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A B S T R A C T
Background: Chronic graft-versus-host disease (cGVHD) represents a major complication
after allogeneic stem cell transplantation (alloHSCT). In 2009 and 2018 a survey among
German, Austrian, and Swiss transplant centers showed a homogeneous 1st-line
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treatment practice, while 2nd-line treatment as well as management of progressive onset
type and bronchiolitis obliterans syndrome (BOS) displayed significant heterogeneity.
Since the last survey, ruxolitinib (rux) has been approved and other new agents are
explored in treatment of cGVHD.
Objective: We conducted a follow-up survey in 2024 to document the impact of recent
approvals and new agents on treatment pattern focusing on management of 2nd-line
treatment, progressive onset type, BOS, and sclerotic manifestations.
Study design: A paper-and-pencil-based questionnaire was sent electronically to 60 Ger-
man speaking centers performing alloHSCT. 20 centers responded, representing 45% of
the patients receiving an alloHSCT in 2023 in Germany, Austria, and Switzerland.
Results: In 1st-line treatment of classic standard risk cGVHD, single agent prednisone repre-
sents standard of care (14/20 centers) which may be combined with calcineurin inhibitor
(CNI) (4/20), while rux is used in selected cases only. In 2nd-line treatment rux is now used
by the majority of centers (19/20). In the presence of cytopenia, rux remains the preferred
agent (12/20) while use of extracorporeal photopheresis (ECP) is considered by 8 of 20 cen-
ters. In case of active infections, ECP is preferred by 15 of 20 centers and both agents are
regarded as steroid-sparing agents in 2nd-line treatment of steroid-dependent cGVHD. Rux
would be applied in the presence of active infections by 5/20 centers only. Moreover, rux
(15/20) and ECP (6/20) are also preferred treatment modalities in treatment of progressive
onset cGVHD. For BOS, systemic and inhalative corticosteroids, montelukast and azithromy-
cin (FAM, 13/20), rux (15/20), ECP (17/20) and CNI (10/20) are frequently applied agents,
while abatacept (8/20), belumosudil (7/20), imatinib (5/20), mycophenolate mofetil (MMF)
(5/20), everolimus (4/20) and ibrutinib (3/20) are used as salvage options in selected patients
only. In case of new sclerotic manifestations after failure of 2nd-line treatment including ste-
roids, CNI and rux, most centers would use ECP (14/20), whereas subsequent or alternative
salvage treatment of sclerotic manifestations remains heterogenous comprising belumosudil
(13/20), ibrutinib (5/20), imatinib (5/20), rituximab (4/20), cyclosporine (3/20), tacrolimus
(3/20), everolimus (3/20), sirolimus (3/20), methotrexate (3/20) and MMF (3/20). The pre-
ferred taper sequence of immunosuppressive agents in case of response applied in 12/20
centers is initial taper of steroids, followed by taper of CNI and final termination of rux.
Conclusion: The survey documents the effect of evidence and approval on clinical care
with single agent prednisone representing the standard of care in 1st-line treatment
while rux combined with steroids defines the new standard for 2nd-line treatment of
cGVHD. ECP is used in case of contraindication for rux and both agents are also used in
progressive onset cGVHD. In contrast, treatment of BOS and sclerotic cGVHD beyond 2nd-
line treatment remains heterogeneous with new agents being integrated in the treat-
ment landscape.

© 2025 The Authors. Published by Elsevier Inc. on behalf of The American Society for
Transplantation and Cellular Therapy. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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INTRODUCTION
Chronic graft-versus-host disease (cGVHD) rep-

resents a major complication after allogeneic
stem cell transplantation (alloHSCT) that signifi-
cantly contributes to nonrelapse mortality (NRM)
and reduced quality of life [1,2]. The National
Institutes of Health proposed consensus guide-
lines for diagnosis and severity grading of GVHD
within clinical trials [3�5], which have been
included in clinical routine [6]. In contrast to the
guidelines for diagnosis and staging of GVHD,
detailed guidelines for treatment of cGVHD are
lacking, which is mainly due to the lack of con-
trolled trials in salvage treatment and lack of con-
trolled trials in 1st-line treatment showing a
superior outcome for combination therapies [7].
To document treatment pattern and assess the
impact of emerging new treatment options in
cGVHD, a survey among German, Austrian, and
Swiss transplant centers was first performed in
2009 and repeated in 2018 that covered specific
treatment decisions on first- and second-line
treatment of cGVHD as well as an assessment of
all potential treatments applied in clinical care of
cGVHD [8].

