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Abstract

BACKGROUND

Graft-vs-host disease (GVHD) is a major cause of mortality after allogeneic
hematopoietic stem cell transplantation. Some patients have steroid-refractory
(SR) GVHD.

AIM
To evaluate the effect and safety of ruxolitinib add-on in the treatment of patients
with SR acute (a) and chronic (¢) GVHD.

METHODS

We retrospectively analyzed 38 patients administered ruxolitinib add-on to
standard immunosuppressive therapy for SR-aGVHD or SR-cGVHD following
allogeneic hematopoietic stem cell transplantation. Ruxolitinib was administered
5-10 mg/d depending on disease severity, patient status, and the use of anti-
fungal drugs. Overall response rate, time to best response, malignancy relapse
rate, infection rate, and treatment-related adverse events were assessed.

RESULTS

The analysis included 10 patients with SR-aGVHD (grade III/IV, n = 9) and 28
patients with SR-cGVHD (moderate/severe, n = 24). For the SR-aGVHD and SR-
c¢GVHD groups, respectively: Median number of previous GVHD therapies was 2
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(range: 1-3) and 2 (1-4); median follow-up was 2.5 (1.5-4) and 5 (1.5-10) mo;
median time to best response was 1 (0.5-2.5) and 3 (1-9.5) mo; and overall
response rate was 100% (complete response: 80%) and 82.1% (complete response:
10.7%) with a response observed in all GVHD-affected organs. The malignancy
relapse rates for the SR-aGVHD and SR-cGVHD groups were 10.0% and 10.7%,
respectively. Reactivation rates for cytomegalovirus, Epstein-Barr virus, and
varicella-zoster virus, respectively, were 30.0%, 10.0%, and 0% for the SR-aGVHD
group and 0%, 14.3%, and 7.1% for the SR-cGVHD group.

CONCLUSION
Ruxolitinib add-on was effective and safe as salvage therapy for SR-GVHD.

Key words: Graft-vs-host disease; Graft-vs-leukemia effect; Allogeneic hematopoietic
stem cell transplantation; Ruxolitinib; Treatment; Antifungal drugs
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Core tip: This study aimed to investigate the effect and safety of ruxolitinib add-on in the
treatment of patients with steroid-refractory (SR) acute (a) and chronic (c) graft-vs-host
disease (GVHD) after allogeneic hematopoietic stem cell transplantation. An important
finding of this retrospective case series was that the use of ruxolitinib as a salvage
therapy for SR-GVHD resulted in an overall response rate of 100% in patients with SR-
aGVHD (complete response: 80%) and 82.1% in patients with SR-cGVHD (complete
response: 10.7%). In addition, this was achieved with a lower dose (5-10 mg/d) of
ruxolitinib than previous reports, indicating that the dose of ruxolitinib could be lowered
when used in combination with antifungal drugs (CYP2C9/CYP3A4 inhibitors).
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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is currently the only
approach to cure malignant tumors of the blood system. Unfortunately, the
application of allo-HSCT is restricted by graft-vs-host disease (GVHD), an important
complication that severely affects quality of life and is the main cause of death after
transplantation!?l. Currently, the standard treatments for GVHD are immuno-
suppressive agents (such as glucocorticoids, cyclosporine, tacrolimus, and
mycophenolate mofetil) and monoclonal antibodies targeted against immune cells.
The efficacies of these therapies are poor for some patients, especially those with
steroid-refractory (SR) GVHD (SR-GVHD)P. Furthermore, long-term use of
immunosuppressive agents at large doses significantly reduces the graft-vs-leukemia
(GVL) effects and the ability of the body to fight infections, increasing the risks of
relapse, complications, and morbidity?*l. Thus, alternatives to immunosuppressive
agents are being sought as novel therapies for GVHD.

