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Acute graft-versus-host disease (GVHD) is a life-threatening complication that can
develop after allogeneic hematopoietic stem cell transplantation. In particular, the
prognosis of patients with steroid-refractory acute GVHD is extremely poor. Ryoncil™
(remestemcel-L), a human bone marrow-derived mesenchymal stem cell (MSC) product,
failed to show superiority over placebo in patients with steroid-refractory acute GVHD, but
it was approved for use in pediatric patients in Canada and New Zealand based on the
results of a subgroup analysis. Temcell®, an equivalent manufactured MSC product to
remestemcel-L, was approved in Japan based on small single-arm studies by using a
regulation for regenerative medicine in 2016. The efficacy of Temcell was evaluated in 381
consecutive patients treated with Temcell during the initial 3 years after its approval.
Interestingly, its real-world efficacy was found to be equivalent to that observed in a
prospective study of remestemcel-L with strict eligibility criteria. In this article, the potential
of MSC therapy in the treatment of acute GVHD is discussed. A meticulous comparison of
studies of remestemcel-L and Temcell, remestemcel-L/Temcell and ruxolitinib, and
remestemcel-L/Temcell and thymoglobulin showed that the precise position of
remestemcel-L/Temcell therapy in the treatment of acute GVHD remains to
be determined.
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INTRODUCTION

Acute graft-versus-host disease (GVHD) is a life-threatening complication that can develop after
allogeneic hematopoietic stem cell transplantation (HSCT) (1, 2). Systemic corticosteroid is a
standard first-line treatment, but the response rate ranges from 40% to 60% (3, 4). Many agents have
been evaluated as second-line treatment for acute GVHD (5, 6). However, no consensus has been
reached regarding the optimal approach for the management of steroid-refractory acute GVHD
(SR-aGVHD) (7). A recent, randomized, phase 3 study comparing ruxolitinib and control (nine
treatment options) for SR-aGVHD demonstrated a higher overall response (OR), defined as
complete response (CR) and partial response (PR), in the ruxolitinib group (8). However, the
study failed to demonstrate a significant advantage of using ruxolitinib in terms of overall survival
org August 2021 | Volume 12 | Article 7243801
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(OS) or non-relapse mortality (NRM). Another recent,
randomized, phase 3 trial comparing inolimomab and control
(antithymocyte globulin) also demonstrated no significant
advantage using inolimomab in terms of OS (9). Thus, no
second-line treatment has been proven to improve survival in
patients with SR-aGVHD.

Mesenchymal stem cells (MSCs) have been extensively
studied as a treatment for SR-aGVHD (10). Efficacy of the
commercial MSC product remestemcel-L (Ryoncil™ ,
Mesoblast, Ltd, Melbourne, Australia; formerly Prochymal®,
Osiris Therapeutics, Columbia, MD, USA) was evaluated in a
randomized, phase 3 trial comparing the administration of
remestemcel-L and of placebo in conjunction with another
second-line therapy (11). Unfortunately, the study failed to
meet its primary endpoint of durable CR and the secondary
endpoint of the OR rate. Thus, despite a number of reports of
positive outcomes of MSC therapy, unambiguous evidence of
efficacy from randomized studies is still lacking (12).

However, the post hoc analyses of the randomized trial
demonstrated that the pediatric patients, as well as the patients
with liver involvement, in the remestemcel-L group had a
significantly higher OR rate than those in the placebo group
(11). In Japan, Temcell® (JCR Pharmaceuticals Co. Ltd, Ashiya,
Japan) was approved based on the results of small single-arm
studies as “regenerative medicine” via a new Japanese initiative
on stem cell therapies, which requires the results of additional
clinical trials to confirm safety and to predict likely efficacy, in
2016. Temcell, which has no generic name, is the equivalent
manufactured MSC product to remestemcel-L, derived from
unrelated adult bone marrow. We recently reported the
outcomes of 381 consecutive patients who were treated with
Temcell during the initial 3 years after its approval (13).
Interestingly, the treatment outcomes of Temcell in the real-
world setting achieved an efficacy equivalent to that obtained in a
prospective study of remestemcel-L. The multivariate analyses
identified some factors to predict a higher OR rate and lower
NRM after Temcell therapy in patients with SR-aGVHD.

