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ABSTRACT

On May 24, 2019, the Food and Drug Administration approved
ruxolitinib for steroid-refractory acute graft-versus-host disease
(SR-aGVHD) in adult and pediatric patients 12 years and older.
Approval was based on Study INCB 18424-271 (REACH-1;
NCT02953678), an open-label, single-arm, multicenter trial that
included 49 patients with grades 2–4 SR-aGVHD occurring after
allogeneic hematopoietic stem cell transplantation. Ruxolitinib
was administered at 5 mg twice daily, with dose increases to
10 mg twice daily permitted after 3 days in the absence of

toxicity. The Day-28 overall response rate was 57.1% (95% confi-
dence interval [CI]: 42.2–71.2). Themedian duration of response
was 0.5 months (95% CI: 0.3–2.7), and the median time from
Day-28 response to either death or need for new therapy for
acute GVHD was 5.7 months (95% CI: 2.2 to not estimable).
Common adverse reactions included anemia, thrombocytope-
nia, neutropenia, infections, edema, bleeding, and elevated
transaminases. Ruxolitinib is the first drug approved for treat-
ment of SR-aGVHD. TheOncologist 2020;25:e328–e334

Implications for Practice: Ruxolitinib is the first Food and Drug Administration–approved treatment for steroid-refractory
acute graft-versus-host disease in adult and pediatric patients 12 years and older. Its approval provides a treatment option
for the 60% of those patients who do not respond to steroid therapy.

INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (HSCT) is
frequently the only curative option for patients with hemato-
logical malignancies, but only about 8,000 patients undergo
allogeneic HSCT each year [1]. More common use of alloge-
neic HSCT is limited by the potentially severe or fatal compli-
cations, including acute graft-versus-host disease (aGVHD);
for patients who develop grades 3–4 aGVHD, the Day-100
mortality is 35% [2]. aGVHD arises when donor T cells recog-
nize alloantigens on recipient antigen-presenting cells. This
interaction results in T-cell activation and secretion of inflam-
matory cytokines, which trigger a cascade that ultimately
results in cell-mediated and cytokine-mediated damage to
the target organs [3]. The major clinical manifestations of
aGVHD include skin rash, elevated bilirubin, and enteritis
with nausea and diarrhea.

In view of the inflammatory nature of the disorder, a cor-
ticosteroid such as methylprednisolone (MP) is the standard
first-line treatment for grades 2–4 aGVHD [4]. Approximately

60% of patients with aGVHD, estimated to be up to 2,000
patients annually, do not respond to first-line treatment or
recur after a response and are considered steroid-refractory
(SR) [5, 6]. Patients with SR-aGVHD are generally treated by
off-label use of any of numerous immunosuppressive drugs
with varying response rates, but no optimal second-line treat-
ment has been identified [4], and until recently, there was no
drug approved as second-line treatment of aGVHD.

Janus kinases (JAKs) are intracellular tyrosine kinases that
transmit cytokine receptor signaling in concert with a signal
transducer and activator of transcription (STAT). The JAK-
STAT pathway is integral to the effects of inflammatory cyto-
kines on the immune system [7]. Ruxolitinib (Jakafi, Incyte
Corp., Wilmington, DE; Table 1) is an inhibitor of JAK1 and
JAK2. In vitro, T cells exposed to ruxolitinib had reduced pro-
liferation and cytokine production in response to alloantigen
[8], and in vivo treatment with ruxolitinib reduced GVHD
severity in treatment-naive and steroid-refractory major
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histocompatibility complex–mismatched murine models [9].
In published case series and retrospective reviews, complete
response (CR) rates of 8%–46% and overall response rates
(ORR) of 38%–82% were reported for adult and pediatric
patients with aGVHD refractory to steroids alone or in addi-
tion to other immunosuppressive drugs [8, 10–15]. Herein
we provide a summary of the Food and Drug Administra-
tion’s (FDA’s) review of ruxolitinib for treatment of SR-
aGVHD based on the first prospective trial, the REACH-1
Study.

TRIAL DESIGN

Study 271 (REACH-1 Study; INCB 18424-271; NCT02953678)
was an open-label, single-arm, multicenter study of ruxolitinib
for treatment of patients 12 years of age or older with grades
2–4 SR-aGVHD (Mount Sinai Acute GVHD International Consor-
tium [MAGIC] criteria) [16] occurring after allogeneic hemato-
poietic stem cell transplantation. Patients were to be excluded
if they had received more than one systemic treatment in addi-
tion to corticosteroids for treatment of aGVHD.