Ruxolitinib is an inhibitor of JAK1/2-STAT signaling, which is widely involved in
immune responses, inflammatory processes, cell proliferation, and differentiation*l.
Ruxolitinib exerts a unique anti-GVHD action while retaining the GVL effect!’l.
Several previous studies in the United States and Europe have reported that
ruxolitinib shows clinical benefit when used as a first-line or salvage therapy in
patients with SR-GVHDU!'*-"l. However, there are limited data on the effects of
ruxolitinib in patients with GVHD in China.

This study evaluated the clinical effectiveness and adverse effects of ruxolitinib by
retrospectively analyzing 38 patients in China with refractory GVHD after allo-HSCT,
who were treated with ruxolitinib add-on to standard immunosuppressive agents.
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MATERIALS AND METHODS

Patients

This single-center, retrospective case series included consecutive patients with SR-
GVHD who received ruxolitinib at the Union Hospital of Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, China, between May 2017
and March 2018. This study was approved by the institutional review board of the
Union Hospital of Tongji Medical College. Informed consent was waived due to the
retrospective study design.

The inclusion criteria were: (1) A confirmed diagnosis of cancer of the blood
system; (2) Treated using allo-HSCT, with corticosteroids administered as the first-
line immunosuppressive therapy; (3) Developed acute SR GVHD (aGVHD) after
transplantation (defined as any grade progression within 3 d of the start of 40 mg/d
corticosteroid therapy or failure to improve by at least 1 grade within 7 d of
corticosteroid therapy) or chronic GVHD (cGVHD) that was refractory to
corticosteroids (defined as active cGVHD despite > 4 wk of treatment with > 0.25
mg/kg/d (15-20 mg/d) prednisone or equivalent during the past 12 mo, and up to
two previous lines of cGVHD treatment with stable concurrent immunosuppression
during the previous 4 wk)); and (4) Were treated for GVHD with ruxolitinib. The
diagnosis of aGVHD was made using the modified Glucksberg standards!'*], and the
diagnosis of cGVHD was made using the 2015 version of the National Institutes of
Health (NIH) standards!"l.

The exclusion criteria were: (1) Coexistence of SR-GVHD and uncontrolled
infection; (2) Platelet count < 25 x 10°/L; (3) Complications such as relapse of the
primary malignancy or progressive disease that might influence the outcome or
decrease the effectiveness of treatment for cGVHD; (4) Pregnant or breastfeeding
women; (5) Poor compliance with ruxolitinib therapy, defined as the administration of
ruxolitinib for < 1 wk, irregular administration of ruxolitinib, or discontinuation of
ruxolitinib without consulting the doctor; and (6) Concurrent administration of anti-
GVHD therapies other than those that the patient was refractory.

Treatment with ruxolitinib

All patients received ruxolitinib orally as an add-on immunosuppressive therapy. The
standard practice at our hospital is that ruxolitinib is added to the refractory
treatment before any other new agents are introduced, and this practice is inspired by
Caucasian patients!'"'*""1. The dose of ruxolitinib administered was 5 mg twice a day
for those with grade III/IV aGVHD or moderate/severe cGVHD and no decreases in
red blood cell count, hemoglobin level, white blood cell count, or platelet count; 5 mg
once a day for those with grade I/II aGVHD or mild cGVHD or decreases in red
blood cell count, hemoglobin level, white blood cell count, or platelet count; and 5-10
mg once a day in those receiving antifungal therapy such as itraconazole,
voriconazole, or posaconazole!”l. The dose of ruxolitinib was decreased gradually 2
wk after the best overall response, and eventually, the drug was discontinued.

