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Background: Graft-versus-host disease (GVHD) is a main complication following allo-
geneic hematopoietic stem cell transplantation and is a leading cause of non-relapse-related 
death. Unsatisfactory response to standard first-line therapy with glucocorticoids is 
a predictor of a poor prognosis in patients with GVHD. Ruxolitinib is a selective Janus 
kinases 1/2 inhibitor which has been shown to control acute (a) and chronic (c) GVHD while 
maintaining graft-versus-tumor effects.
Objective: This study aims to evaluate the efficacy and safety of ruxolitinib in the treatment 
of steroid-refractory GVHD (SR-GVHD) in a population of Chinese patients.
Methods: We report the results of 55 patients, including 23 patients with aGVHD and 32 
patients with cGVHD, who were treated with ruxolitinib as salvage therapy between August, 
2017 and December, 2020.
Results: In patients with aGVHD, the overall response rate (ORR) was 86.9%, and the 
1-year overall survival (OS) was 82.6% (95% CI, 67.1–98.1%). The 1-year OS was sig-
nificantly improved in responders than in non-responders (90.0% vs 33.3%, P=0.004). In 
patients with cGVHD, the ORR was 78.1%, and the 1-year OS was 81.3% (95% CI, 67.8– 
94.8%). There was no significant difference in the 1-year OS between responders and non- 
responders (84.0% vs 71.4%, P=0.327). Cytopenia, cytomegalovirus-reactivation and infec-
tions were common adverse events, particularly in patients with aGVHD.
Conclusion: Our real-world data from Chinese patients further confirm that ruxolitinib is 
a safe and effective treatment for SR-GVHD.
Keywords: ruxolitinib, allogeneic hematopoietic stem cell transplantation, graft-versus-host 
disease, steroid-refractory

Introduction
Graft-versus-host disease (GVHD) is a major cause of morbidity and mortality 
following allogeneic hematopoietic stem cell transplantation (allo-HSCT).1,2 It is 
also a substantial barrier to the expansion of allo-HSCT in the field of hematolo-
gical diseases. Systemic glucocorticoid therapy is widely accepted as first-line 
treatment. However, half of the patients are resistant to glucocorticoids, which is 
associated with poor prognosis. Currently, no standard second-line treatment for the 
treatment of steroid-refractory GVHD (SR-GVHD) is available. Based on clinical 
experience, treatment options include cyclosporine A, sirolimus, tacrolimus, myco-
phenolate mofetil, methotrexate, Anti-T lymphocyte globulin, extracorporeal photo-
pheresis, among others.3,4 However, no evidence from large prospective trials exists 
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to support the clinical use of these regimens. In addition, 
due to the widespread use of glucocorticoids and immu-
nosuppressants, there has been an increase in infection 
complications and a decrease in the effect on graft-versus- 
tumor (GVT). Therefore, it is imperative to explore new 
effective treatment with less side effects.

Ruxolitinib is a selective Janus kinases (JAK) 1/2 
inhibitor. Preclinical and clinical studies have confirmed 
the role of the JAK-STAT signaling pathway in the patho-
genesis of GVHD.5–7 Mechanistically, ruxolitinib blocks 
the JAK1/2 signaling and leads to a series of effects, 
including inhibited antigen-presenting cell function, down- 
regulated expression of major histocompatibility complex 
class II in dendritic cells, reduced proliferation of effector 
T cells, suppressed production of proinflammatory cyto-
kine and promoted production of tolerogenic Treg cells. 
Preclinical studies have shown that ruxolitinib improved 
survival and reduced histopathological GVHD grading in 
murine models. More importantly, ruxolitinib treatment 
was associated with the retention of the GVT effect.8,9

To date, several retrospective clinical studies reported 
promising results using ruxolitinib in patients with SR- 
GVHD.10–15 What’s more, based on findings of a open- 
label Phase 2 trial (REACH1), ruxolitinib has been FDA- 
approved for SR-aGVHD.16,17 REACH2 trial compared 
the efficacy and safety of ruxolitinib with best available 
therapy (BAT) in patients with SR-aGVHD.18 The trial 
results suggested that ruxolitinib was significantly more 
effective than BAT, suggesting that ruxolitinib is 
a promising agent in the treatment of SR-aGVHD. 
Additional studies are important and necessary to deter-
mine the efficacy and safety of ruxolitinib in the treatment 
of SR-GVHD. To date, there are few studies on Chinese 
patients. Therefore, we conducted a retrospective real- 
world study to analyze our experience with ruxolitinib 
for treating SR-GVHD in a population of Chinese patients.

