
RESEARCH

Annals of Hematology
https://doi.org/10.1007/s00277-024-05696-x

and a reduced quality of life [1–6]. Glucocorticoids (GCs) 
combined with calcineurin inhibitors (CNIs) represent the 
backbone of aGvHD treatment [7]. However, a significant 
proportion of patients lack sustained response to GCs [8, 
9]. Currently, no standard second-line treatment has been 
established for aGvHD, and treatment depends on center-
specific preferences. The recent approval of ruxolitinib for 
the treatment of steroid-refractory aGvHD may provide an 
option for a standardized treatment for this condition. Based 
on increasing knowledge on the pathogenesis of aGvHD 
[1, 10–12], including the role of the JAK/STAT signaling 
pathway in immune cell activation and tissue inflammation 
during GvHD, ruxolitinib, an oral JAK1/2 kinase inhibitor, 
was explored in its treatment [13, 14]. Based on promis-
ing results in the controlled, randomized REACH2 and 3 
trials [15, 16], ruxolitinib was approved in 2019 for the 
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Abstract
Steroid-refractory acute graft-versus-host disease (aGvHD) is a serious complication after allogeneic hematopoietic stem 
cell transplantation, associated with significant mortality. Ruxolitinib was the first drug approved for aGvHD, based on 
results of the REACH2 trial; however, real-world data are limited. We retrospectively analyzed the safety and efficacy 
of ruxolitinib for treatment of aGvHD at our center from March 2016 to August 2022 and assessed biomarkers of risk. 
We identified 49 patients receiving ruxolitinib as second- (33/49), third- (11/49), fourth- (3/49), or fifth-line (2/49) treat-
ment. Ruxolitinib was started on median day 11 (range, 7–21) after aGvHD onset; median duration of administration was 
37 days (range, 20–86), with 10 patients continuing treatment at last follow-up. Median follow-up period was 501 days 
(range, 95–905). In the primary analysis at the 1-month assessment, overall response rate was 65%, and failure-free sur-
vival was 78%. Infectious complications ≥ CTCAE Grade III were observed in 10/49 patients within 1-month followup. 
Patients responding to ruxolitinib therapy required fewer steroids and exhibited lower levels of the serum biomarkers 
regenerating islet-derived protein 3-alpha, suppression of tumorigenicity 2, and the Mount Sinai Acute GVHD Interna-
tional Consortium algorithm probability. A univariate regression model revealed steroid-dependent aGvHD as a significant 
predictor of better response to ruxolitinib. Within 6-months follow-up, four patients experienced recurrence of underlying 
malignancy, and eight died due to treatment-related mortality. Overall, ruxolitinib was welltolerated and showed response 
in heavily pretreated patients, with results comparable to those of the REACH2 trial. Biomarkers may be useful predictors 
of response to ruxolitinib.
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second-line treatment of aGvHD, and later for chronic GvHD 
(cGvHD), by the Food and Drug Administration (FDA) and 
the European Medicines Agency (EMA) [17–19]. Since 
the REACH2 trial was conducted on selected patients in a 
second-line treatment setting, we retrospectively analyzed 
the efficacy and safety in all (unselected) patients receiv-
ing ruxolitinib for the treatment of aGvHD, including those 
receiving multiple treatment lines, between 2016 and 2022 
at the University Hospital of Regensburg. This analysis was 
combined with the assessment of established biomarkers for 
aGvHD [20–22] (regenerating islet-derived protein 3-alpha 
[REG3α], suppression of tumorigenicity 2 [ST2], and the 
derived Mount Sinai Acute GVHD International Consor-
tium (MAGIC) algorithm probability [MAP]) to further 
characterize the treated patient population with regard to the 
risk profile for treatment-related mortality.

Patients and methods

Patients

All 49 patients treated with ruxolitinib for aGvHD between 
March 2016 and August 2022 at the University Hospital 
Regensburg, Germany, were included in this retrospective 
analysis, which was approved by the institutional review 
board (no. 22-3076-104) and performed in compliance with 
the current Declaration of Helsinki. All cases were analyzed 
and pseudonymized, and living patients provided written 
informed consent for publication. The diagnosis, assess-
ment of organ involvement, and documentation of aGvHD 
were performed as part of routine clinical practice, either 
during inpatient therapy or follow-up outpatient visits. Cri-
teria established by Glucksberg and Thomas, which were 
recently updated by the Mount Sinai Acute GvHD Inter-
national Consortium (MAGIC), were used in these assess-
ments [23–26], either in the context of inpatient therapy or 
during follow-up outpatient visits.