Evaluation of treatment response and treatment-related adverse events
The grading of aGVHD used the modified Glucksberg standards!*l. The overall
grading of cGVHD and the severity scores for various organs were determined using
the 2015 version of the NIH standards!"!. The joint and fascia manifestations of GVHD
were scored using the Passive Range of Motion scale!” for joint mobility. The overall
grade and the scores for the various organ sites were re-evaluated each month after
the initiation of ruxolitinib therapy. Treatment responses were evaluated every 3 mo
and classified as complete remission (CR), partial remission (PR), stable disease (SD),
or progressive disease (PD). For patients with SR-aGVHD, CR was defined as
complete resolution of GVHD, PR as a decrease in the Glucksberg score of at least one
grade at one or more sites without deterioration at the other sites (a response had to
last for at least 3 wk), SD as a response between CR and PR, and PD as an increase in
the Glucksberg score at any site or the involvement of a new site that required
medical intervention to control the disease condition. For patients with SR-cGVHD,
the effect evaluation used the 2015 version of the NIH chronic GVHD response
evaluation standards®’. The overall response rate (ORR) was defined as CR + PR.
Follow-up was censored at disease relapse (preemptive treatment performed for
morphologic relapse or molecular genetic relapse), non-relapse-related death (e.g., due
to infection), or progression of GVHD (PD).

Cytopenia was graded as 0-5 based on the Common Terminology Criteria for
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Adverse Events v3.011. Clinically relevant ruxolitinib-related adverse events (AEs)
were defined to be those of grade 2 or higher, after the exclusion of other causes.

Statistical analysis

Only descriptive statistical analysis was performed. The data evaluated included
remission of GVHD, time to best overall response, relapse of the primary hematologic
disease, infection, and ruxolitinib-related AEs.

RESULTS

Baseline characteristics of the patients

A total of 42 patients with SR-GVHD were treated with ruxolitinib during the study
period, including 10 patients with SR-aGVHD and 32 patients with SR-cGVHD. A
total of four patients (all with SR-cGVHD) were subsequently excluded due to poor
adherence to ruxolitinib therapy with no improvement in symptoms of GVHD (n = 2)
or concomitant use of mycophenolate mofetil (n = 2). Therefore, a total of 38 patients
(10 with SR-aGVHD and 32 with SR-cGVHD) were included in the final analysis, and
their baseline clinical characteristics are presented in Table 1.

The primary disease before transplantation included acute myeloid leukemia, acute
lymphocytic leukemia, chronic myeloid leukemia, chronic myelomonocytic leukemia,
and myelodysplastic syndrome.

The majority of patients with aGVHD (90.0%) had disease of grade 3 or higher, and
most of the patients with cGVHD (85.7%) had moderate or severe disease (Table 1).
Multiple organ involvement was found in 30.0% of patients with aGVHD and 78.6%
of patients with cGVHD. GVHD severity in each organ system is summarized in
Table 1.

Treatment effect

The median follow-up time was 2.5 mo (range, 1.5-4.0 mo) in patients with aGVHD
and 5 mo (range, 1.5-10.0 mo) in patients with cGVHD. Figure 1 shows the
effectiveness of ruxolitinib in the treatment of GVHD. For patients with aGVHD, the
ORR of ruxolitinib was 100%, and the treatment response rate (CR + PR) for each
organ system (skin, digestive tract, and liver) was also 100% (Figure 1A). For patients
with cGVHD, the ORR of ruxolitinib was 82.1%, and the treatment response rates (CR
+ PR) for the various organ systems ranged from 33.3% (digestive tract) to 90.9% (oral
cavity; Figure 1B). Only one (3.6%) subject with cGVHD experienced disease
progression while on ruxolitinib therapy. The median time to best overall response
was 1.0 (range, 0.5-2.5) mo in patients with aGVHD and 3.0 (range, 1.0-9.5) mo in
patients with cGVHD. The median time to best overall response in the various organ
systems ranged from 25-32 d in patients with aGVHD and 42-259 d in patients with
cGVHD (Table 2). For patients with cGVHD, the most rapid responses were observed
in the liver, skin, and oral cavity (Table 2). The rate of immunosuppressive agent
discontinuation was 80.0% (8/10) in patients with aGVHD and 75% (21/28) in
patients with cGVHD. Two of the patients with aGVHD who discontinued ruxolitinib
after achieving CR subsequently developed cGVHD.

