UPDATE IN GRAFT- VERSUS - HOST DISEASE

Updates in chronic graft-versus-host disease
Blood and Marrow Transplant Program, Hematology and Medical Oncology, Taussig Cancer Institute, Cleveland Clinic, Cleveland, OH

Chronic graft-versus-host disease (GVHD) is the leading cause of late morbidity and mortality after allogeneic hematopoietic cell transplantation. Symptoms and manifestations of chronic GVHD are heterogeneous and pleomorphic,
and there are no standard treatments beyond corticosteroids. Therapy is typically prolonged, and chronic GVHD and
its treatment are associated with adverse effects that have a significant impact on long-term quality of life and functional status. Several advances have been made over the last 2 decades to define the diagnosis of chronic GVHD as
well as its severity and response criteria for clinical trials. Further understanding into the biologic mechanisms of the
development of chronic GVHD has led to the investigation of several novel immunomodulatory and targeted therapies.
Multi-institutional collaboration and pharmaceutical support in the development of therapies based on sound biologic
mechanisms and clinical trials with defined end points and responses have led to several promising agents on the horizon of approval for treatment of chronic GVHD. This article reviews advances in our knowledge of chronic GVHD and its
biologic framework to improve approaches to prevention and treatment.
LEARNING OBJECTIVES

• Describe biologic phases and mechanisms of chronic GVHD development
• Describe novel approaches to chronic GVHD prevention and treatment
• Understand the continued need for high-quality multicenter clinical trials based on biologic rationale and using
chronic GVHD end points

CLINICAL CASE
A 64-year-old male with a history of relapsed acute myelogenous leukemia in second complete remission underwent a reduced-intensity matched unrelated-donor
peripheral blood stem cell transplant. Graft-versus-host
disease (GVHD) prophylaxis consisted of tacrolimus and
mycophenolate mofetil (MMF). In the setting of tapering
immunosuppression, 4 months after transplant he developed worsening fatigue, anorexia, skin rash, dry eyes, and
dry mouth. Skin biopsy and ocular evaluation confrmed
chronic GVHD. Tacrolimus was increased to therapeutic
levels, and he was started on 1mg/kg prednisone. Topical
therapies including dexamethasone oral rinses and ocular agents were used, including scleral lenses. The GVHD
symptoms resolved on steroids; however, he had several
adverse effects to steroids, such as hyperglycemia, irritability, edema, and cytomegalovirus reactivation. Systemic
corticosteroids were subsequently successfully tapered
off. The patient was eager to get off all immunosuppression, but again, after a taper of tacrolimus, he had a flare of
GVHD with oral, eye, and skin involvement. There was some
improvement with maximizing topical therapy and increas648 | Hematology 2021 | ASH Education Program

ing tacrolimus. The patient was very reluctant to consider
systemic corticosteroids or other medications. He developed worsening fatigue, anorexia, shortness of breath
(pleural effusions), lower-extremity swelling, dysphagia,
and anemia/thrombocytopenia. Additional workup to rule
out other etiologies was consistent with a GVHD flare. He
was restarted on 0.5mg/kg prednisone with plans for a
quick taper and started on ibrutinib. He had an excellent
response; his counts improved and symptoms resolved. He
was able to taper off prednisone without a flare in GVHD.
He remains on low-dose tacrolimus and ibrutinib.

