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Abstract

Background: The response rate of the first-line therapy with corticosteroid for acute graft versus host disease
(aGVHD) is about 50%, and steroid-refractory disease is associated with high mortality. The improved response rate to
the first-line therapy of newly diagnosed aGVHD patients would result in therapeutic benefits. Ruxolitinib, a selective
Janus kinase (JAK) 1/2 inhibitor, has been approved for the treatment of steroid-refractory acute GVHD. The addition
of ruxolitinib to the first-line therapy may improve the efficacy of corticosteroids.

Methods: This investigator-initiated, open-label, multicenter, prospective randomized, and controlled two-arm phase
Il study compares the efficacy and safety of ruxolitinib combined with 1 mg/kg methylprednisolone versus 2 mg/

kg methylprednisolone alone in newly diagnosed aGVHD patients. Patients with intermediate or high-risk aGVHD,

as defined by the Minnesota aGVHD high-risk score and biomarker algorithm, are eligible for this study. A total of

198 patients will be randomized at a 1:1 ratio and assigned a GVHD risk (intermediate versus high risk) and disease
status before transplantation (complete remission versus no complete remission). The primary endpoint is the overall
response rate on day 28, which is defined as an improvement of at least one stage in the severity of aGVHD in one
organ without deterioration in any other organ or disappearance of any GVHD signs from all organs without requiring
new systemic immunosuppressive treatment. The secondary objectives consist of response time, response duration,
overall survival, disease-free survival, non-relapse mortality, failure-free survival, and changes in serum levels of proin-
flammatory cytokines and GVHD-related biomarkers.

Discussion: This open-label, multicenter, two-arm randomized trial will evaluate whether the addition of ruxolitinib
combined with corticosteroid is superior to corticosteroid alone in newly diagnosed high-risk aGVHD.

Trial registration: ClinicalTrials.gov NCT04061876 (version number: 2019.5.18). Registered on July 16,2019
Keywords: Acute graft versus host disease, Ruxolitinib, First-line therapy, Biomarker

Background

Acute graft-versus-host disease (aGVHD) remains a
major transplantation-related complication despite
standard prophylaxis [1-32]. Systemic corticosteroid
therapy is the first-line treatment for newly diagnosed
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aGVHD patients [4, 5]. However, steroid-refractory
aGVHD (SR-aGVHD) occurs in approximately 35-50%
of patients and is associated with high mortality [1, 6-8],
indicating an intrinsic variability of glucocorticoid sen-
sitivity at aGVHD onset [9]. The steroid resistance in
recurrent aGVHD further supports this speculation [4].
Enhancing glucocorticoid sensitivity in newly diagnosed
aGVHD patients for the first-line therapy could result
in therapeutic benefits. Methylpredinisone at a dose of
2 mg/kg also renders patients susceptible to infections,
osteoporosis, and various metabolic disturbances [8,
10]. Thus, there is an urgent requirement for novel active
first-line treatments to improve efficiency and decrease
the side effects in newly diagnosed aGVHD patients.

The pathogenesis of aGVHD is complicated. Early tis-
sue injuries, the activation of innate immune cells and
donor T cells, and the subsequent immune response lead
to healthy tissue damage [11, 12]. Janus kinases (JAKSs)
are intracellular signaling molecules that regulate the
activities of immune cells, including neutrophil cells,
antigen-presenting cells, T cells, and B cells underlying
GVHD, and therefore regulate aGVHD pathogenesis [11,
13]. Cytokines and chemokines such as interleukin (IL)-
1, interferon-gamma, IL-2, tumor necrosis factor, IL-6,
IL-17, and IL-33 are involved in GVHD pathogenesis [5,
11, 14]. Intracellular signaling downstream of multiple
cytokines related to aGVHD is partially transduced by
JAK signaling pathways [15].

The clinical stage of aGVHD is defined according to
each involved organ’s clinical assessment of symptoms.
The organ stages are totaled in an overall grade (I-IV)
[16]. Grade III/IV aGVHD is associated with a high
mortality rate (50-70%) and the possibility of steroid
resistance. Serum biomarkers have also emerged as an
additional potential measurement of aGVHD severity
[17, 18]. The Mount Sinai Acute GVHD International
Consortium (MAGIC) is a group of 25 stem cell trans-
plantation centers conducting GVHD research. It has
established an algorithm that combines two biomarkers,
namely ST2 and REG3a. The MAGIC algorithm proba-
bility (MAP) predicts the response to first-line treatment
of corticosteroids and 6-month non-relapse mortal-
ity (NRM). When measured at aGVHD onset, the MAP
could categorize the patients into three risk groups, each
group with significantly different risk of NRM. The pro-
portion of patients resistant to treatment at week 4 was
higher in the high MAP risk group than in the low-risk
group (67% vs. 30%, p = 0.03) [14, 19]. Therefore, novel
and active first-line therapies are urgently required in
patients with high-risk aGVHD prone to steroid resist-
ance [9, 20].