Study treatment consisted of ruxolitinib 5 mg orally
twice daily (escalating to 10 mg orally twice daily on day
3 in the absence of ≥50% decrease in platelet count and/or
absolute neutrophil count relative to Day 1 or other toxic-
ity) in combination with MP 2.0 mg/kg/day equivalent. Cor-
ticosteroids were to be tapered as tolerated (reduction to
0.2 mg/kg/day by day 28 recommended). Ruxolitinib was to
be continued to study day 180 and tapered thereafter pro-
vided the patient was in CR or very good partial response
(VGPR) and corticosteroids had been discontinued for at
least 8 weeks. Routine GVHD prophylaxis in use at baseline
was continued on study.

The primary endpoint of the study was Day-28 ORR,
including CR, VGPR, or partial response (PR). The statistical
analysis plan prespecified that a positive result is concluded
if the lower limit of the 95% confidence interval (CI) of the

ORR is above the prespecified threshold of 40%; the accrual
target was 70 patients. There was one planned futility anal-
ysis when 35 patients (50% of the accrual target) completed
the Day-28 visit. The results of the futility analysis did not
trigger the rule, and the study was continued. The final
analysis of ORR was to be performed when enrollment tar-
get was met and all subjects completed the Day-28
response assessments or discontinued earlier. Key second-
ary endpoints were duration of response (DOR), nonrelapse
mortality, and overall survival. Seventy-one patients were
enrolled. The Day-28 ORR in the primary analysis of the
71 patients was reported as 54.9% (95% CI: 42.7–66.8); the
lower limit of the 95% CI exceeded 40%, so the study was
concluded to be positive.

For the purposes of establishing efficacy in the intended
population of patients with SR-aGVHD, FDA’s analysis
included only patients who (a) progressed after 3 days of
treatment with MP 2 mg/kg/day equivalent, (b) did not
improve after 7 days of treatment with MP 2 mg/kg/day
equivalent, (c) progressed to a new organ after treatment
with MP 1 mg/kg/day equivalent for skin and upper gastro-
intestinal (GI) GVHD, or (d) recurred during or after a ste-
roid taper. Additionally, patients were excluded if they had
received a systemic treatment other than corticosteroids
for aGVHD. Using these parameters, the final population for
FDA’s efficacy analysis included 49 patients.

For the assessment of response, FDA used an algorithmic
approach to derive the organ staging according to Harris et al.
[16] based on serial recordings of total bilirubin, stool output
episodes or volume, presence of grossly bloody stool, severe
abdominal pain, skin rash percentage, presence of erythroderma
with bullae or desquamation, presence of persistent nausea,
vomiting or anorexia, and additional explanatory comments.
The response at Day 28 (�2 days) was determined according to
the definitions in supplemental online Table 1.

Additional follow-up through at least Day 180 was
needed to establish durability of the responses. After the
Day-28 assessment, additional evaluations were to be per-
formed weekly for 4 weeks and every 28 days thereafter,
including Days 100, 180, and 365. The duration of response
was calculated from the Day-28 response to the day of pro-
gression, new systemic therapy for aGVHD, or death from
any cause. FDA also calculated an alternate measure of
durability of response based on the interval from the Day-
28 response to the day of new therapy or death from any
cause. Progression was defined as worsening by one stage
in any organ without improvement in other organs in com-
parison with the prior response assessment; new therapy
was defined as new systemic treatment for aGVHD or an
increase in corticosteroids to MP 2 mg/kg (�10%) equiva-
lent or more.

EFFICACY

There were 49 patients with aGVHD refractory to steroids
alone in Study 271. Table 2 shows the demographics of the
efficacy analysis population, and Table 3 shows the baseline
information about aGVHD in these patients. The efficacy anal-
ysis population was composed largely of adults with grades
3–4 (73%) GVHD; most had undergone transplantation using

Table 1. Ruxolitinib background information

Structure (R)-3-(4-(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)-1H-pyrazol-1-yl)-3-
cyclopentylpropanenitrile
phosphate

Mechanism of
action

Inhibits JAK1 and JAK2, thereby blocking
the action of cytokine signaling through
the JAK-STAT pathway.

