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Abstract: Acute GVHD (aGVHD) is a significant complication after allogeneic hemato-
poietic cell transplantation (HCT), occurring in up to 70% of HCT recipients. Steroid-
refractory aGVHD represents a subset of patients failing initial therapy and is particularly
morbid, with only 30% of patients surviving long term. Better therapies are urgently required
for these patients. Here, we discuss recent advancements in the management of SR-aGVHD.
We review the currently available therapies for SR-aGVHD including the results of the
REACHI1 and REACH?2 trials, which provide the basis for the use of ruxolitinib for the
treatment of SR-aGVHD. We additionally discuss newer agents under clinical investigation
and will highlight the niche these agents may fill to further improve outcomes in aGVHD
patient care.

Keywords: stem cell transplantation, hematopoietic, graft-vs-host disease, ruxolitinib,
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Introduction

Allogeneic hematopoietic cell transplantation (HCT) represents an important and
potentially curative procedure for a variety of malignant and non-malignant
conditions.' Alongside benefit, allogeneic transplant recipients often face signifi-
cant complications, including graft-versus-host disease (GVHD). Acute GVHD
(aGVHD) is a frequent problem, occurring in up to 70% of HCT recipients.*>
Upon development of aGVHD, 2-year treatment-related mortality (TRM) among
allogeneic transplant recipients is approximately 40%.”

Primary therapy for acute GVHD is systemic high-dose corticosteroids.” While
steroid therapy is mostly effective, nearly 40% of acute GVHD cases fail to respond to
high-dose corticosteroid therapy and are considered steroid-refractory.™® Steroid-
refractory aGVHD (SR-aGVHD) represents a particularly morbid complication post-
transplant, with an estimated 6-month survival of only 40% after development.” As
a significant contributor to transplant-related mortality, the development of more effective
therapies for SR-aGVHD is an area of need for allogeneic HCT recipients. In this review,
we will discuss emerging pharmacologic therapies under investigation for SR-aGVHD.

Acute GVHD: Presentation and Pathophysiology
Acute GVHD typically develops within the first 100 days after allogeneic HCT,
however can occur in a delayed manner, particularly in the setting of a reduced
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intensity conditioning transplant.” Pathologically, the
development of aGVHD occurs following a three-step
process. First, the HCT recipient incurs tissue injury
from transplant conditioning, from infection, or pre-
transplant from underlying disease or treatment of disease.
Injured host cells subsequently release pro-inflammatory
cytokines including tumor necrosis factor (TNF) — alpha,
interleukin (IL)-1, and IL-6 resulting in the activation of
host (APCs).
Furthermore, mucosal injury, particularly within the GI

and donor antigen-presenting cells
tract, may result in barrier disruption, and subsequent
bacterial translocation or leakage of pathogen-associated
molecular patterns (PAMP) across the barrier. These
inflammatory alterations, along with alterations due to
antibiotics administered as prophylaxis or as treatment,
can lead to dysbiosis, or deleterious alterations to the
microbiome within the gut. Increasingly, there is evidence
that microbial shifts, particularly to an enterococcal bias,
may facilitate GVHD development.® Second, APCs
engage and activate donor T cells. These activated
T cells proliferate; CD4+ T cells differentiate into
T-helperl (Thl) cells, Th2, Thl7 cells, while CD8+
T cells differentiate into cytotoxic T cells. Activated
T cells additionally produce cytokines, such as IL-1, IL-
2, TNF that promote activation and survival of these cells.
Third, T cells migrate to and attack host target organs. At
the site of GVH, the proliferation of cytotoxic T cells and
activation of NK cells lead to host cell apoptosis.’
Clinically, aGVHD most frequently involves the skin,
and GI
a maculopapular rash. GI aGVHD may involve both the

liver, tract. Skin manifestations include
upper or lower GI tract, and may present as anorexia and
weight loss, or cramping with diarrhea. Finally, liver
involvement most frequently manifests as a conjugated
hyperbilirubinemia; however, severe cases may also
demonstrate the development of coagulopathy or
hyperammonemia.” Upon aGVHD development, staging
is then performed. Traditionally, Glucksberg or
Consensus criteria have been applied for staging; however,
more recently, in the setting of clinical trials, MAGIC
consortium criteria are increasingly being utilized, in line
with  the EBMT, NIH CIBMTR

