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BACKGROUND
Chronic graft-versus-host disease (GVHD), a major complication of allogeneic stem-
cell transplantation, becomes glucocorticoid-refractory or glucocorticoid-dependent 
in approximately 50% of patients. Robust data from phase 3 randomized studies 
evaluating second-line therapy for chronic GVHD are lacking. In retrospective 
surveys, ruxolitinib, a Janus kinase (JAK1–JAK2) inhibitor, showed potential effi-
cacy in patients with glucocorticoid-refractory or -dependent chronic GVHD.

METHODS
This phase 3 open-label, randomized trial evaluated the efficacy and safety of 
ruxolitinib at a dose of 10 mg twice daily, as compared with the investigator’s 
choice of therapy from a list of 10 commonly used options considered best avail-
able care (control), in patients 12 years of age or older with moderate or severe 
glucocorticoid-refractory or -dependent chronic GVHD. The primary end point was 
overall response (complete or partial response) at week 24; key secondary end 
points were failure-free survival and improved score on the modified Lee Symptom 
Scale at week 24.

RESULTS
A total of 329 patients underwent randomization; 165 patients were assigned to 
receive ruxolitinib and 164 patients to receive control therapy. Overall response at 
week 24 was greater in the ruxolitinib group than in the control group (49.7% vs. 
25.6%; odds ratio, 2.99; P<0.001). Ruxolitinib led to longer median failure-free 
survival than control (>18.6 months vs. 5.7 months; hazard ratio, 0.37; P<0.001) 
and higher symptom response (24.2% vs. 11.0%; odds ratio, 2.62; P = 0.001). The 
most common (occurring in ≥10% patients) adverse events of grade 3 or higher up 
to week 24 were thrombocytopenia (15.2% in the ruxolitinib group and 10.1% in 
the control group) and anemia (12.7% and 7.6%, respectively). The incidence of 
cytomegalovirus infections and reactivations was similar in the two groups.

CONCLUSIONS
Among patients with glucocorticoid-refractory or -dependent chronic GVHD, ruxo
litinib led to significantly greater overall response, failure-free survival, and symp-
tom response. The incidence of thrombocytopenia and anemia was greater with 
ruxolitinib. (Funded by Novartis and Incyte; REACH3 ClinicalTrials.gov number, 
NCT03112603.)
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Chronic graft-versus-host disease 
(GVHD) is a serious complication of allo-
geneic stem-cell transplantation that limits 

the success of the procedure.1,2 Chronic GVHD 
occurs in approximately 30 to 70% of patients 
who undergo allogeneic stem-cell transplanta-
tion3 and is a leading cause of complications and 
of nonrelapse-associated death.2,4-6 Patients with 
chronic GVHD have impaired physical, social, 
psychological, and general quality of life, which 
worsens with disease severity.7-10

Standard first-line treatment of chronic GVHD 
consists of systemic glucocorticoids; however, in 
approximately 50% of patients the disease be-
comes glucocorticoid-refractory or glucocorticoid-
dependent, greatly increasing the risk of poor 
outcomes.11 Second-line treatment of chronic 
GVHD varies substantially among treatment cen-
ters. Although guidelines provide several treat-
ment options, including extracorporeal photo-
pheresis and mycophenolate mofetil, enrolling 
patients into clinical trials is recommended.2,12,13 
Currently, ibrutinib, a Bruton’s tyrosine kinase 
inhibitor, is the only second-line therapy ap-
proved (in the United States and Canada) for 
treatment of chronic GVHD; it was approved on 
the basis of a phase 1b–2, open-label, single-
group trial (with 42 patients) that showed a best 
overall response of 67% and alleviation of symp-
toms.14 However, since data from large-scale, 
successful, randomized studies are not available, 
no standard second-line treatment has been de-
fined.12

Preclinical studies showed that Janus kinase 1 
and 2 (JAK1–JAK2) signaling is crucial in the 
steps leading to inflammation and tissue dam-
age in acute GVHD and chronic GVHD15-19 and 
that ruxolitinib, a JAK1–JAK2 inhibitor, was an 
effective treatment in a mouse model of chronic 
GVHD.20 In addition, a retrospective survey 
showed ruxolitinib led to high response and 
6-month survival rates in patients with acute or 
chronic GVHD who were heavily pretreated.20 
After these findings, ruxolitinib was shown to 
have high response rates in the phase 2 REACH1 
trial involving 71 patients, resulting in approval 
of ruxolitinib in the United States for the treat-
ment of glucocorticoid-refractory acute GVHD in 
patients 12 years of age or older.21,22 The phase 3 
REACH2 study involving 309 patients with gluco-
corticoid-refractory acute GVHD showed that 
ruxolitinib resulted in significant improvements 

as compared with control therapy.23 Here we 
present the primary analysis of REACH3, a 
phase 3 randomized trial evaluating ruxolitinib 
as compared with investigator’s choice of ther-
apy from a list of 10 commonly used options 
among patients with glucocorticoid-refractory or 
-dependent chronic GVHD.

