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Abstract

Steroid-refractory chronic graft-versus-host disease (¢cGvHD) is associated with significant morbidity and mortality, with
ruxolitinib being the first drug approved for its treatment. We retrospectively analyzed the safety and efficacy of ruxoli-
tinib for treatment of cGvVHD at our center between 07/2015 and 12/2022 and identified 48 patients receiving ruxolitinib
as second (18/48) or advanced (30/48) treatment line. Ruxolitinib was started on median day 340 (range 119-595) after
c¢GVvHD onset; median duration of administration was 176 (range, 79-294) days with 16/48 patients continuing treatment
at last follow-up. National Institutes of Health organ grading and the intensity of immunosuppression were assessed at the
start of ruxolitinib treatment and repeated after 1, 3, 6, and 12 months. Response assessment was terminated at the start of
any additional new immunosuppressant treatment. The median time of follow-up was 582 (range, 104-1161) days. At the
primary analysis after six months on ruxolitinib treatment, the overall response rate was 33%, and failure-free survival was
58%. Infectious adverse events > CTCAE grade III were observed in 10/48 patients. The response rate was not associated
with the severity of cGvHD, number of previous treatment lines, or number of additional agents combined with ruxolitinib
applying a univariate regression model. At the time of the 12-month follow-up, four patients experienced recurrence of the
underlying malignancy and two patients had experienced non-relapse-related mortality. Overall, ruxolitinib was relatively
well-tolerated and showed outcomes comparable to the REACH3 trial in a heavily pretreated patient population.

Keywords Chronic graft versus host disease - Allogeneic hematopoietic stem cell transplantation - Ruxolitinib - Steroid-
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Introduction inflammation and impaired tolerance mechanisms resulting

in host-reactive immune response [6, 7], onset is usually

Chronic graft-versus-host disease (cGvHD) represents a
major complication after allogeneic stem cell transplan-
tation (allo-HSCT) that significantly contributes to non-
relapse mortality (NRM) and reduced quality of life [1, 2].
According to current data, cGvHD occurs in approximately
30-50% of patients, as recent modifications in GvHD pro-
phylaxis and regimens and host compatibility contributed
to a decline in its prevalence [3—5]. As a result of chronic
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observed between 3 months and 2 years after allo-HSCT
[8]. Standard first-line treatment for cGvHD is glucocorti-
costeroids (GS) with or without calcineurin inhibitors [9,
10]. Unfortunately, approximately 30-50% of patients lack
response to first-line treatment, which consecutively leads
to an increased risk of morbidity and mortality in this popu-
lation [11, 12].

Since the Janus kinase/signal transducers and activators
of transcription (JAK/STAT) signaling pathway is crucial
for the activation of immune cells and tissue inflammation
during GvHD, ruxolitinib, an orally applied JAK 1/2 inhibi-
tor, has been explored for the treatment of GVHD [13, 14].
Based on encouraging results in second-line treatment of
steroid-refractory, acute GvHD (aGvHD), ruxolitinib was
first approved in 2019 as a second-line therapy [15]. Sub-
sequently, following the promising outcomes reported in
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the randomized controlled REACH3 trial, which compared
ruxolitinib with other available therapies for treatment of
c¢GvHD, ruxolitinib was approved by the United States
Food and Drug Administration and the European Medicines
Agency [16, 17]. Because the REACH3 trial was conducted
in a select patient population evaluating ruxolitinib as sec-
ond-line therapy, and real-world data are not yet sufficiently
available, there is an urgent need for data from unselected
patients in routine clinical practice, including those receiv-
ing advanced treatment lines. Therefore, we retrospectively
analyzed the efficacy and safety of all patients receiving
ruxolitinib for the treatment of cGvHD between 2015 and
2022 at the University Hospital Regensburg in Germany.

Patients and methods
Patients

48 patients who received ruxolitinib for the treatment of
c¢GVHD between July 2015 and December 2022 at the Uni-
versity Hospital Regensburg (Germany) were included in
this retrospective analysis, which was approved by the insti-
tutional review board of the University of Regensburg (no.
22-3076-104). The analysis was conducted in accordance
with the current Declaration of Helsinki. Diagnosis, assess-
ment of organ involvement, and documentation of cGvHD
were conducted as part of routine clinical practice using the
National Institutes of Health consensus criteria [10] either
during inpatient therapy or at outpatient follow-up visits.

