
Vol.:(0123456789)

Drugs (2021) 81:1677–1682 
https://doi.org/10.1007/s40265-021-01593-z

ADISINSIGHT REPORT

Belumosudil: First Approval

Hannah A. Blair1

Published online: 31 August 2021 
© Springer Nature 2021, corrected publication 2021

Abstract
Belumosudil (REZUROCK™) is a Rho-associated coiled-coil-containing protein kinase (ROCK) inhibitor that has been 
developed by Kadmon Pharmaceuticals for the treatment of chronic graft-versus-host disease (cGVHD) and systemic scle-
rosis. In July 2021, belumosudil received its first approval in the USA for the treatment of adult and paediatric patients aged 
≥ 12 years with cGVHD after failure of at least two prior lines of systemic therapy. Belumosudil is under regulatory review 
in Australia, Canada, the UK and Switzerland for cGVHD. Clinical development for systemic sclerosis is ongoing in the 
USA. This article summarizes the milestones in the development of belumosudil leading to this first approval for the treat-
ment of cGVHD.

Digital Features for this AdisInsight Report can be found at https://​
doi.​org/​10.​6084/​m9.​figsh​are.​15183​840.

Belumosudil (REZUROCK™): Key Points 

ROCK inhibitor being developed by Kadmon Phar-
maceuticals for the treatment of cGVHD and systemic 
sclerosis

Received its first approval on 16 July 2021 in the USA

Approved for the treatment of adult and paediatric 
patients aged ≥ 12 years with cGVHD after failure of at 
least two prior lines of systemic therapy

treatment of chronic graft-versus-host disease (cGVHD) 
and systemic sclerosis. Under its Real-Time Oncology 
Review pilot program, the US FDA granted belumosudil 
orphan drug [1] and breakthrough therapy [2] designa-
tions for the treatment of cGVHD. In November 2020, 
the US FDA accepted the New Drug Application and 
granted a priority review [3]. On 16 July 2021, 6 weeks 
ahead of the PDUFA goal date, belumosudil received its 
first approval in the USA for the treatment of adult and 
paediatric patients aged ≥ 12 years with cGVHD after 
failure of at least two prior lines of systemic therapy [4, 
5]. The recommended dosage of belumosudil is 200 mg 
once daily (with food) until progression of cGVHD that 
requires new systemic therapy [4]. The dosage of belu-
mosudil should be increased to 200 mg twice daily in 
patients receiving concomitant strong CYP3A4 inducers 
or proton pump inhibitors [4].

Belumosudil is under regulatory review in Australia, Can-
ada, the UK and Switzerland for cGVHD, and is in phase II 
development for cGVHD in China. Phase II development is 
ongoing in the USA for the treatment of systemic sclerosis. 
Development of belumosudil for the treatment of idiopathic 
pulmonary fibrosis, plaque psoriasis, non-alcoholic steato-
hepatitis, rheumatoid arthritis and systemic lupus erythema-
tosus has been discontinued.

1.1 � Company Agreements

In April 2011, Kadmon Pharmaceuticals entered into 
an agreement with Nano Terra under which Kadmon 
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1  Introduction

Belumosudil (REZUROCK™) is an orally active rho-
associated coiled-coil-containing protein kinase (ROCK) 
inhibitor developed by Kadmon Pharmaceuticals for the 

http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-021-01593-z&domain=pdf
https://doi.org/10.6084/m9.figshare.15183840
https://doi.org/10.6084/m9.figshare.15183840


1678	 H. A. Blair 

2 � Scientific Summary

2.1 � Pharmacodynamics

Belumosudil is a ROCK inhibitor with half-maximal inhib-
itory concentrations (IC50s) of ≈ 100 nM and 3 µM for 
ROCK2 and ROCK1, respectively [4]. Belumosudil down-
regulates proinflammatory responses by inhibiting signal 
transducer and activator of transcription 3 (STAT3) phos-
phorylation, upregulating STAT5 phosphorylation and shift-
ing T helper 17 (Th17)/T regulatory (Treg) balance towards 
the Treg phenotype [9, 10].