Me thods

Patients

Patients were at least 12 years of age, had under-
gone allogeneic stem-cell transplantation, and 
had moderate or severe glucocorticoid-refractory 
or -dependent chronic GVHD, according to Na-
tional Institutes of Health (NIH) consensus cri-
teria.24 (Details on trial design, end points, and 
statistical analysis are provided in the Supple-
mentary Methods section in the Supplementary 
Appendix, available with the full text of this ar-
ticle at NEJM.org.) Patients who had been treated 
previously with JAK inhibitors for acute GVHD 
were included if treatment had resulted in a 
complete or partial response and if they had 
discontinued JAK inhibitor treatment at least 
8 weeks before receiving the first dose of ruxo
litinib or control therapy. Patients treated previ-
ously with 2 or more systemic therapies for 
chronic GVHD in addition to glucocorticoids 
with or without calcineurin inhibitors were in-
eligible. Patients were excluded if they had a re-
lapse of the primary cancer or had graft loss 
within 6 months before treatment initiation or if 
they had an active, uncontrolled infection.

Trial Oversight

The study sponsors (Novartis and Incyte), in col-
laboration with the trial steering committee, 
designed the trial and analyzed the data. Investi-
gators entered data into the electronic case-report 
forms. After data analysis, the first two and last 
two authors developed a draft of the manuscript 
with writing assistance provided by Articulate-
Science and funded by Novartis. All the authors 
reviewed and approved the manuscript for sub-
mission and vouch for the accuracy and com-
pleteness of the data and for the fidelity of the 
trial to the protocol (available at NEJM.org). The 
trial was designed and conducted in accordance 
with the guidelines for Good Clinical Practice of 
the International Council for Harmonisation, 
applicable local regulations, and the principles 
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of the Declaration of Helsinki. The protocol was 
approved at each participating center by the rele-
vant institutional review board or ethics com-
mittee. An independent data monitoring commit-
tee reviewed interim results and safety (a list of 
the committee members is provided in the Sup-
plementary Appendix). All patients (or their 
guardians) provided informed consent.

Trial Design

REACH3 was a phase 3 randomized, open-label, 
multicenter trial (Fig. S1 in the Supplementary 
Appendix). Patients were randomly assigned in a 
1:1 ratio to receive ruxolitinib at a dose of 10 mg 
twice daily or therapy chosen by the investiga-
tors from a list of 10 commonly used options 
described in the protocol (extracorporeal photo-
pheresis, low-dose methotrexate, mycophenolate 
mofetil, a mammalian target of rapamycin 
[mTOR] inhibitor [everolimus or sirolimus], in
fliximab, rituximab, pentostatin, imatinib, or 
ibrutinib) and were stratified according to the 
severity of their chronic GVHD. Control therapy 
included the most widely used second-line treat-
ments,25 as outlined by the European Society for 
Blood and Marrow Transplantation.12 Patients 
continued to receive glucocorticoids with or with-
out calcineurin inhibitors. Infection prophylaxis 
was allowed and administered according to local 
institutional guidelines.

Patients received assigned treatment for at 
least 6 cycles (28 days per cycle) unless they had 
unacceptable side effects or progression of chron-
ic GVHD. Glucocorticoids could be tapered after 
patients had a complete response or partial re-
sponse; tapering of calcineurin inhibitors or 
ruxolitinib was allowed on or after cycle 7 day 1 
(week 24) and after patients had a complete or 
partial response. Addition or initiation of a new 
control therapy was allowed before week 24 be-
cause of lack of response, unacceptable side ef-
fects, or a flare of chronic GVHD and was con-
sidered treatment failure. For patients who did 
not have or maintain a complete or partial re-
sponse, had unacceptable side effects from a 
control therapy, or had a flare of chronic GVHD, 
crossover from control therapy to ruxolitinib 
could occur on or after week 24. Patients in the 
control group who had a complete or partial 
response at week 24 could not cross over to 
ruxolitinib unless they had disease progression, 
mixed response, or unacceptable side effects 
from the control therapy.