Definition of response to ruxolitinib treatment and 
adverse events

Clinical response was evaluated at 1 week, 1 month, 3 
months, and 6 months after the start of ruxolitinib therapy. 
The aGvHD grading, recently updated by the MAGIC con-
sortium, and the intensity of immunosuppression (IS) were 
assessed at the start of ruxolitinib treatment and repeated 
after 1 week, 1 month, 3 months, and 6 months. Response 
assessment was terminated at the start of any additional 
new immunosuppressive medication (ISM). Complete 
remission (CR) was defined as the resolution of all symp-
toms of aGvHD without starting any new additional ISM 

while receiving ruxolitinib treatment. Partial response (PR) 
was defined as an improvement of at least one organ grade 
without the progression of aGvHD to other organs. Mixed 
response (MR) was defined as an improvement (at least PR) 
in one organ, with concurrent progression in another organ 
site. Progressive disease (PD) was defined as disease pro-
gression in at least one organ without any improvement in 
other organ sites. Stable disease (SD) was defined as stable 
organ involvement without any changes in grading. For the 
evaluation of predictive markers, patients were divided into 
two groups at 1-month follow-up: “responders” (CR and 
PR) and “nonresponders” (MR, SD, PD, and additional 
ISM); At the time of 1-month follow-up, three patients had 
already died. For the latter patients, the last response assess-
ment was used. Failure-free survival (FFS) was defined 
as the absence of relapse or nonrelapse mortality without 
the administration of further ISM. Overall response rates 
(ORRs) were calculated based on an intention-to-treat anal-
ysis. Durable ORR (assessed at months 3 and 6) was defined 
as the proportion of patients who maintained a response (CR 
or PR) since month 1. Infectious complications and hema-
tological toxicities were assessed according to the Com-
mon Terminology Criteria for Adverse Events version 5.0 
(CTCAE 5.0).

Statistical analyses

Analyses were performed using absolute and percentage 
frequency (n and %) and median with interquartile range 
(IQR). Due to the limited number of patients, univariate 
analyses were conducted. The effects of 14 clinical and 
demographic parameters (age, weight, sex, time to start of 
ruxolitinib after onset of aGvHD, initial ruxolitinib dose, 
severity of aGvHD, additional ISM, treatment lines before 
ruxolitinib, affected organ site, response to steroids, CTCAE 
anemia, CTCAE thrombocytopenia, CTCAE neutropenia 
and MAP at start of ruxolitinib) on response to ruxolitinib 
treatment were analyzed using univariate binary logistic 
regressions. Odds ratios (ORs) with 95% confidence inter-
vals (CIs), are presented. Statistical analyses were con-
ducted using IBM SPSS Statistics, version 26 (IBM Corp., 
Armonk, NY, USA). The level of significance was set at a 
two-sided p-value of ≤ 0.050. The GC-sparing effect dur-
ing ruxolitinib treatment was assessed using nonparametric 
matched pairs analysis (Wilcoxon signed-rank test). Com-
parison of cytopenia at the start of treatment and within 1 
month after ruxolitinib treatment (paired nominal data) was 
conducted using nonparametric McNemar test; Assessment 
of severe adverse events of cytopenia was also conducted 
using the nonparametric McNemar test.
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Measurement of Reg3α and ST2 in the serum

Reg3α and ST2 serum concentrations were measured 
using enzyme-linked immunosorbent assay, as previously 
described, and are reported in nanograms per milliliter (ng/
mL) and picograms per milliliter (pg/mL), respectively 
[20, 27, 28]. MAP, which combines the serum concentra-
tions of both biomarkers, was analyzed based on studies 
from the Mount Sinai Acute GvHD International Consor-
tium (MAGIC [29]. Serum Reg3α and ST2 were sampled 
at (i) the onset of aGvHD and (ii) the start of ruxolitinib 
treatment. For ruxolitinib treatment, samples taken within 
a timeframe of 7 days before and 2 days after the first dose 
of ruxolitinib were considered. The Mann-Whitney-U-test 

was used to compare Reg3α and ST2 serum concentrations 
between responders and nonresponders.

Differences in MAP risk classification between respond-
ers and nonresponders at (i) the onset of aGvHD and (ii) 
the start of ruxolitinib treatment were evaluated using the 
Chi-squared test.

