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ABSTRACT
Chronic graft-versus-host disease (cGVHD) continues to be a major complication after allogeneic hematopoietic
cell transplantation, significantly affecting patients' quality of life. A regimen of systemic corticosteroids is consid-
ered first-line therapy but is often associated with inadequate responses and multiple side effects. In patients
with refractory disease, an evidenced-based consensus is lacking as to the single best approach to managing
symptoms. Ruxolitinib, a selective JAK1/2 inhibitor, has recently gained favor as a second-line approach in
patients with steroid-refractory cGVHD. In this retrospective study, we evaluated the outcomes of 46 patients
who received ruxolitinib for cGVHD between March 2016 and December 2017 at our institution, and evaluated
ruxolitinib's impact at 6 and 12 months, based on the National Institutes of Health Severity Scale, including
organ-specific responses, and mean prednisone dose. Furthermore, we present the first reported probability of
ruxolitinib's treatment failure-free survival (FFS) in patients with cGVHD. After 12 months of ruxolitinib therapy,
complete response, partial response, and stable disease was observed in 13% (n=6), 30.4% (n=14), and 10.9%
(n=5) of patients, respectively. The 1-year probability of FFS was 54.2% (95% confidence interval, .388 to .673),
and ruxolitinib use was associated with a reduction in prednisone dose. In conclusion, our data, which represent
the largest cohort of patients with cGVHD reported to date, support the use of ruxolitinib for cGVHD refractory to
steroids and currently available salvage therapies, discontinued due to lack of response and high cost.
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INTRODUCTION

Chronic graft-versus-host disease (cGVHD) remains a major
barrier to a successful hematopoietic stem cell transplantation
(HSCT), associated with lower quality of life and significant
morbidity and mortality [1]. Corticosteroids are widely
accepted as first-line therapy and are most often recom-
mended by expert consensus groups [2]. Unfortunately, a sig-
nificant percentage of patients with cGVHD do not improve
with steroids, and there is no widely agreed-upon second-line
agent to treat these patients [3].

The pleomorphic presentation of cGVHD contributes to
challenges inherent to this unmet therapeutic need. The
National Institutes of Health (NIH) consensus group produced
a cGVHD scale to allow for consistent symptom evaluation and
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to measure the response to therapy [4,5]. Furthermore, Martin
et al [6] proposed that a combination of the NIH overall
response and failure-free survival (FES), defined as absence of
additional systemic therapy or relapsed malignancy, can serve
as a meaningful outcome measure for response to second-line
therapy in cGVHD. Finally, the ability to taper corticosteroids is
often reported as a secondary outcome for measuring response
to second-line therapy in cGVHD.

In cGVHD, alloreactive T-cell trafficking into target organs is
facilitated by interferon y (IFNy) and the chemokine receptor
CXCR3 [7]. Knockout mice lacking the IFNy-receptor (IFNyR) or
its downstream target CXCR3 have less severe GVHD and
reduced T cell infiltration into the spleen and gastrointestinal
tract, while maintaining robust engraftment and a graft-versus-
leukemia (GVL) effect [8]. The JAK/STAT pathway is central to
IFNy-IFNyR signaling and thus is an attractive target for abrogat-
ing GVHD while maintaining GVL.

Ruxolitinib (Jakafi; Incyte, Wilmington, DE) is a selective
JAK 1/2 inhibitor approved by the Food and Drug
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Administration for management of myelofibrosis. In 2015, a
multicenter international retrospective review of ruxolitinib
use as salvage therapy for cGVHD reported an overall response
rate of 85% (complete response [CR], 7%; partial response [PR],
78%) in 41 corticosteroid-refractory patients with moderate-
to-severe cGVHD and persistent symptoms despite 3 previous
rounds of therapy. Based on the results of that single retrospec-
tive analysis, ruxolitinib has emerged as a popular, off-label
treatment option for cGVHD [9]. Prospective phase Il and III tri-
als using ruxolitinib have been initiated [10]. More recently,
Khoury et al [11] reported their experience in 19 patients, of
whom 18 achieved PR and 1 achieved CR, according to NIH
consensus criteria. Responses occurred early and were sus-
tained, which enabled discontinuation of treatment in 68% of
patients or reduction of steroids to physiological doses in 21%
of patients. Another report retrospectively evaluating off-label
use of ruxolitinib in 20 patients with cGVHD reported a slightly
lower overall response rate of 75% [12].