Introduction
Allogeneic hematopoietic cell transplantation (HCT) is
the only potentially curative therapy for many high-risk
hematologic malignancies, metabolic and immunodefciencies, and bone marrow failure syndromes, and the
number of transplant procedures continues to increase.
Despite signifcant advances in donor selection, conditioning regimens, and supportive care, chronic GVHD
remains the leading cause of late morbidity and mortal-
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Etiology and prevention
Advances in our understanding of chronic GVHD have led to the
recognition of several donor, recipient, and transplant factors
that contribute to its initiation and development. Established
clinical risk factors include growth factor-mobilized peripheral
blood stem cells, mismatched or unrelated donor grafts, femaleto-male transplantation, older recipient age, and acute GVHD
history.10 Preclinically, although no murine model ade
quately
mimics the clinical spectrum of chronic GHVD,11 biologic insights
from multiple models with distinct pathophysiologies have laid
a foundation leading to further clinical studies and new treat
ment parad
 igms. Several detailed and comprehensive reviews
of chronic GVHD biology and preclinical models already exist
and are outside the scope of this article.12-14 Key elements in the
pathophysiology, however, will be briefly summarized here to
provide a framework for the updates on novel therapeutic tar
gets for prevention and treatment.

Etiology and pathogenesis
Chronic GVHD is a result of complex and dynamic mechanisms
and can be thought to occur within 3 biologic phases: (1) early
inflammation due to tissue injury, (2) thymic injury and T- and Bcell dysregulation, and (3) tissue repair and fibrosis (Figure 1).14
Although these processes are often overlapping and dependent,
they do not necessarily need to occur in sequence, or even occur
at all. As with acute GVHD, experimental models suggest that the
initial phase of chronic GVHD also begins with damage of host tis
sues by pretransplant conditioning and the subsequent release of
inflammatory cytokines. Damage to gut tissues and the release of
microbial contents result in the activation of antigen-presenting
cells, and inflammatory cytokines stimulate the activation of donor alloreactive T cells, driving helper T (Th1)/T-cytotoxic 1 (Tc1),
and Th17/Tc17 differentiation and expansion of effector T cells,
causing further cytotoxicity to host target cells.12

Tissue damage to the thymus and the secondary lymphoid
organs predisposes patients to subsequent chronic GVHD. The
sec
ond phase is thus char
ac
ter
ized by thy
mic injury, which
allows for the emergence of and the selection of auto- and alloreactive T-cell populations.13 A loss of central and peripheral tol
erance leads to impaired or deficient regulatory T (Treg) and
B cells.15 Donor T follicular helper (Tfh) cells have been shown to
expand in the secondary lymphoid organs and promote the sur
vival, expansion, and differentiat ion of donor B cells into aberrant
anti-host-immunoglobulin-producing plasma cells via cytokines
such as IL-21 and B-cell activating factor.16 Chronic inflammation
is thought to be maintained by Th17 cells that have escaped
immune regulation.12
The third phase is marked by aberrant tissue repair. Activated
macrophages dependent on IL-17 and colony-stimulating factor
(CSF-1) have been shown to play an important role in this by
producing transforming growth fac
tor β and plate
let-derived
growth factor alpha.17 This leads to fibroblast activation, resulting in chronic GVHD man
i
fes
ta
tions such as sclero
derma or
bronchiolitis obliterans. Thus, it is increasingly clear that subclin
ical pathogenic processes critical to the development of chronic
GVHD begin long before the specific clinical manifestations
become evident.