AEs

AEs reported during treatment with ruxolitinib are shown in Table 3. In patients with
aGVHD, the rate of relapse of the primary blood disease was 10.0% (1/10). Five
patients with aGVHD (50.0%) developed a lung infection during treatment with
ruxolitinib that improved with antifungal therapy, while an additional patient (10.0%)
developed a lung infection with a more protracted course. Two of the four patients
with aGVHD who did not develop a lung infection were administered antifungal
drugs at prophylactic doses, and two did not receive antifungal drugs. Three patients
with aGVHD (30.0%) developed positivity for cytomegalovirus (CMV) DNA, and one
patient (10.0%) became positive for Epstein-Barr virus (EBV) DNA. All 10 patients
with aGVHD exhibited varying degrees of cytopenia before treatment with
ruxolitinib. Two of the 10 patients with aGVHD (20.0%) exhibited grade 1 cytopenia
after therapy with ruxolitinib.

The rate of relapse of the primary blood disease was 10.7% (3/28) in patients with
cGVHD. Two patients with cGVHD discontinued antifungal therapy, but lung
infection did not occur. The rate of infection with herpes-zoster virus was 7.1% (2/28),
and the activation rate of EBV was 14.3% (4/28); all patients recovered after active
treatment. No patients developed CMV activation during therapy with ruxolitinib.
One patient suffered from a decrease in hemoglobin level that could not be explained
by other reasons; no other patients developed cytopenia. One patient developed
symptoms of nausea, vomiting, and systemic pain 2 d after initiation of ruxolitinib
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Table 1 Baseline clinical characteristics of the patients with acute or chronic graft-vs-host

disease treated with ruxolitinib

Parameter aGVHD, n=10 cGVHD, n=28
Age in yr, median (range) 35 (19-55) 30 (14-55)
Sex, n (%)

Female 3(30.0) 14 (50.0)
Male 7 (70.0) 14 (50.0)
Disease, 11 (%)

AML 5 (50.0) 11 (39.3)
ALL 2 (20.0) 8 (28.6)
CML 0(0) 6(21.4)
MDS 2 (20.0) 3(10.7)
CMML 1 (10.0) 0(0)
Donor type, 1 (%)

Matched related 8 (80.0) 15 (53.6)
Partially mismatched related 2(20.0) 8 (28.6)
Unrelated 0(0) 5(17.9)
Types of transplantation, 1 (%)

PBSC 6 (60.0) 22 (78.6)
BM-HSC 2(20.0) 1(3.6)
PBSC + BM-HSC 2 (20.0) 5(17.9)
Median number of infused nucleated cells as /kg 11.1 x 10 15.62 x 10°
Median number of infused CD34+ cells as /kg 5.99 x 10° 6.05 x 10°
aGVHD of grade 3 or higher, 1 (%) 9 (90.0) -
Moderate or severe cGVHD, n (%) - 24 (85.7)
Multiple organ involvement, 1 (%) 3(30.0) 22 (78.6)
Median number of immunosuppressive agents' 2 2
aGVHD stage 3-4 or cGVHD NIH 2-3, n (%)

Skin 5 (50.0) 19 (67.9)
Digestive tract 3 (30.0) 6(21.4)
Liver 2 (20.0) 4(14.3)
Eyes - 12 (42.9)
Oral cavity - 11 (39.3)
Lungs - 6(21.4)
Fascia - 8 (28.6)

IBefore initiation of ruxolitinib therapy. aGVHD: Acute graft-vs-host disease; ALL: Acute lymphocytic
leukemia; AML: Acute myeloid leukemia; BM-HSC: Bone marrow hematopoietic stem cell; cGVHD: Chronic
graft-vs-host disease; CML: Chronic myeloid leukemia; CMML: Chronic myelomonocytic leukemia; MDS:
Myelodysplastic syndrome; PBSC: Peripheral blood stem cell; NIH: National Institutes of Health.

therapy, but no symptoms were experienced when ruxolitinib was re-administered
after having been discontinued for 1.5 mo. One patient developed a mild rash 1 d after
starting ruxolitinib therapy, but no treatment was needed, and the rash disappeared 1
wk later.