Since the last survey, several new agents have
been explored in clinical studies for treatment of
cGVHD [9�16]. Ibrutinib was the first agent to be
approved by the United States Food and Drug
Administration (FDA) for 2nd-line treatment in
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2017 [17], and has been used in Germany occa-
sionally off-label since its initial approval in the
US. In 2021, ruxolitinib (rux) was also approved
by the FDA and one year later by the European
Medicines Agency (EMA) for 2nd-line treatment
[18,19]. Recently, other agents like belumosodil
and axatilimab have been explored in the treat-
ment of cGVHD resulting in FDA approval [20,21],
while belumosudil can only be applied by a case
by case application at the insurance due to the
lack of approval by the EMA. In addition, a Euro-
pean Society for Blood and Marrow Transplanta-
tion (EBMT) & Center for International Blood and
Marrow Transplant Research (CIBMTR) taskforce
published joint guidelines for definition of ste-
roid-dependent and steroid-resistant cGVHD [22].

Therefore, we conducted a new survey to docu-
ment the impact of new approvals, agents, and
guidelines on treatment pattern focusing on man-
agement of 2nd-line treatment, progressive onset
type, bronchiolitis obliterans syndrome (BOS),
and sclerotic manifestations of cGVHD.
METHODS
A paper-and-pencil-based questionnaire on

current clinical practice of first-line, second-line,
and management of progressive onset type, BOS
and sclerotic manifestations of cGVHD was sent
electronically to the principal investigators of 60
centers performing alloHSCT within Germany,
Austria, and Switzerland. Twenty centers
responded, representing 45% of German, 32% of
Austrian, and 62% of Swiss (only German-speak-
ing centers included) transplant activities. The
participating centers are listed in the Supplemen-
tary Appendix (S1).

In summary, of the 20 centers responding to
the 2024 survey, 17 had responded to the 2018
survey, while two centers participated for the first
time in the survey. Total 14/20 centers already
answered in 2009 to the survey [8].

In the current survey, five questions (questions
1, 6a, 6b, 10a, 10b) referred to 1st-line therapy, of
which two were also asked in the previous sur-
veys. Six questions (questions 2a-c, 3, 4, 5)
referred to 2nd-line therapy, of which all six ques-
tions were posed for the first time. Three ques-
tions (questions 7, 8, 9) targeted progressive
onset GVHD, of which two had already been asked
in the two previous surveys. One question (ques-
tion 11) targeted BOS, and this question was also
asked in the previous surveys. Two questions
(questions 12, 14) referred to sclerosing manifes-
tations, of which one question was also asked in a
previous survey. One new question targeted the
tapering sequence of immunosuppressive agents.
The original questionnaires of 2024, 2018 and
2009 are provided in the Supplementary Appen-
dix (S2). Additionally, every single question in all
three questionnaires is provided with a reference
to whether and in which questionnaires the
respective question was asked again or not.
RESULTS
First-Line Treatment

In the first question of the survey, the approach
to 1st-line treatment of classic standard risk
cGVHD was asked. In line with the two previous
surveys, single agent prednisone remains the
standard of care (14/20 centers) in 2024, which
may be combined with calcineurin inhibitor (CNI)
(4/20). One center would add rux and topical ther-
apy to prednisone, while one center opted for
solely topical therapy. The results of question 1
are depicted in Figure 1.