Belumosudil effectively ameliorated cGVHD in mul-
tiple murine models [9]. In vitro, belumosudil inhibited 
aberrant pro-fibrotic signalling [4] via downregulation of 
pro-fibrotic gene transcription, stress fibre formation, myofi-
broblast activation and collagen deposition [11]. In human 

Key milestones in the development of belumosudil, focusing on its use in the treatment of chronic graft-versus-host disease. MAA Marketing 
Authorisation Application, NDA New Drug Application, NDS New Drug Submission
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Chemical structure of belumosudil

Pharmaceuticals was granted a perpetual, worldwide 
exclusive license to three of Nano Terra’s novel product 
candidates (including belumosudil), as well as rights to 
its drug discovery platform Pharmacomer™ Technology 
[6]. In November 2019, Kadmon Holdings and BioNova 
Pharmaceuticals formed a joint venture, BK Pharmaceu-
ticals, to help accelerate the development and regulatory 
approval of belumosudil in China [7]. In December 2019, 
Kadmon Holdings and Meiji Seika Pharma formed a joint 
venture, Romeck Pharma, to exclusively develop and com-
mercialise belumosudil in Japan and some other Asian 
countries [8].

1.2 � Patent Information

As of December 2020, belumosudil is covered under a 
US patent with market exclusivity in the USA and Japan 
until 2033. Kadmon Pharmaceuticals also has composi-
tion of matter and method of use patent protection for 
belumosudil with market exclusivity in the USA, Canada, 
China, Japan and Eurasia until 2026–2029. The company 
also has pending patent applications for belumosudil in 
the USA, Canada, China, Japan, Eurasia and Europe 
covering method of use with market exclusivity until 
2033–2035.
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fibrosis-derived smooth muscle cells, belumosudil reduced 
connective tissue growth factor mRNA and remodelled the 
actin cytoskeleton [12]. In the lung endothelium, belumo-
sudil promoted oxidative phosphorylation, inhibited glycoly-
sis, intracellular pH and migration, and strengthened barrier 
integrity [13].

2.2 � Pharmacokinetics

Approximately dose-proportional increases in belumosudil 
maximum plasma concentration (Cmax) and area under the 
plasma concentration–time curve (AUC) are seen over a 
dosage range of 200–400 mg once daily [4]. The accumula-
tion ratio of belumosudil is 1.4. Following once- or twice-
daily administration of belumosudil 200 mg in patients 
with cGVHD, the median time to Cmax at steady state was 
1.26–2.53 h. When a single dose of belumosudil was admin-
istered with a high-fat and high-calorie meal, belumosudil 
Cmax and AUC decreased 2.2-fold and 2-fold, respectively, 
while the median time to Cmax was extended by 0.5 h. Fol-
lowing a single dose, belumosudil has a mean bioavailability 
of 64% [4].

The geometric mean volume of distribution of belum-
osudil is 184 L following a single dose [4]. The drug is 
99.9% bound to human serum albumin and 98.6% bound 

to human α1-acid glycoprotein. Belumosudil metabolism 
is mediated primarily by CYP3A4 and, to a lesser extent, 
by CYP2C8, CYP2D6 and UGT1A9. Following a single 
oral dose of radiolabeled belumosudil, 85% of the radio-
activity is excreted in the faeces (30% as unchanged drug) 
and < 5% is excreted in the urine. In patients with cGVHD, 
the mean elimination half-life of belumosudil is 19 h and 
the clearance is 9.83 L/h. Age (18–77 years), sex, body-
weight (38.6–143 kg) and mild to moderate renal impair-
ment [estimated glomerular filtration rate (eGFR) ≥ 60 and  
< 90  mL/min/1.73  m2 to eGFR ≥ 30 and < 60  mL/
min/1.73 m2] had no clinically meaningful effect on the 
pharmacokinetics of belumosudil [4].

Belumosudil is an inhibitor of CYP1A2, CYP2C19, 
CYP2D6, UGT1A1 and UGT1A9, and also inhibits  
P-glycoprotein, BCRP and OATP1B1 at clinically rel-
evant concentrations [4]. Belumosudil is a substrate of P- 
glycoprotein. Coadministration of belumosudil with strong 
CYP3A inducers (e.g. rifampin) or proton pump inhibi-
tors (e.g. rabeprazole, omeprazole) decreases the Cmax and 
AUC of belumosudil, which may reduce its efficacy. Coad-
ministration of belumosudil with midazolam (a CYP3A 
substrate) is predicted to increase the Cmax and AUC of 
midazolam ≈ 1.3- and 1.5-fold, respectively [4].