Results

Patient characteristics

A total of 49 patients (male, n = 29; female, n = 20) treated 
with ruxolitinib for aGvHD between March 2016 and August 
2022 were included in this analysis. Details of the patient 
characteristics and ruxolitinib treatment are presented in 
Tables 1 and 2. The median age at the time of allo-HSCT 

Table 1  Clinical characteristics of patients with aGvHD
Characteristics aGvHD

n = 49
Male, n (%) 29 (59)
Female, n (%) 20 (41)
Age, median, (range) (in years) 55 

(46–61)
Diagnosis n (%)
AML 24 (49)
ALL 5 (10)
MPN 5 (10)
MDS 5 (10)
NHL 4 (8)
Hodgkin’s lymphoma 2 (4)
Multiple myeloma 2 (4)
Others (aplastic anemia, pulmonary lymphoid 
granulomatosis)

2 (4)

Donor type n (%)
URD 39 (80)
RD 10 (20)
aGvHD maximal grade before ruxolitinib n (%)
Grade I 4 (8)
Grade II 19 (39)
Grade III 16 (33)
Grade IV 10 (20)
Severity of aGvHD at start of ruxolitinib n (%)
Grade I 7 (14)
Grade II 22 (45)
Grade III 15 (31)
Grade IV 5 (10)
Organ manifestation of aGvHD at start of ruxolitinib n (%)
Skin 18 (37)
Gut 30 (61)
Liver 1 (2)
aGvHD onset, median (range) 20 

(16–27)
Abbreviations: aGvHD = acute graft-versus-host disease; 
ALL = acute lymphoblastic leukemia; AML = acute myeloid leuke-
mia; MDS = myelodysplastic syndrome; GvHD; MPN = myeloprolif-
erative neoplasia; NHL = non-Hodgkin’s lymphoma; RD = related; 
URD = unrelated.

Table 2  Ruxolitinib characteristics and concomitant IST
Characteristics Med. 

(IQR)
Start of ruxolitinib after allo-SCT (days) 59 (41–97)
Duration of aGvHD before start of ruxolitinib (days) 11 (7–20)
Duration of ruxolitinib application (median days) 37 (20–86)
Day of end of ruxolitinib after allo-SCT, (days) 103 

(67–185)
Duration of follow-up (days) 501 

(95–905)
Dose of ruxoltinib at start (mg) 20 (10–20)
Additional ISM* at the beginning of ruxolitinib n (%)
One ISM 1 (2)
Two ISMs 23 (47)
Three ISMs 20 (41)
Four ISMs 5 (10)
Most common combinations of ISM n (%)
Prednisolone and CNI 22 (45)
Prednisolone, CNI and Etanercept 10 (20)
Prednisolone, CNI and MMF 7 (14)
Other combinationsa 10 (20)
Steroids (mg/kg body weight) at start of ruxolitinib, 
median (range)

1.3 
(0.6–1.9)

Indication for ruxolitinib n (%)
Steroid-dependent aGvHD 15 (31)
Steroid-refractory aGvHD 34 (69)
Number of prior therapy lines before ruxolitinib n (%)
One 33 (67)
Two 11 (22)
Three 3 (6)
Four 2 (4)
*Every combination consisted of prednisolone
aThe combinations such as prednisolone, CNI, mycophenolate 
mofetil (MMF), etanercept, extracorporal photopheresis (ECP), and 
antithymocyte globulin (ATG) in different combinations
aGvHD = acute graft-versus-host disease; Allo-SCT = Allogeneic 
hematopoietic stem cell transplantation; IQR = interquartile range; 
ISM = Immunosuppressive medication
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Response to ruxolitinib

Response to ruxolitinib at 1 week

One week after starting ruxolitinib therapy, six patients 
(12%) achieved CR, 19 (39%) achieved PR, one (2%) 
achieved an MR, 18 (37%) had SD, and four (8%) had PD. 
Additional ISM was initiated in one patient (2%). The ORR 
was 51% (25/49), and FFS was 98% (48/49).