This Mini Review article will discuss the potential of MSC
therapy in the treatment of acute GVHD based mainly on data
from the studies of a large number of patients receiving
remestemcel-L or Temcell.
A BRIEF REVIEW OF MSC THERAPY
FOR ACUTE GVHD

MSCs, which are alternatively defined as mesenchymal “stromal”
cells, can be isolated and expanded from various tissues
including bone marrow (14), umbilical cord (15), placenta
(16), adipose tissue (17), and dental pulp (18). In the bone
marrow, MSCs at different stages of maturation form the
hematopoietic stem cell (HSC) niche, which play an important
role in the maintenance and renewal of HSCs (19). These
properties may contribute to facilitating the engraftment of
transplanted HSCs, and therefore co-transplantation of MSCs
with HSCs has been widely studied to promote engraftment in
Frontiers in Immunology | www.frontiersin.org 2
autologous and allogeneic HSCT (20–34). On the other hand,
MSCs interact with the innate and adaptive immune systems via
the direct cell-to-cell contact and the release of soluble factors,
resulting in the regulation of immune activities (19). These
properties may contribute to treating immune-mediated
diseases, and therefore administration of MSCs has been
widely studied to treat acute and chronic GVHD (11, 13, 35–
64). A recent mouse study suggested that MSCs promoted the
proliferation of innate lymphoid cells and their production of
interleukin-22 (65), which stimulate proliferation and
differentiation of intestinal stem cells to regenerate the
damaged tissue (66). However, this remains to be proved
clinically. Another recent study raised an alternative hypothesis
that an apoptosis of infused MSCs by recipient cytotoxic cells
may contribute to MSC-induced immunosuppression (67).

MSCs were initially manufactured at each transplant hospital
or factory by using various cell sources and culture methods,
resulting in heterogeneity of MSCs (68). Thereafter, a
commercial MSC product, remestemcel-L (Prochymal,
currently Ryoncil), was developed in the United States (38). In
Europe, a clinical-grade MSC product, called MSC-Frankfurt am
Main, can now be used in clinical practice across several
European countries (46, 52). According to the literature, more
than 1400 patients have received MSCs as treatment of acute
GVHD in the world (11, 13, 35–59). The numbers of acute
GVHD patients treated with MSCs by year of publication are
shown in Figure 1. Interestingly, there is a trend that OR rates
were higher in previous studies than in recent larger studies. For
all of these reported cases, the overall OR rate was 63%. Overall,
MSC therapy is well tolerated. Infusion-related reactions were
observed in 1.8% of patients who received remestemcel-L, less
than that in patients who received placebo (2.5%) (11). No
ectopic tissue formation has been reported. Although one
retrospective study found a significant increase of pneumonia-
related death with MSC therapy than without MSC therapy (59),
another retrospective study demonstrated no difference in the
risks of infections and relapse between MSC and non-MSC
therapies (58). There were no differences in the rates of
infection and relapse between the remestemcel-L and placebo
groups in a randomized study (11).

In this review, we particularly focus on three major studies of
commercial MSC products, including large number of patients
(11, 13, 56), in order to avoid heterogeneity of MSC product.
MSC THERAPY WITH REMESTEMCEL-L
FOR ACUTE GVHD

A randomized, phase 3 trial of remestemcel-L vs. placebo added
to another second-line therapy according to institutional
standards in patients with SR-aGVHD was conducted (11).
The main results of the study are summarized in Table 1. Of
the 260 randomized patients, 163 received at least one infusion of
remestemcel-L, and 81 received at least one infusion of placebo.
Remestemcel-L therapy did not meet the primary endpoint of
greater durable CR for at least 28 days within the first 100 days
August 2021 | Volume 12 | Article 724380
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after enrollment (35% vs. 30%; P = 0.42). The proportions of
patients achieving OR on day 28 (58% vs. 54%; P = 0.59) and OS
on day 180 (34% vs. 42%; P = 0.60) were not different between
the remestemcel-L and placebo groups.