Prior approvals Treatment of adult patients with:
Intermediate or high-risk myelofibrosis,
including primary myelofibrosis,
postpolycythemia vera (2011).
Polycythemia vera who have had an
inadequate response to or are
intolerant of hydroxyurea (2014).

New indication Treatment of steroid-refractory acute
GVHD in adult and pediatric patients
12 years and older.

Pharmacokinetics Renal clearance of ruxolitinib in patients
with GVHD was about 50% of that
observed in patients with myelofibrosis.

Abbreviations: GVHD, graft-versus-host disease; JAK, Janus kinase;
STAT, signal transducer and activator of transcription.
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peripheral blood stem cells (80%) from a matched related or
unrelated donor (76%). The cohort had a median MAGIC bio-
marker score [17] of 0.47, and 83% were in the MAGIC bio-
marker high-risk group [18]. The median duration of prior
corticosteroid exposure at baseline was 15 days (range:
3–106 days).

With regard to treatment, 48 (98%) patients started
ruxolitinib at 5 mg twice daily (1 started at 5 mg daily), and
28 (57%) increased the ruxolitinib dose to 10 mg twice daily
by study day 7. Additional poststudy treatments with other
immunosuppressive drugs or extracorporeal photopheresis
were reported for 18 (37%) patients.

The FDA-adjudicated Day-28 ORR was 57.1% (95% CI:
42.2–71.2; Table 4); more than half of the responses were a
CR. The median follow-up for responders was 5.2 months
(range, 1.1–14.4 months). For the 28 responders, the

median duration of response was 0.5 months (95% CI: 0.3–-
2.7 months), and the median time to either death or new
therapy was 5.7 months (95% CI: 2.2 to not estimable [NE]).

The Day-28 ORR was largely consistent across demo-
graphic subpopulations (supplemental online Table 2). By
baseline aGVHD characteristics, there were substantial dif-
ferences in ORR and CR by baseline GVHD grade, baseline
serum suppressor of tumorigenicity 2 (ST2) concentration,
and baseline MAGIC biomarker score (supplemental online
Table 2). There were 24 patients with stages 3–4 lower GI
GVHD at baseline; of these, 10 (42%) achieved Day-28 ORR.

Mortality was reported for 24 (49%) patients. The median
overall survival was 10.9 months (95% CI: 3.0–NE). The cumu-
lative incidence rate of nonrelapse mortality at month 6 was
46.9% (95% CI: 32.5–61.7). The follow-up was not sufficient to
provide an accurate estimate of the rate of occurrence of
chronic GVHD.

SAFETY
The safety population included all 71 patients treated on Study
271. The demographics and baseline GVHD characteristics of
the safety population are shown in Tables 2 and 3, respectively.
The median duration of treatment with ruxolitinib was 46 days
(range, 4–382 days). At the end of treatment, the dose of
ruxolitinib was 10 mg twice daily for 20 (28%) patients, 5 mg
twice daily for 20 (28%) patients, and 5 mg daily for 31 (44%)
patients.

FDA adjudicated the root cause of death as relapse for
any patient who died after relapse on study, as GVHD for any
patient who died with active GVHD, and as infection for any
patient who died of infection without active GVHD. Within
30 days of the last dose of ruxolitinib, 21 (30%) patients died
of GVHD, 2 (3%) died of infection, none died of relapse, and
none died of an adverse reaction to ruxolitinib. An adverse
reaction resulting in treatment discontinuation occurred in
31% of patients. The most common adverse reaction leading
to treatment discontinuation was infection (10%). The most
common (≥10%) adverse reactions leading to dose interrup-
tion or dose reduction were infection, thrombocytopenia,
and neutropenia.