Ruxolitinib, a selective inhibitor of Janus kinase (JAK)
1/2, is the first Food and Drug Administration-approved
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medication for SR-aGVHD [4, 15, 21]. The REACH2
phase 3 randomized trial showed that in patients with
SR-aGVHD, the overall complete response (CR) at day
28 was higher in the ruxolitinib group than in the con-
trol group (62% vs. 39%; p < 0.001). The durable overall
response rate (ORR) at day 56 was significantly higher
in the ruxolitinib group than in the control group (40%
vs 22%; p < 0.001) [22]. The incidence of infection was
similar in ruxolitinib and control therapy, with grade
3 severity of 22% and 19%, respectively. The incidence
of cytomegalovirus (CMV) reactivation was 26%, and
Epstein—Barr virus (EBV) reactivation was 6% in the
ruxolitinib group [22]. Delgado et al. showed that ruxoli-
tinib enhances cell sensitivity to dexamethasone-induced
apoptosis in vitro. The combination of corticosteroid
and ruxolitinib alters the balance between pro- and anti-
apoptotic factors in cells with corticosteroid resistance
[23]. Thus, the addition of ruxolitinib may improve the
efficacy of corticosteroids in SR-aGVHD patients. Treat-
ment with methylprednisolone at 2 mg/kg/day or pred-
nisone at 2.0 to 2.5 mg/kg/day is the standard first-line
systemic therapy for acute GVHD. Methylprednisolone
is the most commonly used corticosteroid. Also, other
types of steroids are available if administered at an equiv-
alent steroid dose. In the present study, methylpredniso-
lone was adopted to standardize the research.

We previously reported the results of the first-line
treatment for newly diagnosed aGVHD patients with
a combination of different doses of ruxolitinib with
corticosteroid [4, 24]. This phase I dose-finding study
investigated the optimal dose of ruxolitinib com-
bined with corticosteroid (ClinicalTrials.gov Identifier:
NCT04397367). The average accumulated dose of meth-
ylprednisolone was 17.6 mg/kg (standard deviation [SD]
= 8.2) with a mean withdrawal time of 42.6 + 16.8SD
days. Patients were treated with three different doses of
ruxolitinib: 10 mg twice daily for the first three patients,
5 mg twice daily for the following 12 patients, and 5
mg once daily for the remaining 17 patients. In the first
three patients, intolerable hematologic toxicity related
to 10 mg twice daily ruxolitinib was observed. CMV and
EBYV diseases were seen in 2 of 12 patients who received
a dose of ruxolitinib 5 mg twice daily, with one suffer-
ing from CMV infection and another developing post-
transplant lymphoproliferative disorder. As observed
in the last 17 patients, 5 mg/day ruxolitinib combined
with methylprednisolone (1 mg/kg/day) was well toler-
ated with decreased CMV reactivation and promising
signals of efficacy as demonstrated by a 28-day ORR of
82.05% [24]. After the initiation of the novel first-line
therapy, remission of aGVHD in all patients occurred at a
median time of 3.2 (interquartile range [IQR], 1-7) days.
Of all patients, 10 patients (31.2%) developed recurrent
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aGVHD after complete remission. The causes of recur-
rent GVHD included ruxolitinib and cyclosporine reduc-
tion (n = 8) and therapeutic donor lymphocyte infusion
(DLL; n = 1). The relapse rate of primary disease in all
patients with aGVHD was 15.6% (5/32). With a median
follow-up of 260 days, the 1-year overall survival (OS)
and disease-free survival (DFS) were 73.4% (CI 56.6—
95.1%) and 61.2% (95% CI 37.4-95.6%), respectively.
Cyclosporine A (CSA) is tapered over 60 days in the
ruxolitinib group with a durable complete response. The
short duration of CSA may accelerate immune reconsti-
tution, which is good for reducing relapse of primary dis-
ease and infection. These data suggested that a regimen
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of ruxolitinib plus corticosteroids may improve the long-
term outcomes of patients with newly diagnosed aGVHD
with tolerance.

Methods

Design

We aim to further evaluate whether 5 mg/day ruxolitinib
plus 1 mg/kg methylprednisolone is superior to 2 mg/kg
methylprednisolone alone in aGVHD.

This trial is an open-label, multicenter, prospective ran-
domized two-arm phase II study comparing the efficacy
and safety of ruxolitinib plus methylprednisolone (1 mg/
kg) vs. methylprednisolone (2 mg/kg) alone (Fig. 1). The

Screening and enrolment (Day -8 to Day -1) |

l
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Fig. 1 Flow chart illustrating the treatment schedule for enrolled patients
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planned sample size is 198 patients for internet-based
randomization. The biomarkers of aGVHD, such as sST2,
sTNEFR1, IL-6, IL-8, and REG3a will be tested at eight
time points (pre-transplantation, aGVHD onset, before
treatment, and on days 7, 14, 28, 60, and 90 after treat-
ment). Patients with newly diagnosed intermediate-risk
or high-risk aGVHD, as defined by Minnesota aGVHD
risk score and the biomarker score, will be included. The
treatment efficacy will be evaluated with respect to the
level of biomarkers and clinical manifestations. Written
informed consent must be obtained from the patients
before enrollment in the study. The consent form and
related materials are available from the corresponding
author on request.

Study objectives and endpoints
Primary endpoint

Day 28 ORR The day 28 ORR is defined as the pro-
portion of patients in each treatment group achieving a
partial response (PR) or CR without requiring additional
immunosuppressive drugs on day 28 after enrollment
[25]. PR and CR are defined as improvements of at least
one stage of severity of aGVHD in one involved organ,
without deterioration in any other target organ (PR) or
disappearance of any GVHD signs from all target organs
(CR) without requiring additional systemic immunosup-
pressive therapy [25]. ORR is used to assess whether the
response rate to the combination therapy is better than
that of steroid alone treatment by comparing the aGVHD
burden at specific time points based on clinical manifes-
tations [26].

Secondary endpoints

Durable ORR on day 56 Durable ORR on day 56 is
defined as the proportion of patients in each arm whose
response on day 28 lasts until day 56 after randomization.

Six-month duration of response (DOR) DOR is defined
as the time from first response to GVHD progression,
recurrence, or death, assessed in all participants who
acquire CR and are still enrolled in the study until day
180 after enrollment. Death without aGVHD recurrence
or progression and relapse is considered a competing
event.