Methods
Patients
This was a single-center, retrospective clinical study. 
Patients diagnosed with SR-GVHD who received ruxoliti-
nib as salvage treatment at Zhujiang Hospital of Southern 
Medical University, Guangzhou, China between August, 
2017 and December, 2020 were eligible for this study. The 
study was conducted in accordance with the Declaration of 
Helsinki. Approval for this study was granted by the 
Ethics Board of Zhujiang Hospital of Southern Medical 

University (2021-KY-068-01). Informed consent was 
obtained from all patients or guardians.

Inclusion Criteria
Patients with SR-GVHD after allo-HSCT were considered 
for inclusion in this study. aGvHD was graded according 
to the Glucksberg grading standards and the grade of 
cGVHD was based on the National Institutes of Health 
(NIH) consensus criteria.19,20 Steroid-refractory of 
aGVHD was defined as the lack of response of any 
involved organ to prednisone (≥2 mg/kg/day) for at least 
7 days, or an increase of at least one grade within 3 days, 
or an incomplete response after more than 28 days of 
immunosuppressive treatment, including steroids. In 
patients with cGvHD, steroid resistance was defined as 
progression while on prednisone (≥1 mg/kg/day) for 2 
weeks, or stable disease while on prednisone (≥0.5 mg/ 
kg/day) for 1–2 months.

Treatment with Ruxolitinib and Evaluation 
Criteria
All patients received oral ruxolitinib 5–10 mg twice a day 
as a salvage therapy. Based on the physician’s experience 
and the assessment of the patient’s status, additional 
immunosuppressants may have been administered. Organ 
scoring and GVHD grading were performed as baseline 
levels prior to ruxolitinib administration. Patients were 
scored for their best response at any time after starting 
ruxolitinib. In aGVHD, complete response (CR) was 
defined as the absence of both symptoms and signs of 
GVHD, partial response (PR) as a decrease in the organ 
score of at least 1 grade at one or more sites without 
progression in any other organs, and no response (NR) as 
no change in the GVHD grade and/or progressive worsen-
ing of GVHD. Patients were considered as responding to 
ruxolitinib if they exhibited either PR or CR. In cGVHD, 
the therapeutic effect was evaluated using the NIH 
cGVHD response evaluation standards.21 Overall survival 
(OS) was defined as the cumulative probability of survival 
at the time of last follow-up, regardless of disease status.

Adverse Events
The levels of Cytomegalovirus (CMV) DNA and Epstein- 
Barr virus (EBV) DNA were monitored before and after 
ruxolitinib treatment. Other treatment-related adverse 
events were identified by review of follow-up records. 
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Cytopenia was graded based on the Common Terminology 
Criteria for Adverse Events version 5.0.

Statistical Analysis
Descriptive statistics were used for patient characteristics. 
Mann-Whitney test was used for nonparametric data uni-
variate analysis. OS was estimated and displayed using the 
Kaplan-Meier method and evaluated the significance of 
differences with the Log-rank test. The level of statistical 
significance was defined as P<0.05. Statistical analyses 
were performed using SPSS Statistics 25 and GraphPad 
Prism 7.

Results
Patients
A total of 55 patients received ruxolitinib therapy were 
enrolled in this study. Among patients with aGVHD 
(n=23), 60.9% were grade III or grade IV. Similarly, 
among patients with cGVHD (n=32), 62.5% had a severe 
case. The median number of previous second-line treat-
ment agents for aGVHD and cGVHD was two (range 1–4) 
and two (range 1–6), respectively (Supplemental Table 1). 
The median time from GVHD diagnosis to ruxolitinib 
treatment was 5 days (range 1–79) and 17 days (range 
7–1239), in aGVHD and cGVHD, respectively. Patient 
characteristics are summarized in Table 1.