recommendation.”'® Generally, involved sites are assigned

recent and
an initial stage, ranging from 1 to 4, depending on the
magnitude of aGVHD involvement. From the perspective
of SR-aGVHD, initial staging is of importance as it may
help predict which patients ultimately fail initial steroid
Minnesota GVHD risk

therapy. Using the score,

a prospectively validated tool, high-risk patients, repre-
senting about 16% of aGVHD cases, have about a 60%
probability of ultimately being steroid-refractory.®
Furthermore, there is evidence that serum biomarker stu-
dies drawn at the onset of aGVHD can additionally predict

for patients who will fare poorly on steroid therapy.''

Acute GVHD: Initial Treatment and

Diagnosis of Steroid-Refractoriness
The initial treatment for aGVHD is systemic corticoster-
oids; prednisone is often used at a dose of 2 mg/kg daily.”
Corticosteroids combat aGVHD by downregulating the
production of inflammatory cytokines, inhibiting activa-
tion and proliferation of T cells, and by potentially mod-
ulating antigen presentation at the site of disease.
Typically, responding patients demonstrate signs of
improvement within about 72 hours after steroid initiation.
Patients failing to improve or progressing on steroids are
those that are considered to have SR-aGVHD.

Steroid-refractory aGVHD is a clinical diagnosis, with
varying criteria between trials. Traditionally, the following
are often included as criteria for SR-aGVHD: 1) aGVHD
progression after 72 hours on steroids, or 2) aGVHD
which fails to respond to after 7 days on high-dose ster-
oids. Increasingly, studies have additionally begun to con-
sider the following as SR-aGVHD: 3) aGVHD developing
in a new site while on >1 mg/kg prednisone, or 4) aGVHD
recurrence during steroid taper, with the inability to
increase steroids.'? Upon diagnosis of SR-aGVHD, sec-
ond-line immunosuppressive therapies are indicated but
historically have had limited efficacy.

SR-aGVHD: Conventional

Therapies

Recently, ruxolitinib phosphate received approval by the
US FDA for the treatment of SR-aGVHD. Prior to this, no
agent had specific indications for SR-aGVHD, however
several agents demonstrated efficacy in limited studies and
are used in clinical practice. These agents include tradi-
tional oral immunosuppressive agents targeting T-cell acti-
vation such as sirolimus or mycophenolate mofetil, and
lymphodepletive agents including pentostatin or horse or
anti-thymocyte globulin.'*'® Based on either Phase I/IT
study results or retrospective analyses, off-label use of
monoclonal antibodies targeting cytokines, such as the
anti-TNF-alpha antibody agents infliximab, etanercept,
the anti-IL-6 receptor antibody tocilizumab, and anti-IL2
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receptor  antibody  inolimomab, is  occasionally

employed.'” ' Finally, extracorporeal photopheresis
represents a frequent non-pharmacologic intervention.*’
While these options all appear to elicit responses, with
reported responses ranging from 30% to 70%, a limited
survival benefit with all these options is seen with long-
term survival in the range of only 20-40% (Table 1). Lack
of initial response or subsequent loss of response, frequent
infectious complications, and/or excess relapse contribute
to these dismal outcomes.” Given these poor outcomes,
clinical trials for SR-aGVHD represent an area of signifi-
cant activity. More recently, experimental agents in clinical
development have taken a targeted approach to limit infec-
tious risks and excess relapse, while treating specific dis-
orders leading to steroid resistance. Figure 1 illustrates the

proposed mechanisms of these novel agents.