Chronic GVHD prevention
Calcineurin inhibitor (CNI)-based prophylaxis, typically in combi
nation with methot rexate (MTX) or MMF, has been standard prac
tice over the past 3 decades for GVHD prevention.18 Although
these regimens may have relative benefit in limiting acute GVHD,
they are not effective against chronic GVHD and, paradoxically,
may support its development by blocking thymic central toler
ance and Treg function.19-21 The need for improvements in GVHD
prevention strategies has been recognized as a priority by the
field,22 and several novel strateg
 ies and end points have been
investigated.
Although several prophylaxis strategies have been shown
to decrease the incidence of chronic GVHD, their effects on
immune recon
sti
tu
tion and dis
ease relapse remain prob
lem
atic. Because donor-derived effector T cells are critical initia
tors of chronic GVHD, approaches to deplete T cells from the
hematopoietic cell graft have been investigated, demonstrating
significant reductions in the incidence and severity of chronic
GVHD. While the ex vivo removal of T cells by the positive selec
tion of CD34+ cells has become the predominant approach in
clinical use,23 other novel approaches, such as αβ-T-cell graft
depletion, have demonstrated significant reductions in moder
ate and severe chronic GVHD.24 Although T-cell depletion has
not been shown to increase relapse risk, it is associated with
delayed immune reconstitution and higher rates of infectionrelated mortality,23 which was recently confirmed in a phase 3
multicenter Blood and Marrow Transplant Clinical Trials Network
(BMT CTN) trial.25 In vivo T-cell depletion with antithymocyte
glob
u
lin (ATG) has also been effec
tive in reduc
ing the inci
dence of chronic GVHD. Several phase 3 studies have confirmed
reductions in chronic GVHD with ATG, with subsequent supe
rior quality of life and GVHD-free survival.26-28 However, contro
versy remains on its effect on overall survival due to increases
in relapse and nonrelapse mortality, as well as optimal dosing,
formulation, and dependency on lymphocyte count at the time
of administration.28
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ity.1,2 The incidence of chronic GVHD ranges from 30% to 50%,
depending on GVHD prophylaxis regimens and the donor graft
source.1 Chronic GVHD, once established, is a heterogeneous
and pleo
mor
phic syn
drome in which most patients have at
least 3 involved organs, and treatment typically requires the
prolonged (median 2-3.5 years) use of immu
no
sup
pres
sive
agents.3 Chronic GVHD and its treatment are thus often associ
ated with late mortality as well as several adverse effects with
significant impact on long-term quality of life and functional
status among HCT survivors.2,4
The National Institutes of Health (NIH) chronic GVHD projects
of 2005 and 2014 have provided a critical framework for sub
stantial advances in the transplant field over the last decade,5,6
outlining standard guidelines and definitions for chronic GVHD
diagnosis, grading, and response criteria for clinical trials.7,8 Further refinement of response definitions has enhanced the reli
ability and practical utility of these measures in clinical trials,
ultimately leading to the first US Food and Drug Administration
(FDA) approval of treatment for chronic GVHD.9 In 2020, the NIH
Chronic GVHD Consensus Conference fur
ther set a for
wardthinking agenda to address gaps and needs in future research
over the next 3 to 7 years. This arti
cle sum
ma
rizes recent
advances in our understanding of chronic GVHD and its (1) eti
ology and prevention, (2) development and diagnosis, and (3)
novel treatments.

The role of donor B cells in chronic GVHD biology has also
provided a strong rationale for the evaluation of B-cell deple
tion strateg
 ies for chronic GVHD prevention. Prior studies have
incorporated monoclonal anti-B-cell therapy as part of the con
ditioning regim
 en or the peritransplant period with the intent
of reducing relapse of B-cell malignancies.29 Although significant
depletion of B cells and reduced rates of chronic GVHD have
been reported,30 concerns over the delayed reconstitution of
B-cell immunity and excess infections remain a concern.
Posttransplant cyclo
phos
pha
mide (PTCy) is a promising
approach used suc
cess
fully to pre
vent GVHD in the HLA-
mismatched/haploidentical setting.31 Recent work has pro
posed that the efficacy of PTCy is due to the reduction of
alloreactive CD4+ effector T-cell proliferation, impaired func
tion
al
ity of sur
viv
ing CD4+ and CD8+ effec
tor T cells, and
preferential recovery of CD4+ Treg cells.32 PTCy has been inves
tigated both with and without CNI in the fully HLA-matched
650 | Hematology 2021 | ASH Education Program

