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Abstract

Introduction: Temcell is a mesenchymal stem cell (MSC) product approved for steroid-refractory acute graft-
versus-host disease (SR-aGVHD) in Japan. However, reports regarding Temcell’s efficacy in pediatric patients have
been scarce, and the appropriate use of MSC therapy against pediatric SR-aGVHD also remains to be deter-
mined.

Patients and Methods: We retrospectively assessed a cohort of pediatric patients treated with Temcell for SR-
aGVHD following allogeneic hematopoietic transplantation. MSCs were infused intravenously at a dose of 2 X
108 cells/kg according to the manufacturer’s instructions.

Results: Twelve patients received eighteen cycles of MSC therapy (median age, 10.3 [1.7-17.8] years), with four
receiving additional cycles (one cycle: n = 3, three cycles: n = 1). The severity of aGVHD before MSC therapy was
grade I-l in three patients and grade IlI-IV in nine patients (gut stage 3-4, n= 7; liver stage 3-4; n =2). The me-
dian number of immunosuppressive therapy regimens received prior to MSC administration was two (range: 1-
5). The first MSC cycle displayed the best overall response rate of 83%, including six patients with a complete
response (CR) and with a 49% reduction in the mean daily dose of prednisone after eight weeks. The median
time to first response was 3.5 days (range: 2-15 days). Two of the four patients who were re-administered MSCs
for recurrent or persistent GVHD achieved a CR. The three-year overall survival rate was 69.4%, while the three-
year failure free survival (FFS) rate was 22.2%, with a median FFS of 4.9 months. There were no observable side
effects of MSC therapy.

Conclusions: MSC therapy appears to be an effective and safe treatment for pediatric SR-aGVHD, with a steroid-
sparing effect and satisfactory efficacy upon re-administration. Further studies are needed to determine its ap-
propriate combination with additional treatments and the optimal use of re-administration of MSCs.
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Introduction

Allogeneic hematopoietic stem cell transplantation
(HSCT) is a well-established therapeutic approach for
pediatric patients with malignant and nonmalignant he-
matopoietic diseases, primary immunodeficiencies, and
metabolic inborn errors. Acute graft-versus-host disease
(aGVHD) is a common complication associated with al-
logeneic HSCT, and systemic corticosteroids are cur-

rently the standard first-line treatment for aGVHD.
However, the response rates are unsatisfactory; ranging
from 40% to 60%'. Outcome predictions for patients
with steroid-refractory aGVHD (SR-aGVHD) remain
inadequate, and no clear consensus has yet been
reached on the second- and additional next-line treat-
ments for SR-aGVHD. Ruxolitinib is the only drug that
has been proven to be significantly more effective than
the control in a randomized trial, and has become the
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first US Food and Drug Administration-approved treat-
ment for SR-aGVHD in patients over 12 years of age’.
However, the durable overall response rate to ruxolitinib
is still only approximately 40%, necessitating the im-
plementation of complementary strategies to more ef-
fectively treat SR-aGVHD.

Mesenchymal stem cell (MSC) therapy is a treatment
option for SR-aGVHD. A large amount of clinical data
has been published on the use of MSCs in the treat-
ment of GVHD. Data from various clinical trials is con-
siderably heterogeneous, owing to variations in MSC
dosage, sources, and patient characteristics, with re-
ported overall response rates (ORR) for aGVHD rang-
ing from 40.6% to 100%’. A phase 3 randomized trial
comparing the commercially available MSC product
remestemcel-L. (Ryoncil, Mesoblast, Ltd, Melbourne,
Australia) with placebo, in addition to second-line ther-
apy to treat SR-aGVHD, failed to attain the primary
endpoint of a more durable complete response; how-
ever, post hoc analysis revealed that pediatric patients in
the remestemcel-L. arm had a considerably higher ORR
than those in the placebo arm (64% vs. 23%; P =
0.05)°. Temcell (JCR Pharmaceuticals Co. Ltd, Ashiya,
Japan) is an MSC product equivalent to remestemcel-L
and has been approved for the treatment of SR-aGVHD
in Japan’®. Recently, Murata et al. reported that Temcell
had an ORR of approximately 60% in adult and pediat-
ric patients with acute GVHD’. This retrospective study
found no significant differences in the efficacy of Tem-
cell treatment across age groups. However, there have
been scarce reports on the efficacy of remestemcel-L/
Temcell in pediatric patients, and the appropriate use of
MSC therapy for SR-aGVHD remains unknown. Fur-
thermore, only a limited number of studies have exam-
ined the efficacy and safety of MSC re-administration.