Response to Ruxolitinib and Survival
Table 2 shows the effectiveness of ruxolitinib treatment in 
patients with aGVHD. The median duration from ruxoliti-
nib to initial response was 5 days (range 2–18). The over-
all response rate (ORR) was 86.9% in patients with 
aGVHD, including 13 CR and 7 PR. The ORRs for skin, 
gastrointestinal (GI) tract, and liver aGVHD were 88.2%, 
92.3%, and 66.7%, respectively (Figure 1A). All patients 
with grade II responded to ruxolitinib. The ORRs for grade 
III and grade IV were 87.5% and 66.7%, respectively. 
Over the course of treatment, 12 patients reduced steroids 
use and 11 patients discontinued steroids.

The effectiveness data of ruxolitinib for the treatment of 
cGVHD are summarized in Table 2. The median duration 
from ruxolitinib to initial response was 10 days (range 2–59). 
In cGVHD, the ORR was 78.1%, including 8 CR and 17 PR. 
All patients with skin, GI tract, joints and fascia involvement 
showed significant responses. The ORRs for mouth, eyes, 

Table 1 Patient Characteristics

Characteristics aGVHD (n = 23) cGVHD (n = 32)

Age, median (range) 30(11–56) 31(11–54)

Age, n (%)

<18 years old 4(17.4) 1(3.1)

≥18 years old 19(82.6) 31(96.9)

Gender, n (%)

Male 11(47.8) 20(62.5)

Female 12(52.2) 12(37.5)

Disease, n (%)

AML 11(47.8) 16(50.0)

ALL 9(39.1) 14(43.8)

SAA 2(8.7) –

MDS 1(4.3) 1(3.1)

CML – 1(3.1)

Type of transplant, n (%)

Matched related 5(21.7) 19(59.4)

Haploidentical 18(78.3) 12(37.5)

Unrelated – 1(3.1)

Stem cell source, n (%)

PB 11(47.8) 23(71.9)

PB+BM 12(52.2) 9(28.1)

GVHD prophylaxis, n (%)

CsA+MTX+MMF+ATG 13(56.5) 16(50.0)

CsA+MTX+MMF 3(13.0) 4(12.5)

CsA+MTX+ATG 3(13.0) 1(3.1)

CsA+MMF+ATG 1(4.3) –

CsA+MTX 3(13.0) 11(34.4)

GVHD grade, n (%)

Grade II 9(39.1) Mild 2(6.2)

Grade III 8(34.8) Moderate 10(31.3)

Grade IV 6(26.1) Severe 20(62.5)

Number of organs involved, n (%)

1 15(65.2) 13(40.6)

2 8(34.8) 11(34.4)

≥3 – 8(25.0)

Number of second-line treatment 

agents before ruxolitinib, median 

(range)

2(1–4) 2(1–6)

Time from GVHD onset to 

ruxolitinib, days, median (range)

5(1–79) 17(7–1239)

Dose of ruxolitinib, n (%)

5 mg bid 18(78.3) 23(71.9)

10 mg bid 5(21.7) 9(28.1)

Abbreviations: GVHD, graft-versus-host disease; aGvHD, acute graft-versus-host 
disease; cGvHD, chronic graft-versus-host disease; AML, acute myeloid leukemia; 
ALL, acute lymphoblastic leukemia; SAA, severe aplastic anemia; MDS, myelodys-
plastic syndromes; CML, chronic myeloid leukemia; PB, peripheral blood; BM, bone 
marrow; CsA, cyclosporine A; MTX, methotrexate; MMF, mycophenolate mofetil; 
ATG, anti-thymocyte globulin; bid, twice a day.
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and liver cGVHD were 90.9%, 80.0%, and 80.0%, respec-
tively, whereas, the ORR for lung cGVHD was only 44.4% 
(Figure 1B). The ORR for both mild and moderate cGVHD 
was 100%, whereas for severe cGVHD was 65.0%. A total of 
12 patients reduced steroids use and 19 patients discontinued 
steroids. However, one patient increased the dosage; thus 
was a case of pulmonary cGVHD that continued to progress 
rapidly after treatment with ruxolitinib.