A single-arm expanded access treatment with remestemcel-L
in 241 patients under the age of 18 years with acute GVHD
resistant to multiple immunosuppressive therapies was
conducted (56). The main results of the study are summarized
in Table 1. Despite the fact that 50% of patients had grade D
acute GVHD (70), and 79% were classified as high-risk acute
GVHD (71), 65% of patients achieved OR on day 28. The
achievement of OR on day 28 was associated with higher OS
on day 100: 82% in patients with OR and 39% without OR (P <
0.0001, log-rank test).
MSC THERAPY WITH TEMCELL
FOR ACUTE GVHD

More recently, real-world outcomes for 381 patients who received
Temcell as a health insurance-covered treatment for acute GVHD
were reported from Japan (13). The main results of the study are
summarized in Table 1. Of the 309 patients, 56% achieved OR on
day 28. Of the 153 patients who received Temcell as a second-line
therapy following first-line steroid therapy for classic acute
GVHD, 61% achieved OR on day 28. Thus, the treatment of
acute GVHD with Temcell covered by health insurance in Japan
achieved an efficacy equivalent to that obtained in prospective
studies of remestemcel-L with strict eligibility criteria.

On multivariate analysis, liver involvement of acute GVHD
and longer duration from first-line steroid therapy to second-line
MSC therapy (≥14 days vs. <14 days) were associated with a
lower OR rate. Older patient (18 to 49 years and ≥50 years vs. <18
years), higher grade of GVHD (III and IV vs. ≤II), higher number
Frontiers in Immunology | www.frontiersin.org 3
of GVHD therapies before MSC therapy (≥2 vs. ≤1), and non-
achievement of OR on day 28 were associated with a higher
NRM. OS was significantly higher in patients with an OR on day
28 than in those without an OR.
IS THE EFFICACY OF REMESTEMCEL-L/
TEMCELL GREATER IN
PEDIATRIC PATIENTS?

A post hoc analysis of a randomized study demonstrated that the
OR rate was significantly higher in the pediatric patients
receiving remestemcel-L than in the pediatric patients
receiving placebo (64% vs. 23%; P = 0.05) (11). However, it
should be noted that only 13 pediatric patients were allocated to
the placebo group, and only three (23%) of them achieved OR, in
sharp contrast to the OR rate of 60% in 68 adult patients
allocated to the placebo group (11). In the retrospective study
of Temcell, there was no significant difference in OR rates among
three age groups (< 18, 18 to 49, and ≥ 50 years) (13). Thus, there
is not enough evidence to prove greater efficacy of remestemcel-
L/Temcell in pediatric patients compared with adult patients.
IS REMESTEMCEL-L/TEMCELL
EFFECTIVE FOR LIVER ACUTE GVHD?

A post hoc analysis of a randomized study demonstrated that the
OR rate in patients with liver acute GVHD was significantly
higher in the remestemcel-L group than in the placebo group
(55% vs. 26%; P = 0.05) (11). OR rates in the remestemcel-L
group were almost equal among the patients with liver, skin,
and gut acute GVHD (55%, 58%, and 57%, respectively) (11).
FIGURE 1 | Number of patients with (blue) and without (orange) overall response (OR) in each study of MSC therapy for acute GVHD. Total numbers and
percentages of patients with or without OR as the sum of all reported cases are provided.
August 2021 | Volume 12 | Article 724380
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Similar results were obtained in a single-arm prospective study of
remestemcel-L for pediatric patients; OR rates in the pediatric
patients with liver, skin, and gut acute GVHD were 62%, 68%,
and 65%, respectively (56).