In the present study, we conducted a retrospective analysis
of the largest cohort of patients to date treated at a single insti-
tution with ruxolitinib as salvage therapy for cGVHD and eval-
uated its impact at 6 and 12 months, based on NIH disease
severity score, including organ-specific responses, and mean
prednisone dose. In addition, we evaluated the probability of
FFS, defined as the absence of initiating additional systemic
therapy, medication intolerance, relapsed malignancy, or
death, associated with ruxolitinib treatment in patients with
cGVHD.

METHODS
Study Subjects and Data Collection

In this single-center Institutional Review Board-approved retrospective
analysis, we reviewed the charts of 46 patients who received ruxolitinib as
salvage therapy for cGVHD at City of Hope between March 2016 and Decem-
ber 2016. Follow-up was continued up through February 2018, until the last
follow-up visit or the patient's death, whichever occurred first. Basic trans-
plantation-related data, including sex, age, reason for transplantation, date of
transplantation, conditioning regimen, degree of host-donor match/mis-
match, and post-transplantation GVHD prophylaxis regimen, were collected.
The intervals from transplantation to the onset of cGVHD and to ruxolitinib
initiation were also identified.

Clinical data were collected at the start of ruxolitinib treatment and for 12
months post-treatment to identify changes in NIH disease severity score for
cGVHD [4] and prednisone dose. Treatment FFS after the initiation of ruxoliti-
nib was noted based on the earliest date of developing any of the following
events: initiation of new cGVHD therapy, relapsed disease, patient death, or
discontinuation of ruxolitinib for any reason other than complete response of
cGVHD symptoms. In addition, infectious disease and cytology data were col-
lected throughout the duration of ruxolitinib treatment.

Statistical Analysis

Descriptive statistics were used for patient characteristics. A Kaplan-
Meier curve was generated for FFS. Prednisone doses by treatment period
were summarized as median and interquartile range. Changes in prednisone
doses by time were evaluated using the signed-rank test.

All analyses were performed using SAS version 9.4 (SAS Institute, Cary,
NC). The tests were 2-sided at a significance level of P < .05.

RESULTS
Patient Characteristics

Our cohort comprised 46 patients (26 males and 20
females) who received ruxolitinib as salvage therapy between
April 4, 2016, and December 20, 2016. The median patient age
was 49 years (range, 21 to 77 years). The patients underwent
HSCT between July 1994 and April 2015, most commonly for
an underlying diagnosis of acute myelogenous leukemia
(n=15) or acute lymphoblastic leukemia (n=10). The condi-
tioning regimen was myeloablative in 22 patients, reduced
intensity in 15 patients, and unknown in 9 patients. For some
patients, available transplantation data were limited because

the procedure either predated creation of the transplantation
database or was performed in an outside institution. Grafts
were provided by an HLA-identical sibling in 15 patients, an
HLA-matched unrelated donor in 10, an HLA-mismatched
unrelated donor in 16, and an unknown donor in the remain-
der (Table 1). In patients with transplantation data available,
the onset of cGVHD occurred approximately 7 months post-
HSCT on average (range, 3 to 42 months), and the median time
to ruxolitinib initiation after HSCT was 40 months (range, 8 to
108 months).

Baseline Characteristics of cGVHD

The baseline NIH disease severity score before initiation of
ruxolitinib was extracted from clinical charts (Table 2). Almost
all (93.5%) of the cohort had severe (n=35) or moderate (n=38)
disease based on the NIH global severity scale for staging
cGVHD. Skin was the most commonly involved organ, with
63% of patients (n=29) having severe skin disease based on
either body surface area score or skin feature score. The mouth
was involved in 32.6% of patients (n=15), eyes in 47.8%
(n=22), lungs in 21.7% (n=10), and joints/fascia in 47.8%
(n=22) (Table 2). Owing to varying degrees of reporting, data
on the gastrointestinal tract and genitals were not collected.