Features and properties of belumosudil

Alternative names Belumosudil mesylate; KD-025; KD025 mesylate; BN-101; SLX-2119; REZUROCK™

Class Acetamides; amines; anti-inflammatories; antifibrotics; antipsoriatics; antirheumatics; hepatoprotectants; 
indazoles; phenyl ethers; quinazolines; skin disorder therapies; small molecules

Mechanism of action ROCK inhibitor
Route of administration Oral
Pharmacodynamics Downregulates proinflammatory responses by inhibiting STAT3 phosphorylation, upregulating STAT5 phos-

phorylation and shifting Th17/Treg balance towards Treg phenotype
Pharmacokinetics Median time to Cmax at steady state 1.26–2.53 h; mean bioavailability 64%; geometric mean volume of distri-

bution 184 L; mean elimination half-life 19 h; clearance 9.83 L/h
Most frequent AEs Infections, asthenia, nausea, diarrhoea, dyspnoea, cough, oedema, haemorrhage, abdominal pain, musculo-

skeletal pain, headache, ↓ phosphate, ↑ GGT, ↓ lymphocytes, hypertension
ATC codes
 WHO ATC code L04A-A48 (belumosudil)
 EphMRA ATC code L4 (immunosuppressants)

Chemical name 2-[3-[4-(1H-indazol-5-ylamino)quinazolin-2-yl]phenoxy]-N-propan-2-ylacetamide

↓ decreased, ↑ increased, AEs adverse events, Cmax maximum plasma concentration, GGT​ γ-glutamyl transferase, ROCK rho-associated coiled-
coil-containing protein kinase, STAT​ signal transducer and activator of transcription, Th17 T helper 17 cells, Treg regulatory T cells
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2.3 � Therapeutic Trials

2.3.1 � Chronic Graft‑Versus‑Host Disease

The efficacy of belumosudil for the treatment of cGVHD 
was demonstrated in the randomized, multicentre, phase II 
ROCKstar trial in allogeneic haematopoietic cell trans-
plant (alloHCT) recipients (NCT03640481) [14]. After a 
median follow-up of 14 months, the best overall response 
rate (ORR, defined as complete response or partial 
response; primary endpoint) was 74% (95% CI 62–84%) 
with belumosudil 200 mg once daily and 77% (95% CI 
65–87%) with belumosudil 200 mg twice daily. Responses 
were observed in all affected organ systems and across 
all patient subgroups. The ORR was 74% in patients 
who previously received ibrutinib (n = 46) and 68% in 
patients who previously received ruxolitinib (n = 38). 
In this study, 132 patients aged ≥ 12 years with persis-
tent cGVHD manifestations after receiving 2–5 prior sys-
temic lines of therapy were randomized to receive oral 
belumosudil 200 mg once or twice daily until clinically 
significant progression of cGVHD or unacceptable toxic-
ity. Randomization was stratified by cGVHD severity and 
prior exposure to ibrutinib. At baseline, 99% of patients 
were receiving concomitant corticosteroids. The median 
time to response was 5 weeks, with most (91%) responses 
seen within the first 6 months of treatment. Responses were 
maintained for ≥ 20 weeks in 59% of patients. The median 
duration of response was 54 weeks. Clinically meaning-
ful improvement (≥ 7-point reduction) from baseline in 
the Lee Symptom Scale (LSS) score was observed in 59% 

of patients receiving belumosudil 200 mg once daily and 
62% of patients receiving belumosudil 200 mg twice daily; 
LSS improvements were seen in both responders and non-
responders. Corticosteroid doses were reduced in 65% of 
patients. The overall failure-free survival (FFS) rate was 
75% at 6 months and 56% at 12 months. The overall sur-
vival (OS) rate at 2 years was 89% [14].