On the other hand, a significantly lower OR rate in the
patients with liver involvement of acute GVHD was reported
in a retrospective study of Temcell; the OR rate in patients with
liver acute GVHD was 36%, whereas OR rates in patients with
skin or gut acute GVHD were 64% and 57%, respectively (13).
Other immunosuppressants, such as ruxolitinib, antithymocyte
globulin, and infliximab, are also reported to be less effective for
liver acute GVHD than for skin or gut acute GVHD (69, 72–74).
In the current situation where there is no fully effective treatment
for liver acute GVHD, remestemcel-L/Temcell is an option for
liver acute GVHD, but the efficacy of MSC therapy for liver acute
GVHD remains unclear.
WHEN IS THE BEST TIME TO INITIATE
REMESTEMCEL-L/TEMCELL THERAPY?

In a retrospective study of Temcell, multivariate analysis of all
evaluable patients demonstrated a lower NRM in patients with no
or one GVHD therapy before Temcell therapy compared with two
ormore GVHD therapies (odds ratio, 0.65; 95% confidence interval,
0.47 to 0.91) (13). Multivariate analysis of patients who received
second-line Temcell therapy following first-line steroid therapy
demonstrated a higher OR rate in patients with < 14 days than ≥
14 days between first-line steroid therapy and second-line Temcell
therapy (odds ratio, 2.27; 95% confidence interval, 1.09 to 4.76) (13).

In contrast, a single-arm prospective study of remestemcel-L
for pediatric patients demonstrated no significant difference in
the OR rate among the three groups of durations between first-
line therapy and remestemcel-L therapy (74% for ≤ 14 days, 56%
for 15 to 28 days, and 67% for ≥ 28 days). Thus, although it is
possible that early initiation of remestemcel-L/Temcell therapy
may have an advantage in terms of a higher response rate and/or
lower NRM, further analysis of a larger cohort is required to
provide an accurate answer to this question.
HOW MANY INFUSIONS OF
REMESTEMCEL-L/TEMCELL ARE
REQUIRED TO OBTAIN A RESPONSE?

Remestemcel-L/Temcell at a dose of 2 × 106 cells/kg was infused
twice weekly for 4 consecutive weeks with additional infusion
once weekly for a further 4 weeks in prospective studies (11, 41,
47, 55, 56). Analysis of real-world data of Temcell in Japan
demonstrated that 61% of patients received ≤ 8 infusions, and
39% received 9 to 12 infusions (13). In patients who achieved OR
by Temcell therapy, 50% and 90% achieved it by day 15 and day
28, respectively. These data suggest that less than 8 infusions may
be sufficient in most patients, whereas more than 8 infusions are
required only in a small population of patients.
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On the other hand, 10% of the patients who achieved OR by
day 28 with 8 infusions of Temcell experienced GVHD relapse as
of day 90. Taken together, the administration schedule of
remestemcel-L/Temcell therapy has not been optimized, or it
has to be individually optimized.
WHICH IS MORE EFFECTIVE FOR
ACUTE GVHD, RUXOLITINIB OR
REMESTEMCEL-L/TEMCELL?

It must be stated again that ruxolitinib is the only drug that has
been proven to be significantly more effective than control (nine
therapies) in a randomized, open-label trial (8). Ruxolitinib
inhibits Janus kinase 1/2 signaling, resulting in the blockade of
multiple cytokines, dendritic cell activation, and neutrophil
activation (75). The main results of this study (8) are
summarized in Table 1. The patients assigned to the
ruxolitinib therapy (n = 154) achieved an OR rate of 62% on
day 28, which was significantly higher than that (39%) in 155
patients receiving control therapy (P < 0.001). MSC was one of
nine options for patients assigned to the control therapy; 15
patients received MSCs and 9 (60%) of them achieved OR on day
28 (Table 1). Although this study was not designed to compare
ruxolitinib and each control treatment, OR rates in the patients
receiving ruxolitinib and MSCs were similar (8). This has been
the only prospective comparison of efficacy between ruxolitinib
and MSC therapies for treatment of SR-aGVHD.