DISCUSSION

Although glucocorticoids, often in combination with other immunosuppressive
agents, are used as a first-line therapy for GVHD, many patients develop refractory
GVHDP. Furthermore, some patients with cGVHD require long-term use of
immunosuppressive therapy that can lead to treatment-related complications such as
infection, organ toxicity, and relapse of malignant diseasesl"**?. Ruxolitinib has been
suggested as a possible novel therapy for GVHD with less toxicity than standard
immunosuppressive agents.

An important finding of this retrospective case series was that the use of ruxolitinib
add-on as a salvage therapy for SR-GVHD resulted in an ORR of 100% in patients
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Figure 1 Response rates to ruxolitinib. A: Overall response rates (n = 10) and response rates of the skin (n = 5),
digestive tract (n = 6), and liver (n = 2) to ruxolitinib in patients with acute graft-vs-host disease; B: Overall response
rates (n = 28) and response rates of the oral cavity (n = 11), skin (n = 21), liver (n = 4), eye (n = 12), lungs (n = 8),
fascia (n = 10), and digestive tract (n = 6) to ruxolitinib in patients with chronic graft-vs-host disease. CR: Complete
response; PR: Partial response.

with SR-aGVHD (CR rate of 80%) and 82.1% in patients with SR-cGVHD (CR rate of
10.7%). Furthermore, a response was observed in all GVHD-affected organs. The
malignancy relapse rates were around 10% for both groups, and the reactivation rates
for CMV, EBV, and varicella-zoster virus were < 30%. Importantly, there were no
treatment-related AEs of grade 2 or higher. Taken together, our findings provide
further evidence that ruxolitinib may show good treatment effects and low toxicity as
a salvage therapy for SR-aGVHD and SR-cGVHD after allo-HSCT.

The results of our study showed that oral administration of ruxolitinib was
effective in the treatment of SR-GVHD. For patients with SR-aGVHD, ruxolitinib had
a rapid onset of action (median time to best overall clinical response of 1 mo) and
produced a prolonged treatment response with a CR rate of 80%, a PR rate of 20%,
and an ORR of 100%. Our findings are broadly in agreement with previous studies in
Europe. Assouan ef all'l reported an ORR of 70% (CR rate: 50%; PR rate: 20%) after a
median time of 31 d. Zeiser et all'”! determined an ORR of 81.5% (CR rate: 46.3%; PR
rate: 35.2%) after a median of 1.5 wk and observed particularly impressive responses
in the intestines, skin, and liver. It was notable that comparable if not better treatment
responses were observed in our cohort than in those described by Zeiser et al""! and
Assouan et all'” despite our dosage of ruxolitinib (5-10 mg/d) being lower than those
in these other studies (10-20 mg/d). One possible reason for this is that the patients in
our study were given azole antifungal drugs to prevent fungal infections after
transplantation. Azole antifungal agents are known inhibitors of two key drug-
metabolizing enzymes, CYP2C9 and CYP3A4[!, which are involved in the
metabolism of ruxolitinib*!.

For patients with SR-cGVHD in the present study, the ORR was 82.1%, with a
median time to the best overall response of 3 mo. Furthermore, ruxolitinib was
effective for cGVHD at several different sites with the highest remission rates in the
oral cavity, skin, and liver. These results are comparable to those of a previous study
in Europe, which found an ORR of 85.4% and a median time to response of 3 wk, with
responses seen in all organ systems!'’). An investigation in the United States
determined that the ORR was 99% for the oral cavity, 82% for the skin, 99% for the
liver, 92% for the gastrointestinal tract, 100% for the musculoskeletal system, 80% for
the lungs, 75% for scleroderma, and 100% for the eyes!”’. Another study in the United
States reported a lower ORR of 47%, with an organ response in the skin, mouth, eyes,
lungs, and joints/fascia of 25%, 60%, 26%, 10%, and 41%, respectively!'.