Univariate analysis of response in all 55 patients sug-
gested that patients who received both peripheral blood 
(PB) and bone marrow (BM) hematopoietic stem cells had 
a better response than those who received PB only 
(p=0.044; Figure 2A). Moreover, patients who initially 
presented with less severe of GVHD had a significantly 
better response than those who presented with severe 
GVHD, (p=0.012; Figure 2B). The ORRs for the 5 mg 
and the 10 mg bid group were 85.4% and 71.4%, 

respectively, with no statistically significant differences 
observed (p=0.247). Likewise, there were no significant 
differences between the response and the non-response 
group when stratified by age, gender, donor type, number 
of involved organs.

The median follow-up after ruxolitinib in patients with 
aGVHD and cGVHD was 433 days (range 25–1466) and 
495 days (range 65–1364), respectively. 39 patients were 
still alive at the time of the last follow-up (August 31, 
2021). For the aGVHD group, the 1-year and 2-year OS 
was 82.6% (95% CI, 67.1–98.1%) and 75.1% (95% CI, 
55.3–94.9%), respectively. The 1-year OS was 90.0% 
(95% CI, 76.9–100%) and 33.3% (95% CI, 0–86.6%), 
for the response and the non-response group, respectively 
(P=0.004; Figure 3A). For the cGVHD group, the 1-year 
and 2-year OS was 81.3% (95% CI, 67.8–94.8%) and 
72.8% (95% CI, 56.3–89.3%), respectively. The 1-year 
OS was 84.0% (95% CI, 69.7–98.3%) and 71.4% (95% 
CI, 37.9–100%) for the response and the non-response 
group, respectively (P=0.327; Figure 3B).

Adverse Events, Relapse and Mortality
The reactivation rate of CMV and EBV in aGVHD was 
52.2% and 8.7%, respectively. In cGVHD, the reactivation 
rate of CMV and EBV was 10.0% and 6.7%, respectively. 
In addition, infection complications including bacterial, 
fungal, viral and other pathogenic infections such as tuber-
culosis, were also monitored during ruxolitinib treatment. 
The incidence of infection in patients with aGVHD and 
cGVHD was 82.6% and 68.8%, respectively 
(Supplemental Table 2). Cytopenia was observed in all 
patients with aGVHD and in 62.5% patients with 
cGVHD. Additional details are shown in Table 3.

Table 2 Clinical Response to Ruxolitinib

aGVHD cGVHD

Interval between the start of ruxolitinib and initial 

response, days, median (range)

5(2–18) 10(2–59)

Overall response rate, n (%)

CR 13(56.5) 8(25.0)

PR 7(30.4) 17(53.1)

NR 3(13.0) 7(21.9)

Ruxolitinib continued time, weeks, median (range) 21(3–87) 30(8–127)

Tapering of corticosteroids, n (%)

Reduce the dosage 12(52.2) 12(37.5)

Discontinue 11(47.8) 19(59.4)

Increase dose – 1(3.1)

Abbreviations: CR, complete response; PR, partial response; NR, no response.

Figure 1 Organ-specific response of patients with SR-GVHD to ruxolitinib treatment: (A) site of aGVHD; (B) site of cGVHD.
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Nine patients had a relapse of primary disease, of 
which five had aGVHD and four had cGVHD. The median 
duration from initial response to relapse in patients with 
aGVHD and cGVHD was 196 days (range 156–555) and 
554 days (range 343–861), respectively. In addition, five 
patients with aGVHD developed cGVHD after disconti-
nuation of ruxolitinib; two of them, who presented, with 
severe cGVHD resumed ruxolitinib. In total, 16 patients 
died: seven patients with aGVHD and nine patients with 
cGVHD died. The causes of death included severe pul-
monary infection, relapse of primary disease, GVHD pro-
gression, cerebral hemorrhage and heart failure (Table 4).