Here, we present our findings based on observations
from pediatric patients who received Temcell to treat
SR-aGVHD following allogeneic HSCT, including
those who received re-administration of MSCs.

Patients and Methods

We retrospectively studied pediatric patients who re-
ceived Temcell for SR-aGVHD after allogeneic HSCT
at the Saitama Children’s Medical Center between April
2016 and October 2021. Data were collected through a
retrospective chart review. The data cut-off date was
May 1, 2022. The study protocol was approved by the
Institutional Review Board of Saitama Children’s Medi-
cal Center (No0.2021-02-033). The aGVHD was diag-
nosed and graded using standard criteria”. The analysis
also included cases of aGVHD that recurred or devel-
oped more than 100 days after transplantation'. When
aGVHD was diagnosed, corticosteroids and an optimal

dose of calcineurin inhibitors were initially adminis-
tered. The SR-aGVHD was defined as aGVHD progres-
sion within 3-5 days from initialization of first-line
therapy with 2 mg/kg/day of prednisolone (PSL)
equivalent, or failure to improve within 5-7 days after
beginning of the treatment”. The MSCs were infused
intravenously at a dose of 2 X 10° cells/kg as directed
by the manufacturer. A four-week cycle of MSC ther-
apy consisted of eight biweekly infusions, with the op-
tion of four additional weekly infusions. Patients who
demonstrated a partial response to MSCs but poor
GVHD control were administered MSCs again. Re-
sponse to MSC treatment was defined as follows: Com-
plete response (CR); Resolution of all symptoms of
GVHD. Partial response (PR); Improvement in at least
one stage of acute GVHD severity in one organ without
progression in others. Stable disease (SD); Absence of
improvement. Progressive disease (PD); Progression of
one or more organs without improvement in others. The
ORR represents the sum of the CR and PR rates. Clini-
cal responses were assessed at 28, 56, and 100 days
following the first MSC infusion. The definitions for a
myeloablative conditioning (MAC) regimen included:
(i) total body irradiation of =5 Gy as a single fraction
or 28 Gy if fractionated, (ii) >8 mg/kg of oral busulfan
or >6.4 mg/kg of intravenous busulfan, (iii) >140 mg/
m’ of melphalan or (iv) >10 mg/kg of thiotepa®.
Reduced-intensity conditioning (RIC) regimens do not
meet MAC definitions.

The cumulative incidence method was used to calcu-
late the probability of achieving CR or PR, together
with the associated 95% confidence intervals (CI). The
cumulative incidence of the response was examined us-
ing the competing risk method, with death or disease
progression in the absence of a response considered as
the competing risk. The Kaplan-Meier method was used
to calculate the overall survival (OS) and failure-free
survival (FFS) rates, as well as their associated 95% CI.
Survival time was measured from the first MSC infu-
sion to the date of death or last follow-up. The FFS
was defined as the time from the start of MSCs therapy
to the relapse or progression of hematologic disease,
non-relapse-related death, or addition of new systemic
therapy for aGVHD.

Results

We examined 12 pediatric patients who received
MSC therapy at our facility, and patient characteristics
are summarized in Table 1 and the Supplementary Ta-
ble. Most patients (91.7%) were male. The median age
at the time of administration was 10.3 years (range,
1.7-17.8). Patients received allografts for acute lym-
phoblastic leukemia (n = 3), acute myeloid leukemia (n
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Table 1. Patient characteristics

n=12

Age at MSC, median (range), year 10.3 (1.7-17.8)
Sex, n (%)

Male 11 (91.7)

Female 1(8.3)
Disease type, n (%)

Malignant 7 (58.3)

Nonmalignant 5(41.7)
Conditioning regimen, n (%)

Myeloablative regimen 4 (33.3)