Response duration The response duration is defined as
the time from the first response to the first recurrence/
progression of aGVHD or additional immunosuppres-
sants for GVHD. Competing events are defined as death
without aGVHD recurrence or occurrence of chronic
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GVHD (cGVHD), and if neither occurs, the observa-
tion is treated as censored data. However, the inflamma-
tion may still exist after GVHD signs disappear. Signs of
aGVHD may reoccur after a certain period of time, even
its previous signs disappeared completely. Duration of
response for aGVHD after treatment is required to evalu-
ate the durability of response [16].

NRM NRM is defined as the time from enrollment to
death due to any causes other than hematologic disease
relapse. NRM and OS can be used to compare the sur-
vival benefits of the two treatments for aGVHD.

Cumulative incidence of relapse Relapse is defined as
the reappearance of a primary hematologic disease after
transplantation. The cumulative incidence of relapse is
estimated in the competing risk framework and death
without relapse as the competing event.

DFS DEFS is defined as the time from enrollment to
relapse of primary disease or death from any causes,
whichever occurred first. OS is defined as the time from
randomization to death due to any causes. DFS and
relapse rate are employed to assess the impact of two
treatments on disease relapse. Retrospective data dem-
onstrated the inverse correlation between the GVHD and
the relapse risk after transplantation.

Failure-free survival Failure-free survival (FFS) refers to
the time from randomization to disease relapse or pro-
gression, non-relapse mortality, or the addition of new
therapy for aGVHD.

Rate of recurrent aGVHD  The rate of recurrent aGVHD
is defined as the proportion of patients in each arm
whose aGVHD recurs after complete remission. Recur-
rent aGVHD is defined as the reappearance of the clinical
symptoms of aGVHD after complete remission of previ-
ous aGVHD manifestations that reflect the response to
treatment.

Safety All adverse effects that occur in the study period
should be recorded.

Target population

Eligible patients with aGVHD graded according to the
modified Glucksberg criteria and untreated with systemic
aGVHD therapy will be enrolled in this study. The grade
of aGVHD response to treatment will be determined by
a special team of three experienced doctors from the
transplantation centers. All centers are experienced in
the management of GVHD and stem cell transplantation.
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However, some conditions, such as poor patient com-
pliance to doctor’s orders, will interfere with patients’
participation in the study. Such patients should not be
included in the study at the judgment of the research
team. Throughout the study period, the directors of the
centers would supervise the implementation and review
of the research documents. Patients who fulfill all inclu-
sion criteria could be included in the study.

Inclusion criteria

First, 14—65-year-old candidates for their first allogeneic
hematopoietic stem cell transplantation using bone mar-
row and/or peripheral blood for hematological diseases.
Second, eligible patients must develop a de novo aGVHD,
defined as intermediate or high risk using the Minnesota
aGVHD risk score and biomarker algorithm.

Exclusion criteria

Patients who fulfill one of the following exclusion criteria
are not eligible for the present study: (1) patient-related
criteria: female patients with pregnant or breast-feeding;
acquired immune deficiency syndrome (AIDS); hepati-
tis B/C infection; uncontrolled bacterial, fungal, or viral
infections; allergies to ruxolitinib; or vital organ dysfunc-
tion unrelated to GVHD, including persistent bilirubin
abnormalities or severe heart and respiratory diseases; (2)
transplant-related criteria: relapse of the primary disease
or graft rejection after transplantation; (3) GVHD-related
criteria: presence of cGVHD or associated clinical signs
or DLI-induced aGVHD or interferon; (4) drug-related
criteria: previous history of JAK1/2 inhibitor treatment
after transplantation, except JAK inhibitors administered
before the transplantation; and (5) patients with poor
compliance should not be included in the study based on
the judgment of the research team, for example, if they
refused to take medicine at will many times during the
previous treatment.

Randomization

The eligibility of patients is determined by study site staff.
Then, the participants who meet the enrollment criteria
will be randomized to receive one of the two treatments
in a 1:1 ratio and stratified by disease status before trans-
plantation (complete remission vs. non- complete-remis-
sion) and risk of aGVHD (intermediate risk vs. high-risk).
Stratified permuted block randomization lists will be
used to generate the stratified randomization. Rand-
omization is implemented through an interactive web-
based response system independent of study site staff
and investigators. The codes are generated independently
of the study by a statistician. The next assignment in the
random sequence remained concealed because the treat-
ment was assigned remotely. Treatment allocations are
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not masked to investigators or participants as CSA and
methylprednisolone dosage are different between the two
groups. The study staff who conducted the data analysis
and assessments of outcomes will be masked for treat-
ment allocations.

Recruitment procedures

The participants will be recruited in one of the trans-
plantation centers located in Beijing, Dalian, Changchun,
Shenzhen, Shijiazhuang, and Jinan. All these centers are
highly experienced in the management of GVHD and
stem cell transplantation. Throughout the study period,
the directors of the centers supervise the implementation
and review of the research documents. An independ-
ent research assistant recruits the eligible participants.
In each transplant center, the doctors participating in
this study are trained uniformly for treatment, taking
informed consent, and study visits. The trained nurses
coordinate the study visits and record the data. Each
center will recruit patients (enrollment from August
2019 to January 2023, five patients from all centers every
month). No financial incentives were provided to trial
investigators or participants for enrollment.

The transplantation knowledge was provided to the
patients and their relatives in order to emphasize the
management of transplantation and promote partici-
pant retention. Also, a standardized follow-up book-
let is granted to each enrolled patient for recording and
reminding the detailed follow-up items and time points.
An in-time communication between investigators and
subjects by mobile phones will facilitate the completion
of follow-up.