Response to ruxolitinib at 1 month

One month after the first administration of ruxolitinib, 24 
patients (49%) achieved CR and eight (16%) achieved PR. 
Of those patients with PR, one patient who had prior CR 
suffered from a flare of aGvHD 14 days after ruxolitinib 
therapy (which had been administered for 18 days) was 
discontinued and achieved PR with prednisolone treatment 
alone. One patient (2%) achieved an MR, and four (8%) had 
SD. In one of the patients with stable GvHD, ruxolitinib 
was terminated due to hematotoxicity without the addition 
of a new ISM. One patient (2%) had PD; therefore, rux-
olitinib administration was discontinued. New ISMs were 
administered to seven patients. Among these, one patient 
experienced a relapse of AML. Overall, three patients (one 
with PD and two with SD) died due to aGvHD of the gut 
(n = 1), aGvHD of the skin and gut complicated by sepsis 
(n = 1), or Pseudomonas pneumonia (n = 1). The ORR was 
65% (32/49), and FFS was 78% (38/49).

Response to ruxolitinib at 3 months

Three months after the start of ruxolitinib therapy, 23 
patients (53%) achieved CR, two (5%) achieved PR, and 
one (2%) had PD. Since the last follow-up, two additional 
patients (5%) experienced a relapse of aGvHD: one patient 
required a new ISM, and the other patient had a relapse of 
aGvHD after the termination of ruxolitinib due to sepsis and 
then received ruxolitinib (+ etanercept) treatment. Three 
more patients (7%) started additional ISM, and one patient 
died due to late-onset aGvHD of the gut. Another patient 
in whom ruxolitinib treatment had been discontinued at 
the 1-month follow-up died. Two of the aforementioned 
patients (one with CR and one who received a new ISM) 
also experienced a relapse of hematologic malignancy. Of 
note, two patients developed cGvHD but did not receive 
additional systemic ISM. At the end of the study period, six 
patients had not yet reached the 3-month follow-up period 
and were excluded from the ORR and FFS calculations. The 
ORR was 58% (25/43), durable ORR (1 m/3m) was 53% 
(23/43), and FFS was 58% (25/43).

was 55 years (range, 46–61). In total, 39 patients received 
a donor graft from unrelated donors, and 10 received grafts 
from related donors. In two cases, aGvHD occurred after 
donor lymphocyte infusion (DLI) following grafting from 
unrelated donors.

GvHD prophylaxis included cyclosporin A (CsA) plus 
methotrexate (MTX) in 30 patients, cyclophosphamide/
tacrolimus/mycophenolate mofetil (MMF) in 10, tacrolimus 
plus MMF in five, and CsA plus MMF in two; CsA plus 
bortezomib and cyclophosphamide/everolimus/MMF were 
each used in one patient. 33 patients received additional 
antithymocyte globulin (ATG) prophylaxis. The onset of 
aGvHD occurred on median day 20 (range, 16–27 days). 
Ruxolitinib was started on median day 59 (range, 41–97 
days) after allo-HSCT and on median day 11 (range, 7–20) 
after the onset of the aGvHD episode leading to ruxolitinib 
therapy. Before the start of ruxolitinib treatment, the maxi-
mum severity of aGvHD was Grade II and III + IV in 39% 
and 53% of the patients, respectively. At the start of ruxoli-
tinib treatment, aGvHD was Grade II and III + IV in 45% 
and 41% of the patients, respectively, whereas 14% of the 
patients received ruxolitinib for persistent skin aGvHD stage 
II (overall Grade I). In most patients, the main manifestation 
of aGvHD was in the gut (61%), followed by the skin (37%) 
and liver (2%). The median line of ruxolitinib therapy was 
second-line (range, 2–3), with 33 patients (67%) receiving 
ruxolitinib as second-line, 11 patients (22%) as third-line, 
three patients (6%) as fourth-line, and two patients (4%) as 
fifth-line treatment.

The median duration of ruxolitinib treatment was 37 
days (range, 20–86), and the median follow-up period after 
assessment was 501 days. At the last follow-up, 11 patients 
were receiving ongoing therapy. In addition to ruxolitinib, 
23 patients (47%) received two additional ISMs, 20 (41%) 
received three additional ISMs, five (10%) received four 
additional ISMs, and one (2%) received one additional 
ISM. The most common combination was prednisolone/
CNI/ruxolitinib (45%). The median GC (prednisolone) dose 
at the start of ruxolitinib treatment was 1.3 mg/kg (range, 
0.6–1.9  mg/kg). Fifteen patients (31%) were diagnosed 
with steroiddependent aGvHD, and 34 (69%) with steroid-
refractory aGvHD. All patients received an antifungal pro-
phylaxis with a mold active agent with posaconazole used 
first-line and in case of breakthrough infections isavucon-
azole. The use of concomitant azoles was not considered in 
dosing of ruxolitinib.
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III; 44 patients (90%) had thrombocytopenia, including 24 
(49%) with thrombocytopenia ≥ CTCAE Grade III; and 10 
patients (20%) had neutropenia, including five (10%) with 
neutropenia ≥ CTCAE Grade III. Within one month after the 
start of ruxolitinib therapy, 42 patients had anemia; however, 
the proportion of patients with anemia ≥ CTCAE Grade III 
increased (29 patients [59%], p = 0.057). Additionally, all 
patients had thrombocytopenia of any grade (p = 0.063) 
and 19 patients (39%) had neutropenia (p = 0.035). Over-
all, 32 patients (65%) had thrombocytopenia ≥ CTCAE 
Grade III (p = 0.057), and 14 patients (29%) had neutrope-
nia ≥ CTCAE Grade III (p = 0.033).