End Points

The primary end point was overall response (de-
fined as a complete or partial response accord-
ing to 2014 NIH consensus criteria)26 at week 24. 
The two key secondary end points were failure-
free survival (defined as time to recurrence of 
underlying disease, start of new systemic treat-
ment for chronic GVHD, or death, whichever came 
first) and response on the modified Lee Symp-
tom Scale27,28 (defined as a ≥7-point reduction 
from baseline in total symptom score on the 
scale, which measures the symptoms of chronic 
GVHD on a scale of 0 to 100, with higher scores 
indicating worse symptoms) at week 24. Modi-
fications to the Lee Symptom Scale included 
changing the measure from “bother” to the sever-
ity of each symptom and shortening the recall 
period from the past month to the past 7 days. 
Secondary and exploratory end points included 
subgroup analyses of overall response, individual 
organ responses, best overall response at any time 
up to week 24, duration of response, change in 
glucocorticoid dose over time, overall survival, 
and changes in quality-of-life measures. Safety 
analyses included patients who received at least 
1 dose of treatment; safety data up to week 24 
are presented to ensure similar exposure in the 
two groups. Given that not all patients who 
crossed over from the control group to the ruxo
litinib group had completed 24 weeks of treat-
ment with ruxolitinib at the time of this analysis, 
the only result presented for crossover patients is 
the best overall response up to data cutoff.

Statistical Analysis

Sample size calculations were performed to 
achieve 90% power for overall response rate and 
failure-free survival; a sample size of 324 pa-
tients was considered adequate. The Cochran–
Mantel–Haenszel chi-square test, stratified ac-
cording to severity of chronic GVHD, was used 
to compare overall responses and responses on 
the modified Lee Symptom Scale between the 
two groups; failure-free survival was compared 
with the use of a stratified log-rank test. Effi-
cacy analyses were performed on the full analy-
sis set according to the intention-to-treat prin-
ciple. P values, odds ratios, and hazard ratios 
including 95% confidence limits were derived 
from the respective stratified analyses. We cal-
culated adjusted risk ratios by fitting a general-
ized linear model with the treatment group and 
chronic GVHD severity as covariates.
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An overall hierarchical testing procedure29 
(Fig. S2) was applied to test the primary end 
point and the two key secondary end points in a 
two-look, group-sequential design at the interim 
analysis (196 patients; alpha significance level, 
0.01176) and at the primary analysis (329 pa-
tients; alpha significance level, 0.01858 if not 
positive at the interim analysis). The testing se-
quence for key secondary end points differed 
between the United States (modified Lee Symp-
tom Scale tested before failure-free survival) and 
other countries (failure-free survival tested be-
fore modified Lee Symptom Scale) because regu-
latory recommendations for demonstrating addi-
tional patient benefits differed between countries. 
The overall hierarchical testing procedure main-
tained the overall one-sided type I alpha error of 
0.025 for the primary and key secondary end 
points; one-sided tests were applied to allow 
sequential testing only in cases in which ruxo
litinib was superior to control therapy.

R esult s

Patients

Between July 11, 2017, and November 18, 2019, 
a total of 329 patients were randomly assigned 
to receive ruxolitinib (165 patients) or a control 
therapy (164 patients) at 149 centers across 28 
countries (Fig.  1). Patient characteristics were 
balanced between treatment groups (Table 1 and 
Table S1). The median age of the patients was 49 
years (range, 12 to 76 years; 12 were between 12 
and 17 years of age); 61.1% were male. Overall, 
42.9% of the patients had moderate chronic 
GVHD, and 56.5% of patients had severe chron-
ic GVHD; 71.4% had glucocorticoid-refractory 
chronic GVHD, and 28.6% had glucocorticoid-
dependent disease, as reported by the investiga-
tor. Control therapy was primarily extracorporeal 
photopheresis (34.8%), mycophenolate mofetil 
(22.2%), and ibrutinib (17.1%). Approximately 
half the patients received calcineurin inhibitors 
during the trial (Table S2).

At data cutoff (May 8, 2020; median follow-
up, 57.3 weeks), 125 patients (38.0%) continued 
to receive the randomized treatment; 82 patients 
(49.7%) discontinued ruxolitinib and 122 patients 
(74.4%) discontinued control therapy (Fig.  1). 
Reasons for discontinuation included lack of ef-
ficacy (14.5% in the ruxolitinib group vs. 42.7% 
in the control group), adverse events (17.0% vs. 
4.9%), and relapse of underlying disease (5.5% 

vs. 4.3%); 61 patients (37.2%) in the control group 
crossed over to ruxolitinib. The median expo-
sure to therapy was 41.3 weeks (range, 0.7 to 
127.3) in the ruxolitinib group and 24.1 weeks 
(range, 0.6 to 108.4) in the control group.