In an earlier open-label, multicentre, phase II, dose-finding  
trial in allogeneic bone marrow transplant or alloHCT 
recipients (NCT02841995), belumosudil was an effective 
treatment for cGVHD [15]. After a median follow-up of 
29 months, 65% (95% CI 51–77%) had an ORR (primary 
endpoint). Responses were seen in all affected organs and 
across all patient subgroups, including patients who had 
received ≥ 2 prior systemic lines of therapy and patients 
with ≥ 4 organs involved. The study enrolled 54 patients 
aged ≥ 18 years with persistent cGVHD manifestations after 
1–3 prior systemic lines of therapy and who were receiv-
ing corticosteroids with or without a calcineurin inhibitor 
and/or concurrent extracorporeal photopheresis. Patients in 
three sequential cohorts received oral belumosudil 200 mg 
once daily, 200 mg twice daily or 400 mg once daily in 
28-day cycles until cGHVD progression or unacceptable 
toxicity. Most (> 75%) responses were achieved during 
the first 8 weeks of treatment and the median duration of 
response was 35 weeks. Fifty percent of patients reported a 
clinically meaningful improvement in LSS score and 67% of 
patients were able to reduce their corticosteroid dose. The 
median time to next treatment was 14 months. FFS rates at 
6, 12 and 24 months were 76, 47 and 33%, respectively, and 
the 2-year OS rate was 82% [15].

Key clinical trials of belumosudil

Drug Indication Phase Status Location Sponsor Identifier

Belumosudil cGVHD II Recruiting USA Kadmon  
Corporation

ROCKstar; NCT03640481

Belumosudil cGVHD II Active, no longer 
recruiting

USA Kadmon  
Corporation

NCT02841995

Belumosudil cGVHD II Recruiting China BioNova  
Pharmaceuticals

NCT04930562

Belumosudil Systemic  
sclerosis

II Recruiting USA Kadmon  
Corporation

NCT04680975

Belumosudil Systemic  
sclerosis

II Recruiting USA Kadmon  
Corporation

NCT03919799

cGVHD chronic graft-versus-host disease
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2.4 � Adverse Events

Belumosudil was well tolerated when used to treat cGVHD 
in phase II trials [14, 15]. In a pooled analysis of both trials, 
the most common (incidence ≥ 20%) AEs with belumosudil 
200 mg once daily (n = 83) were infection (53%), asthenia 
(46%), nausea (42%), diarrhoea (35%), dyspnoea (33%), 
cough (30%), oedema (27%), haemorrhage (23%), musculo-
skeletal pain (22%), abdominal pain (22%), headache (21%) 
and hypertension (21%) [4]. The most common (incidence 
≥ 5%) grade 3–4 AEs, including laboratory abnormalities, 
were infection (16%), decreased lymphocytes (13%), increased 
γ-glutamyl transferase (11%), hypertension (7%), decreased 
phosphate (7%), decreased platelets (5%), diarrhoea (5%), 
dyspnoea (5%) and haemorrhage (5%). AEs leading to dis-
continuation of belumosudil occurred in 18% of patients while 
AEs leading to dose interruption occurred in 29% of patients. 
One patient experienced a fatal AE (severe nausea, vomiting, 
diarrhoea and multi-organ failure) [4].

Based on animal studies and its mechanism of action, 
belumosudil may cause foetal harm when administered to 
pregnant women, who should be advised of the potential risk 
[4]. Breastfeeding is not recommended during treatment with 
belumosudil and for ≥ 1 week after the last dose due to the 
potential for belumosudil to be excreted in milk, which could 
lead to serious adverse reactions [4].

2.5 � Ongoing Clinical Trials

In addition to the ongoing phase II cGVHD trials described 
above (NCT03640481 and NCT02841995), an open-label, 
multicentre, phase II trial (NCT04930562) is currently recruit-
ing patients in China. The trial plans to evaluate the efficacy 
and safety of belumosudil 200 mg once daily in patients with 
cGVHD after at least first line of systemic therapy.

Patients with diffuse cutaneous systemic sclerosis are being 
recruited in two phase II trials: an open-label, multicentre 
trial evaluating the efficacy and safety of belumosudil 200 mg 
twice daily (NCT04680975) and a randomized, double-blind,  
placebo-controlled trial with an open-label extension evaluat-
ing the efficacy and safety of belumosudil 200 mg once or 
twice daily (NCT03919799).

3 � Current Status

Belumosudil received its first approval in the USA on 16 
July 2021 for the treatment of adult and paediatric patients 
aged ≥ 12 years with cGVHD after failure of at least two 
prior lines of systemic therapy [5].

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40265-​021-​01593-z.
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