Experimental Therapy: Ruxolitinib
Phosphate

Ruxolitinib phosphate is an oral multi-kinase inhibitor of
the Janus kinases JAK1 and JAK2, and tyrosine kinase 2
(Tyk2).>"*? These enzymes play a critical role in cytoplas-
mic cytokine signaling and growth factor receptor signal-
ing; JAK1 and Tyk2 modulate proinflammatory cytokine
signaling, and JAK2 is involved in erythropoietin and
thrombopoietin signaling.*>

In GVHD, pre-clinical studies demonstrate that ruxoli-
tinib therapy rapidly decreases proinflammatory cytokine
including TNF-alpha, IL-6, and IL-12.** In murine

Table | Conventional Second-Line Therapies for SR-aGVHD

models, these cytokine reductions were mostly seen to be
early events seen within a week of dosing. Further, rux-
olitinib exposure was shown to decrease proliferation of
activated T cells in vivo and resulted in an expansion of
CD4+FoxP3+ regulatory T cells (Tregs).”* In all, these
findings provided a mechanistic basis for exploring ruxo-
litinib clinically.

The first report on ruxolitinib use in SR-aGVHD was
a retrospective series from a number of European sites.”
In this study, 54 patients with SR-aGVHD were treated
with ruxolitinib, and an 81.5% ORR was reported, with
a nearly 50% complete response to therapy. Most impress-
ively, the 6-month survival in these patients was 79%.
These results were subsequently replicated in several ret-
rospective studies where ruxolitinib was used off label for
SR-aGVHD.

These promising findings led to the development of the
REACH trials to formally evaluate the efficacy and safety
of ruxolitinib for GVHD. REACH1 was a single-arm
interventional study evaluating the efficacy and safety of
ruxolitinib in SR-aGVHD. REACH2 was next performed
to assess ruxolitinib efficacy in a randomized fashion for
SR-aGVHD, while REACH3 evaluated ruxolitinib in
a randomized study for corticosteroid chronic GVHD.*®

REACHI, and open-label Phase II study evaluating the
safety and efficacy of ruxolitinib in SR-aGVHD reported
favorable findings.?” Overall, 71 patients were enrolled in
this study; patients were 12 or older and could have under-
gone allogeneic HCT from any donor source. Among
ruxolitinib-treated patients, an estimated ORR of 54.9%

Agent Evidence CR Rate Toxicities Survival

Sirolimus Phasel* 24% TMA I-yr: 44%
Retrospective'? 42%

Mycophenolate Mofetil Retrospective'* 26% Myelosuppression 3-yr: 40%

Pentostatin Phasel*? 63% Late Infection I-yr: 30%
Retrospective'® 18% 18-mo: 21%

Anti-thymocyte globulin Phase II** 32% Infection 6-mo: 45%
Retrospective'® 20% l-yr: 32%

Infliximab Retrospective'” 17% Infection 12-week: 33%

Tocilizumab Retrospective® 40% Transaminitis Infection >lyr: 27%

Inolimomab Retrospective 38% Infection I-yr: 30%

Extracorporeal Photopheresis Retrospective*® 54% 3-yr: 50%
Phase 1II?® 20%
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Figure | Proposed novel agent mechanisms.

was seen by day 28, with complete responses in estimated
26.8% patients. Beyond 28 days, an estimated 73% of
patients ultimately achieved a response on ruxolitinib,
including complete responses in an estimated 56.3% of
patients. Responses were seen in all types of SR-
aGVHD; however, a greater proportion of responses
were seen in SR-aGVHD involving the skin, compared
to patients with SR-aGVHD involving the liver or the GI
tract. Among all patients, 6-month survival was 51%, and
among responders, 6-month survival was 70%. Based on
these results, and available retrospective data, the US FDA
approved ruxolitinib for the management of SR-aGVHD.

Recently, the results of the REACH2 were published
and demonstrated benefit with ruxolitinib compared
best REACH 2 was
a randomized, Phase 3 trial comparing Ruxolitinib (at

against available care.”®
10 mg twice daily) against best available therapy (BAT).
The primary endpoint for this study was the overall
response at day 28. Overall, the study met its primary
endpoint; compared against BAT, ruxolitinib yielded
a significantly improved ORR at 28 days, with 62.3%
with  39.4%  (p<0.001).
Furthermore, subgroup analysis revealed that a greater