setting and has shown itself to be a potentially effective strat
egy for both acute and chronic GVHD prevention.
The opti
mal GVHD pro
phy
laxis reg
i
men for the pre
ven
tion of chronic GVHD remains elusive. A benchmark analysis of
novel GVHD prevention was conducted through the Center for
International Blood and Marrow Transplant Research to select
promising agents and new, clinically meaningful outcome mea
sure
ments for fur
ther inves
ti
ga
tion through the BMT CTN.33
Several composite GVHD end points were explored, including
chronic GVHD relapse-free survival (CRFS), which includes sur
vival without development of chronic GVHD, disease relapse, or
death, and GVHD relapse-free survival (GRFS), which includes
survival without acute grade 3 to 4 GVHD, chronic GVHD, dis
ease relapse, or death. The results of these analyses led to the
development of 2 multicenter BMT CTN clinical trials. PROGRESS 1 (BMT CTN 1203) was a randomized phase 2, 3-arm trial
investigating bortezomib/Tac/MTX, maraviroc/Tac/MTX, and
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Figure 1. Proposed biologic phases of chronic GVHD. A few novel therapeutic approaches targeting biologic pathways are highlighted. Reproduced with permission from the Cleveland Clinic Center for Medical Art and Photography.

Other novel strategies
As we work to further understand the development of GVHD, we
now recognize several additional potential targets. For example,
instead of blanket B- or T-cell depletion, prevention strateg
 ies
to block the development of pathogenic B cells, or to inhibit
Tfh cells, may better prevent chronic GVHD without affecting
other outcomes. Further, strategies to augment Tregs, as have
been reported with novel agents such as IL-2,35 ruxolitinib,36
hypomethylating agents,37 extracorporeal photopheresis,38 proteasome inhibitors,39 and adoptive transfer of Tregs,40 may need
additional exploration. Table 1 provides a summary of several
recently published and ongo
ing stud
ies that include chronic
GVHD as a primary or as part of a primary composite end point.

Development and diagnosis
While the 2005 and 2014 NIH Chronic GVHD Consensus Conference papers established and refined standard definitions for
chronic GVHD diagnosis,5,6 the 2020 Chronic GVHD Consensus Conference further highlighted several important consid
erations in the development and diagnosis of chronic GVHD,
focus
ing espe
cially on the neces
sity of early recognition.41
These include the need for earlier clinical identification by both
providers and patient/caregivers, potentially with the use of
technology such as telehealth and apps, as well as the need
for better identification of preceding symptoms or biomark
ers associated with subsequent more severe/morbid forms
of chronic GVHD—including biomarkers from blood and tis
sue or findings from imaging or functional testing. Trials spe
cifically investigating the development of chronic GVHD with
increased monitoring using blood, fluid, tissue, imaging, and
patient-reported symptoms at time points throughout trans
plant to detect early signs of disease are currently ongoing
(NCT04372524, NCT04188912).
The early identification of symptoms or subclinical indicators
of chronic GVHD is necessary for the proposed approach of pre
emptive treatment of chronic GVHD,42 potentially allowing for
the prevention of the more severe and morbid phenotypes of
chronic GVHD. In a preventative/preemptive approach with rituximab posttransplant, a modest decrease in chronic GVHD and
steroid-requiring chronic GVHD was found.30 Ideally, future pre
emptive approaches will have the advantage of directing treat
ment at patients who have been identified as at greatest risk,
allowing for early, more targeted and subsequently less longterm, damaging therapy.

