomitant use of moderate or potent cytochrome
P450 3A4 (CYP3A4) inhibitors, grade IV aGVHD, and liver in-
volvement were predictive of variability in CL/F. Acute GVHD
grade (grade 0-I vs $II) was the only significant predictor of first-
order absorption rate constant.

Corticosteroid use
The median initial corticosteroid dose (methylprednisolone
dose [mg] 3 1.25 5 prednisone dose [mg]) after the start of
ruxolitinib treatment was 156.3 mg/d. By day 28, the median
average daily corticosteroid dose per patient was 62.5 mg/d,
and 55.8% (24/43) of patients receiving ruxolitinib had a 50% or
more reduction from baseline corticosteroid dose (Figure 3).

Biomarker analyses
A prespecified biomarker analysis explored potential predictive
and correlative biomarkers based on patients’ day 28 response.
Baseline levels of suppression of tumorigenicity 2 (ST2) and
tumor necrosis factor receptor 1 (TNFR1), but not regener-
ating islet-derived protein 3a (REG3A) or Trappin-2/Elafin,
were significantly elevated in nonresponders compared with
responders (supplemental Table 4; supplemental Figure 3).
Broad proteomic analysis revealed that among day 28 re-
sponders, 60 proteins primarily associated with hematopoiesis
pathways were significantly upregulated after ruxolitinib treat-
ment and 19 proteins primarily associated with interleukin

(IL)-17–mediated inflammation were downregulated (supplemental
Tables 5 and 6; supplemental Figure 4).

Safety
All patients had at least 1 treatment-emergent AE (TEAE);
69 patients (97.2%) had a grade 3 or higher TEAE. AEs led
to ruxolitinib discontinuation, dose reduction, and dose in-
terruption in 23 (32.4%), 25 (35.2%), and 29 (40.8%) pa-
tients, respectively. TEAEs occurring in 10% or more of patients
are provided in supplemental Table 7. Thrombotic micro-
angiopathy was reported in 2 patients (2.8%). The most common
hematologic TEAEs were anemia (64.8%), thrombocytopenia
(62.0%), and neutropenia (47.9%). Infections occurred in 57
patients (80.3%); the most frequent were cytomegalovirus
(CMV) events (19.7%; CMV infection, 12.7%; CMV viremia,
5.6%; retinitis, 1.4%), sepsis (12.7%), and bacteremia (9.9%). All
patients who had a CMV event had a positive CMV donor or
recipient serostatus or both at baseline (supplemental Table 8).
Supplemental Table 3 describes CTCAE grade 4 infections
stratified by grade II vs grade III/IV aGVHD.

Fifty-three patients (74.6%) had at least 1 AE deemed related to
ruxolitinib, with the most common being anemia (35.2%), de-
creased platelet count (32.4%), and decreased neutrophil count
(26.8%; Table 6). Two patients had fatal TEAEs (pulmonary hem-
orrhage and sepsis [n 5 1, each]) that were considered related to
both ruxolitinib and corticosteroids.

Discussion
Treatment of steroid-refractory aGVHD after HCT remains a
challenge. Various treatment strategies have been tested for

Table 4. ORR at day 28 by baseline steroid-refractory status

Response
GVHD progression after 3 d*

(n 5 19)
No improvement in GVHD

after 7 d* (n 5 30)
New GVHD†

(n 5 8)
Taper intolerant

(n 5 14)

CR 7 (36.8) 6 (20.0) 1 (12.5) 5 (35.7)

VGPR 4 (21.1) 1 (3.3) 1 (12.5) 1 (7.1)

PR 1 (5.3) 7 (23.3) 2 (25.5) 3 (21.4)

Overall response 12 (63.2) 14 (46.7) 4 (50.0) 9 (64.3)
95% CI 38.4-83.7 28.3-65.7 15.7-84.3 35.1-87.2

Data are presented as n (%).

*After primary treatment with methylprednisolone at least 2 mg/kg per day.

†In another organ in patients who previously received corticosteroids ($1 mg/kg per day methylprednisolone) for skin or skin plus upper GI GVHD.