Study treatment

Ruxolitinib plus corticosteroids treatment (ruxolitinib group)
The initial dose of methylprednisolone is 1 mg/kg/day
intravenously given in this arm for at least 7 days. The
dosage of ruxolitinib is 5 mg once daily orally. CSA will
be administered intravenously at a dose of 2 mg/kg twice
daily, targeting minimum concentration levels of 150—
250 ng/mL. If GVHD response to treatment is assessed
as PR/CR at 7 days, methylprednisolone will be tapered,
followed by reduction and discontinuation of CSA and
then ruxolitinib. The reduction of the methylpredniso-
lone in the ruxolitinib group is gradual, suggesting it be
tapered off over 6 weeks as follows: dosage reduced to 0.6
mg/kg/day, 0.4 mg/kg/day, 0.3 mg/kg/day, 0.25 mg/kg/
day, and 0.18 mg/kg every 5 days, followed by 0.1 mg/kg/
day at week 4, 0.1 mg/kg every other day after 5 days, and
stopped at week 6. After steroid discontinuation and CR
or stable PR maintained for 6 weeks, CSA is tapered over
60 days. After CSA discontinuation and no presence of
recurrent GVHD, ruxolitinib is tapered off over 90 days,
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which is totally maintained for approximately 6 months
[2].

In view of the durable response and safety observed in
previous ruxolitinib studies, the clinical benefits of rux-
olitinib outweigh the risks of treatment. Retrospective
data indicated that prolonged maintenance of ruxolitinib
is allowed even after refractory GVHD, and responses
in aGVHD can be observed at 11 weeks after ruxolitinib
treatment [4, 15]. Prolonged maintenance of ruxolitinib
is allowed in the case of recurrent aGVHD or refrac-
tory aGVHD (the progression of GVHD after 3 days of
therapy, no improvement within 7 days, or no CR after
14 days of therapy) after ruxolitinib plus corticosteroid
treatment [4]. If patients in the ruxolitinib group do not
reach the CR by day 28, ruxolitinib will also be contin-
ued beyond 6 months in the event of no contraindica-
tions. Tapering of ruxolitinib is permitted after day 56 in
patients who have a response to the second-line therapy
for recurrent aGVHD or refractory aGVHD. An addi-
tional follow-up through at least day 180 is required to
determine the durability of treatment responses [27].
During the trial, drug interactions should be examined
first before adding new agents in order to reduce the
potential effects of other drugs on ruxolitinib. Flucona-
zole > 200 mg/day is prohibited as it disrupts the metabo-
lism of ruxolitinib.

Corticosteroid treatment (corticosteroids group)

The initial dose of methylprednisolone is 2 mg/kg/day
given twice daily for at least 7 days and then reduced [8].
The dosage of methylprednisolone in the corticoster-
oids group is decreased gradually after CR and tapered
off over 10 weeks as follows: dosage reduced from 1 mg/
kg/day to 0.6 mg/kg/day, 0.4 mg/kg/day, 0.3 mg/kg/day,
0.25 mg/kg/day, and 0.18 mg/kg every 7 days and then
0.1 mg/kg/day at week 4, 0.1 mg/kg every other day after
5 days, and stopped at week 10. CSA was administered
intravenously at a dose of 2 mg/kg twice daily, targeting
minimum concentration levels of 150-250 ng/mL. The
recommended duration of CSA is 6 months.

In both arms, for refractory aGVHD, i.e., the progres-
sion of GVHD after 3 days of therapy, no improvement
within 7 days, or no CR after 14 days of therapy, the sec-
ond-line therapy will be started. For refractory aGVHD
or recurrent aGVHD, basiliximab may be used as sec-
ond-line therapy, and other alternative drugs including
methotrexate or mesenchymal stem cells may be used at
the researcher’s decision. For refractory aGVHD, meth-
ylprednisolone is discontinued and CSA is continued in
both arms. Prolonged maintenance of ruxolitinib is used
in the ruxolitinib group. A standardized follow-up book-
let is given to each enrolled patient for recording the
dose, frequency, and administration method of the drugs.
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Adverse events (AEs)

Clinicians assess the AEs according to the Common Ter-
minology Criteria for Adverse Events (CTCAE) v.4.0.
Cytopenias are identified based on CTCAE grades. Ane-
mia: grade 1, hemoglobin (Hgb) < lower limit of normal
(LLN)-10.0 g/dL; grade 2, Hgb < 10.0-8.0 g/dL; grade 3,
Hgb < 8.0 g/dL, transfusion indicated; and grade 4, life-
threatening consequences, urgent intervention indicated.
Neutropenia count decreased: grade 1, < LLN-1500/
mm?; grade 2, < 1500—-1000/mm?; grade 3, < 1000—500/
mm?; and grade 4, < 500/mm?. Platelet count decreased:
grade 1, < LLN-75,000/mm? grade 2; < 75,000-50,000/
mm?; grade 3, < 50,000-25,000/mm?; and grade 4, <
25,000/mm?. The patient’s tolerance to the drug is closely
monitored, and any AEs would be recorded. During the
trial, if the participant has any serious AEs caused by the
study treatment, the researcher will promptly report to
the principal investigator and the relevant department of
the hospital. Appropriate compensation will be provided
to the subjects injured due to participation in the trial.

GVHD biomarker Luminex assays

Peripheral blood samples are collected at predeter-
mined peri-transplant time points (pre-transplantation,
aGVHD onset, before treatment, and on days 7, 14, 28,
60, and 90 after enrollment) [17, 28, 29]. Designated per-
sonnel are responsible for collecting and transporting
these blood samples that are shipped to Bofurui Biolab
for MAP analyses for ST2 and REG3a by flow cytometry.
Luminex Assay Human Premixed Multi-Analyte Kits
(R&D, MN, USA, Catalog No. LXSAHM-05) are used
for the measurement of ST2 and REG3a, according to
the manufacturer’s protocol. Samples (diluted as 1:2) and
standards are run in duplicate, the absorbance is meas-
ured (Luminex 200), the data are estimated using ver-
sionXponent_4.2 (Luminex 200), and MAP is calculated
accordingly.