Treatment of established chronic GVHD
Given the heterogeneous manifestations of established chronic GVHD, clear guidelines for treatment are lacking. High-dose
corticosteroids, typically 0.5 to 1 mg/kg/d, remain the first-line
standard treatment for chronic GVHD.3 While there is no cur
rent evidence to support any benefit from additional agents
in the up-front setting, they are often considered in severe
cases. The response rate to steroids alone is about 50%, with
more than half of patients requiring second-line therapy within 2 years. A number of second-line agents of varying efficacy
and toxicities have been inves
ti
gated over the past sev
eral
decades, highlighting the heterogeneity in practice, variabil
ity in response rates, and challenges in determining the best
treatment options.43 Corticosteroids thus remain the standard
despite continuing to be associated with several short- and
long-term toxicities, includ
ing infec
tion, myop
a
thy, edema,
hyperglycemia, bone loss, avascular necrosis, cataracts, and
sleep/mood disturbances. In clinical practice, topical therapies
and supportive measures to minimize these adverse effects are
of critical importance.44
The ideal treatment for chronic GVHD continues to be elu
sive. Goals of therapy are several in number but should include
symptom burden reduction and improvement of quality of life,
prevention of progression and inflammatory activity, prevention
of fibrosis and disability, preservation of response to allow for
withdrawal of immunosuppression, repair and modulation of the
immune system, and, ultimately, improvement of chronic GVHD
mortality.
With these aims in mind, the focus of novel chronic GVHD
treat
ment has thus shifted from the use of broad, long-term
immunosuppression toward the investigation of immunomodu
latory agents that target pathways relevant to the pathophysiol
ogy of the disease (Figure 1). Several multicenter phase 2 and 3
clinical trials have now investigated multiple agents in the treat
ment of up-front or steroid-refractory chronic GVHD, and a few
recently reported trials are briefly reviewed here.
Ibrutinib is a small-molecular tyrosine kinase inhibitor targeting Bruton’s tyrosine kinase (BTK), which plays an important role
in B-cell receptor signaling and activation of B cells and T cells.
A phase 2 trial of ibrutinib in 42 patients with steroid-refractory
chronic GVHD led to the first FDA approval of a second-line ther
apy for chronic GVHD, demonstrating an overall response rate
of 67%. Approximately 71% of responders continued to show
a response for at least 20 weeks, with responses gen
er
ally
observed across allorgan systems involved.9 Although the num
ber of patients treated on this trial was relat ively small, the FDA
approval of this drug highlights the success of multi-institutional
collaboration and pharmaceutical support in developing a trial
based on preclinical data and clear biologic mechanisms, with
defined clinical end points.
Ruxolitinib is a JAK 1/2 inhibitor that suppresses T-cell activa
tion by inhibiting cytokine receptor-mediated signaling for a vari
ety of proinflammatory cytokines and is currently FDA approved
for the treatment of steroid-refractory acute GVHD.36 A phase 3
study of ruxolitinib vs best avail
able ther
apy (BAT) in ste
roidrefractory chronic GVHD was recently reported,45 demonstrating
an overall response rate of 50% compared to 26% in the BAT arm.
Failure-free survival was significantly longer for ruxolitinib-treated
patients, and symptom improvement was greater with ruxolitinib
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PTCy/Tac/MMF in reduced-intensity HCT, evaluating GRFS as
a primary end point. PTCy was associated with superior GRFS
and had the lowest incidence of chronic GVHD requiring immu
nosuppression compared to other arms.34 This led to the ongo
ing BMT CTN trial 1703 (NCT03959241) phase 3 trial comparing
PTCy/Tac/MMF with Tac/MTX, with the primary end point of
GRFS, potentially establishing a new standard of care for GVHD
pre
ven
tion. PROGRESS 2 (BMT CTN 1301) was a ran
dom
ized
phase 3, open-label, 3-arm trial comparing CNI-free approaches
of CD34 selection, PTCy, and Tac/MTX, with a primary end point
of CRFS. While there were no statistically significant differences
in CRFS between the 3 approaches, CD34+ selection was found
to be associated with worse overall survival, driven by increased
infection-related mortality.25

Table 1. Recently published and ongoing prevention studies with chronic GVHD as a primary end point
Prevention regimen

Primary end point/outcome

Phase 3

ATG vs no ATG with CSA/MTX

Chronic GVHD at 2 years: 32.2% (ATG) vs 68.7% (no ATG), P<.001 26

Reference or NCT number

Phase 3

ATG vs no ATG with CNI/MTX

Freedom from systemic immunosuppression without resumption
up to 12 months: 37% (ATG) vs 16% (no ATG), OR 4.25, P=.0006