Table 5. ORR at day 28 by baseline organ involvement

Response Skin (n 5 36) Liver (n 5 15) Upper GI (n 5 22) Lower GI (n 5 50)

CR 9 (25.0) 2 (13.3) 5 (22.7) 12 (24.0)

VGPR 6 (16.7) 0 0 3 (6.0)

PR 7 (19.4) 2 (13.3) 5 (22.7) 8 (16.0)

Overall response 22 (61.1) 4 (26.7) 10 (45.5) 23 (46.0)
95% CI 43.5-76.9 7.8-55.1 24.4-67.8 31.8-60.7

Data are presented as n (%).
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steroid-refractory aGVHD8,20-25; however, the REACH1 study
is the first prospective clinical trial demonstrating a clini-
cally meaningful response using modern aGVHD grading and

response assessments.16,17 Patients enrolled in the REACH1
study were heavily exposed to systemic corticosteroids be-
fore study initiation, regardless of aGVHD grade at enrollment.

50.0 (15.7–84.3)8New GVHD†

Subgroup

Sex

65 y

Male

71

Patients, n

54.9 (42.7–66.8)

58.6 (44.9–71.4)
38.5 (13.9–68.4)

60.0 (42.1–76.1)
50.0 (32.9–67.1)

56.1 (43.3–68.3)
40.0 (5.3–85.3)

82.6 (61.2–95.0)
41.2 (24.6–59.3)
42.9 (17.7–71.1)

63.2 (38.4–83.7)
46.7 (28.3–65.7)

ORR (95% Cl)

58
13

35
36

66
5

23
34
14

19
30

Female

White
Other

Grade II
Grade III
Grade IV

GVHD progression after 3 days*
No improvement in GVHD after 7 days*

65 y

All patients

Race

Baseline aGVHD grade

Baseline steroid-refractory status

Age

64.3 (35.1–87.2)

62.5 (48.5–75.1)
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Figure 1. Response outcomes. (A) Duration of response (time from first response until GVHD progression or death) in day 28 responders and other responders (patients who
responded at any time during treatment). The data cutoff was 2 July 2018. (B) Subgroup analysis of day 28ORR. Acute GVHD response was assessed using standardized objective
criteria per MAGIC guidelines. *After primary treatment with methylprednisolone $2 mg/kg per day. †In another organ in patients who previously received corticosteroids
($1 mg/kg per day methylprednisolone) for skin or skin plus upper GI GVHD.
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Figure 2. OS andNRM. (A) Kaplan-Meier estimates of OS in patients by response status (day 28 responders, other responders, nonresponders). OS was defined as the time from
first ruxolitinib treatment to death for any cause. The data cutoff was 2 July 2018. (B) OS by aGVHD grade at enrollment. aGVHD grade at enrollment was significantly associated
with OS by log-rank test in the Kaplan-Meier analysis (P 5 .021). In model-based analysis of OS by Cox regression, aGVHD grade III/IV was again significantly associated with

JAK1/2 INHIBITOR RUXOLITINIB FOR AGVHD blood® 14 MAY 2020 | VOLUME 135, NUMBER 20 1745

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/135/20/1739/1728299/bloodbld2020004823.pdf by guest on 18 M

ay 2024



Fifty-five percent of patients treated with ruxolitinib had a
response at day 28, and those who responded had prolonged
OS compared with nonresponders (P , .0001). Patients with
grade III/IV aGVHD at enrollment who achieved a CR or VGPR
(23%) had a median DOR of 345 days with a 12-month OS
probability of 82%, which highlights that patients with ad-
vanced steroid-refractory aGVHD who are ruxolitinib responsive
can be salvaged effectively. No clinically significant differ-
ence was observed across the steroid-refractory criteria
subgroups, and responses were observed irrespective of
the organ involved.

Rates of NRM for patients with steroid-refractory aGVHD are
historically high (73% at 12 months in patients treated with
inolimomab or etanercept).7,26 Although early mortality was
also prevalent in REACH1, the NRM rate was 53% for all pa-
tients at 12 months. Patients who responded at day 28 and
maintained their response had a 12-month NRM rate of 28%,
whereas patients who did not respond to ruxolitinib had a
substantially higher NRM rate (84% at 12months). NRMwas not
associated with AEs of ruxolitinib. Most deaths were attribut-
able to infections. The high rates of infection and infection-
related mortalities observed in this study were likely driven by
immune system dysfunction resulting from corticosteroid ex-
posure before initiation of ruxolitinib treatment. Furthermore,
development of GVHD alone increases the risk for infections
independent of other variables.