Assessments and data collection

Assessments will be performed at three stages: (1) prior-
treatment screening to assess the inclusion and exclusion
criteria (once from days —7 to —1 before medication);
(2) treatment evaluation to determine the response and
adjustment of medication maintenance (twice weekly
for week 1, once weekly from weeks 2 to 6, once every 2
weeks from weeks 7 to 12, and once every month from
weeks 13 to 24 after the start of medication n); (3) post-
treatment evaluation for follow-up (every 2 months
for 6 months). Routine assessments for each evalua-
tion included physical check-ups (contributing to ORR,
durable ORR on day 56, 6-month duration of response,
the response duration, DFS, FFS, and the recurrence
rate of aGVHD), standard laboratory tests (contributing
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to relapse, NRM, DFS, FFS, and the recurrence rate of
aGVHD), GVHD grading (contributing to ORR, dura-
ble ORR on day 56, 6-month duration of response,
the response duration, FFS, and the recurrence rate of
aGVHD), EBV and CMV-PCR (contributing to adverse
events), and GVHD medication (contributing to ORR,
durable ORR on day 56, 6-month duration of response,
and the recurrence rate of aGVHD). GVHD biomarkers
are detected during the treatment phase at exact time
points (pre-transplantation and aGVHD onset) and are
trial-specific. Additionally, the AEs are assessed during
every visit after the start of the medication. The data can
be found in Supplementary Table 1 and Fig. 1. Accurate
and reproducible reports for the diagnosis and grade of
acute GVHD are critical for the evaluation of therapies
and biomarkers in GVHD study.

Data management

The participant’s baseline data, trial data, and follow-up
data will be recorded together in the case report form
by the operator and evaluator. The patients are identi-
fied by their number to remain anonymous. For partici-
pants who discontinued the study, the specific reason and
time of withdrawal will be recorded in addition to other
regularly monitored indicators. The designated inspec-
tor will check each item in the database and verify the
inconsistent values of the original questionnaire. The
investigators will not be able to access the dataset, and
no interim analysis is carried out for this experiment. All
trial-related data will be maintained at the Department
of Hematology, Chinese PLA General Hospital. The per-
sonal information and privacy of all participants would
be confidential.

Statistical considerations

The sample size is calculated according to the primary
endpoint (ORR) of the study. Based on our published
phase I study of 32 aGVHD patients who received ster-
oids as first-line therapy, an expected proportion of 55%
for the patients treated with corticosteroids only was
established [30]. Based on our published data of patients
with aGVHD grades I-IV who received steroid-ruxoli-
tinib (5 mg/day) as first-line therapy, the ORR was 82.05%
[24]. Patients with aGVHD grade I were also included in
the phase I analysis. Thus, an expected proportion of 75%
for the patients treated with steroid-ruxolitinib (5mg/
day) was established. This study is planned to detect a
response difference between treatment arms at a two-
sided significance level @ = 5% with a power of 1—- =
80%. The sample size was estimated using the PASS soft-
ware based on the primary endpoint (ORR). The cal-
culated sample size is shown in Fig. 1 (N1 = 99, N2 =

Page 7 of 10

99); allowing a withdrawal rate of 10%, 198 patients (99/
group) will be required.

The baseline characteristics of patients will be reported
in detail. The discrete variables are described by a median
with IQR. The mean and standard deviation (SD) is used
for quantitative variables. A logistic regression model
is established as the primary study endpoint of GVHD
treatment, as described above. In this model, the treat-
ment grouping factor (ruxolitinib plus corticosteroids vs.
corticosteroids alone), stratified variables of aGVHD risk
(high-risk vs. intermediate risk), and disease status before
transplantation (complete remission vs. non-complete
remission) are included as covariates. The subgroup anal-
ysis is based on the significant effect of biomarker risk
stratification on survival outcomes.

The estimated rates with two-sided 95% confidence
intervals (Cls) are used for secondary endpoints (pro-
portion of CR patients and patients who stopped treat-
ment). The ORR on day 28 is calculated with its 95% CI.
The Kaplan—Meier method is used to estimate the DOR,
OS, and DFS, and the log-rank test is used to evaluate
the difference between the groups [21]. The cumula-
tive incidence of NRM and relapse is estimated using a
competing risk model and compared using the Fine and
Gray test. The Cox proportional hazard regression model
is used for multivariable regression analysis for OS and
DES. The multivariable regression analysis for NRM is
performed using the Fine—Gray proportional hazard
regression for competing events. Potential risk factors
considered in the regression analysis include primary dis-
ease, cytogenetic risk, age and gender of the donor and
recipient, graft source, treatment arm, aGVHD risk, and
disease status before transplantation. The cumulative
incidence of recurrent aGVHD is analyzed using the Fine
and Gray test in a competing risk framework. The thresh-
old for statistical significance is set at 0.05, and all tests
are two-sided. All analyses are carried out using the SPSS
22.0 software (IBM Corporation, Armonk, NY, USA) and
R version 4.1.2 (www.cran.r-project.org). The treatment-
induced differences in OS and DFS will be based on the
Cox proportional hazard regression model. The reported
treatment difference in NRM and relapse will be based
on the multivariate analysis using Fine—Gray propor-
tional hazard regression.

Handling of missing data

All randomized participants will be included in the pri-
mary analysis of all outcomes. The proportion of missing
values on the primary and secondary outcomes would
be < 10%. Thus, a secondary analysis should be consid-
ered using multiple imputations and present best-case/
worst-case scenarios if ignoring the missing data is not
plausible.
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Standard protocol items

Recommendations for interventional trials
(SPIRIT) This protocol has been designed according to
the SPIRIT guidelines. The SPIRIT checklist is provided
in Additional file 1.