27

Phase 3

ATG vs no ATG with Tac/MTX

Moderate-severe chronic GVHD-free survival: 48% (ATG) vs 44%
(no ATG), P=.47

28

Phase 2

PTCy/CSA

Chronic GVHD requiring systemic treatment: 16% (95% CI, 5%28%)

48

Phase 2

PTCy/Tac/MMF vs bortezomib/Tac/MTX
vs maraviroc/Tac/MTX

GRFS: HR 0.72, P=.04 (PTCy/Tac/MMF) vs HR 0.98,
P=.92 (bortezomib/Tac/MTX) vs HR 1.10, P=.49
(maraviroc/Tac/MTX)

49

Phase 2

Rituximab (D100, 6, 9, 12 months) post-HCT Chronic GVHD: 48%, chronic GVHD requiring steroids: 31%

Phase 3

CD34 selection vs PTCy vs Tac/MTX

30

CRFS: 60.2% (CD34), 60.3% (PTCy), 56.6% (Tac/MTX), P=.72

25

Phase 1/2 Ixazomib/Tac/Sir

Moderate/severe chronic GVHD

NCT03225417

Phase 2

Palifermin

Chronic GVHD

NCT02356159

Phase 2

Obinutuzumab

Chronic GVHD requiring steroids

NCT02867384

Phase 2

Ixazomib/CNI/MTX

Acute or chronic GVHD

NCT03082677

Phase 2

PTCy/Tac/MMF

GRFS

NCT03128359

Phase 2

PTCy/Sir/MMF

Extensive chronic GVHD

NCT03192397

Phase 2

Tocilizumab/Tac/MTX

GRFS

NCT03699631

Phase 2

Ex vivo depletion of CD45RA
cells/Tac/MTX

GRFS

NCT03779854

Phase 3

Atorvastatin/Tac/MTX

Chronic GVHD

NCT03066466

Phase 3

PTCy/Tac/MMF vs Tac/MTX

GRFS

NCT03959241

+

CSA, cyclosporine.

compared to BAT (24% vs 11%). Based on the results of this study,
ruxolitinib has been granted priority review by the FDA for the
treatment of chronic GVHD, and an FDA decision on drug approval
is expected before the end of the year.
Belumosudil is an oral selec
tive rho-asso
ci
ated coiled-coil
kinase 2 (ROCK) inhibitor targeting Tfh-cell generation and thus
B-cell differentiation and survival. Results of the phase 2 trial
of belumosudil in ste
roid-refrac
tory chronic GVHD were also
recently reported,46 demonstrating an overall response rate of
74% in heavily pretreated patients. Responses were seen across
allaffected organs, and of responders, 49% maintained response
for at least 20 weeks. Failure-free survival was 77% at 6 months.
Based on the results of this study, belumosudil has also been
granted priority review by the FDA.
The need to investigate other novel therapies either targeted
toward fibrosis or already being developed for other fibrotic dis
eases has been recognized. For example, pirefenidone, which
inhibits transforming growth factor β signaling, is currently FDA
approved for idiopathic pulmonary fibrosis and has been shown
in mouse models to restore pulmonary function and reverse lung
fibrosis. Its study in chronic GVHD-related bronchiolitis obliterans is ongoing (NCT03315741). Axatilimab is a monoclonal anti
body against CSF-1, which regulates monocyte differentiation
into macrophages promoting fibrosis, and has been shown to
have potential efficacy in heavily pretreated chronic GVHD. A
phase 2 study further evalua
 ting this is ongoing (NCT03604692).
Table 2 summarizes several other up-front and steroid-refractory
chronic GVHD trials.
652 | Hematology 2021 | ASH Education Program