Reduced-intensity 8 (66.7)
Donors, n (%)

HLA matched related donor 0 (0)

HLA matched unrelated donor 3 (25)

HLA mismatched related donor 5(41.7)

HLA mismatched unrelated donor 4 (33.3)

Stem cells source, n (%)
Bone marrow 6 (50)

Peripheral blood stem cells 4 (33.3)

Umbilical cord blood 2(16.7)
GVHD prophylaxis, n (%)

Tacrolimus and methotrexate 11 (91.7)

Posttransplant cyclophosphamide 1(8.3)
Anti-thymocyte globulin, n (%)

No 7 (58.3)

Yes 5(41.7)

MSC, mesenchymal stem cell; HLA, human leukocyte antigen; GVHD,
graft-versus-host disease

= 2), myelodysplastic syndrome (n = 2), primary immu-
nodeficiency (n = 2), malignant lymphoma (n = 1), se-
vere aplastic anemia (n = 1), and adrenal leukodystro-
phy (n = 1). Two patients received blood stem cells
from haploidentical donors as a second transplant for
primary graft failure. Four patients received MAC,
whereas eight received RIC. There were no donors who
were human leukocyte antigen (HLA)-full matched-
related; three who were HLA-matched-unrelated; five
who were HLA-mismatched-related (all haploidentical);
and four who were HLA-mismatched-unrelated. Six pa-
tients received HSCT from the bone marrow, four from
peripheral blood stem cells, and two from cord blood.
With the exception of one patient who received post-
transplant cyclophosphamide, the other 11 patients were
administered tacrolimus plus methotrexate for GVHD
prophylaxis. However, one patient discontinued
tacrolimus because of posterior reversible encephalopa-
thy syndrome (PRES) and thrombotic microangiopathy
(TMA), and another switched from tacrolimus to cy-
closporine due to PRES. Five patients received antithy-
mocyte globulin (ATG) as part of the conditioning regi-
men.

The median onset of aGVHD after transplantation
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was 21.5 days (range, 10-52 days), while that of SR-
aGVHD was 27 days (range, 11-57 days) (Table 2).
Four patients developed persistent or recurrent SR-
aGVHD after more than 100 days. Before MSC ther-
apy, one patient presented with grade I aGVHD (over-
lapping chronic skin GVHD), two with grade II, four
with grade III, and five with grade IV, while nine pa-
tients exhibited two or more organ abnormalities. Skin,
gut, and liver involvement was observed in 92%, 58%,
and 25% of the patients, respectively. The median time
from the diagnosis of SR-GVHD to the start of MSC
administration was 37 days (range, 6-259 days). The
median time to begin the first cycle after transplantation
was 64 days (range, 34-276 days). MSC therapy was
administered after a median of two prior ineffective im-
munosuppressive therapies (range: 1-5 days). The num-
ber of MSCs per infusion was 2 X 10° cells/kg in all
patients. The most common number of MSC doses for
initial treatment was 12, the maximum number of doses
per cycle, for nine cases, eight doses for two cases, and
only one case was terminated early due to death from a
cause other than GVHD. Eight patients received one
cycle of MSC treatment, and four received additional
cycles (one cycle, n = 3; three cycles, n = 1).

The ORR for aGVHD on day 28 after the first MSC
was 75% (25% for CR, and 50% for PR) (Figure 1).
The durable ORR on days 56 and 100 were 75% (50%
for CR, and 25% for PR) and 67% (42% for CR, and
25% for PR), respectively. One patient died of TMA
and intra-abdominal hemorrhage within 30 days of
starting MSC therapy and was not evaluated for re-
sponse on days 56 and 100. The 28-day ORR and CR
rates for the nine patients with grade III-IV aGVHD
were 67% and 22%, respectively, and the corresponding
56-day ORR and CR rates were 67% and 56%. The cu-
mulative incidence of overall response was 83% (95%
CI, 40.9%-95.3%). Many patients demonstrated a thera-
peutic effect soon after treatment began, with the me-
dian onset of the therapeutic effect being 3.5 days
(range, 2-15) (Figure 2). The steroid-sparing effect was
investigated as a treatment-response metric. The average
daily dose of steroids gradually declined after the start
of MSC therapy, with a 49% reduction (range, 0-80) by
day 56 (Figure 3). In terms of the best overall response
in GVHD-affected organs, CR was achieved in 33% (n
= 1) of patients with skin GVHD alone, 83% (n = 5) of
patients with skin and intestinal but not liver GVHD,
while patients with liver GVHD (n = 3) did not show
evidence of CR (Table 3).