Discussion

This randomized trial aimed to determine whether the
addition of ruxolitinib to corticosteroid as the first-line
therapy for newly diagnosed aGVHD is associated with
an increased complete response rate on day 28, thereby
improving the transplant outcomes. If this is confirmed,
a reexamination may be required for the current first-line
treatment strategies in the newly diagnosed aGVHD to
improve the CR rate.

It has been suggested that clinically meaningful and
ongoing responses can be induced by the inhibition of
JAK1/2 with ruxolitinib in patients with newly diag-
nosed SR-GVHD (7, 15, 21, 22]. To address the benefits
of ruxolitinib plus corticosteroid vs. corticosteroid alone
treatments, a randomized trial is required. This study is
the first prospective multicenter clinical trial focused on
comparing the efficacy of ruxolitinib plus corticosteroid
vs. corticosteroid alone for the treatment of newly diag-
nosed aGVHD [25]. In both arms, the second-line ther-
apy will be started for refractory aGVHD. Retrospective
data indicated that responses in aGVHD can be observed
at 11 weeks after ruxolitinib treatment [4, 15]. Thus,
patients in the ruxolitinib group not meeting the primary
endpoint at day 28 will maintain ruxolitinib therapy along
with second-line therapy [33]. Thus, ruxolitinib can be
used as long as the patient benefits from the treatment.
The dose of ruxolitinib can be modified because of hema-
tologic adverse events, drug-related, or non-hematologic
adverse events unrelated to GVHD [21, 34].

This open-label, multicenter, two-arm randomized trial
evaluates whether the addition of ruxolitinib plus cor-
ticosteroids is superior to corticosteroids alone in the
newly diagnosed high-risk aGVHD.

Trial status

This study will be performed with the principles of
the Declaration of Helsinki (Fortaleza, Brazil, October
2013) and current Chinese legislation on clinical trials.
This study will be conducted according to International
Conference on Harmonization/Good Clinical Practice
Standards. This study has been approved by the Clini-
cal Research Ethics Committee of Chinese PLA Gen-
eral Hospital, Beijing, China, and it has been registered
on ClinicalTrials.gov (Identifier: NCT04061876). The
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outputs from this study include conference presenta-
tions, community reporting, and journal publications and
do not identify participants. The protocol version num-
ber is S2019-177-01. The recruitment began on August
25, 2019, to January 1, 2023. The anticipated end date is
July 1, 2023.

Abbreviations

aGVHD: Acute graft versus host disease; AE: Adverse event; Cl: Confidence
interval; CSA: Cyclosporine A; cGVHD: Chronic acute graft versus host disease;
CR: Complete remission; CMV: Cytomegalovirus; CYP: Cytochrome P450; DFS:
Disease-free survival; DLI: Donor lymphocyte infusion; DMC: Data monitoring
committee; DAMPs: Damage-associated molecular patterns; EBV: Epstein—Barr
virus; FFS: Failure-free survival; GVHD: Graft versus host disease; Hgb: Hemo-
globin; IL: Interleukin; IQR: Interquartile range; JAK: Janus kinase; LLN: Lower
limit of normal; MAGIC: Mount Sinai Acute GVHD International Consortium;
MAP: MAGIC algorithm probability; NRM: Non-relapse mortality; OS: Overall
survival; ORR: Overall response rate; PR: Partial response; PCR: Polymerase
chain reaction; PAMPs: Pathogen-associated molecular patterns; SR-aGVHD:
Steroid-refractory acute graft versus host disease; sST2: Soluble suppression
of tumorigenesis-2; STNFR1: Soluble tumor necrosis factor receptor 1; SD:
Standard deviation; REG3a: Regenerating islet-derived 3-alpha; TNF: Tumor
necrosis factor.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-022-06426-2.

Additional file 1. Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) 2013 checklist.

Additional file 2: Supplementary Table 1. Study procedure and Flow
Chart (treatment phase prior to end of study).

Acknowledgements
None.

Authors’ contributions

This study was designed by DH. L. The manuscript was written by LP. D, B. P,
X.L, LW, MY. J,and LM. X. X. L calculated the sample size and conducted the
statistical analyses. LM. X made substantial contributions to the organization
of this study. All authors have read and approved the manuscript.

Funding

This trial is supported by grants from the Military Medical Support Innovation
and Generate Special Program (21WQ034). The funder is independent of the
sponsor and not involved in the study design; data collection, management,
and analysis; and writing of the manuscript.

Study sponsor:

The trial sponsor is the Chinese PLA General Hospital and can be contacted
at the email address of Daihong Liu, who is responsible for all aspects of the
research. The standard operating procedure of clinical trials was provided by
the PLA General Hospital. The clinical research center of PLA General Hospital
trained the physicians and research staff involved in the study. The research
plan was designed by the Department of Hematology and approved by the
hospital ethics committee. Any serious adverse events in the research would
be reported to the Hospital's Drug Regulatory Department and Ethics Com-
mittee. Trial participants injured or died due to the trial will get appropriate
compensation from the hospital. All data from the trial would be maintained
confidential by the hospital’s data monitoring committee (DMC); also, it would
help in data storage and analysis.