On average, more than 3 previous therapies (range, 1 to 8)
per patient were attempted before initiating ruxolitinib.
Among previous therapies, prednisone (n=40), tacrolimus
(n=33), sirolimus (n=27), and photopheresis (n=21) were
the most frequently used and azathioprine, colchicine, narrow-
band ultraviolet-B therapy, tocilizumab, and bortezomib were
the least frequently used (n =1 each; Figure 1). Six patients did
not receive corticosteroids after onset of cGVHD symptoms
owing to patient preference or comorbidities. Ruxolitinib was
started as add-on therapy in all patients.

Response to Ruxolitinib

Table 3 presents the response rates in our cohort at 6 and
12 months. After 6 months of ruxolitinib therapy, we observed
CRin 10% (n=5), PR in 37% (n=17), and stable disease in 15%

Table 1

Patient Characteristics
Characteristic Value
Number of patients 46

Date of ruxolitinib initiation 4/4/16-12/20/16

Age, yr, median (range) 49 (21-77)
Sex, n

Male 26

Female 20

Date of transplantation
Reason for transplantation, n

July 1994-April 2015

Acute erythroid leukemia 1
Acute lymphoblastic leukemia 10
Acute myelogenous leukemia 15
Chronic lymphocytic leukemia 2
Diffuse large B cell lymphoma 2
Hodgkin lymphoma 2
Myelodysplastic syndrome 6
Myelofibrosis 2
Peripheral T cell lymphoma 4
Conditioning regimen, n
Myeloablative 22
Reduced intensity 15
Unknown 9
Donor type, n 15
HLA-identical sibling 10
HLA matched unrelated 16
HLA mismatched unrelated 5

Unknown
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Table 2 Table 3
Baseline Disease Severity Global Response
Parameter Score, % (n) Response 6 months, % (n) 12 months
3(Severe) 2 (Moderate) 1(Mild) 0 CR 10(5) 13.0(6)

- PR 37(17) 304 (14)
Skin 63(29) 11(5) N/A 26(12) Stable disease 152(7) 15(5)
Mouth 4(2) 13(6) 15(7) 67(31) Overall response rate 47.8 (22) 43.4(20)
Eyes 9(4) 13(6) 26(12)  52(24)

Lungs 4(2) 7(3) 11(5) 78 (36)
Joints/fascia 9(4) 24(11) 15(7) 52 (24) . . .
Global severity score 76 (35) 15(7) 9(4) 0(0) moderate in 2, and severe in 1. Among the 14 patients who

N/A indicates not applicable.
Severity scores based on the 2014 NIH Consensus Project Report on Diagnosis
and Staging of cGVHD [4].

(n=7). After 12 months of ruxolitinib therapy, these results
differed only slightly, with CR in 13% (n=6), PR in 30% (n=14),
and stable disease in 15% (n=5). Organ-specific responses are
reported in Table 4. After 12 months of ruxolitinib therapy, we
observed an organ response in 25% of patients with skin
involvement (n=10), in 60% with mouth involvement (n=15),
in 26% with eye involvement (n = 23), in 10% with lung involve-
ment (n=1), and in 41% with joint/fascia involvement (n = 23).
In univariate analysis, we found no significant associations
between 12-month response and clinical variables including
number of previous therapies, seX, age, steroid dose at base-
line, and donor type. Global response at 12 months was ana-
lyzed by baseline disease severity. Among the 6 patients who
experienced CR, baseline disease severity was mild in 3,

Bortezomib| 1 Prior Theapies

Mean: 3.7 (Range: 1-8)
Tocilizumab| 1
nbUVB | !
Colchicine | 1
Azathioprine | 1
Infliximab Il 3
Pentostatin |l 3
Rituximab Il >
Basiliximab Il >
L2 . 10
Mycophenolate mofetil NN '°
Photophoresis I -’
Sirolimus N -7
Tacrolimus NG 35

Prednisone I

Number of Patients

Figure 1. Previous therapies for cGVHD.

experienced PR at 12 months, 1 patient had moderate disease
and 13 patients had severe disease at baseline (Table 5).