52 events of infections occurred in 31 patients (63%) 
within the first month after treatment initiation, includ-
ing 14 events of ≥ CTCAE Grade III in 10 patients (20%). 
Infectious adverse events ≥ CTCAE Grade III included 
cytomegalovirus reactivation with a need for systemic 
therapy (n = 4), BK-virus-cystitis (n = 3), Epstein-Barr virus 
reactivation requiring systemic therapy (n = 1), Klebsiella 
pneumoniae–associated urosepsis (n = 1), Staphylococcus 
aureus–associated sepsis (n = 1), sepsis with an unknown 
pathogen (n = 1), Pseudomonas pneumonia with aspergillo-
sis of the gut (n = 1), and fungal pneumonia (n = 1; Table 3).

Response to ruxolitinib at 6 months

At 6 months, 19 patients (50%) achieved a CR. Since the 
last follow-up, three patients received a new ISM due to 
cGvHD and two (5%) died (TRM). Another patient, who 
had received an additional ISM after three months, died due 
to an epidural hematoma (TRM). Of note, seven of the prior 
mentioned patients with CR developed cGvHD not requir-
ing a new ISM. In total, eight patients receiving ongoing 
ruxolitinib therapy had not yet reached the 6month followup 
and were excluded from the ORR and FFS calculations as 
were those who received new ISM due to cGvHD. The ORR 
was 50% (19/38), with a durable ORR of 45% (17/38), and 
FFS of 47% (18/38). The ORR and FFS are graphically 
presented in Fig. 1. In total, during the 6-month follow-up 
period, four patients experienced a relapse of hematologic 
malignancy, and eight patients died.

Safety: infectious adverse events and other 
complications during ruxolitinib therapy within 1 
month of treatment initiation

At the start of ruxolitinib therapy, 42 patients (86%) had 
anemia, including 21 (43%) with anemia ≥ CTCAE Grade 

Fig. 1  Response assessment. ORR and FFS over time after initiation of ruxolitinib therapy: ORR and FFS are shown in percentage of all patients 
included at the respective time point. FFS = failure free survival; ORR = overall response rates
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months (n = 24), and 6 months (n = 12) after the start of rux-
olitinib treatment, the median steroid dose was 0.37 mg/kg 
(IQR 0.24–0.70 mg/kg; p ≤ 0.001), 0.12 mg/kg (IQR 0.08–
0.20 mg/kg; p ≤ 0.001), and 0.04 mg/kg (IQR 0–0.08 mg/kg; 
p = 0.002), respectively. A comparison between the median 
steroid doses after 1 week and 1 month confirmed a signifi-
cant decrease (p ≤ 0.001; Fig. 1). After 1 month, responders 
(n = 32) received a median steroid dose of 0.33 mg/kg (IQR 

Steroid-sparing effect of ruxolitinib

As shown in Fig. 2, the median steroid dose in all patients 
who completed the follow-up decreased over the course 
of the follow-up period. After 1 week, the median ste-
roid dose had already reduced significantly from 1.25 mg/
kg (IQR 0.55–1.93  mg/kg; n = 49) to 1.07  mg/kg (IQR 
0.49–1.71 mg/kg; n = 48; p ≤ 0.001). At 1 month (n = 38), 3 

Table 3  Safety within 1-month follow-up
At start of ruxoli-
tinib AE of any 
grade, n (%)

Within 1 month AE 
of any grade, n (%)

p-value At start of ruxoli-
tinib SAE, n (%)

Within 1 
month SAE, 
n (%)

p-value

Anemia 42 (86) 42 (86) 0.999 21 (43) 29 (59) 0.057
Thrombocytopenia 44 (90) 49 (100) 0.063 24 (49) 32 (65) 0.057
Neutropenia 10 (20) 19 (39) 0.035 5 (10) 14 (29) 0.033
Bacterial infection – events - 16 - 4
Mycotic infection – events - 2 - 2
Viral infection – events - 34 - 8
Infectious complications per patient - 31 (63) - 10 (20)
Abbreviations: AE = adverse event; CTCAE = common terminology criteria for adverse events; SAE = severe adverse event. SAE is defined as 
≥ CTCAE Grade III.