Overall running of the trial:

The trial management group is from the Chinese PLA General Hospital, which
is The Host Institution. The trial management group is supervised by the head
of the Department of Hematology at Chinese PLA General Hospital. The inves-
tigator has responsibility for the conduct of the trial in his/her participating


https://doi.org/10.1186/s13063-022-06426-2
https://doi.org/10.1186/s13063-022-06426-2

Dou et al. Trials (2022) 23:470

center. The principal investigator and specific research teams meet every 6
months to monitor, review, and discuss the research progress and related
issues. The Trial Steering Committee (TSC) consisting of the ethics committee
and transplant experts will meet once a year. TSC is responsible for the over-
sight of the conduct of the trial and providing advice. Xin Li will monitor and
verify the trial dataset. Xin Li is an independent member of the department
of quality control. The DMC of Chinese PLA General Hospital is composed of
staff in the clinical research center who will inspect the trial dataset. DMC is
independent from the sponsor. The charter of DMC can be obtained from the
clinical research center if necessary.

Availability of data and materials
The datasets generated and analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol has been approved by the leading independent Ethics
Committee of the Chinese PLA General Hospital (52019-177-01). The study
will be conducted in accordance with the ethical principles of the Declara-
tion of Helsinki. Patient’s written consent to participate in this clinical trial is
obtained prior to any specific procedures, such as the use of blood samples
and gut and skin biopsy. The study has been registered in the ClinicalTrials.gov
registry (NCT04061876). The important protocol modifications (e.g., changes
to eligibility criteria, outcomes, analyses) will be communicated to relevant
parties (e.g., investigators, REC/IRBs, trial participants, trial registries, journals,
regulators).

Consent for publication

The trial results can be communicated to participants, healthcare profession-
als, the public, and other relevant groups (e.g., via publication, reporting in
results databases, or other data sharing arrangements).

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Hematology, The Fifth Medical Center of Chinese PLA General
Hospital, No. 28 Fuxing Road, Haidian District, Beijing 100853, China. 2Medical
School of Chinese PLA, Beijing 100853, China. *The Second School of Clinical
Medicine, Southern Medical University, Guangzhou 510515, China. *Depart-
ment of Quality Control, The First Medical Center of Chinese PLA General
Hospital, Beijing 100853, China.

Received: 14 June 2021 Accepted: 25 May 2022
Published online: 06 June 2022

References

1. Malard F, Huang XJ, Sim JPY. Treatment and unmet needs in steroid-
refractory acute graft-versus-host disease. Leukemia. 2020;34(5):1229-40.

2. Doul,HouC MaC, LiF Gao X, Huang W, et al. Reduced risk of chronic
GVHD by low-dose rATG in adult matched sibling donor peripheral blood
stem cell transplantation for hematologic malignancies. Ann Hematol.
2020;99(1):167-79.

3. Dou LP, Li HH,Wang L, Li F, Huang WR, Yu L, et al. Efficacy and safety of
unmanipulated haploidentical related donor allogeneic peripheral blood
stem cell transplantation in patients with relapsed/refractory acute
myeloid leukemia. Chin Med J. 2018;131(7):790-8.

4. HouC, Dou L, Jia M, Li F, Wang S, Gao X, et al. Ruxolitinib Combined with
Corticosteroids as First-Line Therapy for Acute Graft-versus-Host Disease
in Haploidentical Peripheral Blood Stem Cell Transplantation Recipients.
Transplant Cell Ther. 202,27(1):75.e1-75.e10.

5. Zeiser R, Blazar BR. Acute graft-versus-host disease - biologic process,
prevention, and therapy. N Engl J Med. 2017,377(22):2167-79.

6. Xhaard A, Launay M, Sicre de Fontbrune F, Michonneau D, Sutra Del
Galy A, ComanT, et al. A monocentric study of steroid-refractory acute

20.

AR

22.

23.

24.

25.

26.

Page 9 of 10

graft-versus-host disease treatment with tacrolimus and mTOR inhibitor.
Bone Marrow Transplant. 2020;55(1):86-92.

Escamilla Gémez V, Garcia-Gutiérrez V, Lopez Corral L, Garcia Cadenas |,
Pérez Martinez A, Marquez Malaver FJ, et al. Ruxolitinib in refractory acute
and chronic graft-versus-host disease: a multicenter survey study. Bone
Marrow Transplant. 2020;55(3):641-8.

de Kort EA, van Dorp S, Blijlevens NMA, van der Velden W. Corticosteroid
replacement by ruxolitinib in patients with acute GVHD experienc-

ing severe steroid-induced side effects. Bone Marrow Transplant.
2020;55(1):253-5.

Baake T, Jor3 K, Suennemann J, RoBmann L, Bohnenberger H, Tuck-
ermann JP, et al. The glucocorticoid receptor in recipient cells keeps
cytokine secretion in acute graft-versus-host disease at bay. Oncotarget.
2018;9(21):15437-50.

Jagasia M, Zeiser R, Arbushites M, Delaite P, Gadbaw B, Bubnoff NV.
Ruxolitinib for the treatment of patients with steroid-refractory GVHD: an
introduction to the REACH trials. Immunotherapy. 2018;10(5):391-402.

. Zeiser R. Advances in understanding the pathogenesis of graft-versus-

host disease. Br J Haematol. 2019;187(5):563-72.

Li H, Kaiser TK, Borschiwer M, Bohnenberger H, Reichardt SD, Lihder

F et al. Glucocorticoid resistance of allogeneic T cells alters the gene
expression profile in the inflamed small intestine of mice suffering

from acute graft-versus-host disease. J Steroid Biochem Mol Biol.
2019;195:105485.

Schroeder MA, Choi J, Staser K, DiPersio JF. The role of Janus kinase signal-
ing in graft-versus-host disease and graft versus leukemia. Biol Blood
Marrow Transplant. 2018;24(6):1125-34.

Srinagesh HK, Ferrara JLM. MAGIC biomarkers of acute graft-versus-host
disease: biology and clinical application. Best Pract Res Clin Haematol.
2019;32(4):101111.

