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Abstract

Belumosudil is a selective small molecule inhibitor of Rho-associated coiled-coil kinase 2 (ROCK?2) indicated for patients
with glucocorticoid-refractory chronic graft-versus-host disease (cGVHD). Despite its approval for ages 12—18, there is
limited pediatric data available. This case series presents three 12-year-old patients with severe cGVHD who had failed
multiple lines of therapy. Case #1 received treatment for 210 days with belumosudil, prednisone, cyclosporine A, myco-
phenolate mofetil, and ruxolitinib. Initial assessments showed skin and joint fascia involvement (National Institutes of
Health score 3), along with oral cavity, ocular, and pulmonary involvement (score 2). Following treatment, all affected
organs demonstrated at least a partial response (PR), with an overall assessment of PR. Case #2 was treated for 205 days
with belumosudil, tacrolimus, and ruxolitinib. Baseline assessments indicated involvement of the skin and joint fascia
(score 3), and the oral cavity and eyes (score 2). Most organs achieved PR or complete response (CR), resulting in an
overall PR. Case #3 underwent 121 days of therapy with belumosudil, prednisone, and tacrolimus, showing similar base-
line organ involvement as Case #2. The treatment resulted in an overall PR, with improvement noted in the skin, oral
cavity, eyes, and joint fascia. The Lee cGVHD symptom scale scores improved meaningfully for all patients over time.
There was no recurrence of the primary disease or any fatalities. Adverse events were limited to grade 1-2 severity. This
case series indicates that belumosudil may be effective in 12-year-old pediatric patients with severe, multi-organ cGVHD
refractory to multiple treatments. The findings suggest that belumosudil-based regimens can be feasible and well-tolerated
in this population, providing preliminary evidence for its potential therapeutic effects in clinical management.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) offers a potentially curative option for various
hematological malignancies and disorders. In 2019, pedi-
atric patients made up 37.5% of all allo-HSCT recipients
in China, compared to only about 10.1% in the United
States [1, 2]. Chronic graft-versus-host disease (cGVHD)
is a common and serious complication following trans-
plantation, significantly contributing to late morbidity and
mortality [3]. Its incidence varies widely, ranging from 30
to 70%, and affects approximately 50% of pediatric recipi-
ents [4, 5]. cGVHD can involve a single organ or multiple
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systems, resembling autoimmune or immunologic diseases
[6-8], with a wide range of severity that can greatly impact
patients’ quality of life [7, 9]. A key feature of cGVHD
is fibrosis, which involves the thickening and scarring of
connective tissue in affected organs. This fibrotic process,
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driven by chronic inflammation, can lead to organ dysfunc-
tion, complicating clinical management [10].

The current first-line treatment for cGVHD is gluco-
corticoids (GCs), with or without calcineurin inhibitors
(CNIs), regardless of patient age [5, 8, 11]. However, long-
term GC therapy in pediatric patients can lead to significant
adverse effects, including growth retardation, osteoporosis,
metabolic disturbances, and a higher risk of infections [12].
Efforts to improve the efficacy of first-line GC therapy by
adding agents such as mycophenolate mofetil (MMF) or
cyclosporine A (CSA) have not consistently resulted in
substantial benefits [13]. As a result, approximately 70% of
patients require second-line therapy.

Belumosudil, a small molecule inhibitor of Rho-asso-
ciated coiled-coil kinase 2 (ROCK2) [14-16], is approved
for the treatment of steroid-refractory (SR-cGVHD) and
steroid-dependent (SD-cGVHD) cases. This agent helps
restore immune balance and may reduce or even reverse
fibrosis [17]. It is the first targeted drug approved in China
for cGVHD after inadequate response to frontline therapy.
Although belumosudil is indicated for pediatric patients
aged 12—18 years [14, 18], data on this population remain
limited, with only one reported case involving a 16-year-old
[19]. Therefore, more treatment data on pediatric patients
are needed to guide clinical practice. This case series
describes three 12-year-old Chinese patients with cGVHD
who were treated with belumosudil after failing multiple
lines of systemic therapy.