Unfortunately, NRM in the patients receiving MSCs as a
control therapy was not analyzed in the randomized trial (8).
Although NRM cannot be directly compared between
prospective and retrospective studies, NRM at 1 year in
patients with ruxolitinib therapy in a prospective study (8) was
much lower than that in patients with Temcell therapy in a
retrospective study (13) (43% vs. 59%). Future comparative
studies between ruxolitinib and MSC therapies, in which the
primary endpoint is defined as NRM or OS, but not the response
rate, are of interest.

The most common adverse events of ruxolitinib therapy have
been reported to be thrombocytopenia, anemia, and
cytomegalovirus infection (8). The incidences of each infection
after Temcell therapy (13) might be lower than those after
ruxolitinib therapy (8) (Table 1). However, due to a difference
in the evaluation period and a lack of detailed information about
clinical course, it is not possible to conclude that Temcell therapy
is less likely to cause infection compared with ruxolitinib therapy.
WHICH IS MORE EFFECTIVE FOR ACUTE
GVHD, ANTITHYMOCYTE GLOBULIN OR
REMESTEMCEL-L/TEMCELL?

Antithymocyte globulin affects not only T cells, but also B cells,
dendritic cells, regulatory T cells, and natural killer T cells,
resulting in its diverse effects on the immune system (76).
Frontiers in Immunology | www.frontiersin.org 5
The major adverse events of antithymocyte globulin therapy
are infusion reaction and viral and fungal infections (77). There
has been no prospective study comparing antithymocyte globulin
and MSC therapies for acute GVHD treatment. However, the
outcome of 99 patients who received thymoglobulin as a second-
line treatment for SR-aGVHD (69) was comparable to that of
153 patients who received Temcell as a second-line treatment for
SR-aGVHD (13). Both retrospective studies included consecutive
patients during the initial three or four years after their health
insurance approval in Japan.

The main results of the thymoglobulin study are summarized
in Table 1. The OR rate on day 28 in the thymoglobulin study
(60%) was equal to that of Temcell therapy (61%). However,
NRM at 1 year was higher with thymoglobulin therapy than with
Temcell therapy (71% vs. 59%). This difference resulted from
neither patient age nor severity of GVHD, because the median
age was not higher, but rather lower in the thymoglobulin study
than in the Temcell study (39 vs. 49 years, respectively), and the
proportion of grade III to IV acute GVHD was slightly lower in
the thymoglobulin study than in the Temcell study (75% vs. 79%,
respectively). Of note, the incidence of any additional infection
within the first 100 days after the start of thymoglobulin therapy
was 59%, whereas that within 52 weeks after Temcell therapy was
45% (Table 1), suggesting that Temcell therapy may have an
advantage of a lower NRM associated with infectious
complications compared with thymoglobulin therapy. Further
analysis with detailed information, such as severity and
therapeutic response of each infection, is required.
HAS THERE BEEN A STUDY TO
COMPARE MSCs AND OTHER
THERAPIES FOR ACUTE GVHD?

There have been no other prospective or retrospective studies to
compare the efficacy of MSCs and other immunosuppressants in
the treatment of acute GVHD.
CONCLUSION

It is known that the incidence of severe acute GVHD is lower in
Japanese than Caucasian patients (78), but the outcome of SR-
aGVHD seems to be equally poor (4). Thus, effective second-line
treatments for SR-aGVHD are an unmet need. Ruxolitinib is
widely used as an acute GVHD treatment in the United States
and Europe, but the use of MSCs has not been approved as a
health insurance treatment in those countries. In contrast,
Temcell is widely used in Japan, but ruxolitinib remains under
review. Thus, it is currently impossible to compare the efficacy of
remestemcel-L/Temcell and ruxolitinib in a real-world setting.
As described in an earlier section, there has been a randomized,
prospective study of remestemcel-L and placebo (11). The
correct interpretation of the study is that the addition of
August 2021 | Volume 12 | Article 724380
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remestemcel-L to another second-line therapy was not superior
to a second-line therapy without remestemcel-L. In other words,
the efficacy of remestemcel-L alone has not been prospectively
compared with other immunosuppressive drugs in the treatment
of acute GVHD.