Discussion
Patients with SR-GVHD usually have poor outcomes. 
Effective therapies for these patients are limited, and novel 

therapeutic approaches are urgently needed. Ruxolitinib, 
a selective protein kinase inhibitor that targets JAK1/2, was 
shown to improve aGVHD in murine models, and, when used 
for the first time in patients with SR-GVHD, led to 
remission.5,9 Since then, an increasing number of trials to 
analyze the mechanism and confirm its effectiveness in the 
treatment of SR-GVHD have been conducted. In this retro-
spective study, we analyzed the efficacy and safety of ruxoli-
tinib in the treatment of SR-GVHD in our center.

The main objective of our study was to confirm the 
efficacy of ruxolitinib in the treatment of SR-GVHD. Our 
results indicate that, despite more than half of the patients 
having grade III–IV aGVHD or severe cGVHD and receiving 
multiple immunosuppressive therapies, ruxolitinib still leads 
to a promising response. In patients with aGVHD, the ORR 
was 86.9% and the 1-year and 2-year OS were 82.6% and 

Figure 2 Clinical response rate of ruxolitinib in SR-GVHD according to: (A) stem cell source; (B) GVHD grade.

Figure 3 Overall survival of patients with SR-GVHD to ruxolitinib treatment: (A) overall survival in response group vs non-response group aGVHD patients; (B) overall 
survival in response group vs non-response group cGVHD patients. The statistic was estimated using the Kaplan-Meier method and compared using Log-rank test.
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75.1%. Moreover, the 1-year OS was significantly better in 
responders than in non-responders in the aGVHD group 
(P=0.004). Similarly, in patients with cGVHD, the ORR 
was 78.1% and the 1-year and 2-year OS were 81.3% and 
72.8%. However, there was no significant difference in the 
1-year OS between responders and non-responders in 
cGVHD group. Our results are comparable to those reported 
by other retrospective clinical studies. Zeiser et al reported 
a similar ORR of 81.5% and 85.4% for patients with aGVHD 
and cGVHD, respectively.10 Gomez et al reported an ORR of 
69.5% and 57.1% for patients with aGVHD and cGVHD, 
respectively.15 Moreover, Zhao et al, who reported outcomes 

of 34 multidrug-resistant GVHD (MDR-GVHD) patients 
who received ruxolitinib as salvage therapy, including an 
ORR of 60.0% and 89.5% for patients with aGVHD and 
cGVHD, respectively.22 Although the definitions of MDR- 
GVHD and SR-GVHD are slightly different, both refer to the 
use of ruxolitinib in cases where multiple second-line treat-
ments have failed. Additional studies have reported ORRs in 
the range of 45–100% and 43.4–100% for aGVHD and 
cGVHD, respectively.11–14,22–28 Altogether, the currently 
available studies suggest that ruxolitinib improves response 
in patients with SR-GVHD, resulting in improved OS.

It is worth noting that in the REACH2 trial, Zeiser et al 
reported an ORR at day 28 that was significantly higher in the 
ruxolitinib group than in the BAT group (62% vs 39%, 
P<0.001).18 In this trial, the median failure free survival 
(FFS) was significantly longer in the ruxolitinib group than 
in the BAT group (4.86 months vs 1.02 months, P<0.0001). 
Moreover, results from the REACH3 trial indicated that the 
ORR of cGVHD at 24 weeks was significantly higher in the 
ruxolitinib group than in the BAT group (49.7% vs 25.6%; 
P<0.0001), whereas the median FFS was significantly longer 
(unreached vs 5.7 months; P < 0.0001).29 Altogether, these 
two prospective trials suggest efficacy and safety of ruxoliti-
nib in acute and chronic SR-GVHD, respectively, although 
additional randomized controlled trials are needed to further 
confirm these findings.

It is worth mentioning that all patients included in this 
study had received multiple second-line therapies, includ-
ing immunosuppressants and mesenchymal stem cells, 
before receiving ruxolitinib. Some immunosuppressants 
were also used in combination with ruxolitinib, which 
was gradually reduced to discontinuation. Through com-
parison, we found that the ORR observed in our study was 
similar to that other retrospective studies, but improved in 
comparison to those from the REACH2/REACH3 trials. 
Therefore, the combination of immunosuppressive therapy 
can result in partial remission of GVHD, affecting the 
efficacy evaluation of ruxolitinib. However, with ruxoliti-
nib, patients can achieve remission while reducing the 
withdrawal of prednisone and immunosuppressants, thus 
overall reducing the incidence of adverse events such as 
infection, which is also an encouraging result.