FFS

At 1 year, treatment failure was observed in 45.7% of
patients (n=21). Causes of failure included relapsed malig-
nancy (2.2%; n=1), death (17.4%; n = 8), initiation of a new sec-
ond-line agent for cGVHD (10.9%; n=5), and discontinuation
of ruxolitinib for any reason other than complete resolution of
cGVHD (15.2%; n=7). Two of 21 patients discontinued ruxoliti-
nib due to medication intolerance including pruritus and
recurrent infections. Five of these 21 patients discontinued
ruxolitinib due to the high cost of medication and a lack of
observed response. The 1-year probability of FFS was 54.2%
(95% confidence interval, .388-.673) (Figure 2A). In the patients
who did not experience treatment failure, there was a statisti-
cally significant decrease in mean prednisone dose at 1 year
compared with the baseline dose (Figure 2B).

Adverse Effects

During the 12-month follow-up period, 52% of the patients
(n=24) developed a total of 42 infectious complications. Cyto-
megalovirus (CMV) viremia occurred in 4 patients, of whom 3
developed the disease, 1 had retinitis, and 2 had pneumonia.
Invasive fungal infection was observed in 4 patients, including
3 with pulmonary aspergillosis and 1 with cutaneous Scedospo-
rium apiospermum infection. A total of 13 episodes of bacter-
emia were observed in 11 patients, and 2 of these patients
developed septic shock. Pneumocystis jiroveci pneumonia
was seen in 2 patients. Thirteen patients had a total of 15 epi-
sodes of upper respiratory infection with a community respira-
tory virus, of whom only 2 developed related pneumonia
(1 with respiratory syncytial virus and 1 with rhinovirus).
There were 4 deaths attributable to infection. (More detailed
descriptions of infectious complications are provided in the
Supplementary Materials). Severe cytopenia was uncommon.
Of the 42 patients evaluable at 6 months, 3 had new-onset
grade | leukopenia, 2 had new-onset grade II leukopenia, 1
patient had grade I thrombocytopenia, and 1 patient had grade
Il thrombocytopenia (data not shown).

DISCUSSION

The potential benefit of ruxolitinib in refractory cGVHD was
first demonstrated in a 2015 retrospective analysis of 41
patient that found a high overall response rate of 85% [9]. Since
then, reports of ruxolitinib impact have been limited to small
case series and a retrospective analysis [4,11,12].

Compared with previous reports, our data suggest a
more modest benefit of ruxolitinib when used in patients
with cGVHD. We observed an overall response rate of
47.8% at 6 months that was slightly reduced to 43.4% at 12
months. Furthermore, we provide a representative treat-
ment FFS curve to better reflect the benefit of ruxolitinib as
salvage therapy for c¢cGVHD. Our treatment FFS analysis
applies a rigorous definition of treatment FFS, including
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Table 4
Organ-Specific Response at 1 Year
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Response Organ-Specific Response at 6 and 12 mo (n of Patients with Organ Involved at Baseline), %
Skin (n=39) Mouth (n=15) Eyes (n=23) Lungs (n=10) Joints (n=23)
6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo 6 mo 12 mo
CR 12.5 15 40 60 0 43 10 10 9.1 9.1
PR 15 10 6.7 0 21.7 21.7 0 0 36.4 31.8
No response/ failed 725 75 53.3 40 78.2 739 920 90 54.5 59.1
Table 5 (ClinicalTrials.gov: NCT03112603) and should provide evi-
able . . e .
Reasons for Treatment Failure dence _regardmg the true 1n}pact. of I'UXOlltlplb..
Unlike acute GVHD, the biological underpinnings of cGVHD
Reason ‘ %(n) are poorly understood. Current prevailing mechanistic theories
Initiation of new second-line agent 109(5) suggest an initial phase of acute inflammation and tissue injury
Relapsed malignancy 2.2(1) . . . . .
Death 17.4(8) mediated primarily by the innate immune system, followed by
Discontinuation of ruxolitinib* 152(7) a second phase of chronic, alloreactive inflammation carried

* For any reason other than resolution of cGVHD (eg, intolerance, cost).

cost as a reason for treatment failure. Cost proved to be the
major contributing factor for treatment discontinuation in
5 of 21 patients. Analyzed by organ, we observed higher
response rates in the mouth and the joints/fascia compared
with the eyes, skin, and lungs. A phase 3 randomized con-
trolled study comparing ruxolitinib with the best available
therapy for steroid-refractory cGVHD is currently underway
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Figure 2. Outcomes of ruxolitinib treatment. (A) FFS. (B) Impact of ruxolitinib
therapy on prednisone dose.

out by dysregulated T and B cells. These autoimmune injuries
occur in any organ of the body and may culminate in a third
phase of aberrant tissue repair and tissue fibrosis [13,14].