Definition of response to ruxolitinib treatment and
adverse events

Clinical response was evaluated at 1 month, 3 months, 6
months, and 12 months after the start of ruxolitinib ther-
apy. If a new immunosuppressive medication (ISM) was
given after the start of ruxolitinib treatment, the response
assessment was discontinued. Complete remission (CR)
was defined as the resolution of all symptoms of cGvHD
without initiation of new or additional ISM during treatment
with ruxolitinib. Partial remission (PR) was defined as an
improvement of at least one organ grade without progres-
sion of cGvHD in other organs, whereas mixed response
(MR) was defined as an improvement in one organ, while
progression occurred elsewhere. Progressive disease (PD)
was defined as progression of at least one organ site with-
out any improvements in other sites. Stable organ involve-
ment without any changes in grading was classified as
stable disease (SD). For evaluation of predictive markers,
patients were divided into “responder” (CR, PR) and “non-
responder” (MR, SD, PD, and additional ISM) categories.
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Failure-free survival (FFS) was defined as absence of
relapse of the underlying disease or NRM, and no addi-
tion of further ISM. Calculation of overall response rates
(ORRs) was based on an intention-to-treat analysis. If a
patient did not complete the entire follow-up period of 12
months, the respective patient was excluded from ORR and
FFS calculations from the first follow-up time point that
had not been completed (i.e., 1 month, 3 months, 6 months,
or 12 months) onward. To assess infectious adverse events
(AEs) and hematological toxicities, the Common Terminol-
ogy Criteria for Adverse Events version 5.0 (CTCAE 5.0)
was used.

Statistical analyses

Statistical analyses were conducted with SPSS Statistics 26
(SPSS Inc, Chicago, Illinois). Absolute numbers, percentual
frequency (n, %), and median including interquartile range
(IQR) are shown. Due to the limited number of patients,
only univariate analyses were conducted. The effect of ten
clinical parameters on the response to ruxolitinib treatment
were analyzed using univariate binary logistic regression;
the parameters were the patient’s age, sex, ruxolitinib dose
at onset of therapy, azole comedication, prednisolone dose
at onset of therapy, severity of cGvHD, number of addi-
tional ISMs, prior therapy lines, CTCAE thrombocytopenia,
and CTCAE anemia at the start of treatment. Assessment
of the GS-sparing effect during ruxolitinib treatment was
conducted by non-parametric matched pairs analysis (Wil-
coxon signed rank test). Assessment of GS dosing/weaning
was captured among all patients, regardless of response, as
long as no other ISM was added. Comparison of cytopenia
at the start of treatment and within 6 months after ruxoli-
tinib treatment (paired nominal data) was conducted using
nonparametric McNemar test; Assessment of severe AEs
regarding cytopenia was also conducted using the nonpara-
metric McNemar test. The level of significance was set at
Prwo—sided <0-050.

Results
Characteristics of patients

Patient characteristics and history of aGvHD are summa-
rized in Table 1. The median age at the start of ruxolitinib
treatment was 51 years (range, 42—-58 years). Underlying
malignancies were myeloid disorders in 31 patients, and
lymphatic malignancies in 17 patients (Table 1). 41 patients
had received peripheral blood stem cells and seven patients
had received bone marrow as a graft source. Prior acute
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Table 1 Detailed characteristics of the patients, including sex, age, diagnosis, donor type, stem cell source, GVHD prophylaxis, and history and