Fig. 2  Steroid taper during follow-up. Steroid dose per kg bodyweight 
within a 6-month follow-up period. A significant reduction is already 
observed from the first week of treatment onwards (* = P value ≤ 0.001, 
treatment-induced changes are analyzed with Wilcoxon test, data are 

presented as median with interquartile range). A direct comparison 
of the steroid dose between the 1-week and 1-month follow-up also 
displayed a significant decrease. Patients receiving steroids due to 
cGvHD were excluded from this calculation. RUX = ruxolitinib
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0.23–0.64  mg/kg), while nonresponders (n = 6) received 
0.82 mg/kg (IQR 0.43–2.04 mg/kg; p = 0.045).

Factors associated with response to ruxolitinib 
treatment

In total, 14 factors were analyzed to assess if there was an 
association with response to ruxolitinib treatment. Of these, 
two factors, need for additional ISM and response to ste-
roids, showed statistically significant associations.

Patients who received fewer ISMs in addition to rux-
olitinib at the start of therapy showed a statistically better 
response to ruxolitinib (p = 0.006). Patients with steroid-
dependent aGvHD also showed a significantly better 
response to ruxolitinib (p = 0.021; Tables 4 and 5).

As shown in Table 6, plasma concentrations of REG3α 
and ST2 were higher in patients who failed to respond to 
ruxolitinib after 1 month, both at the onset of aGvHD and 
the start of ruxolitinib treatment. Additionally, patients 
responding to treatment had lower MAP scores both at 

Table 4  Patient characteristics and risk factors
n Responder*

N = 32
Non-
responder
N = 17

Age#(med, IQR) 49 54 (43–59) 58 
(54–66)

Weight (med, IQR) 49 82 (61–92) 80 
(72–86)

Gender 49
male (%) 29 17 (59) 12 (41)
female (%) 20 15 (75) 5 (25)
Time to ruxolitinib (med, IQR) 49 12 (7–20) 10 (8–22)
Ruxolitinib dose (med, IQR) 49 20 (10–20) 10 

(10–20)
Grade aGvHD (med, IQR) 49 2 (2–3) 2 (2–4)
Additional ISM (med, IQR) 49 2 (2–3) 3 (3–4)
Therapy lines before ruxolitinib 
(med, IQR)

49 1 (1–1) 2 (1–2)

Response to steroids 49
Steroid-refractory (%) 34 18 (53) 16 (47)
Steroid-dependent (%) 15 14 (93) 1 (7)
Main affected organ site 49
Skin 18 12 6
Liver 1 1 0
Gut 30 19 11
CTCAE anemia (med, IQR) 49 1 (1–4) 4 (1–4)
CTCAE thrombocytopenia (med, 
IQR)

49 2 (1–4) 3 (1–4)

CTCAE neutropenia (med, IQR) 49 0 (0–0) 0 (0–2)
*defined as CR or PR after one month
# age at transplantation
Abbreviations: CTCAE = common terminology criteria for 
adverse events; CR, complete response; IQR = interquartile range; 
Med = median; PR, partial response

Table 5  Factors associated with response
OR 95% CI p-value

Age 0.95 0.90 1.00 0.067
Weight 1.00 0.96 1.03 0.79
Sex 2.12 0.61 7.42 0.24
Time to ruxolitinib 1.00 0.97 1.03 0.99
Initial ruxolitinib dose 1.086 0.97 1.22 0.17
Severity of aGvHD 0.54 0.26 1.13 0.102
Additional ISM 0.24 0.083 0.66 0.006
Treatment lines before ruxolitinib 0.49 0.22 1.07 0.072
Affected organ site 0.92 0.50 1.71 0.79
Response to steroids (dependent 
vs. refractory)