Sixty of 71 patients discontinued ruxolitinib, with physician de-
cision andAEs being themost frequent reasons (n5 20, each). It is
likely that proactive management of AEs and increased famil-
iarity with the use of ruxolitinib in this patient population

may translate into a decreased incidence of discontinuation.
Ruxolitinib has been associated with increased rates of infec-
tion in patients with myelofibrosis.27 Standard treatment prac-
tices for patients with steroid-refractory aGVHD involve
effective antimicrobial, antifungal, anti-CMV, and anti-varicella
zoster prophylaxis, as well as CMV reactivation surveillance.8,26

The safety profile observed in this study was consistent with that of
patients with steroid-refractory aGVHD and the known AEs
of ruxolitinib. The cumulative incidence of CMV events (19.7%;
infection, 12.7%; viremia, 5.6%) was comparable to reported
CMV reactivation rates in patients with steroid-refractory aGVHD
(range, 33.3%-51.2%).13,21,26 The choice of CMV prophylaxis was
at the discretion of the treating physician. With the approval of
letermovir, use of CMV-specific prophylaxis may limit the risk
for CMV reactivation and infection.28 No cases of Epstein-Barr
virus-mediated posttransplant lymphoproliferative disorder were
observed.

Oral ruxolitinib displayed good absorption even among pa-
tients with extensive GI involvement. Pharmacokinetic analyses
demonstrated that sex, concomitant use of moderate or potent
cytochrome P450 3A4 inhibitors, grade IV aGVHD, and liver
involvement were significant predictors of variability in rux-
olitinib CL/F. Although available data did not allow for direct
conclusions to be drawn between pharmacokinetic parame-
ters and organ involvement, 44.8% of patients with grade
III/IV aGVHD and nonskin involvement responded to ruxolitinib
treatment in this study, suggesting that GI involvement was not
prohibitive of response.

With 55% of patients responding to ruxolitinib by day 28, iden-
tification of patients likely to benefit from ruxolitinib is desirable. In
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Figure 2 (continued) reduced OS (aGVHD grade III/IV vs grade II [reference]; HR, 0334; 95% CI, 0.150-0.747; P 5 .0076). (C) NRM by response status. The 6-month cumulative
incidence rate for NRM was 44.4% (95% CI, 32.5%-55.7%) for the entire patient cohort, 21.2% (95% CI, 9.9%-35.2%) for day 28 responders, 64.1% (95% CI, 31.5%-84.3%) for other
responders, and 78.9% (95% CI, 53.2%-91.5%) for nonresponders. The 12-month cumulative incidence rate for NRM was 52.9% (95% CI, 39.6%-64.5%) for all patients,
28.2% (95% CI, 14.5%-43.6%) for day 28 responders, and 84.2% (95% CI, 58.7%-94.6%) for nonresponders. The 12-month NRM rate for other responders was not
evaluable.
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a model-based multivariate analysis, aGVHD grade at therapy
onset was an independent prognostic factor (P5 .0042). Our
analyses indicate that increased duration of corticosteroid
use before enrollment was significantly associated with re-
duced OS and increased NRM. Median duration of cortico-
steroid use in patients with progressive aGVHD after 3 days or
aGHVD after 7 days of primary treatment was 14 and 13 days,
respectively, suggesting potential opportunity for earlier in-
tervention. As previously observed,20 these findings suggest
that patients may benefit from rapid initiation of second-line
therapy at the onset of signs of steroid refractoriness and
before advanced organ injury or development of severe
aGVHD. Examination of response kinetics in patients who
responded by day 28 indicates that ruxolitinib, when effica-
cious, induces early (ie, first response on or before day 14 in
61% of patients) and durable responses.