Efficacy

Overall response at week 24 (the primary end 
point) was higher with ruxolitinib (82 patients, 
49.7%) than with control therapy (42 patients, 
25.6%) (odds ratio, 2.99 [95% confidence inter-
val {CI}, 1.86 to 4.80]; risk ratio, 1.93 [95% CI, 
1.44 to 2.60]; P<0.001) (Fig. 2A and Table S3). A 
total of 11 patients (6.7%) in the ruxolitinib 
group and 5 (3.0%) in the control group had a 
complete response. The efficacy boundary for 
overall response was crossed at the interim 
analysis, with the value being higher with ruxo
litinib than with control therapy (50.5% [8 with 
a complete response, 41 with a partial response] 
vs. 26.3% [3 with a complete response, 23 with 
a partial response]; P<0.001). A higher overall 
response was observed with ruxolitinib than 
with control therapy regardless of the organs 
involved (Table S4 and Fig. S3). Although patients 
were not stratified according to organ involve-
ment, odds ratios favored ruxolitinib in all organ 
subgroups. Response according to the investi-
gator-selected control drug regimen is shown in 
Figure S4.

Patients receiving ruxolitinib had longer failure-
free survival than patients receiving control 
therapy (median failure-free survival, >18.6 months 
vs. 5.7 months; hazard ratio, 0.37; 95% CI, 0.27 
to 0.51; P<0.001). The median failure-free sur-
vival with ruxolitinib was not reached, but the 
lower boundary of the 95% confidence interval 
was estimated as 18.6 months, with the efficacy 
boundary crossed at the interim analysis (Fig. 2B 
and Fig. S5). The probability of failure-free sur-
vival at 6 months, as estimated with the use of 
the Kaplan–Meier method, was higher with ruxo
litinib (74.9%; 95% CI, 67.5 to 80.9) than with 
control therapy (44.5%; 95% CI, 36.5 to 52.1). 
The response on the modified Lee Symptom 
Scale at 24 weeks was also higher with ruxo
litinib than with control therapy (24.2% vs. 
11.0%; odds ratio, 2.62 [95% CI, 1.42 to 4.82]; 
risk ratio, 2.19 [95% CI, 1.31 to 3.65]; P = 0.001) 
(Fig. 2C). The dose of glucocorticoids decreased 
over time in both groups, with a slightly greater 
decrease with ruxolitinib (Fig. S6).

A best overall response up to week 24 was 
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observed in 76.4% of patients in the ruxolitinib 
group and in 60.4% in the control group (odds 
ratio, 2.17 [95% CI, 1.34 to 3.52]; risk ratio, 1.24 
[95% CI, 1.07 to 1.43]; P = 0.001) (Fig.  3A). 
Among patients with a response at any time, the 
estimated probability of maintaining a response 
at 12 months was 68.5% (95% CI, 58.9 to 76.3) 
in the ruxolitinib group as compared with 40.3% 
(95% CI, 30.3 to 50.2) in the control group 
(Fig. 3B). Patients who crossed over from control 
therapy to ruxolitinib (61 patients) also had a 
response, with a best overall response at data 
cutoff in 78.7% (4 with a complete response and 
44 with a partial response), a finding consistent 
with the best overall response with ruxolitinib in 
the randomized population. Overall survival 
data were not mature at data cutoff, and median 

overall survival was not reached in either group 
(hazard ratio, 1.09; 95% CI, 0.65 to 1.82) (Fig. 
S7). At 12 months, the estimated probability of 
survival was 81.4% with ruxolitinib (95% CI, 
74.1 to 86.8) and 83.8% with control therapy 
(95% CI, 76.5 to 89.0).

Safety

Safety analyses included 323 patients (165 in the 
ruxolitinib group and 158 in the control group) 
who received at least 1 dose of trial treatment up 
to week 24. Up to day 179, the median duration 
of exposure to therapy was 25.6 weeks (range, 
0.7 to 25.6) in the ruxolitinib group and 24.0 
weeks (range, 0.6 to 25.6) in the control group. 
Adverse events of any grade up to week 24 oc-
curred in 97.6% of the patients (161) who re-

Figure 1. Eligibility, Randomization, and Follow-up.