Despite our improved understanding of chronic GVHD, it
remains a complex disease marked by significant immune dys
function, disability, and toxicities, and chronic GVHD-related
non-relapse mortality keeps rising over time.47 Practically, the
choice of first- and second-line therapy continues to depend on
physician preferences and clinical experience, patient disease
history and comorbidities, cost/availability of treatment, and
access to clinical trials. As we progress away from broad immu
no
sup
pres
sion, there remains a need to inves
ti
gate agents
that target the biologic pathways relevant to the pathophys
iology of disease and chronic GVHD symptoms; to ultimately
understand which drug will work when. The identification and
use of blood and tissue biomarkers, imaging, and other novel
approaches can better identify specific clinical and biologic
phenotypes to differentiate chronic GVHD and work toward a
more tailored, personalized therapy for patients.
Reflecting back to our clinical case, this scenario demon
strates several aspects of chronic GVHD development, evolu
tion, and treatment challenges and highlights the importance of
understanding the goals of therapy from both a patient and pro
vider perspective. While broad immunosuppression may reduce
symp
tom bur
den and decrease inflam
ma
tory activ
ity in the
short term, there remains a need to further investigate targeted
agents to preserve function, provide a prolonged response to
allow for the withdrawal of medications, prevent disability, and
ultimately improve quality of life and overall mortality. The con
tinued understanding of biologic mechanisms through multiinstitutional collaborative preclinical studies, clinical trials with
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Phase

Table 2. Active ongoing studies for systemic treatment in up-front or steroid-refractory chronic GVHD
Phase

Treatment

Drug mechanism/
target

Indication

Enrollment

Primary end point

NCT number

Pilot

Itacitinib

JAK inhibitor

Steroid refractory

40

ORR at 6 months

NCT04200365

Phase 2

Itacitinib and ECP

JAK inhibitor, Treg

Up-front

58

ORR at 24 weeks;
dose-limiting toxicity

NCT0446182

Phase 1

SHR0302

JAK inhibitor

Up-front

30

Adverse events

NCT04146207

Phase 1

Abatacept

T-cell costim block
ade

Steroid refractory

22

Maximum tolerated dose

NCT01954979

Phase
2/3

Itacitinib

JAK inhibitor

Up-front

431

Dose determination;
ORR at 6 months

NCT03584516

Mesenchymal stem cells

Immunomodulatory

Up-front

152

ORR at 12 weeks

NCT04692376

IL-2 and ECP

Treg

Steroid refractory

24

ORR at 4 weeks

NCT03007238

Phase 1/2

Ofatumumab

CD20 B-cell antibody

Up-front

44

ORR at 6 months; maxi
mum tolerated dose

NCT010680965

Phase 2

KD025 (belumosudil)

ROCK inhibitor

Steroid refractory

166

ORR at 6 months

NCT03640481

Phase 2

Acalabrutinib

BTK inhibitor

Recurrent/progressive

50

Best response at 6
months

NCT04198922

Phase 1/2

Glasdegib

Hedgehog signaling
inhibitor

Sclerosis/steroidrefractory

21

Maximum tolerated dose

NCT03415867

Phase 2

Ibrutinib/rituximab

BTK inhibitor/CD20
B-cell antibody

Up-front

35

Off immunosuppression
at 8 weeks

NCT04235036

Phase 1

Leflunomide

Immunomodulatory

Steroid dependent

24

Dose-limiting toxicity

NCT04212416

Phase 2

Axalitimab

CSF-1 inhibitor

Steroid refractory

210

ORR at 6 months

NCT04710576

Phase 2

Ibrutinib

BTK inhibitor

Up-front

40

ORR at 6 months

NCT04294641

Phase 1/2

Baricitinib

JAK inhibitor

Steroid refractory

31

Safety and efficacy

NCT02759731

Phase 3

Ruxolitinib

JAK inhibitor

Steroid refractory

330

ORR at day 168

NCT03112603

ECP, extracorporeal photopheresis; ORR, overall response rate; ROCK, rho-associated coiled-coil kinase.

careful correlative studies of blood, fluid, tissue samples, imag
ing, and patient-reported symptoms—are necessary to achieve
a more personalized approach to the prevention and treatment
of chronic GVHD.
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