The adverse events of special interest included infections,
bleeding, thrombosis, relapse, graft failure, and post-transplant
lymphoproliferative disorder (PTLD). An infection of any type
was reported in 78% of patients, and the infection was grades
3–5 in 62%. The most common infections were sepsis (25%),
cytomegaloviral infections (20%), lower respiratory tract infec-
tions (13%), urinary tract infections (11%), and staphylococcal
infections (10%). Supplemental online Table 4 shows the range
of infections reported. A hemorrhage event was reported in
49% of patients, and the event was grades 3–5 in 20%. The
sites with the highest incidences of bleeding were the gastroin-
testinal tract (25%), urinary tract (15%), and upper respiratory
tract (e.g., epistaxis; 11%). A thrombosis event was reported in
27% of patients, and the event was grades 3–5 in 13%; the
most common such event was deep vein thrombosis (6%).
Two (3%) patients had relapse of the prior malignancy, one
(1%) had secondary graft failure, and none developed a PTLD.
Table 5 shows the common adverse reactions of ruxolitinib in
the safety population.

Table 2. Demographics of the efficacy and safety
populations

Demographics

Primary
efficacy
population
(n = 49)

Safety
analysis
population
(n = 71)

Median age (range), years 57 (18–72) 58 (18–73)

Age group, years

<65 43 (88%) 58 (82%)

≥65 6 (12%) 13 (18%)

Sex

Male 23 (47%) 35 (49%)

Female 26 (53%) 36 (51%)

Race

White 45 (92%) 66 (93%)

Black 2 (4%) 3 (4%)

Asian 2 (4%) 2 (3%)

Ethnicity

Hispanic/Latino 7 (14%) 9 (13%)

Not Hispanic/Latino 41 (84%) 60 (85%)

Not reported 1 (2%) 2 (3%)

Diagnosis

Acute leukemia/MDS 32 (65%) 48 (68%)

Lymphoma/CLL 7 (14%) 12 (17%)

Other 10 (20%) 11 (15%)

Donor

Matched related 17 (35%) 23 (32%)

Matched unrelated 20 (41%) 32 (45%)

Mismatched unrelated 6 (12%) 9 (13%)

Haploidentical 5 (10%) 6 (8%)

Mismatched cord blood 1 (2%) 1 (1%)

Stem cell type

Apheresis 39 (80%) 57 (80%)

Marrow 9 (18%) 13 (18%)

Cord blood 1 (2%) 1 (1%)

Abbreviations: CLL, chronic lymphocytic leukemia; MDS,
myelodysplastic syndrome.
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Table 5 also shows laboratory tests considered adverse
reactions with at least a 1-grade shift from baseline. Anemia,
thrombocytopenia, and neutropenia were the most common
laboratory tests that worsened to grades 3–4 on treatment.
These cytopenias were transient and largely resolved with
dose modification. Transaminases also were elevated in a sub-
stantial proportion of patients, but few were grades 3–4. Addi-
tionally, hypertriglyceridemia was reported as an adverse
reaction in 11%.

CLINICAL PHARMACOLOGY

Study 271 used a starting dose of ruxolitinib of 5 mg twice
daily (Table 6), a dose that was reported to have clinical
activity in retrospective case series for treatment of patients
with refractory aGVHD [8, 10]. This dose is lower than that
recommended for treatment of myelofibrosis in the absence
of severe thrombocytopenia or for polycythemia vera. The
ruxolitinib starting dose of 5 mg twice daily was supported
by efficacy and safety in Study 271 in patients with refractory
aGVHD. The appropriateness of the dose in patients with
aGVHD was also confirmed by an approximately 50% lower
ruxolitinib clearance (CL/F; 11.9 L/hour) compared with that
in patients with myelofibrosis.

Ruxolitinib is metabolized by CYP3A4 and to a lesser
extent by CYP2C9. Patients with aGVHD are treated com-
monly with antifungal drugs that are strong and moderate
CYP3A inhibitors, which can increase ruxolitinib plasma con-
centrations. The coadministration of ketoconazole, a strong
CYP3A inhibitor, increased ruxolitinib exposure (area under
the curve) by 91% in a drug–drug interaction study in
healthy subjects. Dose reduction to 5 mg once daily is rec-
ommended when ruxolitinib is coadministered with ketoco-
nazole in patients with aGVHD (Table 6). More frequent
monitoring for toxicity and ruxolitinib dose adjustment, if

Table 3. GVHD characteristics of the efficacy and safety
populations

Characteristics

Primary
efficacy
population
(n = 49)

Safety
analysis
population
(n = 71)

Prior GVHD treatment

Failed steroids alone 49 (100%) 49 (69%)

Failed steroids + other(s) 0 12 (17%)

Undertreated 0 10 (14%)

Baseline GVHD grade

Grade 2 13 (27%) 22 (31%)