We also asked for a complete list of potential
treatment options applied in 1st-line treatment of
classic cGVHD excluding progressive onset (ques-
tion 6a). Of note, in 2018 rux was reported for the
first time by one center as potential option in 1st-
line treatment and nine centers continued using
corticosteroids (CS) and CNI only. In 2024, five
centers opted for rux as a potential option in 1st-
line treatment. Eleven centers would still con-
tinue using CS and CNI only. The results of ques-
tion 6a are shown in Figure 2.

We also asked whether the respective trans-
plant centers occasionally use steroid-free sys-
temic immunosuppression for initial treatment of
moderate cGVHD (question 6b). While 12 centers
denied using steroid-free systemic immunosup-
pression for moderate cGVHD, one center stated
to use steroid-free systemic immunosuppression
only in very rare occasions. In contrast, seven cen-
ters use steroid-free systemic immunosuppres-
sion with rux (single agent or in combination
with other immunosuppressants) being the most
frequent agent used (6 of 7 centers), while one
center used CNI mono. Extracorporeal photophe-
resis (ECP) (n = 4), sirolimus (n = 1), mycopheno-
late mofetil (MMF) (n = 1) and mTOR-inhibitor
(mTORi) (n = 1) were considered options in com-
bination with rux.

Questions 10a and 10b focused on the use of
rux in 1st-line treatment of cGVHD.

Question 10a asked for agents combined with
rux in 1st-line treatment. Nine centers stated not
using rux in 1st-line treatment, while one center
stated using rux only in very rare cases. If rux was
used, one center applied rux as single-agent



Figure 1. 1st-line treatment of moderate cGVHD with normal platelets. CS = corticosteroids, ECP = extracorporeal photophere-
sis, MMF = mycophenolate mofetil.
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treatment and nine centers combined it with CS.
Other, but less frequently chosen agents for com-
bination with rux are depicted in the Supplemen-
tary Appendix (S3).

Question 10b asked for the scenario in which
rux is considered in 1st-line treatment or at least
in which scenario it could be imagined so. The
most frequent reasons for use of rux in 1st-line
treatment were (in descending order): (i) Progres-
sive onset cGVHD (n = 8), (ii) anticipated relevant
side effects to CS (n = 6), and (iii) to taper CS
(n = 3). A more detailed list of all options chosen is
depicted in (S3).
Figure 2. Applied 1st-line treatments in classic cGVHD without p
CS = high-dose CS, MMF = mycophenolate mofetil.
Second-Line Treatment
The next questions dealt with second-line

treatment of cGVHD:
Question 2a depicted a scenario of a patient

suffering from steroid-refractory cGVHD requiring
2nd-line treatment. In this case, the majority (15/
20 centers) would add rux to CS without increas-
ing the dose of the latter. Other options chosen
are listed in (S3). In total, 19 centers considered
use of rux for 2nd-line treatment.

The next two questions (question 2b and 2c)
asked for the impact of cytopenia and infectious
history:
rogressive onset. ECP = extracorporeal photopheresis, HD-
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In case of cytopenia (question 2b), most centers
(n = 9) would opt for prednisone 0.5 mg/kg/d plus
rux, while second most centers (n = 4) would
choose a combination of prednisone 0.5 mg/kg/d
plus ECP. Less frequently chosen options are listed
in (S3). Taken together, in case of cytopenia 12/20
centers considered use of rux and 8/20 centers
considered use of ECP for 2nd-line therapy, respec-
tively.

In case of cytopenia and prior infectious com-
plications (question 2c), only 4/20 of the centers
would opt for prednisone 0.5 mg/kg/d in combi-
nation with rux, and one center for prednisone
0.25 mg/kg/d combined with rux. Eight centers
would choose a combination of prednisone 0.5
mg/kg/d plus ECP, while one center would use a
pulse of prednisone 1.0 mg/kg/d in combination
with ECP and intravenous immunoglobulins. A list
of all answers given can be found in (S3).

Questions 3 dealt with failure of 2nd-line treat-
ment, while question 4 targeted steroid-depen-
dency in 1st-line treatment:

In case of a patient suffering from steroid- and
rux-refractory cGVHD and thrombocytopenia
(question 3), most centers (n = 16) would con-
tinue the ongoing therapy and add ECP. A list of
all answers given can be found in (S3).