329 Underwent randomization

404 Patients were assessed for eligibility

75 Were excluded
72 Did not meet inclusion criteria
2 Declined or had guardian decline

participation
1 Had a duplicate patient number, which

was deleted before randomization

165 Were assigned to receive ruxolitinib
165 Received ruxolitinib

164 Were assigned to receive control therapy
158 Received control therapy

6 Did not receive control therapy
3 Could not receive control therapy

at the treatment site
3 Received prohibited medications

122 (74.4%) Discontinued treatment
8 (4.9%) Had adverse event

70 (42.7%) Lacked efficacy
7 (4.3%) Had disease relapse
7 (4.3%) Died
5 (3.0%) Did not meet protocol criteria

for continuation
14 (8.5%) Were withdrawn by physician
11 (6.7%) Withdrew

82 (49.7%) Discontinued treatment
28 (17.0%) Had adverse event
24 (14.5%) Lacked efficacy
9 (5.5%) Had disease relapse
8 (4.8%) Died
4 (2.4%) Did not meet protocol criteria 

for continuation
4 (2.4%) Were withdrawn by physician
4 (2.4%) Withdrew
1 (0.6%) Was lost to follow-up

61 Were included in the survival follow-up
analysis

37 Were included in the survival follow-up
analysis

83 Continued treatment 42 Continued treatment 61 Crossed over
to ruxolitinib

treatment
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ceived ruxolitinib as compared with 91.8% of 
the patients (145) who received control therapy 
(Table  2 and Table S5). Occurrence of adverse 
events of grade 3 or higher was similar in the 
two groups (in 57.0% of the patients who re-
ceived ruxolitinib and in 57.6% of the patients 
who received control therapy). The most com-
mon adverse events of grade 3 or higher were 
thrombocytopenia (in 15.2% of patients who re-
ceived ruxolitinib and 10.1% of patients who 
received control therapy), anemia (in 12.7% and 
7.6%), neutropenia (in 8.5% and 3.8%), and pneu-
monia (in 8.5% and 9.5%). Serious adverse events 
up to week 24 occurred in 55 patients (33.3%) 

who received ruxolitinib and in 58 patients 
(36.7%) who received control therapy (Table S6).

Adverse events led to treatment discontinua-
tion in 27 patients (16.4%) who received ruxo
litinib and in 11 (7.0%) who received control 
therapy. Clinically documented pneumonia was 
the only adverse event leading to discontinuation 
by 2% or more of patients in the ruxolitinib 
group (4.8%, as compared with 1.3% of patients 
in the control therapy group) (Table S7). Adverse 
events leading to dose adjustments or interrup-
tions occurred in 62 patients (37.6%) who re-
ceived ruxolitinib and in 26 patients (16.5%) 
who received control therapy.

Table 1. Characteristics of the Patients at Baseline.*

Variable
Ruxolitinib 
(N = 165)

Control 
(N = 164)

Age

Median (range) — yr 49.0 (13.0–73.0) 50.0 (12.0–76.0)

Distribution — no. (%)

12 to <18 yr 4 (2.4) 8 (4.9)

18 to 65 yr 143 (86.7) 134 (81.7)

>65 yr 18 (10.9) 22 (13.4)

Sex — no. (%)

Male 109 (66.1) 92 (56.1)

Female 56 (33.9) 72 (43.9)

Previous acute GVHD — no. (%) 92 (55.8) 88 (53.7)

Chronic GVHD severity — no. (%)†

Mild 1 (0.6) 1 (0.6)

Moderate 67 (40.6) 74 (45.1)

Severe 97 (58.8) 89 (54.3)

Donor type — no. (%)‡

Related 91 (54.5) 87 (52.1)

Unrelated 76 (45.5) 80 (47.9)

Previous systemic therapy for chronic GVHD or glucocorticoid-
refractory or -dependent chronic GVHD — no. (%)§

Glucocorticoid only 70 (42.4) 81 (49.4)

Glucocorticoid + calcineurin inhibitors 68 (41.2) 69 (42.1)

Glucocorticoid + calcineurin inhibitors + other systemic therapy 10 (6.1) 4 (2.4)

Glucocorticoid + other systemic therapy 14 (8.5) 9 (5.5)

Missing data 3 (1.8) 1 (0.6)

*	�GVHD denotes graft-versus-host disease.
†	�Severity was graded according to National Institutes of Health consensus staging criteria30 at screening. Enrollment 

of patients with mild glucocorticoid-refractory or glucocorticoid-dependent chronic GVHD was considered a protocol 
deviation.