Grade 3 27 (55%) 33 (46%)

Grade 4 9 (18%) 16 (23%)

Visceral GVHD

Yes 41 (84%) 58 (82%)

GVHD onset before
HSCT Day 100

Yes 34 (69%) 52 (73%)

MB risk groupa

Low 8 (17%) 12 (17%)

High 39 (83%) 57 (83%)

Median MB score (range) 0.47 (0.10–0.92) 0.46 (0.10–0.96)

Median log10ST2
(range), ng/mL

5.52 (4.74–6.11) 5.50 (4.74–6.33)

Median time from HSCT to
ruxolitinib (range), days

66 (25–298) 74 (25–357)

aBiomarker data available for 47 patients in the efficacy population
and 69 patients in the safety population.
Abbreviations: GVHD, graft-versus-host disease; HSCT, hematopoi-
etic stem cell transplantation; MB, MAGIC biomarker [17]; ST2, sup-
pressor of tumorigenicity 2.

Table 4. Response analysis

Efficacy outcome
Primary efficacy
population (n = 49)

Overall responsea 28 (57.1%)

(95% CI) (42.2%–71.2%)

Complete response 15 (30.6%)

Very good partial response 2 (4.1%)

Partial response 11 (22.4%)

Median duration of response
(95% CI), days

16 (9–83)

Median time to death or
new therapy (95% CI), days

173 (66–NE)

aOverall responses include complete response + very good partial
response + partial response.
Abbreviations: CI, confidence interval; NE, not estimable.

Table 5. Adverse reactions in the safety population

Adverse reactions
All gradesa

(n = 71)
Grade ≥3a

(n = 71)

Reported nonlaboratory adverse reactionsb

Infections (unspecified) 39 (55%) 29 (41%)

Edema 36 (51%) 9 (13%)

Hemorrhage 35 (49%) 14 (20%)

Fatigue 26 (37%) 10 (14%)

Bacterial infections 23 (32%) 20 (28%)

Dyspnea 23 (32%) 5 (7%)

Viral infections 22 (31%) 10 (14%)

Thrombosis 18 (25%) 8 (11%)

Diarrhea 17 (24%) 5 (7%)

Rash 16 (23%) 2 (3%)

Headache 15 (21%) 3 (4%)

Hypertension 14 (20%) 9 (13%)

Dizziness 11 (16%) 0

Recorded laboratory abnormalitiesc

Anemia 53 (75%) 32 (45%)

Thrombocytopenia 53 (75%) 43 (61%)

Neutropenia 41 (58%) 28 (40%)

Elevated ALT 34 (48%) 6 (8%)

Elevated AST 34 (48%) 4 (6%)
aGraded according to National Cancer Institute Adverse Event Com-
mon Toxicity Criteria version 4.03.
bLimited to adverse reactions with all-grade incidence >15%.
Includes grouped terms (see supplemental online Table 2).
cIncidence of patients with at least a 1-grade shift from baseline to any
grade of abnormality or to grade 3–4 abnormalities, respectively.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase.
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necessary, are proposed when ruxolitinib is coadministered
with itraconazole, a strong CYP3A inhibitor. No dose adjust-
ment is recommended for ruxolitinib with other CYP3A
inhibitors, including fluconazole.

Ruxolitinib and its metabolites are excreted in urine
(74%) and feces (22%). No clinically relevant effects of
hepatic impairment on ruxolitinib pharmacokinetics were
observed in patients with aGVHD. Consequently, no dose
adjustment is recommended with any hepatic impairment
based on National Cancer Institute criteria [19] in patients
with aGVHD. More frequent monitoring of blood counts for
toxicity and dose adjustment to 5 mg once daily may be
considered for stage 3 or 4 liver involvement (Table 6).
Total exposure of ruxolitinib and its active metabolites
increased by 1.5- to 1.9-fold in subjects with moderate to
severe renal impairment (creatinine clearance (CLcr) 15–59
mL/minute) and by 1.6-fold in subjects with end-stage renal
disease (ESRD; CLcr <15 mL/minute) after dialysis, com-
pared with those in subjects with normal renal function
(CLcr ≥90 mL/min) in a clinical pharmacokinetic study. Dose
adjustment to 5 mg once daily is recommended for patients
with aGVHD and moderate (CLcr 30–59 mL/minute) to
severe (CLcr 15–29 mL/minute) renal impairment, and 5 mg
after a dialysis session for patients with ESRD (Table 6). Use
of ruxolitinib should be avoided in patients with ESRD not
on dialysis.