Depicting a scenario of a patient with steroid-
dependent cGVHD (question 4), the majority (15
centers) would add rux, and two of these centers
would additionally increase the steroid dose. A
full list of answers given is provided in (S3).

In the presence of prior and current infectious
complications in a patient with steroid-dependent
cGVHD (question 5), the majority of participating
centers (n = 11) would add ECP to CS (prednisone
0.5 mg/kg/d) for 2nd-line treatment, while four
centers considered a combination with rux. Less
frequently chosen options are listed in (S3). Taken
together, ECP was considered by 15 centers, while
rux was considered by five centers.

The next two questions focused on progressive
onset of cGVHD:

Question 7 depicted a patient with progressive
onset of cGVHD during treatment of acute GVHD
of the skin and gut (both in remission) during
taper of steroids on a dose of prednisone 0.5 mg/
kg/day and CNI with moderate involvement of the
skin, oral mucosa, and liver and platelets of 55/nl.

Regarding the next treatment strategy, in the
2009 and 2018 surveys most centers stated to
increase the CS dose, continue CNI, and start a
new agent with ECP, MMF or (in the 2018 survey)
rux being the most frequent ones. In both surveys,
as the second most frequently mentioned option
most centers would have increased the CS dose
only, respectively [8].

In the 2024 survey, most centers (n = 7) still
would increase the CS dose, continue CNI, and
start a new agent (rux [n = 3], ECP [n = 2], rux
with or without ECP and with or without MMF
[n = 1], rux or ECP [n = 1]). Six centers continued
CS and CNI at the same dose with all of them add-
ing rux. Less frequently chosen options are listed
in (S3). In total, rux was considered by 15 centers,
while ECP was considered by six centers.

Question 8 repeated the prior case of progres-
sive onset, except that the patient was addition-
ally on treatment with rux when cGVHD started.
In the 2024 survey, four centers stated to increase
the CS dose, continue CNI and rux, and start a new
agent (ECP [n = 2], ECP with or without MMF
[n = 1], or either ECP or MMF or methotrexate
(MTX) [n = 1]). Another four centers increased CS,
continued CNI but stopped rux and started ECP
instead. Another four centers increased CS, con-
tinued rux but stopped CNI and started ECP
instead. Less frequently chosen options are
depicted in (S3).

Question 9 referred to a patient with steroid-
refractory acute GVHD (aGVHD) who developed
cGVHD in addition to preexisting aGVHD.

In the 2024 survey the majority of centers
(n = 12, 60%) stated to continue CS and CNI at the
same dose with ten of them adding rux, one cen-
ter adding rux or ECP and one center adding ECP.
Four centers continued CS but terminated CNI
with three of them adding rux and one center
adding rux, ECP and topical therapy instead. A
complete list of options chosen can be found in
(S3).

In contrast, in the 2009 survey most centers
(n = 13, 42%) stated using an increased dose of CS,
continuing CNI, and starting either MMF or ECP in
this case. Each nine centers (29%) would have
either increased the CS dose as the only therapeu-
tic intervention and would have continued CNI or
would have continued CNI and CS at the same
dose adding another agent with MMF and ECP
being preferred options. The 2018 survey revealed
no major differences to the prior approach except
increasing the use of ECP and declining the use of
MMF, with four centers (14%) increasing the CS
dose only.

The next question (question 11) evaluated the
organ-specific approach in the treatment of BOS,
including the treatment sequence within the
2009 and 2018 survey. The results are depicted in
Figure 3, and sequence is provided in the Supple-
mentary Appendix (S4).



Figure 3. Most frequently applied systemic treatments of BOS comparing 2024 with 2018 and 2009.