onset of acute GvHD

Characteristics c¢GvHD
n=48
Male, n (%) 29 (60)
Female, n (%) 19 (40)
Age at start of ruxolitinib treatment, median years (range) 51 (42-58)
Diagnosis n (%)
AML 22 (46)
NHL 7 (15)
ALL 5(10)
MPN 4(8)
MDS 5(10)
Multiple myeloma 3(6)
Hodgkin lymphoma 2(4)
Donor type n (%)
HLA-matched unrelated 23 (48)
HLA-mismatched unrelated 2(4)
HLA-matched related 18 (38)
Haploidentical related 5(10)
GvHD after DLI 5(10)
Female donor / male recipient (n, %) 8(17)
Stem cell source
Peripheral blood stem cells 41 (85)
Bone marrow 7 (15)
GVHD prophylaxis
ATG/CyA/MTX 22 (46)
CyA/MTX 13 (27)
Cyclo/Tacro/MMF 7 (15)
ATG/CyA/MMF 2 (4)
CyA/MMF 2(4)
Cyclo/Everolimus/MMF 1(2)
Tacro/MMF 1(2)
History of aGvHD n (%)
Grade 0-1 16 (33)
Grade 1I-IV 32 (67)
aGVHD onset, median days after allo-HSCT (range) 19 (16-23)

Abbreviations: aGvHD =acute GvHD; AML =acute myeloid leukemia, ALL =acute lymphoblastic leukemia, ATG =anti-thymocyte globu-
lin, cGvHD =chronic GvHD; CyA =cyclosporine A; Cyclo=cyclophosphamide; DLI=donor lymphocyte infusion; GvHD, graft-versus-
host-disease; MDS =myelodysplastic syndrome; MMF =mycophenolate mofetil; MTX =methotrexate; MPN =myeloproliferative neoplasia;
NHL =Non-Hodgkin lymphoma; RD =related; URD =unrelated; Tacro=tacrolimus

GvHD grade II or higher, according to Glucksberg criteria,
was observed in 32 patients (67%).

Seventeen patients (35%) developed overlap ¢cGvHD,
while 31 patients (65%) had classic cGvHD onset. At the
start of ruxolitinib treatment, 20 patients (42%) experienced
severe cGvHD, 22 patients (46%) moderate cGvHD, and
six patients (13%) residual mild cGvHD.

The majority of the patients had steroid-refractory
c¢GVvHD (n=36, 75%), while 12 patients had steroid-depen-
dent cGvHD (25%). The most common manifestations of
c¢GvHD were the skin (n=32, 67%), eyes (n =28, 58%), and
oral mucosa (n=24, 50%), while fascia and the lung were
involved in 15 (31%) and in 11 patients (23%), respectively.

Onset of cGvHD was on median day 202 (range, 136—
282). Ruxolitinib was started on median day 622 (range
402-899) after allo-HSCT and on median day 340 (range,
119-595) after onset of cGvHD with a median dose of
2 x 10 mg/day (range 10-20 mg/d).

Patients had received a median of two prior treatment
lines (range, 1-3) for cGvHD. At onset of ruxolitinib treat-
ment, 31 patients (65%) received one additional ISM, 14
patients (29%) two additional ISMs, two patients (4%)
three additional ISMs, and one patient (2%) no other ISM.
The median duration of ruxolitinib treatment was 176 days
(range, 79-294), and the median follow-up period after last
administration of ruxolitnib was 582 days (range 104-1161
days), with 16 patients having ongoing therapy at the date of
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last assessment. Treatment characteristics and concomitant
ISM are provided in Table 2.

Using univariate regression analyses, none of the fol-
lowing nine factors (patient’s age, sex, initial ruxolitinib
and prednisolone dose, severity of ¢cGvHD, number of
additional ISMs, prior therapy lines, CTCAE thrombocyto-
penia, and CTCAE anemia at start of treatment) were sig-
nificantly associated with treatment response at the 6-month
follow-up.

Response to ruxolitinib
Response to ruxolitinib at 1 month

One month after the first administration of ruxolitinib, four
patients (9%) achieved CR and 13 patients (28%) PR, while
four patients showed MR, 20 patients (43%) SD, and five
patients (11%) PD. One patient (2%) developed clinical
signs of human polyomavirus 1 (or BK virus) reactiva-
tion necessitating termination of ruxolitinib treatment and
another patient was excluded from the response assessment
due to an episode of intestinal aGvHD necessitating addi-
tional ISM. The ORR at 1 month was 36% (17/47) and FFS
was 98% (46/47) (Fig. 1).