REGULATORY INSIGHTS
Ruxolitinib is the first drug to be approved for treatment of
SR-aGVHD. FDA frequently requires a randomized trial to
support traditional approval. In this case, however, where

the disease is life-threatening, there are no approved thera-
pies and no optimal therapy identified, the efficacy end-
point is objective, the activity of the drug is established in
other diseases, and there is a substantial safety database,
FDA accepted the results of Study 271, a single-arm trial, as
the sole basis of efficacy in this application (Table 7). The
Day-28 ORR of 57.1% with a lower 95% confidence interval
bound excluding 40% was considered a clinically meaningful
response rate for ruxolitinib in patients with SR-aGVHD.

The literature is somewhat confusing with regard to the
criteria that describe the steroid-refractory population of
patients with aGVHD; in many cases, the term as used
encompassed patients who failed steroid treatment at any
time whether or not they received additional treatments
for aGVHD, as was interpreted by some investigators on
Study 271. FDA’s efficacy analysis population included
patients treated with ruxolitinib alone as second-line ther-
apy. There were 12 patients who received ruxolitinib as a
third or later line of treatment of aGVHD in Study 271, but
the number of patients in this cohort was too small to make
firm conclusions about the efficacy of ruxolitinib as a later
line of therapy.

The primary endpoint of Study 271 was Day-28 ORR
(CR + VGPR + PR). The definition of this endpoint and its
acceptance as a clinical benefit was discussed at the open
public workshop on Clinical Trial Endpoints for Acute Graft-
vs-Host Disease after Allogeneic Hematopoietic Stem Cell
Transplantation held May 19, 2009 [20, 21]. The definition
of CR used by FDA in the current analysis (supplemental
online Table 1) differed slightly from the proposed consen-
sus definition. In the latter, CR is defined as "resolution of
all signs and symptoms of aGVHD," [22] whereas FDA used
Stage 0 [16] in all organs, which allows trivial residual
abnormalities that otherwise might be scored as a VGPR.
Because the primary endpoint is a composite that includes
both CR and VGPR, the difference would not affect the
overall conclusion regarding efficacy.

Durability of response is used to substantiate clinical
benefit, but the consensus endpoint definitions for GVHD
response did not address this outcome. The DOR, defined
as the interval from response to progression or death, is
used frequently for oncologic trials. In Study 271, the DOR
was quite short (0.5 months). However, this definition of
DOR does not take into account that GVHD may flare and
resolve without additional systemic treatment. The addi-
tional measure of median time to either death or need for
new therapy for aGVHD (without consideration of flares as
progression) of 5.7 months is considered a meaningful rep-
resentation of the durability of the response. Nonetheless,
the ultimate goal of GVHD therapeutics should be resolu-
tion of the disease process such that flares do not occur, so
both measures of durability of response are of interest for
the evaluation of clinical benefit at this time.

For patients with SR-aGVHD, the factors prognostic for
response, nonrelapse mortality, or survival have variously
been reported to include baseline GVHD grade, organs
involved, degree of donor mismatch, age, and primary dis-
ease for which the patient was transplanted [23–25]. Addi-
tionally, a combination of two serum biomarkers, ST2 and
regenerating family member 3 alpha, was associated with

Table 6. Recommended ruxolitinib starting dose for
patients with steroid-refractory acute GVHD

Setting Ruxolitinib dose

Usual starting dose 5 mg twice daily

Modifications for use with
strong CYP3A4 inhibitors

With ketoconazole 5 mg daily

With itraconazole 5 mg twice daily and
monitor more frequently
for toxicities

With other strong CYP3A4
inhibitorsa

5 mg twice daily

Modification for renal impairment

Moderate (CLcr 30–59
mL/minute) or severe (CLcr
15–29 mL/minute)

5 mg daily

ESRD (CLcr <15 mL/minute)
on dialysis

5 mg daily after the
dialysis session

ESRD not requiring dialysis Avoid

Modification for hepatic disease

Stage 3–4 liver GVHD Monitor for toxicity more
frequently and consider
starting at 5 mg daily