A. Denk et al. / Transplantation and Cellular Therapy 31 (2025) 450.e1�450.e10 450.e6
Generally, in 2024, trends from 2018 (com-
pared to the 2009 survey) continued. CS was still
the most important treatment option; the increas-
ing use of ECP continued (17/20), while only 5 of
20 centers still used MMF. Azithromycin was used
by 16 of 20 centers, montelukast was used by 17
of 20 centers with 11 centers using inhalative ste-
roids (fluticasone), azithromycin and montelukast
(FAM-regimen) upfront [23]. One center used
FAM-regimen from 2nd-line onwards and one
center did not specify in which therapeutic line
the FAM-regimen was used. Again, rux entered
the field in treatment of BOS (n = 15). Imatinib (5/
20), everolimus (4/20) and ibrutinib (3/20) were
used in selected cases only. Moreover, abatacept
(n = 8) and belumosudil (n = 7) became treatment
options for BOS since the last survey; one addi-
tional center stated that both abatacept and belu-
mosudil represent potential treatment options for
BOS without having applied these two agents, so
far. The results of question 11 are shown in
Figure 3.

Question 13 targeted the taper of immunosup-
pression in 2nd-line treatment of cGVHD:

The preferred taper sequence of immunosup-
pressive agents in case of response applied in 12/
20 centers is primary taper of steroids, followed
by taper of CNI and final termination of rux. Four
centers preferred reduction of CS, followed by ter-
mination of CNI, then by termination of rux and
then by final taper of CS. Less frequently chosen
options are listed in (S3).
Questions 12 and 14 focused on sclerosing
manifestations of cGVHD:

Question 12 depicted a patient with increasing
deep sclerosis of the skin despite ongoing treat-
ment with prednisone, cyclosporine (CsA) and rux
asking for the next preferred therapeutic option:

In skin sclerosis, 16 different combinations
were reported, which are listed in (S3). In total,
ECP was the most frequently applied strategy
(n = 14), followed by rux (n = 12), CS (n = 9) CNI
(n = 8), and belumosudil (n = 5). In total, eight cen-
ters opted for a steroid-free approach.

The last question (question 14) evaluated the
approach in 2nd-line treatment of steroid-refrac-
tory sclerosing cGVHD:

The results are shown in Figure 4, and the rank-
ing is depicted in the Supplementary Appendix
(S4). In the 2024 survey, rux (19/20) and ECP (17/
20) are preferred treatment options next to CS (7/
20) and CNI (tacrolimus n = 3, CsA n = 3). Belumo-
sudil is now considered as a relevant treatment
option (n = 13), while FDA-approved ibrutinib
was used by five centers.
DISCUSSION
Although cGVHD remains the most relevant

cause for late morbidity and mortality [24,25]
after alloHSCT, initial treatment continues to fail
in approximately half of patients and subsequent
treatment lines are applied with a trial and error
approach. The 2018 and 2009 surveys demon-
strated that 1st-line treatment of cGVHD is applied



Figure 4. Applied salvage treatment for cGVHD with cutaneous deep sclerosis. CS were not included in the 2018 survey as a
treatment option.
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relatively homogeneously [8], which is in line
with guidelines provided by the EBMT for treat-
ment of cGVHD [26�28] and a survey by the Ital-
ian transplant group [29] indicating a broad
consensus on the initial treatment of cGVHD. The
current survey shows that single agent CS still
represents standard of care which may be com-
bined with a CNI, while rux or ECP are used in
selected cases only.

Steroid-refractory cGVHD continues to pose a
therapeutic challenge for patients due to the fact
that empiric 2nd line treatments show unsatisfac-
tory outcomes [30�33]. Based on the REACH3
trial, rux has been approved for 2nd-line treatment
of cGVHD [10]. In consequence, rux is now mostly
used while ECP is applied in patients with cytope-
nia especially in steroid-dependent cGvHD. In
case of infections, ECP continues to be the pre-
ferred strategy due an increased risk of cytopenia
and infectious complications associated with rux
[10,34].

Both agents are regarded as steroid-sparing in
2nd-line treatment of steroid-dependent cGVHD
which is in line with published data [10,35�37].