Case reports
Case 1

A 12-year-old male patient, weighing 32 kg with a body
mass index (BMI) of 154 kg/m? underwent matched
unrelated donor transplantation in December 2017 due to
chronic active Epstein-Barr virus infection. His condition-
ing regimen prior to stem cell infusion included etoposide,
cytarabine, total body irradiation (TBI), busulfan (BU),
cyclophosphamide (CTX), and fludarabine (FLU). For
GVHD prophylaxis, he received anti-thymocyte globulin,
CSA, and MMF. The patient had no history of acute GVHD
(aGVHD).

In July 2018, he was diagnosed with severe cGVHD
according to the 2014 National Institutes of Health (NIH)
cGVHD consensus criteria, involving the skin, joints,
liver, and lungs. The patient subsequently underwent six
lines of systemic treatment, including mesenchymal stem
cells (MSC), ruxolitinib, infliximab, methotrexate (MTX),
cord blood regulatory T cell infusion, CTX, basiliximab,
and CSA, but did not achieve a durable response. Disease
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progression occurred after the last treatment regimen in
August 2023. Given the patient’s age, lung cGVHD was
assessed based on symptoms rather than forced expiratory
volume in one second (FEV1). Reassessment of cGVHD
severity indicated NIH scores of 3 for skin and joint fascia
involvement, 2 for the oral cavity, eyes, and lungs, and 1
for the esophagus, gastrointestinal (GI) tract, and liver, con-
firming severe cGVHD (Table 1). The Photographic Range
of Motion (P-ROM) score was 9 at baseline. On August
23, 2023, the patient began treatment with belumosudil,
along with other immunosuppressants (Table 2). After 10
days, the prednisone dosage was reduced. By day 56, the
patient showed an initial partial response (PR) according to
the 2014 NIH consensus criteria [20], with improvements in
the oral cavity, GI tract, and eyes (Table 1). The lung score
decreased from 2 to 1 by day 114. By day 183, the skin
score declined from 3 to 1, and the P-ROM score improved
from 9 at baseline to 11. PR or complete response (CR) was
observed in all affected organs, with an overall response
maintained as PR (Table 3). Additionally, the Lee cGVHD
Symptom Scale (LSS) score decreased from 62 before treat-
ment to 34 after 183 days, indicating a clinically meaningful
improvement (Table 1).

The patient was followed for up to 210 days, during
which treatment with belumosudil, MMF, and ruxolitinib
continued, while prednisone was tapered (Table 2). He main-
tained PR without exacerbation of symptoms. Seven days
after starting belumosudil, the patient experienced moderate
adverse events (AEs), including grade 2 hypertension, liver
enzyme elevation, creatine kinase elevation, stomach upset,
nausea, and skin itching, as per Common Terminology
Criteria for Adverse Events (CTCAE) 5.0. Symptomatic
treatment was provided, and liver tests gradually returned
to normal after 58 days of belumosudil treatment. Given
that the AEs were manageable, the dosage of belumosudil
remained unchanged (Table 2). There was no recurrence of
the primary disease during the treatment period.

Case 2

The second patient was a 12-year-old male, weighing 20 kg
with a BMI of 9.9 kg/m?, who underwent matched-related
donor (MRD) transplantation in March 2019 for chronic
granulomatous disease. His conditioning regimen included
BU, FLU, and CTX. For GVHD prophylaxis, he received
CSA and MMF. One month after transplantation, he devel-
oped grade II aGVHD affecting the skin and liver, which
was effectively managed with methylprednisolone (MP),
MTX, and tacrolimus (FK506).

In August 2020, the patient showed symptoms of lung
c¢GVHD, which improved with FK506 and MP. By Febru-
ary 2021, he had severe cGVHD affecting six organs: skin,
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oral cavity, eyes, GI tract, lungs, and joint fascia. Despite
various systemic therapies, including GCs, MSC, inflix-
imab, ruxolitinib, FK506, CSA, MTX, tofacitinib, pomalid-
omide, ibrutinib, dupilumab, and abatacept, no satisfactory
response was achieved.