proportion of patients with Grade 3 or 4 aGVHD

responding,  compared

oojoo0oje

I IL-1, IL-6, TNF-a - Itacitinib

Alpha-1-Antitrypsin

responded to ruxolitinib compared to control, and all
organ sites saw improved responses with ruxolitinib.
Finally, among responders, at 6 months, nearly 90% of
ruxolitinib treated patients maintained their response com-
pared to 60% receiving BAT. From a safety standpoint,
ruxolitinib appeared to have a similar safety profile com-
pared with control; severe adverse events were reported in
38% of patients receiving ruxolitinib compared to 34%
receiving BAT. Thrombocytopenia and anemia remained
the most common severe adverse events; neutropenia was
also observed but at a lower rate. Infections occurred at
nearly an equal rate among ruxolitinib-treated patients
compared to control patients (grade 3+: 22% vs 19%). At
one-year, an estimated one-year survival of 49% was
reported on ruxolitinib, compared to 44% among patients
receiving BAT. Overall, these results demonstrated that
ruxolitinib represents a reasonable first option for patients
with SR-aGVHD. Table 2 summarizes the outcomes of
these studies.

Despite these encouraging results, the REACH?2 trial
also revealed groups for which, outcomes remain subop-
timal. REACH2 subgroup analysis revealed that among
patients with Grade 3+ aGVHD at randomization, about
55% responded to therapy, as opposed to 76% response

Table 2 Ruxolitinib in SR-aGVHD. BAT: Best Available Therapy (Sirolimus, MMF, MSC, MTX, Infliximab, ECP, Etanercept, ATG)

ORR Toxicities Survival
Retrospective® Best: 81.5% (46% CR) Cytopenia Infection 6-mo: 79%
REACH 1%’ Phase I Day 28: 54.9% (27% CR) Cytopenia Edema 6-mo: 51%
Best: 73.2% (56% CR)
REACH2?® Phase llI Rux: Day 28: 62% (34% CR) Rux: 1-yr: 49%
BAT: Day 28: 39% (19% CR) BAT: |-yr: 44%
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with Grade 2 aGVHD.”
Additionally, looking at aGVHD site, the overall response

rates among patients
rate in patients with liver aGVHD was about 44%, and
lower GI aGVHD responded in about 57% of cases.*’
This is in comparison to upper GI and skin aGVHD,
which demonstrated responses to ruxolitinib in about
68% and 72% of cases.”’ Finally, in terms of safety,
ruxolitinib did not appear to spare patients from infec-
tious complications. A previous study also reported that
almost 70% of patients developed infection during rux-
olitinib therapy for SR-aGVHD.?® Further, additional
toxicities may be emerging with increased use; drug-
induced microangiopathy has recently been reported
with ruxolitinib use.*" Given the limitations of ruxolitinib
in these settings, nearly 22% of patients treated with
ruxolitinib still died due to aGVHD compared to 25%
of control patients. With that, the cumulative incidence of
non-relapse-related death at one-year was 49% among
ruxolitinib-treated patients compared to 51% in the con-
trol group.

Experimental Therapy: Itacitinib

The most frequent adverse events associated with ruxoli-
tinib were related to thrombocytopenia and anemia. In
previous studies, this has led to dose reductions and occa-
sionally treatment discontinuation with ruxolitinib, poten-
tially limiting efficacy in aGVHD. As discussed above,
JAK? signaling appears to be more heavily implicated in
thrombopoiesis and erythropoiesis, while JAK1 signaling
appears to play a greater role in inflammatory cytokine
signaling. On this basis, itacitinib, a selective JAK1 inhi-
bitor, was studied in both patients developing aGVHD and
SR-aGVHD.

Recently, a Phase I study of itacitinib in combination
with corticosteroids for steroid-naive and SR-aGVHD was
performed.* Patients received itacitinib at either 200 mg
or 300 mg daily. In all, 17 patients with SR-aGVHD were
enrolled in this study. Of these patients, 13 had grade 3+
aGVHD, 11/16 had lower GI aGVHD, and 5/16 patients
had liver aGVHD. In terms of safety, thrombocytopenia
and anemia were both seen in about 30% of cases, but the
rates of Grade 3+ cytopenias appeared lower than what is
reported with ruxolitinib. In terms of response, the day 28
ORR reported was 70.6%, with 30% of patients in CR
by day 28. Non-relapse mortality at 6 months was high at
52.9% resulting
of 47.1%.

in an estimated 6-month survival

Moving forward regarding SR-aGVHD, given the tol-
erability of itacitinib monotherapy, an institutional phase
I trial in combination with tocilizumab is nearing enroll-
ment to evaluate the safety and efficacy of this approach
(NCT04070781).