Baseline levels of ST2 and TNFR1, but not REG3A or Trappin-2/
Elafin, were associated with response to treatment in this
study. In a prior study of steroid-resistant aGVHD, REG3A
levels, when assayed after 1 week of corticosteroid use, were
prognostic of 4-week response, 1-year OS, and 1-year NRM.29

In contrast, in our study, REG3A was measured at enrollment
into the study, and not at a uniform time after initial onset
of corticosteroid use. Another possible explanation for the
discrepancy is that ruxolitinib may overcome the negative
prognostic value of REG3A. Broad proteomic analysis revealed
decreases in IL-17-driven inflammation and correspond-
ing increases in hematopoietic activation after ruxolitinib
treatment, suggesting that targeted inhibition of proinflammatory
pathways spares growth factors needed for lymphocyte
expansion.

Meaningful comparisons are difficult to make across steroid-
refractory aGVHD studies as a result of heterogeneous definitions

of steroid-refractory disease, small sample sizes, and varying
definitions and timing of response assessments. Nonetheless,
clinical outcomes observed in REACH1 are encouraging in the
context of historical data. The 42.6% 1-year OS rate for all
patients receiving ruxolitinib was comparable or favorable to 1-
year OS rates among patients treated with vedolizumab
(47%),30 antithymocyte globulin (39%),21 brentuximab vedotin
(38%),24 or infliximab (;10%).23 Mesenchymal stem cells have
been studied extensively in steroid-refractory aGVHD, with
varying response rates.25 However, a recent phase 3 study
evaluating mesenchymal stem cells did not meet its primary
end point of improved day 28 response rate vs placebo when
added to second-line therapy.31 The ongoing REACH2 phase 3
randomized study of ruxolitinib vs best available therapy in
patients with steroid-refractory aGVHD (NCT02913261) will
further establish the role of JAK inhibitors in the treatment of
steroid-refractory aGVHD.

A limitation of this study was the heterogeneous definition of
steroid-refractory aGVHD,whichwas anticipated and accounted for
in the eligibility criteria. At the time of this analysis, data were not
mature enough to assess long-term outcomes for survival or rates
of cGVHD. Furthermore, although patients could receive pro-
phylactic treatment of infections as per institutional standards,
detailed data regarding usage were not available; therefore,
uniformity of prophylactic regimens across centers cannot
be assessed. Finally, the single-group, nonrandomized nature
of REACH1 did not allow for comparisons with other available
therapeutics.

In summary, findings from REACH1 suggest that ruxolitinib is an
effective treatment option for patients with steroid-refractory
aGVHD. Responses to ruxolitinib seen at day 28 were durable
and were associated with improved survival when compared
with survival rates among nonresponders. The safety profile was
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consistent with expectations for ruxolitinib and patients with
steroid-refractory aGVHD.
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Table 6. Ruxolitinib-related treatment-emergent
adverse events occurring in at least 5% of patients
(safety-evaluable patients)

Event

Ruxolitinib (N 5 71)

Any grade Grade 3/4

Anemia 25 (35.2) 20 (28.2)

Platelet count decreased* 23 (32.4) 21 (29.6)

Neutrophil count decreased 19 (26.8) 15 (21.1)

White blood cell count decreased 14 (19.7) 8 (11.3)

Thrombocytopenia* 11 (15.5) 9 (12.7)

Alanine aminotransferase increased 8 (11.3) 1 (1.4)

Lymphocyte count decreased 7 (9.9) 7 (9.9)

Peripheral edema 6 (8.5) 1 (1.4)

Aspartate aminotransferase increased 4 (5.6) 0

Dizziness 4 (5.6) 0

Fatigue 4 (5.6) 1 (1.4)

Pneumatosis intestinalis 4 (5.6) 4 (5.6)

Pyrexia 4 (5.6) 1 (1.4)

Sepsis 4 (5.6) 4 (5.6)

Data are presented as n (%). The data cutoff was 2 July 2018. Multiple occurrences of the
same adverse event in 1 patient were counted only once per preferred term at the
highest grade.

*The terms “platelet count decreased” and “thrombocytopenia” were used by
investigators when reporting adverse events, and therefore were recorded as separate
terms in the safety database.
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