Reassessment in August 2023, prior to beginning belu-
mosudil treatment, revealed severe involvement of the skin
and joint fascia (score 3), moderate involvement of the
oral cavity and eyes (score 2), and mild involvement of the
esophagus, GI tract, and lungs (score 1), confirming severe
cGVHD (Table 1). The patient’s LSS score was 69, and the
P-ROM score was 9 at baseline. On August 23, 2023 (day
0), treatment with belumosudil commenced, along with
other immunosuppressants (Table 2). By day 48, the patient
achieved an overall PR, particularly noted in the oral cav-
ity and eyes. Reductions in GI tract and esophagus scores
were observed at days 118 and 145, respectively. The lung
score decreased to 0 by day 197. Significant improvements
were also noted in the skin score, which decreased from 3
to 1, and the P-ROM score, which improved from 9 at base-
line to 11. The patient achieved an overall PR, with CR in
the esophagus, GI tract, and lungs, and PR in other affected
organs (Table 3). The LSS score decreased to 21, indicat-
ing substantial symptom relief (Table 1). Throughout treat-
ment, the patient experienced mild AEs, including grade 1
skin itching, nausea, insomnia, and joint pain, which were
managed symptomatically. No dose modifications of belu-
mosudil were required (Table 2), and no recurrence of the
primary disease was observed during this period.

Overall response assessment

PR
PR
PR
PR
PR
PR
PR
PR
PR
PR

LSS score
36
34
69
29
21
66
51
45
46

62
47
46
33

Elbow  Wrist/ fingers Ankle

P-ROM score
Shoulder

Lung Joint fascia

Case3

Liver

The third patient was a 12-year-old female weighing 22.2 kg
with a BMI of 13.8 kg/m?, who underwent MRD transplan-
tation for thalassemia on October 21, 2021. Her condition-
ing regimen included FLU, BU, and CTX, followed by a
short course of MTX and intravenous immunoglobulin
(IVIG) for GVHD prophylaxis. The patient had no history
of aGVHD.

In February 2022, she developed cGVHD with severe
involvement of the skin and liver. Despite undergoing
five lines of systemic therapies, including MP, ruxolitinib,
FK506, MMF, a recombinant humanized anti-CD25 mono-
clonal antibody, MSC, rituximab, CTX, and imatinib, her
c¢cGVHD progressed, with new organ involvement in the
lungs and joint fascia. After the last treatment on January 4,
2024, with MP, FK506, imatinib, and rituximab, there was
no organ response.

Reevaluation in January 2024 showed severe involvement
of the skin and joint fascia (score 3 each), moderate involve-
ment of the oral cavity and eyes (score 2 each), and mild
involvement of the esophagus, GI tract, and lungs (score 1

GI tract

Esophagus

Oral cavity Eye

Skin

NIH Severity Score

3
3
3
1
3
2
2
1
3
2
2
2

Date

Baseline

Day 56

Day 114

Day 183
Case2 Baseline

Day 48

Day 118

Day 145 2

Day 197

Baseline

Day 31

Day 60

Day 121
NIH: National Institutes of Health; P-ROM: Photographic Range of Motion; LSS: Lee cGVHD symptom scale score; GI: gastrointestinal

Table 1 Effectiveness assessment

Case 1
Case 3
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Table 2 Dosing of immunosuppressants during belumosudil treatment

Date Belumosudil Prednisone Cyclosporine A Mycophenolate mofetil Ruxolitinib Tacrolimus
(FK506)
Case 1 Baseline 200 mg qd 20 mg tid 25 mg bid 125 mg qd 2.5 mg qd /
Day 56 200 mg qd 10 mg bid 25 mg bid 125 mg qd 2.5mg qd /
Day 114 200 mg qd 5 mg bid 25 mg bid 125 mg qd 2.5mg qd /
Day 183 200 mg qd 25 mg bid 125 mg qd 2.5mg qd /
Case 2 Baseline 200 mg qd / / / 2.5 mg bid 0.15 mg bid
Day 48 200 mg qd / / / 2.5 mgbid 0.15 mg bid
Day 118 200 mg qd / / / 2.5 mg bid 0.15 mg bid
Day 145 200 mg qd / / / 2.5 mg bid 0.15 mg bid
Day 197 200 mg qod / / / 2.5 mg bid 0.15 mg bid
Case 3 Baseline 200 mg qd 10 mg qd 50 mg bid / / 1 mg bid
Day 31 200 mg qd 5 mgqd 0 / / 1 mg bid
Day 60 200 mg qd 2.5 mg qod 0 / 5 mg bid 1.5mgqd
Day 86 200 mg qod 0 0 / 5 mg bid 0
Day 121 200 mg qod 10 mg qd 0 / 5 mg bid 1 mg bid