In line with the previous survey, there is still
significant variation in treatment approaches in
progressive onset type of cGVHD [8]. While in the
past survey ECP has been shown to be the leading
treatment option in progressive onset type of
cGVHD, most likely because ECP does not increase
infectious risks [37,38], the updated survey dis-
played ECP use behind rux as preferred treatment
modality based on the fact that rux has been
approved and thus, most centers have access to it.

In addition, the updated survey confirms a sig-
nificant heterogeneity in treatment of BOS as
BOS-specific trials are mostly lacking. The use of
rux was described in BOS [39], and one trial
recently confirmed efficacy in pulmonary cGVHD
[40]. Next to rux, systemic and inhalative CS, ECP,
CNI and additional montelukast in combination
with azithromycin are preferred agents, while
abatacept and belumosudil are used as salvage
treatment in selected patients [41,42].

In case of new cutaneous sclerosis after failure
of CS, CNI and rux, over 80% of centers would use
ECP, but salvage treatment of sclerotic manifesta-
tions remains heterogenous with belumosudil
(13/20) ibrutinib (5/20), and imatinib being the
most frequent options applied.

Belumosudil is generally considered effective in
treatment of cGVHD but remains to be used in
selected patients only most likely due to the lack
of EMA approval and access to this agent.

The preferred sequence in tapering immuno-
suppressive agents after response to treatment is
primarily taper of steroids, followed by taper of
CNI and final taper of rux most likely driven by
the toxicity profile and prior failure of the applied
agents.

While our survey documents that 2nd-line
treatment has become more homogenous with
rux and ECP being the most important agents,
there are ongoing major variations in practice in
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progressive onset type, BOS and sclerosing mani-
festations of cGVHD. The latter fact might be a
result of published prospective analyses influenc-
ing clinical practice in these fields as documented
by the increasing use of abatacept or belumosudil
in the treatment of cGVHD [14,15,20].

Based on promising results in 2nd-line treat-
ment, rux is also being occasionally applied in 1st-
line in selected situations as our survey demon-
strates.

The survey has 4 limitations. First, although a
significant percentage of transplant activities
were captured, it is likely that practice in nonpar-
ticipating centers is more heterogeneous because
centers actively participating in the activities of
the German-Austrian-Swiss GVHD Consortium
responded to a significantly higher percentage
and may share more clinical interest in cGVHD
compared with nonresponding centers, taking
into account that response rates did not correlate
with center size. An additional limitation is the
selection of questions with predefined options.
Therefore, only part of the clinical practice was
captured, and although comments or additional
options were permitted, the predefined answer
options may have caused bias of the responding
centers. Third, responding persons and centers
had a significant overlap between the three sur-
veys but were not identical, preventing a statisti-
cally valid conclusion. Therefore, the results
remain descriptive. Fourth, the questionary was
sent to the principal investigators to ensure that
the answers provided reflect the standard of the
respective centers. However, individual bias of
the investigators answering the questionnaire
cannot be excluded.

In this manuscript we focused on inclusion of
certain clinical vignettes (1st-line therapy, 2nd-
line, progressive onset GVHD, sclerosing manifes-
tations, BOS, and variations considering cytopenia
or serious infections) in order to present a) stan-
dard situations of daily practice (1st-line treat-
ment, 2nd-line treatment with or without usage of
rux) and b) difficult situations of certain expected
heterogeneity (BOS, sclerotic manifestations, pro-
gressive onset cGVHD) to detect impact of new
treatment options. Therefore, we did not focus on
3rd-, or 4th-line therapies.

In summary, rux defines the new standard in
2nd-line treatment of cGVHD defines. ECP is used
in case of contraindication for rux and both agents
are also used in progressive cGVHD. In contrast,
BOS and cutaneous sclerosis are treated relatively
heterogeneously after failure of 1st-line treatment.
Multicenter randomized clinical trials for first-,
second-, and advanced-line cGVHD remain man-
datory to optimize and harmonize cGVHD. More-
over, the ongoing trial & error approach leads to
prolonged treatment calling for a joint effort
towards a biology driven approach applying pre-
dictive biomarker.
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