The efficacy of ruxolitinib appears to be organ specific. 
Among the patients with aGVHD, 65.2% had involvement 
of a single organ, mostly in the skin and GI tract, and 
achieved ORR of 88.2% and 92.3%, respectively. 
However, the ORR of liver aGVHD was 66.7%; one 

Table 3 Adverse Events

Events aGVHD cGVHD

Virus reactivation, n (%)
Cytomegalovirus 12(52.2) 3(10.0)*

Epstein-Barr virus 2(8.7) 2(6.7)*

Infection, n (%) 19(82.6) 22(68.8)

Cytopenia, n (%) 23(100.0) 20(62.5)

Anemia, n (%)
Grade 1–2 4(17.4) 6(18.8)

Grade 3–4 16(69.6) 12(37.5)

Neutropenia

Grade 1–2 2(8.7) 9(28.1)

Grade 3–4 14(60.9) 3(9.4)

Thrombocytopenia

Grade 1–2 3(13.0) 5(15.6)
Grade 3–4 17(73.9) 9(28.1)

Note: *Two patients with cGVHD were not monitored after ruxolitinib treatment 
and these data were treated as missing.

Table 4 Relapse and Mortality

aGVHD cGVHD

Relapse, n 5 4

The duration from response to relapse, 
days, median (range)

196 
(156–555)

554 
(343–861)

Causes of death, n

Infection 2 5

Tumor relapse 3 1

GVHD progression 1 1

Cerebral hemorrhage 1 1

Heart failure – 1
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patient developed new liver involvement during treatment 
and did not respond to ruxolitinib. In agreement with this 
finding, Jagasia et al and Zhao et al reported ORRs for 
patients with liver aGVHD of 26.7% and 53.3%, 
respectively.17,22 The REACH2 trial showed similar 
results, with no significant remission on day 28, despite 
low liver and GI tract involvement scores.18 Ruxolitinib 
treatments appears less effective in liver aGVHD. In the 
cGVHD group, more than half of patients had severe 
cGVHD or multiple organ involvement. The ORR of 
lung cGVHD was 44.4%, while all the other involved 
organs showed good response. Only one patient with an 
initial lung score of 2 achieved CR; the pulmonary symp-
toms completely disappeared after treatment with ruxoliti-
nib with a long-time survival of more than 3 years. Modi 
et al and Zeiser et al reported an ORR of 10% and 8.6% in 
patients with lung involvement.14 In the context of higher 
ORRs of other affected organs, the efficacy of ruxolitinib 
in lung involvement is far from optimal; whether it is 
related to the pharmacokinetics of ruxolitinib or the patho-
physiology of liver and lung GVHD requires further 
investigation.

Univariate analysis indicated that response to ruxoliti-
nib treatment was associated with the stem cell source and 
GVHD grade. Patients who received both PB and BM 
appear to have a better response than those who received 
PB only. In addition, our study found that patients who 
initially presented with less severe of GVHD had 
a significantly better response that those who presented 
with severe GVHD. To the best of our knowledge, these 
results have not yet been confirmed by other reports, and 
indeed large-sample prospective studies are needed to 
validate the findings.

Notably, there no significant differences in the ORR 
between the 5 mg and the 10 mg bid group were observed. 
Isberner et al suggested that ruxolitinib exposure is 
increased in GVHD patients in comparison to myelofibro-
sis patients due to a significant reduction in ruxolitinib 
clearance.30 In agreement with our results, no significant 
differences in the mean ruxolitinib concentrations in 
GVHD patients after dose reduction were observed. So 
far, no guidelines exist for the optimal dose of ruxolitinib 
for clinical use. Most clinical studies have used 10 mg bid, 
and reported ORRs from 73.2% to 81%. These results are 
comparable to those of the present study. Therefore, we 
had hypothesized that patients receiving the 5 mg bid 
would have had the same benefit as those receiving the 
10 mg bid, hence the lower dose would be more 

economical. However, it is important to note, that further 
prospective studies are needed to clarify the optimal dose.