Adapted from the U.S. Prescribing Information dated May 2019.
aIncluding fluconazole.
Abbreviations: CLcr, creatinine clearance; ESRD, end-stage renal dis-
ease; GVHD, graft-versus-host disease.
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GVHD-related mortality when measured day 7 after HSCT,
[26] at diagnosis of aGVHD, [27] or in patients who had not
responded to 1 week of systemic treatment of aGVHD [18].
In the subgroup analysis of Study 271 (supplemental online
Table 2), the greatest differences in ORR or CR were distin-
guished by baseline GVHD grade, baseline serum ST2 concen-
tration (using median as the cut point), and baseline MAGIC
biomarker score [17]. Although the differences in ORR or CR
by these subcategorizations could be due to chance among
multiple comparisons, they are also biologically plausible and
add to the emerging literature on biomarkers for characteri-
zation of the prognosis of patients with SR-aGVHD that will
be useful in clinical trial design and analysis.

No unexpected adverse drug reactions were encountered
in the patients with SR-GVHD treated with ruxolitinib on
Study 271. Major toxicities of ruxolitinib are the cytopenias
and immunosuppression. Although these toxicities may be
contributing factors in fatal infection and hemorrhage, with
the high background rate of these events in patients with SR-
aGVHD independent of treatment [25, 28] and in the absence
of a randomized control for comparison, it was not possible
to clearly confirm a causal association. Hence, no deaths
could be attributed solely to ruxolitinib. Close monitoring of
blood counts is routine practice in this population, but the
risk of infections noted warranted adding a recommendation
for active surveillance and prophylactic antibiotics to the
warning about infections in the U.S. Prescribing Information.

The Study 271 population did not include children. On
the basis of the biology of GVHD and mechanism of action
of ruxolitinib, the efficacy of ruxolitinib for pediatric
patients with this indication can be extrapolated from the
adult experience. The safety of ruxolitinib is described in

labeling down to age 2 years. However, at the recommended
dose for treatment of aGVHD, the lowest available formulation
and strength of ruxolitinib (5 mg tablets) limits use to patients
comparable in size to adults. Overall then, given the observed
response rate and durability, and with the labeling modifica-
tions in place for safety concerns, the clinical benefit of
ruxolitinib outweighs the risks for treatment of SR-aGVHD in
adult and pediatric patients ages 12 years and older (Table 7).
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Table 7. Food and Drug Administration benefit-risk assessment

Dimension Evidence and uncertainties Conclusions and reasons

Analysis of condition • Steroid-refractory acute GVHD that goes untreated is
nearly uniformly fatal.

Patients with steroid-refractory
acute GVHD have a poor
prognosis.

Current treatment options • There are no therapies approved for treatment of
steroid-refractory acute GVHD.

• Immunosuppressive drugs are used off label, but the risks
and benefits of drugs used off label are not well
characterized.

• There is no accepted optimal second-line therapy.

There is a need for therapies for
patients with steroid-refractory
acute GVHD.

Benefit • In Study 271, 49 adults with steroid-refractory acute GVHD
were treated with ruxolitinib starting at 5 mg b.i.d. in
addition to continuing background therapy, including
corticosteroids.

• Day-28 ORR was 57.1% (95% CI: 42.2–71.2).
• The median duration of response was 0.5 months (95% CI:

0.3–2.7 months).
• The median time to either death or need for new therapy

for acute GVHD was 5.7 months (95% CI: 2.2–NE).

The magnitude of ORR and
durability of response to
treatment demonstrates that
ruxolitinib is active in this
disease.

Risks and risk management • The safety population included 71 adults on Study 271.
• A fatal infection occurred in 14% and a fatal hemorrhage

in 4%.
• The most common adverse reactions were infections,

edema, hemorrhage, fatigue, bacterial infections, dyspnea,
viral infections, thrombosis, diarrhea, rash, and headache.

• The most common laboratory abnormalities were anemia,
thrombocytopenia, and neutropenia.

• Patients on the protocol were monitored for safety events
and received prophylactic antibiotics.

The major potential risks of
cytopenias, infections, and
hemorrhage can be mitigated
through labeling.

Abbreviations: CI, confidence interval; GVHD, graft-versus-host disease; NE, not estimable; ORR, overall response rate.
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