Response to ruxolitinib at 3 months

Three months after the start of ruxolitinib therapy, three
patients (7%) showed CR, 10 patients PR (22%), and 10
patients MR. Six patients (13%) had SD, while five patients
(11%) had PD. Eight patients (17%) received an additional
ISM due to new organ involvement (including eyes, lung,
skin, oral mucosa, fascia) or lack of response to ruxolitinib,

Of note, in one patient (2%) with PR, ruxolitinib had
to be discontinued due to thrombocytopenia and molecu-
lar relapse of the underlying malignancy 40 days after the
onset of treatment. The same patient had PD while receiving
treatment with everolimus and ibrutinib. One more patient
received additional ISM due to progressive cGvHD and dis-
continued ruxolitinib therapy later due to severe BK- and
John Cunningham (JC)- virus nephropathy. Noteworthy,
one of the aforementioned patients with PD initially reached
a PR, but required a dose reduction of ruxolitinib after one
month of treatment due to cytopenia, and subsequently had
PD, with ¢cGVHD of the skin and fascia. Despite increasing
ruxolitinib back to the baseline dose, the latter patient did
not respond. One patient with CR died due to pneumonia
associated with coronavirus disease 2019 (COVID-19), and
one patient with PR at the last follow-up had not reached
the 3-month follow-up and was excluded from the ORR and
FFS calculations. Therefore, the ORR was 28% (13/46) and
FFS was 74% (34/46) (Fig. 1).
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Table 2 Treatment characteristics and concomitant immunosuppres-
sive medication

Characteristics Value
Onset of cGVHD, median days after allo-HSCT (range) 202
(136-282)
Start of ruxolitinib after allo-HSCT, median days 622
(range) (402-899)
Start of ruxolitinib treatment after onset of cGVHD, 340
median days (range) (119-595)

Ruxolitinib dose (mg/day) at onset of therapy, median 20
(range) (10-20)
Duration of ruxolitinib application, median days (range) 176

(79-294)
Duration of follow up, median days (range) 582 (104—

1161)
cGvHD maximum severity before start of ruxolitinib n (%)
Mild 2 (4)
Moderate 23 (48)
Severe 23 (48)
c¢GVvHD severity at start of ruxolitinib
Mild 6(13)
Moderate 22 (46)
Severe 20 (42)
Type of cGvHD
Overlap 17 (35)
Classic 31 (65)
Steroid response of cGvHD
Steroid resistant 36 (75)
Steroid dependent 12 (25)
Number of organs involved by cGvHD at start of
ruxolitinib
One 11 (23)
Two 12 (25)
Three 13 (27)
Four or more 12 (25)
Type of cGvHD organ involvement
Skin 32 (67)
Oral 24 (50)
Eyes 28 (58)
Gut 5(10)
Liver 7(15)
Lung 11 (23)
Musculoskeletal 15(31)
Genital 2(4)
Polyserositis 1(2)
Meningoencephalitis 1(2)
Polyneuropathy 1(2)
Kidney involvement 1(2)
ISM at the start of ruxolitinib
No ISM 1(2)
One ISM 31 (65)
Two ISMs 14 (29)
Three ISMs 2(4)
Number of prior treatment lines before ruxolitinib
One 18 (38)
Two 15(31)
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Table 2 (continued)

Characteristics Value
Three 9 (19)
Four or more prior therapies 6 (13)

Abbreviations: allo-HSCT =allogeneic hematopoietic stem cell trans-
plantation; allo-SCT, allogeneic stem cell transplantation; cGvHD,
chronic GvHD, GvHD, graft-versus-host disease; ISM=immuno-
suppressive medication; IST, immunosuppressive therapy; IQR,
interquartile range; med, median

Response to ruxolitinib at 6 months

At the 6-month follow-up, three patients (7%) had CR, 12
patients (26%) PR, and seven patients (15%) MR. Five
patients (11%) had PD and five patients received additional
ISMs due to progression of cGVHD (n=4) or severe infec-
tious AEs (n=1).

Additionally, in one patient (2%) with PR, treatment was
changed to ixazomib after four months ruxolitinib due to
molecular relapse of multiple myeloma and anemia.

Of note, one of the patients with PR also experienced
molecular relapse after five months and continued with
prednisolone monotherapy. One more patient showing SD
at the last follow-up did not reach the 6-month follow-up
and was excluded from the ORR and FFS calculations,
resulting in an ORR of 33% (15/45) and an FFS of 58%
(26/45) (Fig. 1).