In conclusion, the appropriate use of remestemcel-L/Temcell
for acute GVHD remains to be determined. Future study is
needed to establish more precisely the position of remestemcel-
L/Temcell in the treatment of acute GVHD.
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20. Koç ON, Gerson SL, Cooper BW, Dyhouse SM, Haynesworth SE, Caplan AI,
et al. Rapid Hematopoietic Recovery After Coinfusion of Autologous-Blood
Stem Cells and Culture-Expanded Marrow Mesenchymal Stem Cells in
Advanced Breast Cancer Patients Receiving High-Dose Chemotherapy.
J Clin Oncol (2000) 18(2):307–16. doi: 10.1200/JCO.2000.18.2.307

21. Ball LM, Bernardo ME, Roelofs H, Lankester A, Cometa A, Egeler RM, et al.
Cotransplantation of Ex Vivo Expanded Mesenchymal Stem Cells Accelerates
Lymphocyte Recovery and may Reduce the Risk of Graft Failure in
Haploidentical Hematopoietic Stem-Cell Transplantation. Blood (2007) 110
(7):2764–7. doi: 10.1182/blood-2007-04-087056

22. Macmillan ML, Blazar BR, DeFor TE, Wagner JE. Transplantation of Ex-Vivo
Culture-Expanded Parental Haploidentical Mesenchymal Stem Cells to
Promote Engraftment in Pediatric Recipients of Unrelated Donor Umbilical
Cord Blood: Results of a Phase I-II Clinical Trial. Bone Marrow Transplant
(2009) 43(6):447–54. doi: 10.1038/bmt.2008.348

23. Guo M, Sun Z, Sun QY, Han Q, Yu CL, Wang DH, et al. A Modified
Haploidentical Nonmyeloablative Transplantation Without T Cell Depletion for
High-Risk Acute Leukemia: Successful Engraftment and Mild GVHD. Biol Blood
Marrow Transplant (2009) 15(8):930–7. doi: 10.1016/j.bbmt.2009.04.006
August 2021 | Volume 12 | Article 724380

https://doi.org/10.1056/NEJMra1609337
https://doi.org/10.1056/NEJMra1609337
https://doi.org/10.1182/blood.2019000953
https://doi.org/10.1053/bbmt.2002.v8.pm12171485
https://doi.org/10.1016/j.bbmt.2013.05.003
https://doi.org/10.1016/j.bbmt.2012.04.005
https://doi.org/10.1007/s12185-015-1784-2
https://doi.org/10.1007/s12185-015-1784-2
https://doi.org/10.1182/blood.2019000960
https://doi.org/10.1056/NEJMoa1917635
https://doi.org/10.1182/blood-2016-09-738625
https://doi.org/10.1182/blood-2016-09-738625
https://doi.org/10.1182/bloodadvances.2020002646
https://doi.org/10.1016/j.bbmt.2019.08.029
https://doi.org/10.1016/j.bbmt.2019.08.029
https://doi.org/10.1002/14651858.CD009768.pub2
https://doi.org/10.1038/s41409-021-01304-y
https://doi.org/10.1073/pnas.96.19.10711
https://doi.org/10.1046/j.1365-2141.2000.01986.x
https://doi.org/10.1046/j.1365-2141.2000.01986.x
https://doi.org/10.1634/stemcells.2004-0058
https://doi.org/10.1002/jcp.21210
https://doi.org/10.1073/pnas.240309797
https://doi.org/10.1038/nri2395
https://doi.org/10.1200/JCO.2000.18.2.307
https://doi.org/10.1182/blood-2007-04-087056
https://doi.org/10.1038/bmt.2008.348
https://doi.org/10.1016/j.bbmt.2009.04.006
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Murata and Teshima MSC Therapy for Acute GVHD
24. Gonzalo-Daganzo R, Regidor C, Martıń-Donaire T, Rico MA, Bautista G,
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