Qd, once daily; tid, thrice daily; bid, twice daily; qod, every other day. The dose of ‘0’ indicates that the patient discontinued the corresponding
medication at that follow-up point. The /* indicates that the patient did not use the corresponding medication throughout the entire follow-up

period

Table 3 Response status of each organ at latest evaluation

No. Skin Oral cavity Eyes Esophagus GI tract Liver Lung Joint fascia Overall response assessment
Case 1 PR CR PR CR CR CR PR PR PR

Case 2 PR CR PR CR CR NE UN PR PR

Case 3 PR PR PR UN UN NE UN UN PR

GI: gastrointestinal; CR: complete response; PR: partial response; UN: unchanged

each), confirming the severity of her condition (Table 1).On  Discussion

January 20, 2024 (day 0), the patient began treatment with
belumosudil and other immunosuppressants (Table 2). By
day 31, scores for the skin and joint fascia decreased from 3
to 2, and the score for the eyes improved from 2 to 1, result-
ing in an overall PR. By day 60, she maintained improved
NIH scores, with a decrease from 2 to 1 in the oral cavity,
further supporting the overall PR. The LSS score improved
from 66 at baseline to 45 by day 60 (Table 1). Based on
the improvement in her organ conditions, the medication
regimen was adjusted (Table 2). However, due to persistent
joint symptoms, ruxolitinib was added without significant
improvement. After day 86, the dose of belumosudil was
reduced to every other day based on the family’s preference
(Table 2). By day 121, following this reduction, the patient
experienced worsening joint and skin symptoms, including
decreased joint mobility, increased pain, skin edema, and
hardness. The treatment regimen was subsequently modified
again (Table 2). Throughout the follow-up to day 121, the
patient experienced mild AEs, such as grade 1 liver enzyme
elevation and nausea, none of which required a modification
of belumosudil (Table 2). Importantly, there was no recur-
rence of the primary disease during this period.

@ Springer

Belumosudil is approved for treating SR and SD ¢cGVHD in
patients aged 12 years and older, but data on its use in the
12—-18 age group are limited. In a phase II trial with Chi-
nese patients and the pivotal ROCKstar trial, the youngest
participants were 29.5 years old and 21 years old, respec-
tively [14, 15]. A prior case report from Poland described
a 16-year-old patient with refractory cGVHD who showed
gradual improvement in lung, skin, and joint symptoms,
achieving an overall PR after 12 months of follow-up [19].
This case series presents three 12-year-old patients with
severe cGVHD affecting multiple organs who had failed
multiple lines of treatment and received combination ther-
apy with belumosudil and other immunosuppressants. All
three patients achieved an initial PR at the first evaluation
(6 weeks after starting belumosudil), with many affected
organs showing either CR or PR after ongoing treatment.
Only grade 1-2 AEs were reported during treatment. These
findings suggest that belumosudil may be a feasible and tol-
erable option for 12-year-old patients with severe cGVHD
that is resistant to multiple therapies.

Although this case series included only three patients, all
achieved an overall PR with belumosudil-based treatment.
Each patient showed a meaningful improvement in symp-
toms, as indicated by a reduction of at least 7 points on the
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LSS, similar to findings from the ROCKstar study of belu-
mosudil [15]. Notably, Case #1 maintained PR even after
reducing prednisone and CSA. In contrast, reducing the ste-
roid dosage in Case #3 may have worsened her cGVHD, but
increasing the dosage again still resulted in a satisfactory
response. This suggests that any reduction or discontinua-
tion of steroids should be tailored to the individual patient’s
condition. Patients with cGVHD treated with frontline GCs
often achieve an ORR of about 50%, but they may experi-
ence steroid withdrawal symptoms and recurrent disease,
including the reappearance of cGVHD and temporary
worsening of affected organs. Additionally, rapid tapering
of belumosudil after achieving an initial response may lead
to accelerated progression of cGVHD, indicating that dose
reductions should only occur in the context of a sustained
response.