12.44 1.47 105.51 0.021

CTCAE anemia 0.80 0.55 1.16 0.24
CTCAE thrombocytopenia 0.78 0.51 1.20 0.26
CTCAE neutropenia 0.71 0.43 1.16 0.17
2BM MAP, start ruxolitinib 0.13 0.004 4.27 0.25
Abbreviations: aGvHD = acute graft-versus-host disease; BM = bio-
marker; CTCAE = common terminology criteria for adverse events; 
ISM = immunosuppressive medication; MAP = MAGIC Algorithm 
Probability

Table 6  Serum biomarker levels of Reg3α and ST2 at onset of aGvHD 
and ruxolitinib

Responder* Non-responder p-value
Reg3α (ng/mL), onset 
GvHD (med, IQR)

74 (28–131), 
n = 20

94 (39–491), 
n = 10

0.33

Reg3α (ng/mL), start 
ruxolitinib (med, IQR)

66 (37–100), 
n = 23

92 (35–400), 
n = 15

0.26

ST2 (pg/mL), onset 
GvHD (med, IQR)

52,349 
(30,266–
109,892), 
n = 20

86,841 (47,691–
131,663), n = 10

0.24

ST2 (pg/mL), start rux-
olitinib (med, IQR)

66,877 
(33,947–
105,776), 
n = 23

79,018 (35,930–
126,039), n = 15

0.50

2BM MAP, onset 
GvHD (med, IQR)

0.22 
(0.11–0.31), 
n = 20

0.26 (0.18–0.49), 
n = 10

0.27

2BM MAP, start rux-
olitinib (med, IQR)

0.24 
(0.15–0.34), 
n = 23

0.25 (0.16–0.43), 
n = 15

0.36

2BM Ann Arbor Score 
(AA1 + AA2), onset 
GvHD (n, %)

14 (74) 5 (26) 0.28

2BM Ann Arbor Score 
(AA3), onset GvHD 
(n, %)

6 (55) 5 (45)

2BM Ann Arbor Score 
(AA1 + AA2), start 
ruxolitinib (n, %)

14 (64) 8 (36) 0.65

2BM Ann Arbor Score 
(AA3), start ruxolitinib 
(n, %)

9 (56) 7 (44)

*defined as CR or PR after one month Abbreviations: aGvHD = acute 
graft-versus-host disease; BM = biomarker; IQR = interquartile 
range; Med = median; MAP = MAGIC Algorithm Probability; 
ST = suppression of tumorigenicity
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months, and 31% (4/13) after 6 months for MAP 3 (Fig. 3). 
FFS analysis depending on a single MAP score (MAP 1/2/3) 
and response assessment in terms of conventional classifica-
tion (MAP 1 vs. MAP 2 + 3) is presented in the supplemen-
tary tables S1 and S2, respectively.

Discussion

With an incidence of 30–60% and a mortality rate of 15–30%, 
aGvHD is a major complication after allo-HSCT [3, 30, 31]. 
According to the European Group for Blood and Marrow 
Transplantation (EBMT) guidelines, the firstline treatment 
for aGvHD Grade II–IV is systemic GC [7]. Unfortunately, 
approximately 60–70% of patients with severe aGvHD 
and 40% of patients with mild or moderate aGvHD do not 
respond to systemic GC or experience relapse [6, 32, 33]. To 
date, no standard second-line treatment has been established 
[2, 7], with ruxolitinib being the only drug approved for the 
treatment of steroid-refractory GvHD based on the results 

the onset of aGvHD and the start of ruxolitinib therapy. In 
patients with low (Ann Arbor 1, MAP < 0.141) or interme-
diate (Ann Arbor 2, 0.141 ≤ MAP ≤ 0.290) MAP scores at 
the onset of GvHD or the start of ruxolitinib treatment, the 
response was better than that in patients with high initial 
MAP scores (Ann Arbor 3, MAP > 0.290). FFS based on the 
MAP scores was also analyzed. Interestingly, a compara-
tively small number of patients (n = 5) presented with MAP 
1 at the start of ruxolitinib treatment, most likely reflecting 
the fact that the majority of this patient cohort had moderate 
and severe aGvHD with a high proportion of steroid-refrac-
tory aGvHD. In contrast, 17 and 16 patients presented with 
MAP 2 and 3, respectively. Therefore, FFS was compared 
between patients with MAP 1 + 2 (n = 22) and those with 
MAP 3 (n = 16). In line with the aforementioned results, 
patients with lower MAP scores had better FFS. FFS was 
100% (22/22 patients) after 1 week, 82% (18/22) after 1 
month, 57% (12/21) after 3 months, and 50% (10/20) after 6 
months for MAP 1 + 2, whereas it was 94% (15/16 patients) 
after 1 week, 63% (10/16) after 1 month, 47% (7/15) after 3 

Fig. 3  Assessment of FFS depending on MAP score. FFS over the time 
depending on MAP score (MAP score 1 + 2 vs. MAP score 3). Patients 
with higher MAP showed poorer FFS. FFS is shown in percentage. 