Zeiser R, Socié G. The development of ruxolitinib for glucocorticoid-
refractory acute graft-versus-host disease. Blood Adv. 2020;4(15):3789-94.
Schoemans HM, Lee SJ, Ferrara JL, Wolff D, Levine JE, Schultz KR, et al.
EBMT-NIH-CIBMTR Task Force position statement on standardized
terminology & guidance for graft-versus-host disease assessment. Bone
Marrow Transplant. 2018;53(11):1401-15.

Srinagesh HK, Levine JE, Ferrara JLM. Biomarkers in acute
graft-versus-host disease: new insights. Ther Adv Hematol.
2019;10:2040620719891358.

Levine JE, Braun TM, Harris AC, Holler E, Taylor A, Miller H, et al. A prog-
nostic score for acute graft-versus-host disease based on biomarkers: a
multicentre study. Lancet Haematol. 2015;2(1):e21-9.

Major-Monfried H, Renteria AS, Pawarode A, Reddy P, Ayuk F, Holler E,

et al. MAGIC biomarkers predict long-term outcomes for steroid-resistant
acute GVHD. Blood. 2018;131(25):2846-55.

Jiménez-Jorge S, Labrador-Herrera G, Rosso-Fernandez CM, Rodriguez-
Torres N, Pachon-Ibafez ME, SmaniY, et al. Assessing the impact on
intestinal microbiome and clinical outcomes of antibiotherapy optimisa-
tion strategies in haematopoietic stem cell transplant recipients: study
protocol for the prospective multicentre OptimBioma study. BMJ Open.
2020;10(7):e034570.

Jagasia M, Perales MA, Schroeder MA, Ali H, Shah NN, Chen YB, et al.
Ruxolitinib for the treatment of steroid-refractory acute GVHD (REACH1):
a multicenter, open-label phase 2 trial. Blood. 2020;135(20):1739-49.
Zeiser R, von Bubnoff N, Butler J, Mohty M, Niederwieser D, Or R, et al.
Ruxolitinib for glucocorticoid-refractory acute graft-versus-host disease.
N EnglJ Med. 2020;382(19):1800-10.

Delgado-Martin C, Meyer LK, Huang BJ, Shimano KA, Zinter MS, Nguyen
JV, et al. JAK/STAT pathway inhibition overcomes IL7-induced gluco-
corticoid resistance in a subset of human T-cell acute lymphoblastic
leukemias. Leukemia. 2017;31(12):2568-76.

Yang J, Peng B, Wang L, Li X, Li F, Jin X, et al. Elevated REG3a predicts
refractory aGVHD in patients who received steroids-ruxolitinib as first-line
therapy. Ann Hematol. 2022;101(3):621-30.

von Bubnoff N, Ihorst G, Grishina O, Rothling N, Bertz H, Duyster J, et al.
Ruxolitinib in GvHD (RIG) study: a multicenter, randomized phase 2 trial
to determine the response rate of ruxolitinib and best available treatment
(BAT) versus BAT in steroid-refractory acute graft-versus-host disease
(aGvHD) (NCT02396628). BMC Cancer. 2018;18(1):1132.

MacMillan ML, DeFor TE, Weisdorf DJ. The best endpoint for acute GVHD
treatment trials. Blood. 2010;115(26):5412-7.



Dou et al. Trials

27.

28.

29.

30.

(2022) 23:470

Przepiorka D, Luo L, Subramaniam S, Qiu J, Gudi R, Cunningham LC, et al.
FDA approval summary: ruxolitinib for treatment of steroid-refractory
acute graft-versus-host disease. Oncologist. 2020;25(2):e328-34.
Paczesny S, Krijanovski Ol, Braun TM, Choi SW, Clouthier SG, Kuick R,

et al. A biomarker panel for acute graft-versus-host disease. Blood.
2009;113(2):273-8.

Hartwell MJ, Ozbek U, Holler E, Renteria AS, Major-Monfried H, Reddy

P, et al. An early-biomarker algorithm predicts lethal graft-versus-host
disease and survival. JCl Insight. 2017;2(3):e89798.

Hou C, Dou L, Jia M, Li F, Wang S, Gao X, et al. Ruxolitinib combined with
corticosteroids as first-line therapy for acute graft-versus-host disease

in haploidentical peripheral blood stem cell transplantation recipients.
Transplant Cell Ther. 2021;27(1):75.e71-10.

31. Kekre N, Antin JH. Emerging drugs for graft-versus-host disease. Expert
Opin Emerg Drugs. 2016;21(2):209-18.

32. ToubaiT, Magenau J. Immunopathology and biology-based treatment of
steroid-refractory graft-versus-host disease. Blood. 2020;136(4):429-40.

33. Coltro G, Mannelli F, Guglielmelli P, Pacilli A, Bosi A, Vannucchi AM. A
life-threatening ruxolitinib discontinuation syndrome. Am J Hematol.
2017,92(8):833-8.

34. Mohty M, Holler E, Jagasia M, Jenq R, Malard F, Martin P, et al. Refractory
acute graft-versus-host disease: a new working definition beyond corti-
costeroid refractoriness. Blood. 2020;136(17):1903-6.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Ruxolitinib-corticosteroid as first-line therapy for newly diagnosed high-risk acute graft versus host disease: study protocol for a multicenter, randomized, phase II controlled trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Methods
	Design
	Study objectives and endpoints
	Primary endpoint
	Secondary endpoints

	Target population
	Inclusion criteria
	Exclusion criteria
	Randomization
	Recruitment procedures
	Study treatment
	Ruxolitinib plus corticosteroids treatment (ruxolitinib group)
	Corticosteroid treatment (corticosteroids group)

	Adverse events (AEs)
	GVHD biomarker Luminex assays
	Assessments and data collection
	Data management
	Statistical considerations
	Handling of missing data
	Standard protocol items


	Discussion
	Trial status
	Acknowledgements
	References