The median follow-up period for the surviving pa-
tients was 755 days (range, 193-2,177 days). The three-
year OS rate was 69.4% (95% CI, 29.7%-89.6%) (Fig-
ure 4). The leading causes of death were primary dis-
ease (n = 2) and TMA (n = 1). No deaths were associ-
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Table 2. Characteristics of GVHD before MSC treatment

n=12

Onset of acute GVHD after HSCT, median (range)

Start day of MSC therapy after HSCT, median (range)

Duration from acute GVHD onset to MSC therapy, median (range)
Duration from 1st-line therapy to MSC therapy, median (range)
Number of GVHD therapies before MSC therapy, n (%)

Day 21.5 (10-52)
Day 63.5 (34-276)
37 days (6-259)
25 days (6-259)

2(16.7)
7 (58.3)
1(8.3)
1(8.3)
1(8.3)

Grade of acute GVHD at the start of MSC therapy, n (%)

1]

I}

v

Overlap chronic

1(8.3)
4 (33.3)
5 (41.7)
1(8.3)

Organ involvement of acute GVHD at the start of MSC therapy, n (stage)

Skin, only

Liver, only

Skin and gut, not liver
Skin and liver, not gut
Skin, gut, and liver

3 (stage 3: n=2, stage 1: n=1)

1 (stage 4)

6 (gut stage 3: n=3, stage 4: n=3)
1 (skin stage 2, liver stage 4)

1 (gut stage 4, liver stage 4)

GVHD, graft-versus-host disease; MSC, mesenchymal stem cell; HSCT, hematopoietic stem cell transplantation

Response

Bl Ccr
B PR
B sD
PD
B Death

Percent of patients

28 56 100
Days from MSC therapy

Figure 1. Response rate of SR-aGVHD patients after
the first MSC treatment on Day 28, Day 56, and Day
100

CR, complete response; PR, partial response; SD, sta-
ble disease; PD, progressive disease.

ated with aGVHD progression. During the 18 cycles of
MSC treatment, there were no considerable adverse
events that could be attributed to the MSCs. No infu-
sion reactions or ectopic tissue formation were ob-
served. TMA (n = 3), viral hemorrhagic cystitis (n = 2),
sepsis (n = 1), and chronic inflammatory demyelinating
polyneuropathy (n = 1) were observed within 100 days
of MSC administration; however, there was no clear as-
sociation with the MSC treatment. The 3-year FES rate
was 22.2% (95% ClI, 4.1%-49.2%), with a median FFS

1.0

0.4 0.6 0.8

0.2

Cumulative incidence of overall response

0.0

T T T T T T
0 20 40 60 80 100

Days after MSC therapy

Figure 2. Cumulative incidence of overall response that is
based on time to first complete response and/or partial re-
sponse after the first MSC treatment

of 4.9 months. Of the patients who achieved CR or PR
following MSC treatment, six patients (Pt. 2, 4, 6, 9,
10, and 11 in Supplementary Table) experienced a re-
lapse or flare-up of GVHD at a median of 89.5 days
(range, 29-190 days) after the start of the first MSC
treatment. These patients required supplementary treat-
ment, with four (Pt. 2, 6, 9, and 11) restarting or in-
creasing the dose of PSL, and two (Pt. 4 and 10) re-
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Mean PSL reduction Day28 Day56 Day100
rate from the day0 -37% -49% -57%
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Figure 3. Prednisolone (PSL) taper in pediatric patients
Prednisolone doses are represented as mg/kg/day. Each line rep-
resents an individual patient over time from baseline (day 0) to day
100 of MSC therapy. Individual patient ID is listed in Supplemen-
tary Table.