Response to ruxolitinib at 12 months

Twelve months after the start of ruxolitinib therapy, six
patients (14%) showed CR, five patients (12%) PR, two
patients (5%) MR, and one patient (2%) SD, while another
patient experienced PD. Three additional patients (two
patients with PR and one patient with MR at last follow-up)
did not reach the 12-month follow-up (total »=5) and were
excluded from calculations of ORR and FFS.

Six patients (14%) changed ISM due to new organ
involvement, MR, or PD, while one patient changed ISM
due to a local relapse of lymphoma and progressive cGvHD.
Another patient, who experienced molecular relapse before
the start of ruxolitinib treatment and discontinued ruxoli-
tinib after 43 days due to cytopenia resulting in prednisolone
monotherapy, now showed progressive cGvHD of the lung
with need for additional ISM and increasing level of mini-
mal residual disease. Another patient (2%) died of pneumo-
nia, resulting in an ORR of 26% (11/42) and an FFS rate of
36% (15/42) (Fig. 1). In total, during the 12-month follow-
up, two patients died due to NRM, and four patients expe-
rienced relapse of the underlying hematologic malignancy.

Taken together, ruxolitinib treatment was discontinued or
another ISM was given due to lack of response for cGVHD
in 18 patients and in one patient due to a new episode of

aGvHD. Ruxolitinib administration was discontinued in
two patients due to relapse of the underlying malignancy,
due to cytopenia plus relapse of underlying malignancy
in another two patients and due to cytopenia solely in one
patient. Similarly, ruxolitinib treatment was discontinued
due to infectious AEs in five patients. Three of the latter
patients lacked response to ruxolitinib treatment, while two
of them presented with CR at discontinuation. In one patient,
ruxolitinib was terminated due to cytopenia in combination
with an infection. Of note, in five patients responding to
ruxolitinib, treatment was successfully terminated without
any flare of ¢cGvHD. In another patient with PR, ruxoli-
tinib treatment was terminated due to relapse of multiple
myeloma after 14 months. The latter patient continued with
prednisolone monotherapy and did not display any flare of
c¢GvHD within further follow-up period of three months.

Three patients that did not initially respond to ruxolitinib
were re-exposed in a later episode of cGVHD but did not
respond with two of them then displaying new significant
cytopenia.

Organ grading at 3-months follow-up

Additionally, organ grading at 3-months follow-up or, if any
additional ISM has been administered before, organ grading
at the respective time point was assessed. Two patients, in
whom new ISM has been added before 1-month follow-up,
were excluded from assessment of organ grading. In terms
of organ response of organs affected in at least five patients
at start of ruxolitinib, skin (56%), oral mucosa (58%) and
liver manifestations (83%) were more likely to respond to
ruxolitinib treatment compared to eyes (11%), lung (36%)
and fascia (7%) (Table 3).

Safety - infectious and other adverse events during
ruxolitinib treatment

Infectious AEs during ruxolitinib treatment were captured
within the first six months after the onset of therapy. Within
this timeframe, 29 patients (60%) developed an infectious
AE. 10 patients included in the analysis developed signifi-
cant infectious AEs (> CTCAE grade III) with one patient
succumbing to COVID-19 pneumonia, and another patient
due to Klebsiella pneumoniae. Of note, one patient suffered
from life threating CMV-colitis and one patient from ruxoli-
tinib associated BK- and JC-virus nephropathy [18].

In total, 44 events of infectious AEs were documented
within the first six months of treatment. Of those, 25 events
were viral infections, with Epstein-Barr virus reactivation
(n=6), COVID-19 pneumonia (n=5), and BK virus reacti-
vation (n=4) being the most frequent.
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Fig. 1 Response assessment.
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Table 3 Organ grading at 3-months follow-up, or, in case of any addi-
tional ISM before 3-months follow-up at the respective time point
(excluding two patients with new ISM before 1-month follow-up)
Type of cGVHD organ involvement CR or PR at reported follow-
up time point/nr. of patients
with involvement of respective
organ at ruxolitinib start (%)