‡	�Some patients received more than one transplant.
§	� Values for previous treatment of chronic GVHD were obtained from documented patient history of medication; topical 

or local treatments were not counted.
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Infections of any type occurred in 63.6% of 
patients who received ruxolitinib as compared 
with 56.3% who received control therapy (grade 
3 infections, 19.4% vs. 18.4%, according to the 
grading system described by Cordonnier et al.31). 
Viral infections were the most common (33.9% 

and 29.1% in the ruxolitinib and control groups, 
respectively), followed by bacterial (27.9% and 
25.9%) and fungal infections (11.5% and 5.7%); 
infections of unknown type occurred in 21.2% 
of patients who received ruxolitinib and in 
20.3% of patients who received control therapy 
(Table S8). Cytomegalovirus infection and reac-
tivation were similar in the two groups (5.5% 
and 8.2%) (Table 2).

As of the data cutoff, 31 patients (18.8%) who 
received ruxolitinib and 27 patients (16.5%) who 
received control therapy had died. Deaths were 
due primarily to complications caused by chron-
ic GVHD disease or treatment (or both) (22 pa-
tients [13.3%] who received ruxolitinib vs. 13 
patients [7.9%] who received control therapy, 
including 2 deaths after crossover to ruxolitinib) 
or infections (2 patients [1.2%] vs. 6 patients 

Figure 2. Response at Week 24 and Failure-free Survival.

End points were tested at the interim analysis (196 pa-
tients; alpha significance level, 0.01176) and the current 
primary analysis (329 patients; alpha significance level, 
0.01858 if not positive at the interim analysis) according 
to an overall hierarchical testing procedure to control 
the one-sided familywise alpha level at 0.025 overall. 
The test sequence for results among patients outside 
the United States was overall response, failure-free sur-
vival, and score on the modified Lee Symptom Scale; 
the test sequence for results among patients in the 
United States was overall response, score on the modi-
fied Lee Symptom Scale, and failure-free survival. For 
the P value for overall response at week 24 (Panel A), 
the efficacy boundary was crossed at the interim analy-
sis (overall response was 50.5% with ruxolitinib and 
26.3% with control therapy; P<0.001). One-sided P value, 
odds ratio, and 95% confidence interval were calculated 
with the use of a stratified Cochran–Mantel–Haenszel 
test, with moderate and severe chronic GVHD as strata. 
For P values for failure-free survival (Panel B), the effi-
cacy boundary was crossed at the interim analysis for 
results among patients not in the United States (haz-
ard ratio, 0.32; 95% CI, 0.21 to 0.49; P<0.001). For re-
sults among patients in the United States, the hypoth-
esis was retested at the primary analysis according to 
the overall hierarchical testing procedure (details are 
provided in the Supplementary Methods section in the 
Supplementary Appendix). At data cutoff (May 8, 2020), 
the median failure-free survival was not reached in the 
ruxolitinib group, but the lower bound of the 95% con-
fidence interval was estimated to be 18.6 months. Pa-
tients receiving ruxolitinib had a numerically, but not 
significantly, higher response (defined as a ≥7-point 
reduction from baseline in total symptom score) ac-
cording to the modified Lee Symptom Scale (Panel C) 
at the interim analysis than those receiving control 
therapy (19.6% vs. 8.1%; odds ratio, 2.80; P = 0.02).
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[3.7%]). The incidence of cancer relapse and 
progression was low in both groups (9 patients 
[5.8%] and 8 patients [5.0%]). The estimated 
cumulative incidence of relapse at 6 months was 
2.59% (95% CI, 0.85 to 6.08) among patients 
who received ruxolitinib and 2.65% (95% CI, 
0.87 to 6.21) among patients who received con-
trol therapy.

Discussion

REACH3 is a phase 3 randomized trial that 
showed the superiority of ruxolitinib over com-
mon second-line therapeutic options, including 
ibrutinib and extracorporeal photopheresis, for 
treatment of glucocorticoid-refractory or -depen-
dent chronic GVHD. Ruxolitinib led to a higher 
overall response than control therapy at week 24 
(49.7% vs. 25.6%), regardless of the organs in-
volved, and a higher best overall response (76.4% 
vs. 60.4%), a longer duration of response, and 
longer failure-free survival. The results in indi-
vidual organs showed that ruxolitinib led to 
higher responses in most organs than control 
therapy. The response in the lungs and liver was 
low in both treatment groups, which highlights 
how difficult treatment can be when these or-
gans are affected. However, subgroup analysis of 
overall response according to organ involvement 
showed that chronic GVHD in difficult-to-treat 
organs did not preclude alleviation of chronic 
GVHD in other organs in patients receiving rux-
olitinib, so the overall response was favorable.