Experimental Therapy: Anti-CD3/

CD7 Immunotoxins (T-Guard)

Among SR-aGVHD patients with grade 3+ disease, or
with GI involvement, combination anti-CD3/CD7 immu-
notoxin (CD3/CD7-IT) therapy has demonstrated promis-
ing preliminary results.*> CD3/CD7-IT consists of a 1:1
mixture of monoclonal antibodies against CD3 and CD7,
each conjugated ricin toxin A. In vivo studies demonstrate
that CD3/CD7-IT therapy induces apoptosis in both T-cell
and NK cells, and may reduce T cell activation.

A single-arm Phase I/II study with CD3/CD7-IT was
conducted in patients SR-aGVHD, of which 17/20 patients
had Grade 3+ aGVHD, and 18/20 patients had either GI or
liver involvement.*® Treatment consisted of four weekly
4-hour infusions of CD3/CD7-IT at 4mg/m2. In this high-
risk cohort, the ORR by day 28 was 60%, with 50% of
patients achieving a CR. The most common grade 3 or
greater toxicities related to treatment included thrombocy-
topenia in 8/20 patients, and hyperbilirubinemia in 2/20
patients, and nearly all responses were complete
responses. Overall, 6-month survival was estimated at
60%. Furthermore, 12 patients with SR-aGVHD were
treated with CD3/CD7-IT on an expanded access program,
and these patients appeared to also farewell with an esti-
mated 6-month survival of 75%.%*

These promising results led the US FDA to designate
CD3/CD7-IT fast track status, and presently the BMT-
CTN is planning a multi-center study to examine CD3/
CD7-IT wversus ruxolitinib in grade 3+ SR-aGVHD

(NCT04128319).

Experimental Therapy: Begelomab
Another monoclonal antibody therapy with promising
results in severe SR-aGVHD is Begelomab.?> Begelomab
is a monoclonal antibody against CD26. CD26 is a marker
for T cell activation and CD26+ T cells accumulate in
inflamed tissues.

Two clinical trials have been performed with begelomab,
a pilot study (EudraCT 2007-005809-21), and a dose-
finding study (EudraCT No. 2012-001353-19). Results
from these studies, as well as patients treated with
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begelomab on a compassionate use basis, were recently
published, reporting on the outcomes of 69 patients.*
Various dosing schemas were applied to patients, including
the recommended dosing schedule of 3mg/m2/day x 5 days
followed by 2 weekly administrations for three consecutive
weeks. Of the 69 patients, 61 had Grade 3+ aGVHD; 51 of
69 patients had Stage 3+ GI GVHD, and 45 of 69 patients
had Stage 3+ liver GVHD. In this study, the ORR at day 28
was approximately 69% among patients with Grade 3+
aGVHD, with responses in 56% and 68%, respectively, for
severe liver and GI GVHD. In terms of toxicities, no treat-
ment-related severe adverse events were reported; however,
infections, including CMV reactivation, were common
events during treatment. Overall, estimated one-year survi-
val was 50%; among responders, an estimated 75% of
patients were alive at 1 year.

With these findings, begelomab was granted orphan
drug designation by the US FDA, and in the EU and
Switzerland, and a multinational phase II/III trial was
planned for 2020; this trial is presently on hold.

Experimental Therapy:

Brentuximab Vedotin
A third monoclonal antibody targeting activated T cells is
Brentuximab Vedotin (BV). CD30 is thought to be over-
expressed on activated CD8+ T cells, and BV is an anti-
body—drug conjugate against CD30.