Because ruxolitinib inhibits JAK-STAT signaling and thereby
abrogates T cell activation, differentiation, and survival [15],
this drug may be more effective in the second phase of disease
development and less effective in the third phase during which
fibrosis predominates, suggesting that appropriate selection of
patients with active inflammatory cGVHD may lead to greater
disease responses. At baseline, the majority of our cohort had
moderate to severe disease that failed to improve with multi-
ple previous therapies. In particular, the majority of patient
with skin involvement had severe skin disease and fibrosis,
which may explain why our overall response rate was lower
than previously reported by Khoury et al [11], Ferreira et al
[12], and Zeiser et al [14].

In our cohort, 52% of the patients developed infectious com-
plications. Whereas previous studies have highlighted a risk of
CMV reactivation in patients with cGVHD treated with ruxolitinib
[9], the major limitation in defining the true estimate of CMV
reactivation in our cohort (and those of others) is the absence of
a universal CMV surveillance system. In this study, we observed
fewer CMV infections (8.6%) compared with the rate reported by
Zeiser et al [14] in their multicenter cohort of 41 patients with
cGVHD (14.6%). However, our rate of CMV reactivation was
higher than that reported by Ferreira et al [12], who found
refractory CMV infection in only 1 of 20 patients (5%). We
observed a high incidence of CMV-related disease (75%; 3 of 4).
In both our cohort and the cohort of Zeiser et al, 1 patient devel-
oped CMV retinitis (2.1% and 2.4%, respectively). These rates of
CMV retinitis are much higher than the .17% reported by Crippa
et al [16] in a population of 5721 HCT recipients. Patients with
CMV disease had extensive GVHD and were severely immuno-
suppressed, making it difficult to attribute the development of
CMV disease to ruxolitinib alone; nonetheless, the high rate of
CMV retinitis is concerning, and this entity should be considered
in the differential diagnosis in patients with new onset of visual
impairment. In our cohort, 24% of the patients developed a bac-
terial infection, including bloodstream infections and pneumonia,
with many patients having polymicrobial infections and 3 deaths
related to these infections. High rates of bacterial infection have
been observed by others in the setting of ruxolitinib use in
c¢GVHD [17] and myelofibrosis [18], postulated to result from
ruxolitinib interference with the innate immunity, especially
neutrophil activation. Infectious complications were high in our
cohort and included viral, bacterial, and fungal infections (see
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Supplementary Materials). These infections need to be
approached aggressively given their apparent contributions to
morbidity and overall mortality.

Our study is limited by its retrospective design and interob-
server variability at baseline and at the 1-year time point. Our
study did not control for site-directed therapies, which might
have contributed to the improved NIH disease severity scores at
1 year. For instance, patients with fascial/joint involvement are
often referred to physical therapy and encouraged to participate
in stretching and yoga, which might have contributed to the
higher rates of improvement seen in these patients. Similarly,
the use of topical corticosteroids might have impacted skin
scores. Finally, the severity of cGVHD at baseline may serve as a
confounder. In our cohort, only 3 patients had mild disease
severity at baseline, and all 3 of these patients experienced CR,
representing one-half of the 6 patients who experienced a CR.

In summary, our analysis of the largest reported cohort of
patients with cGVHD receiving ruxolitinib as salvage therapy
in a real-world practice setting demonstrated an FFS rate of
54.2% and an overall response rate of 43.4% at 12 months.
Although the sustained response rate appears to be modest,
ruxolitinib represents a new and promising option for cGVHD
refractory to steroids and currently available salvage therapies.
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