In addition, patients treated with ruxolitinib 
had greater reduction of symptoms than those 
treated with control therapy, as measured by the 
modified Lee Symptom Scale, a scale specific to 
chronic GVHD.32 Achievement of complete re-
sponse or partial response, as measured accord-
ing to NIH criteria and improvements in the 
modified Lee Symptom Scale score at 6 months, 
has been associated with better survival.33,34 
Early data do not suggest a difference in survival 
between treatment groups. Longer follow-up is 
needed to evaluate the effect of ruxolitinib on 
survival.

The absence of a strong end point, such as 
glucocorticoid-free remission, and the presence 
of confounders, including concomitant treat-
ments, make determination of the effect on 
glucocorticoid dose over time with ruxolitinib as 
compared with commonly used therapies diffi-
cult. However, patients treated with ruxolitinib 

had consistent reductions in glucocorticoid dose 
over time (Fig. S6), suggesting a glucocorticoid-
sparing effect, a finding in line with previous 
observations.20

The safety profile of ruxolitinib was consis-
tent with observations in patients with acute 
GVHD and expectations in patients with gluco-
corticoid-refractory or -dependent chronic GVHD. 
The most common adverse event was anemia, 
which was expected given the mechanism of ac-
tion and known safety profile of ruxolitinib.35,36 
Thrombocytopenia, another known side effect 
of ruxolitinib, was also common, but both ane-

Figure 3. Overall Response and Duration of Response.

The comparisons for overall response (Panel A) and duration of response 
(Panel B) are based on the subgroup of patients who had a complete or 
partial response at any time up to week 24. Duration of response to treat-
ment (Panel B) was measured as the time from first documented complete 
response or partial response.
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Table 2. Adverse Events up to Week 24 in 5% or More of Patients Treated with Ruxolitinib.*

Adverse Event
Ruxolitinib 
(N = 165)

Control 
(N = 158)

Any Grade Grade ≥3 Any Grade Grade ≥3

number of patients with event (percent)

Any 161 (97.6) 94 (57.0) 145 (91.8) 91 (57.6)

Hematologic event

Anemia 48 (29.1) 21 (12.7) 20 (12.7) 12 (7.6)

Thrombocytopenia† 35 (21.2) 25 (15.2) 23 (14.6) 16 (10.1)

Neutropenia 18 (10.9) 14 (8.5) 8 (5.1) 6 (3.8)

Gastrointestinal event

Diarrhea 17 (10.3) 1 (0.6) 21 (13.3) 2 (1.3)

Nausea 15 (9.1) 0 16 (10.1) 2 (1.3)

Vomiting 12 (7.3) 0 10 (6.3) 2 (1.3)

Constipation 12 (7.3) 0 8 (5.1) 0

Infection

Pneumonia 18 (10.9) 14 (8.5) 20 (12.7) 15 (9.5)

Upper respiratory tract infection 14 (8.5) 0 13 (8.2) 2 (1.3)

Urinary tract infection 11 (6.7) 1 (0.6) 5 (3.2) 2 (1.3)

Nasopharyngitis 10 (6.1) 0 6 (3.8) 0

BK virus infection 9 (5.5) 1 (0.6) 2 (1.3) 0

Cytomegalovirus infection or reactivation 9 (5.5) 2 (1.2) 13 (8.2) 0

Laboratory abnormality

Alanine aminotransferase increased 25 (15.2) 7 (4.2) 7 (4.4) 0

Creatinine increased 23 (13.9) 0 7 (4.4) 1 (0.6)

Aspartate aminotransferase increased 16 (9.7) 3 (1.8) 4 (2.5) 1 (0.6)

Hypertriglyceridemia 16 (9.7) 8 (4.8) 13 (8.2) 6 (3.8)

γ-glutamyltransferase increased 15 (9.1) 11 (6.7) 5 (3.2) 3 (1.9)

Hyperglycemia 13 (7.9) 8 (4.8) 5 (3.2) 3 (1.9)

Hypokalemia 13 (7.9) 3 (1.8) 16 (10.1) 7 (4.4)

Cholesterol increased 12 (7.3) 4 (2.4) 7 (4.4) 3 (1.9)

Amylase increased 11 (6.7) 5 (3.0) 3 (1.9) 0

Lipase increased 10 (6.1) 4 (2.4) 2 (1.3) 1 (0.6)