The response to ruxolitinib in our study was poor for patients with scleroderma,
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Table 2 Response to treatment with ruxolitinib

Parameter aGVHD, n=10 c¢GVHD, n=28
Overall response rate, n (%) 10 (100) 22 (82.1)
Median follow-up time in mo, median (range) 2.5 (1.5-4) 5 (1.5-10)
Time to best overall response in mo, median (range) 1.0 (0.5-2.5) 3.0 (1.0-9.5)
Time to best response for each organ system in d, median (range)

Skin 28 (14-28) 77 (7-147)
Digestive tract 25 (14-60) 259 (70-308)
Liver 32 (21-42) 42 (28-56)
Eye - 112 (42-182)
Oral cavity - 80 (28-168)
Lung - 91 (49-140)
Fascia - 91 (56-266)
Discontinuation of immunosuppressive agents after ruxolitinib, 1 (%) 8 (80.0) 21 (75.0)

aGVHD: Acute graft-vs-host disease; cGVHD: Chronic graft-vs-host disease.

which may be because the follow-up was short. A previous investigation reported
that ruxolitinib therapy of 12 patients with scleroderma resulted in a softening of the
skin in eight patients but no decrease in the area of affected skin. The response of
the lungs to ruxolitinib in patients with SR-cGVHD has varied, with a response rate of
80% (all PRs) reported by Khoury et al"”! and only 10% reported by Modi et all'l. We
observed a PR rate of 50% for the lungs with a median time to remission of 13 wk. In
view of the apparent inconsistencies between studies, additional research is needed to
clarify the response rates to ruxolitinib in the lungs.

The relapse rates in our study were 10% for SR-aGVHD and 10.7% for SR-cGVHD.
Among the four patients with relapse observed in our study, three were still alive at
the end of the follow-up period and were continuing to take ruxolitinib, whereas one
died due to relapse that occurred 2 mo after discontinuation of ruxolitinib. Previous
studies of patients administered ruxolitinib have reported relapse rates for
hematologic malignancies of 9.3%-10.0% for SR-aGVHD!"**l and 2.2%-2.4% for SR-
cGVHD®I,

The activation rates of CMV and EBV were 30% and 10%, respectively, in patients
with SR-aGVHD in our study. This is comparable to a previously published value of
33.3% for CMYV, although data for EBV were not reported™!. Our cohort of patients
with SR-cGVHD exhibited a herpes-zoster infection rate of 7.1% and an EBV
activation rate of 14.3% (no CMV activation was observed). A previous investigation
described a CMYV activation rate of 14.6% in patients with SR-cGVHD". Based on our
data, we conclude that treatment with ruxolitinib did not lead to a notable increase in
the risk of serious infection.

Importantly, no severe ruxolitinib-related adverse events were observed in our
study, with no incidences of clinically relevant cytopenia or treatment-related
bleeding complications. One patient developed a mild skin reaction that resolved
without discontinuation of ruxolitinib. Another patient developed nausea, vomiting,
and systemic pain 2 d after the administration of ruxolitinib, but symptoms were not
experienced when ruxolitinib was restarted after a 1 mo period of discontinuation.
The low occurrence of AEs in the present study might be related to the low dose of
ruxolitinib used, despite the concomitant use of strong CYP3A4 inhibitors.

This study has some limitations. First, this was a retrospective study and so may
have been prone to selection bias and reporting bias. Second, this was a single-center
study with a small sample size; hence, the generalizability of the findings is not
known. Third, the follow-up period was less than 1 year, so longer-term outcomes
were not assessed. Long-term outcomes, including overall survival, cumulative
recurrence, and patient-reported outcomes, will be investigated in future studies.
Fourth, a comparator group was not included. Finally, combination therapies should
be explored in the future.