38 patients are included in this analysis (with 22 patients MAP 1 + 2 
and 16 patients MAP 3). FFS = failure free survival; MAP = MAGIC 
Algorithm Probability
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onset of aGvHD and the start of ruxolitinib treatment which 
is in line with prior publications [20, 21]. Therefore, our 
findings suggest that these biomarkers could potentially 
correlate with the response to ruxolitinib treatment and, 
therefore, may predict severe, ruxolitinib-resistant aGvHD, 
with a consecutive need for additional therapeutic targeting. 
However, given the limited number of patients and the fact 
that our results were not of statistical significance, further 
studies in this regard are warranted.

In the context of cGvHD, a steroid-sparing effect of rux-
olitinib has been described [37, 38]. In our analysis, a mean-
ingful reduction in the steroid dose for patients with aGvHD 
was confirmed from the first week onward, and responders 
had significantly lower prednisolone requirements after 1 
month of ruxolitinib treatment (p = 0.045).

In conclusion, ruxolitinib is an important treatment 
option for patients with aGvHD and is associated with ste-
roid-sparing activity. Relevant side effects include cytope-
nia and infectious complications, which should be closely 
monitored during therapy.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s00277-
024-05696-x.
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of the randomized REACH2 trial [15, 17, 34] evaluating 
ruxolitinib as a second-line treatment.

While in our retrospective cohort, ruxolitinib was admin-
istered as a second-line treatment to 33 patients (67%), a 
significant proportion of patients received ruxolitinib as 
third- (22%), fourth- (6%), or fifth-line (4%) treatment. The 
ORR after 1 month of ruxolitinib therapy was 65%, which is 
comparable to the results of the REACH1 trial and the ran-
domized REACH2 trial (ORR after 28 days: 55% and 62%, 
respectively) [15, 34]. The slightly higher ORR reported in 
our study might be because some patients were treated for 
residual aGvHD Grade I and fewer patients had high-grade 
aGvHD (i.e., Grade III–IV; 41% vs. 68% in the REACH1 
trial). In the REACH2 trial, FFS was 82% after 1 month and 
47% after 6 months, which is also comparable to our find-
ings (78% and 47%, respectively).

In line with the results from the REACH1 and 2 trials, 
responses were observed regardless of organ involvement, 
with the skin and gastrointestinal tract representing the most 
frequently affected organs (p = 0.79). As in our study only 
one patient received ruxolitinib predominantly for liver 
GvHD, no valid conclusions could be drawn in this regard.

The most frequently reported side effects of ruxolitinib 
therapy are infectious complications and cytopenia. Given 
that ruxolitinib was started at a median of 59 days after allo-
HSCT, it is not surprising that many patients in our cohort 
already displayed anemia (86%), thrombocytopenia (90%), 
and neutropenia (20%) at the onset of therapy. In contrast, 
after 1 month, all patients had thrombocytopenia, and 39% 
had neutropenia, indicating a significant increase of neutro-
penia due to ruxolitinib toxicity and a nonsignificant increase 
of thrombocytopenia. However, after 1 month, 86% of the 
patients had anemia. In terms of cytopenia ≥ CTCAE Grade 
III, there was a significant increase in neutropenia within the 
first month after the onset of therapy and a nonsignificant 
increase in anemia and thrombocytopenia.

While ruxolitinib has been associated with infectious 
complications in myeloproliferative disorders [35, 36], data 
on infectious complications after allo-HSCT are limited 
due to presence of multiple risk factors in the latter patient 
cohort. However, in the context of aGvHD, infections are a 
common complication [15, 37]. In line with this, 63% of the 
patients in our cohort developed infectious complications 
within the first month of treatment, including 20% with 
≥ CTCAE Grade III events.

In our analysis, we found a significantly better response 
rate in patients with steroid-dependent aGvHD compared 
with patients with steroid-refractory GvHD. Moreover, 
patients who received fewer additional ISMs responded sig-
nificantly better to ruxolitinib treatment.

Of note, patients not responding to ruxolitib therapy had 
higher levels of Reg3α and ST2 in the serum both at the 
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