BV was studied in a single-arm, multicenter, phase
I study in patients with SR-aGVHD. The maximum toler-
ated dose (MTD) and dose that most patients received
were 0.8 mg/kg IV every 2 weeks for 4 doses. A total of
34 patients were treated, and the ORR with BV at day 28
was 38.2%. By day 56, additional 7 patients responded; in
total 18/34 (53%) responded to therapy. Responses were
seen in 42% of patients with refractory GI GVHD, and
45% of patients with refractory liver GVHD. The com-
monest toxicities seen with therapy were related to cyto-
penias; thrombocytopenia and neutropenia frequently
occurred. Peripheral neuropathy, a common adverse
event among Hodgkin lymphoma patients receiving BV,
was not observed in this study. Among all patients, 41%
were alive at 6 months, and 38% at 1 year. Among
responders, 12/18 (67%) were alive at 1 year.

Going forward, a phase II study was planned but ter-
minated; there are no plans to combine this agent or move
this agent into the frontline for aGVHD.

Experimental Therapy:
Alpha-1-Antitrypsin

In addition to the persistence of activated T cells, suppres-
sion of Treg populations is thought to play a role in the
development of SR-aGVHD. Alphal-antitrypsin (AAT) is
a serine protease inhibitor with anti-inflammatory proper-
ties and has been shown to increase Tregs.

Alphal-antitrypsin was studied in a single-arm, multi-
center study for SR-aGVHD.?® Enrolled patients were
administered AAT at a dose of 60mg/kg per day on Days
1,4,8,12,16,20,24, and 28. In all, 40 patients were enrolled,
of which 70% had Grade 3+ aGVHD. By day 28, an ORR
of 65% was reported; 35% had achieved a CR at this
timepoint. Among patients with GI aGVHD, an ORR of
64% was reported, and among liver aGVHD patients,
a 57% ORR was reported by day 28. AAT was well
tolerated, with no Grade 3+ adverse events attributed to
drug. Overall, a modest 50% survival was seen at 6
months among responding patients.

While further development of AAT is not currently
underway in the setting of SR-aGVHD, with the safety
profile demonstrated in for this drug, and with the signal in
GI aGVHD, a randomized trial is underway studying
corticosteroids versus corticosteroids + AAT in steroid-
naive high-risk aGVHD (BMT-CTN 1705).

Experimental Therapy:

Vedolizumab

Targeting T cell migration is a newer area of investigation
in GVHD. Vedolizumab, an antibody against a4p7 integ-
rin, has been investigated as a treatment that impairs T cell
homing to the GI endothelium.

Vedolizumab is an approved agent in the management
of inflammatory bowel disorders and initially was used off
label for the treatment of SR-aGVHD. Two retrospective
studies reported promising activity in SR-aGVHD. The
first reported on 29 patients receiving Vedolizumab,
300 mg IV every 2 weeks for 3 doses, followed by main-
tenance dosing every 8 weeks. All patients had SR-
aGVHD of the GI tract, and 12 patients had concurrent
GVHD involving the liver. At 28 days, all patients receiv-
ing Vedolizumab as second-line therapy responded, and
reportedly 66% of patients receiving Vedolizumab as
third-line therapy responded. Overall, among patients
receiving Vedolizumab as second-line therapy, 6-month
OS was 42%. Drug-related toxicities were not reported,
but 90% of treated patients had an infectious complication.
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A second retrospective study reported similar findings;
among 29 patients with SR-aGVHD, after 6 weeks, 64%
of patients responded. A 6-month OS at 54% was reported
in this cohort. This study reported on adverse events, and
infection again was frequently observed, as well as one
possible case of ileus related to drug.

These results led to a prospective dose-finding study of
Vedolizumab in SR-aGVHD (NCT02993783). This study
was terminated due to lack of efficacy. Going forward,
Vedolizumab was studied in a Phase Ib study as
a prophylactic agent against aGVHD, and a lower inci-
dence of lower-intestinal aGVHD was observed. These
results may lead to further investigation in this setting.