Skin 18/32 (56)
Oral 14/24 (58)
Eyes 3/27 (11)
Gut 3/4 (75)
Liver 5/6 (83)
Lung 4/11 (36)
Musculoskeletal 1/15(7)
Genital 2/2 (100)
Polyserositis 0/1 (0)
Meningoencephalitis 1/1 (100)
Polyneuropathy 0/1 (0)

Kidney involvement 0/1 (0)

At onset of ruxolitinib treatment, 23 patients presented
with anemia and 24 patients with thrombocytopenia of
any grade (3 each with CTCAE > grade III), respectively,
whereas no patient had neutropenia. Within six months,
36 patients had anemia and 25 patients had thrombocyto-
penia of any grade (14/3>CTCAE grade III), showing a
significant increase in anemia (p<0.001 and p=0.003,
respectively), but not in thrombocytopenia. In addition, six
patients had developed neutropenia, (p=0.031) (Table 4).

Steroid-sparing effect of ruxolitinib

As shown in Fig. 2, the median steroid dose was constantly
reduced during follow-up. After one month, the median
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3 months 6 months 12 months

steroid dose dropped significantly from 0.20 mg/kg (range,
0.13-0.30 mg/kg) to 0.16 mg/kg (range, 0.10-0.21 mg/kg)
(»<0.001). At 3 months, 6 months, and 12 months after ini-
tiation of ruxolitinib, the median steroid dose was reduced to
0.13 mg/kg (range, 0.09-0.16 mg/kg; p<0.001), 0.09 mg/
kg (range, 0.07-0.13 mg/kg; p<0.001) and 0.04 mg/kg
(range, 0.00-0.08 mg/kg; p <0.001), respectively.

Discussion

Steroid-refractory cGvHD poses a therapeutic challenge
for patients due to the fact that empiric second-line treat-
ments show unsatisfactory outcomes [11, 19]. Since cGvHD
reduces quality of life and significantly contributes to NRM,
there is still a high clinical need for effective second-line
treatments [20, 21]. The REACH3 trial showed a superior
response rate and FFS for ruxolitinib compared with best
available therapy (BAT) for the first time (ORR after 6
months: ruxolitinib 49.7% vs. BAT 25.6%; FFS: 74.9% vs.
44.5%) and ruxolitinib has since then been approved in ste-
roid-refractory cGVHD [12, 16, 17]. In this trial, ruxolitinib
was given as a second-line treatment only and the study
excluded patients with pre-existing cytopenia and infectious
complications. This was the rationale to assess the response
rate and safety of ruxolitinib within a single-center, retro-
spective analysis conducted on unselected patients, includ-
ing those receiving advanced treatment lines.

In our study we observed an ORR of 33% within 6
months of treatment. This response rate is lower compared
with that in previously published trials [12, 22-25], in
which ORRs ranged from 44 to 74%. This difference may
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Table 4 Safety within 6-months follow-up

Atstartof  Within first 6 p-value At start of Within first 6 p-value
ruxolitinib ~ months AE of ruxolitinib months SAE
AE ofany  any grade SAE (CTCAE °1II-1V)
grade (CTCAE °III-1V)
Anemia, no. of pts. (%) 23 (48) 36 (75) <0.001  3(6) 14 (29) 0.003
Thrombopenia, no. of pts. (%) 24 (50) 25(52) 0.999 3(6) 3(6) 0.999
Neutropenia, no. of pts. (%) 0 6(12) 0.031 0 1(2) 0.999
Infectious complications — no. of pts. (%) - 29 (60) - - 10 (21) -
Infectious complications - Events 44 15
Bacterial/fungal/unknown origin — Events 19 8
Pneumonia 2 2
Sepsis 4 4
Soft tissue infection/abscess 4 2
Urinary tract infection 2 -
Eye infection 1 -
Fungal infection (candida) 2 -
Bacteriemia 1 -
Unknown focus 3 -
Viral - Events 25 7
COVID-19 pneumonia 5 3
Eppstein Barr virus 6 -
BK virus 4 1
Influenza 4 1
RSV 1 -
HBV 1 -
Viral gastroenteritis not specified 3 1
JC virus 1 1