In our series, all three patients had involvement of the
oral cavity, eyes, lungs, and joint fascia. While treatment
with belumosudil resulted in a rapid response, improve-
ments in lung and joint fascia symptoms were slower. Lung
c¢GVHD is concerning due to its severity and poor prog-
nosis, and it often requires complex management without
a standardized approach [21]. Previous studies have shown
that the ORR for lung cGVHD is low, ranging from 9 to
17% with treatments like rituximab, ruxolitinib, abatacept,
and interleukin-2 (IL-2) [22]. In our case series, significant
improvements were observed in lung symptoms for Cases
#1 and #2 after treatment with belumosudil, noted at days
114 and 197, respectively. This therapeutic effect aligns
with findings by DeFilipp et al. [23], who reported a lung-
specific ORR 0f 37% (23% PR, 14% CR) in 65 patients with
bronchiolitis obliterans syndrome treated with belumosudil.

All three patients in this case series presented with severe
involvement of the skin and joint fascia, which are com-
monly affected in cGVHD. This highlights the extent of
fibrosis and the need for prolonged treatment to achieve bet-
ter outcomes. Notably, all patients achieved a PR in joint
fascia at different time points (day 56, day 118, and day
31), reflecting significant improvements in a challenging
area. This observation aligns with findings from the ROCK-
star study, which reported an organ-specific ORR of 71%
in the joint fascia [15]. Severe symptoms in this area can
have long-term effects on the physical health and growth
of children and adolescents, potentially impacting musculo-
skeletal development and leading to disability. Early diag-
nosis and treatment are crucial for better recovery. While the
results of this case series suggest that belumosudil may be a
promising option for managing severe cGVHD in pediatric
patients, larger studies are needed to confirm these findings.

The most common AEs associated with belumosudil
in patients with cGVHD include infection (53%), fatigue
(46%), nausea (42%), and diarrhea (35%) [17]. Grade 3 or

4 AEs included pneumonia (8%), hypertension (6%), and
hyperglycemia (5%) [15]. In this case series, AEs were
limited to grade 1-2 severity, consistent with the known
safety profile of belumosudil and not introducing new safety
concerns [17]. Interestingly, the body weights of the three
patients were lower than those in clinical trials [14, 15, 17],
yet they tolerated the 200 mg daily dose well, indicating good
safety and tolerability of belumosudil in pediatric patients
with low body weight. In contrast, long-term treatment with
other immunosuppressants and steroids in pediatric patients
often leads to significant adverse effects, including growth
retardation, osteoporosis, increased infection risk, and met-
abolic disturbances [12]. Targeted agents like ruxolitinib
and ibrutinib also raise safety concerns, particularly related
to infections and hematologic toxicities, which are critical
issues in this population [24]. The mild to moderate AEs
observed in the three pediatric patients treated with belu-
mosudil were consistent with those reported in adults, sug-
gesting a favorable safety profile.

However, several limitations must be acknowledged in
this case series. First, the findings are based on only three
low-weight pediatric patients, so the effectiveness of belu-
mosudil requires validation through studies with larger
sample sizes. Furthermore, the pharmacokinetics and phar-
macodynamics of belumosudil may differ in children with
low body weight, making it crucial to determine an optimal
dosing regimen that considers variations in body compo-
sition, growth, and development to maximize therapeutic
effectiveness while minimizing adverse effects. Second, all
patients in this case series were 12 years old. Future studies
should include a broader age range to develop safe and effec-
tive treatment protocols tailored to the unique physiological
characteristics of younger children. Lastly, all patients had
previously failed multiple lines of treatment before starting
belumosudil. Therefore, it remains to be explored whether
early intervention with belumosudil leads to improved prog-
nosis. These considerations highlight the need for further
investigation to better understand the potential of belumos-
udil in pediatric patients with cGVHD.

Conclusion

Belumosudil-based regimens appeared to be effective and
well-tolerated in three 12-year-old Chinese children with
c¢cGVHD who had previously failed multiple lines of treat-
ment. This case series contributes to the clinical understand-
ing of belumosudil’s use in pediatric patients with cGVHD.
Although it includes only three patients, the findings sug-
gest potential therapeutic benefits of belumosudil in this
population, highlighting the need for further research with
larger sample sizes to confirm these results.
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