Experimental Therapy:

Neihulizumab

Neihulizumab is another novel agent targeting T cell
migration. Neihulizumab is a monoclonal antibody against
P-selectin glycoprotein ligand-1 (PSGL-1). At sites of
inflammation, the endothelium of blood vessels expresses
P-selectin, and activated T cells bind to these sites and
migrate through the expression of PSGL-1. In that manner,
Neihulizumab is thought to target activated T cells and
inhibit trafficking to sites of inflamed tissue.

A multicenter, single-arm phase I trial is underway, and
interim analysis demonstrated that after one dose, among
enrolled patients, all of which were required to have SR-
aGVHD involving the skin, 10/11 patients experienced an
improvement in aGVHD by at least 1 stage.’” This study is
ongoing for SR-aGVHD involving any site, now with
a weekly dosing schedule for 4 weeks (NCT03327857).

Experimental Therapy:
Non-Pharmacologic Therapies
Mesenchymal Stem Cells (MSC)

Mesenchymal stem cells (MSCs) are a type of multipotent
stem cells capable of differentiating into osteocytes, adi-
pocytes, and chondroblasts. Proliferation of MSCs has
been shown to inhibit cytotoxic T cell activity and T cell
proliferation, and thus have been studied for many years as
a therapy for aGVHD with promising results. Despite
activity, variable manufacturing practices limited the use
of MSCs, given inconsistent efficacy between manufac-
tured batches of product. Remestemcel-L, a culture-
expanded mesenchymal stem cell product, represents
a manufactured product with more consistent results
among various studies. Among 309 pediatric patients

treated with remestemcel-L on three studies and on an
expanded access protocol, an overall response rate of
66% was reported at 28 days.”® Additionally, a favorable
response rate of 68% at 6-month was also reported. On
this basis, remestemcel-L is under review by the US FDA
for use in pediatric SR-aGVHD.

Fecal Microbiota Transplantation (FMT)
Increasing awareness of the interplay between the gut
microbiota, its metabolites, and the immune system has
led to the study of modifying the gut in the prevention and
management of aGVHD. Fecal microbiota transplantation
(FMT) represents a therapy under investigation which
allows for fecal suspension from a healthy individual to
be given to patients with GVHD to facilitate the restora-
tion of a healthy microbiota in patients with disease. In
SR-aGVHD, a handful of small studies appear to demon-
strate the benefit of this approach. In a pilot study in which
all patients had some degree of steroid-refractory aGVHD
involving the gut, four patients received two FMT infu-
sions resulting in responses for all patients.** Additional
small studies have shown equally promising results, and
larger prospective studies are underway (NCT04059757,
NCT04139577, NCT04285424).404!

Conclusion

Steroid-refractory aGVHD remains a significant complica-
tion after allogeneic HCT with a considerable risk of death
after development. Fortunately, incremental progress is
now being realized. The results of the REACH studies
and approval of ruxolitinib represent a step forward.
With ruxolitinib, compared against standard options,
more patients are anticipated to respond to second-line
therapy.

Going forward, progress is needed for patients with
higher grade aGVHD and GI aGVHD. GVHD remained
the leading cause of non-relapse death among ruxolitinib-
treated patients on the REACH trials, and these patients, in
particular, still achieved limited responses. There is still
a need for novel therapies; CD3/CD7-IT and possibly
Neihulizumab have the potential to help these patients.
Table 3 outlines active studies for SR-aGVHD. Further,
building on the success of JAK inhibitors, combination
trials with complementary therapies will be important to
pursue. In addition to improving GVHD responses in these
higher risk patients, these trials must also balance increas-
ing immunosuppression with infectious risk, excess
relapse risk, and long-term tolerability. Overall, the
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Table 3 Active Trials in SR-aGVHD

Response Phase Intervention
Itacitinib 70.6% (30% CR) Phase | Itacitinib+Tocilizumab NCT04070781
CD3/CD7-IT 60%(50% CR) Phase Il CD3/CD7-IT vs Ruxolitinib NCT00640497
Neihulizumab Skin only: 91% Phase | Neihilizumab NCT03327857
FMT Up to 100% Phase Il FMT in Gl aGVHD NCT04059757

Abbreviation: FMT, fecal microbiota transplant.

development of novel therapeutics for SR-aGVHD will

likely remain an active area in the future.
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