Hypercholesterolemia 9 (5.5) 2 (1.2) 2 (1.3) 1 (0.6)

Hyperkalemia 9 (5.5) 3 (1.8) 4 (2.5) 1 (0.6)

Other

Hypertension 26 (15.8) 8 (4.8) 20 (12.7) 11 (7.0)

Pyrexia 26 (15.8) 3 (1.8) 15 (9.5) 2 (1.3)

Cough 17 (10.3) 0 11 (7.0) 0

Fatigue 17 (10.3) 1 (0.6) 12 (7.6) 3 (1.9)

Dyspnea 16 (9.7) 3 (1.8) 10 (6.3) 2 (1.3)

Headache 14 (8.5) 2 (1.2) 12 (7.6) 1 (0.6)

Peripheral edema 12 (7.3) 1 (0.6) 14 (8.9) 0

Back pain 11 (6.7) 1 (0.6) 11 (7.0) 0

Insomnia 11 (6.7) 0 6 (3.8) 0

Myalgia 11 (6.7) 0 5 (3.2) 0

Arthralgia 10 (6.1) 0 8 (5.1) 0

*	�The safety data include all patients who received at least one dose of study drug.
†	�Included are events recorded as thrombocytopenia and decreased platelet count.
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mia and thrombocytopenia are reversible and 
can be managed with dose reductions and sup-
portive care.35,36 Overall, 37.6% of patients had 
adverse events leading to dose modifications, 
and 16.4% had events leading to discontinuation 
of ruxolitinib. A smaller percentage of patients 
treated with control therapy than with ruxoliti
nib had adverse events leading to discontinua-
tion (7.0% vs. 16.4%), but this finding may have 
been confounded or affected by more than 40% 
of patients discontinuing control therapy early 
owing to lack of efficacy or by stricter protocol-
defined guidance on ruxolitinib dose modifica-
tions if adverse events were suspected to be re-
lated to a trial drug. A total of 11 deaths were 
reported as being related to a trial drug (7 deaths 
[4.2%] with ruxolitinib and 4 [2.5%] with con-
trol therapy).

The incidence of grade 3 infection was simi-
lar in the two groups (19.4% vs. 18.4%). The 
incidence of cytomegalovirus infection or reacti-
vation with ruxolitinib was similar to that with 
control therapy (Table  2) and was lower than 
that observed in a retrospective analysis (14.6%).20 
A numerically higher incidence of fungal infec-
tions (as classified according to the system de-
scribed by Cordonnier31) was observed with 
ruxolitinib, which suggests the possible occur-
rence of opportunistic infections during treat-
ment.37 Given the risk of infections, patients 
treated with ruxolitinib should receive prophy-
laxis against infection, and a low threshold for 
evaluation of new signs and symptoms should 
be adopted.

In order to accommodate various control-
therapy options, an open-label study design was 
necessary. To minimize potential bias,38 we as-
sessed response using the latest NIH consensus 
response criteria. Better adherence to these ob-
jective measures in REACH3 than in previous 

studies may have resulted in lower overall re-
sponses with control therapy and ruxolitinib 
than have been reported previously. Most studies 
evaluating the most common therapy options, 
including ibrutinib14 and extracorporeal photo-
pheresis,39 in glucocorticoid-refractory chronic 
GVHD have been uncontrolled, nonrandomized 
studies, with the few exceptions showing no 
superiority over control therapy.40 In addition, 
many of the previous studies were conducted 
before NIH response criteria were established, 
which probably led to higher treatment effects 
and overestimated responses, as reported in a 
meta-analysis assessing the effect of deviations 
from NIH recommendations.38 Furthermore, many 
studies, including the ibrutinib study,14 included 
best response (at any time) — referred to as best 
overall response in our trial — whereas our pri-
mary end point was overall response at 24 weeks 
(a single time point). Indeed, the best overall re-
sponse in the control group (60.4%, as compared 
with 76.4% in the ruxolitinib group) was closer 
to what has been reported for other studies.

Our trial showed that among patients with 
moderate or severe chronic GVHD in whom glu-
cocorticoids produced an inadequate response, 
ruxolitinib was superior to control therapies, as 
evidenced by a greater overall response, longer 
failure-free survival, and greater reduction in 
symptoms. Patients receiving ruxolitinib had a 
higher incidence of grade 3 or worse thrombo-
cytopenia and anemia than those receiving con-
trol therapy; no new safety signals were observed.
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