Abbreviations: AE =adverse event; BK virus, human polyomavirus 1; COVID-19, coronavirus disease 2019; CTCAE = Common Terminology
Criteria for Adverse Events; HBV, hepatitis B virus; JC virus, John Cunningham; no. of pts.=number of patients; RSV, respiratory syncytial

virus; SAE =severe AE

Fig. 2 Tapering of steroid dose
during follow-up. Steroid dose
per kg bodyweight within a 0.3 —
12-month follow-up period. A
significant reduction is observed.
(P value 0.05 > * >0.01 > **
>0.005, 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

6- and 12-month follow-up did
not show a significant decrease,
most likely as with the statisti-
cal method chosen, only those
patients from the 6-month
follow-up, who were still repre-
sented in the 12-month follow-

0.2 L

0.1

**
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calculation. RUX =ruxolitinib.

**

start RUX
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be explained by the fact that 63% of patients in this analy-
sis were treated with ruxolitinib after failure of second-line
treatment, including patients with sclerosing manifesta-
tions. Moreover, our cohort of unselected patients treated

with ruxolitinib included patients with donor lymphocyte
infusion-induced cGvHD (n=5), who are usually excluded
from clinical trials in which ¢cGvHD is typically treated
less aggressively initially, resulting in more severe forms.
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Nevertheless, ORR was better than that reported in the
REACHS3 trial for patients that received BAT (ORR after 6
months: 25.6%).

In line with the previously published data [26], response
to ruxolitinib was not associated with the severity of cGvHD,
number of additional ISMs, or prior therapy lines. The uni-
variate regression analysis did not show differences for age,
sex, ruxolitinib dose at onset, azole comedication, steroid
dose at onset, CTCAE platelets, and CTCAE hemoglobin
at the start of ruxolitinib treatment between responder and
non-responder.

A major concern in patients treated with ruxolitinib is
the increased risk of cytopenia and infectious morbidity.
In line with the results from the REACHS3 trial, the most
common adverse event was anemia, which is not surpris-
ing taking into account the mechanism of action with JAK
inhibition interfering with erythropoietin receptor signal-
ing and the reported safety profile of ruxolitinib [27, 28].
Neutropenia, another known side effect of ruxolitinib, also
increased significantly with therapy. In terms of > CTCAE
grade III cytopenia, the number of patients with anemia,
but not neutropenia, significantly increased within the first
6 months after the onset of therapy. However, both anemia
and neutropenia can be well managed with supportive care,
including the use of erythropoietin or G-CSF. In contrast,
there was no significant increasement in thrombocytope-
nia. Considering that thrombocytopenia can also be due to
cGvHD itself, we investigated whether there was a differ-
ence between CTCAE score at onset of therapy and dur-
ing follow-up period between responder and non-responder
to ruxolitinib treatment. Interestingly, within the cohort of
non-responder, 61% maintained the same CTCAE score
during follow-up, whereas 13% had a lower CTCAE score
and 26% a higher CTCAE score compared to start of ruxoli-
tinib treatment. In contrast, 76% of the patients responding
to ruxolitinib treatment maintained the same CTCAE score,
while 18% displayed a lower CTCAE score and only 6%
a higher CTCAE score than before. Therefore, the lack of
increase in thrombocytopenia could also be a result of an
effective GVHD therapy.

The incidence of infections > grade III per patient was
21% (n=10), comparable to the findings from the REACH3
trial [12]. Three patients needed intensive care and two of
them died during ruxolitinib treatment due to pulmonary
infectious complications. Of note, one patient suffered from
severe BK virus reactivation, and 4 patients in total pre-
sented with BK viremia. BK virus replication is controlled
by binding of interferon-y to its surface receptor (IFNyR),
resulting in JAK/STAT pathway activation. Targeting of
the IFNyR downstream kinases JAK1 and JAK?2 by ruxoli-
tinib thereby impairs the antiviral properties of IFNy [29].
Taken together, in the present study, the safety profile was
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consistent with the previously reported data [12, 24, 26].
Nonetheless, these data reflect the importance of continuous
surveillance of outpatients for infectious complications.

Of note, we observed a meaningful reduction in the ste-
roid dose by a median of 20%, 35%, 55%, and 75% after 1,
3, 6, and 12 months, respectively, demonstrating a steroid-
sparing activity of ruxolitinib.

In conclusion, ruxolitinib is an effective treatment option
for cGVHD including efficacy in advanced treatment lines.
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