The association between ruxolitinib treatment and vir-
emia has been explored in prior studies. According to our 
study, the reactivation rate of CMV was 52.2% in aGVHD 
but only 10.0% in cGVHD. Zeiser et al and Jagasia et al 
reported lower reactivation rates in patients with aGVHD 
than our study did (33.3% in the Zeiser et al and 19.7% in 
the Jagasia et al study).10,17 Additionally, Gomez et al has 
reported a CMV reactivation rate of 52.2% and 26.0% in 
patients with aGVHD and cGVHD, respectively.15 

Although in our study the CMV reactivation rate was 
high in patients with aGVHD, no severe CMV virus dis-
ease and no CMV infection-related deaths occurred. 
Moreover, previous studies have suggested that most 
CMV infections occur within 3 months post- 
transplantation, and it is important to note that immuno-
suppressants as standard prophylaxis for GVHD also 
increase the risk of viral infection.31 Therefore, it is diffi-
cult to attribute CMV reactivation to administration of 
ruxolitinib. Cytopenia is the most common toxic effect of 
ruxolitinib.4,18,26 We observed a 100% incidence of hema-
tological toxicities in the aGVHD group, with a high inci-
dence of grade 3–4 anemia, neutropenia and 
thrombocytopenia. These findings may be linked to use 
of ruxolitinib in some patients without complete hemato-
poietic system recovery following transplantation. 
Symptoms in these patients improved after symptomatic 
supportive therapy such as blood transfusion, with no 
patient discontinuing ruxolitinib due to cytopenia. 
Therefore, in order to prevent and treat potentially serious 
complications, CMV-DNA and blood routine tests should 
be routinely monitored during ruxolitinib therapy, particu-
larly in aGVHD patients.

In our study, the relapse rates of primary disease were 
21.7% and 12.5% for aGVHD and cGVHD, respectively. 
Relapse was the leading cause of death in patients with 
aGVHD. Other studies have reported similar relapse 
rates.23,25,32 Choi et al and Carniti et al demonstrated 
that ruxolitinib treatment reduced GVHD and preserved 
the beneficial of GVT effect in murine models.8,9 More 
prospective clinical trials are needed to determine whether 
ruxolitinib reduces the risk of relapse in patients compared 
with other immunosuppressants. In cGVHD, 15.6% of 
patients died from infection; in our study the rate of 
infection complications was high in both aGVHD and 
cGVHD groups. Therefore, infection is very common 

Drug Design, Development and Therapy 2021:15                                                                             https://doi.org/10.2147/DDDT.S338752                                                                                                                                                                                                                       

DovePress                                                                                                                       
4881

Dovepress                                                                                                                                                              Wei et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


during the treatment of SR-GVHD, and prevention and 
aggressive treatments should be carefully considered.

Our study also has some limitations. First, because of 
the retrospective nature of the study, selection bias and 
recall bias were difficult to avoid. This could have 
impacted monitoring and recording of adverse events. 
Second, our study was a single center study and the 
sample size was relatively small and had a relatively 
short follow-up. Third, we cannot rule out the effect of 
combination therapies.

Conclusion
Ruxolitinib treatment could be a promising option for the 
treatment of SR-GVHD. Based on our results, ruxolitinib 
treatment in patients with SR-GVHD resulted in a high 
ORR and increased OS. The efficacy of ruxolitinib at 
a dose of 5 mg bid seem to be not inferior to that at 
10 mg bid, a finding worth of further exploration. 
Patients who received both PB and BM and initially pre-
sented with less severe GVHD had a better response. 
Regarding safety, although our study reported a high inci-
dence of cytopenia and infection, all adverse events were 
within expectations, and highlight the importance of blood 
routine monitoring and infection prophylaxis. High-quality 
and large-sample prospective clinical trials are needed to 
confirm the efficacy, safety and optimal dose of ruxolitinib 
treatment in SR-GVHD.
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