In conclusion, ruxolitinib add-on may be an effective and safe therapy for SR-
aGVHD and SR-cGVHD in patients in China. Prospective multicenter studies are
merited to confirm and extend our findings.
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Table 3 Adverse events during treatment with ruxolitinib, n (%)

Parameter aGVHD, n=10 cGVHD, n=28
Activation of cytomegalovirus 3 (30.0) 0(0)

Activation of Epstein-Barr virus 1(10.0) 4 (14.3)
Infection with herpes-zoster virus 0 (0) 2(7.1)

Relapse of malignant blood disease 1 (10.0) 3(10.7)

aGVHD: Acute graft-vs-host disease; cGVHD: Chronic graft-vs-host disease.

ARTICLE HIGHLIGHTS

Research background

Graft-vs-host disease (GVHD) is a major cause of mortality after allogeneic hematopoietic stem
cell transplantation (allo-HSCT). Steroids are an important component of the strategy against
GVHD, but some patients have steroid-refractory (SR) GVHD. Ruxolitinib is an inhibitor of
JAK1/2-STAT signaling and exerts a unique anti-GVHD action.

Research motivation
There are limited data on the effects of ruxolitinib in patients with GVHD in China. Determining
the clinical benefits of ruxolitinib in patients with GVHD could help improve their management.

Research objectives

This study evaluated the clinical effectiveness and adverse effects of ruxolitinib by
retrospectively analyzing 38 patients in China with refractory GVHD after allo-HSCT who were
treated with ruxolitinib add-on to standard immunosuppressive agents.

Research methods

This single-center, retrospective case series included consecutive patients with SR-GVHD who
received ruxolitinib at the Union Hospital of Tongji Medical College, Huazhong University of
Science and Technology (China), between May 2017 and March 2018. All patients received 5-10
mg ruxolitinib per d orally as an add-on immunosuppressive therapy. Treatment responses were
evaluated every 3 mo. The grading of acute (a) GVHD used the modified Glucksberg standards.
The overall grading of chronic (c) GVHD and the severity scores for various organs were
determined using the 2015 version of the National Institutes of Health standards.

Research results

The analysis included 10 patients with SR-aGVHD (grade III/IV, n = 9) and 28 patients with SR-
cGVHD (moderate/severe, n = 24). The median number of previous GVHD therapies was 2
(range: 1-3) and 2 (1-4) for the SR-aGVHD and SR-cGVHD groups, respectively. During a
median follow-up of 2.5 (1.5-4) and 5 (1.5-10) mo, the objective response rates were 100%
(complete response, 80%) for aGVHD and 82% for cGVHD. Nevertheless, there was a risk of
malignancy relapse, with rates of 10.0% and 10.7% for the SR-aGVHD and SR-cGVHD groups,
respectively. The reactivation rates for cytomegalovirus, Epstein-Barr virus and varicella-zoster
virus were 30.0%, 10.0% and 0% for the SR-aGVHD group and 0%, 14.3% and 7.1% for the SR-
c¢GVHD group.

Research conclusions

Ruxolitinib induces clinical benefits in patients with GVHD, with a good profile of complications
and adverse effects. Therefore, it could be hypothesized that ruxolitinib improves the quality of
life of patients with SR-GVHD compared with the standard immunosuppressive regimens. Of
note, the dosage of ruxolitinib (5-10 mg/d) used here was lower than those in these other studies
(10-20 mg/ d). This might be because of concomitant azole anti-fungal, which could increase the
half-life of ruxolitinib by competing for the same cytochromes.

Research perspectives

Ruxolitinib has been suggested as a possible novel therapy for GVHD with less toxicity than
standard immunosuppressive agents. Future studies and clinical trials should look into the
optimization of the ruxolitinib regimens for the individualized management of GVHD.
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