Table 3. Overall response by involved organs

CR PR SD CR+PR (%)

Overall response (n=12) 6 4 2 10/12 (83.3)
Response by involved organs
Skin, only (n=3) 1 2 0 3/3 (100)
Liver, only (n=1) 0 1 0 1/1 (100)
Skin and gut, not liver (n=6) 5 0 1 5/6 (83.3)
Skin and liver, not gut (n=1) 0 0 1 0/1 (0)
Skin, gut, and liver (n=1) 0 1 0 1/1 (100)

CR, complete response; PR, partial response; SD, stable disease

ceiving mycophenolate mofetil (MMF).

The MSCs were re-administered to four patients (Pt.
5, 6, 8, and 9) with relapsed or persistent GVHD (Fig-
ure 5); one patient (Pt. 5) received four cycles, and the
remaining three patients received two cycles. Three pa-
tients underwent HSCT for non-malignant diseases.
Two patients (Pt. 5 and 9) responded after the second
administration of MSCs. Although Pt. 5 did not respond
to the first round of MSC treatment for steroid-resistant
stage 4 gut GVHD, CR was achieved by re-
administration of MSCs (197 days after the first MSC
dose administration) with ATG for persistent GVHD,
after the failure of PSL and MME. Subsequently, the
provided third and fourth MSC treatments (37 and 111
days after the last dose, respectively) with ATG for gut
GVHD relapse, resulted in CR and PSL reduction in
each cycle. Pt.9, who presented with stage 4 gut GVHD
that was refractory to PSL, MMEF, ruxolitinib, and ATG,
achieved CR after the first administration of MSCs. The
patient subsequently experienced a relapse of stage 4
gut GVHD with a poor response to PSL treatment.
Therefore, he was administered a second MSC treat-
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Figure 4. Overall survival (OS) and failure-free survival (FFS)
after the first MSC treatment

ment, 43 days after the end of the first MSC regimen
and achieved CR. Despite no clinical improvement in
GVHD grade after MSC administration for Pt. 6 and 8§,
Pt. 6 underwent a second HSCT with the addition of
MSCs (565 days after the first MSCs) for persistent
stage 4 gut GVHD that was resistant to steroids,
methotrexate, ruxolitinib, and vedolizumab. Pt. 8 had
refractory stage 4 liver GVHD and was treated with
MSCs again (147 days after the first MSC regimen),
which allowed for a reduction in the steroid dosage and
underwent liver transplantation. All patients are cur-
rently alive, and there are no apparent side effects from
the re-administration of MSCs.

Discussion

The findings presented by our retrospective study
herein, showcase encouraging outcomes in a group of
pediatric patients treated with Temcell for SR-GVHD.
Previous research on remestemcel-L treatment for SR-
aGVHD in pediatric patients has yielded promising re-
sults''. Despite the small number of patients included
in this study, the best ORR for SR-aGVHD is 83%,
confirming the existing evidence in current literature re-
garding the efficacy of MSCs against pediatric SR-
aGVHD. Our observations are also comparable to pre-
viously reported response rates for other GVHD thera-
pies, including ruxolitinib*”. In addition to a relatively
high ORR, MSC therapy may have the advantage of a
lower non-relapse mortality associated with infectious
complications®. Indeed, the infectious complication rate
in the present work was 25% (3/12 cases), which was
lower than that reported in other second-line GVHD
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Figure 5. Swimmer plot displaying four patients who received re-administration of MSC for SR-

GVHD

ALD, adrenoleukodystrophy; ALCL, anaplastic large cell lymphoma.

treatments'. While the ORR at day 28 for ruxolitinib
and MSCs was reported to be comparable (62% vs.
60%)*, MSCs are likely to be easier to use in patients
with cytopenia and infection, as ruxolitinib has been as-
sociated with adverse events such as myelosuppression
and viral infections.

There are several possible reasons for the compara-
tively higher efficacy of MSCs in pediatric patients than
that in adult patients. MSC therapy has been shown to
shift the Thl/Treg ratio toward a more anti-
inflammatory direction in pediatric patients than in
adults, which may explain why pediatric patients have a
higher ORR, relative to adult patients””. Furthermore,
adult patients frequently switch to other immunosup-
pressive agents before MSCs, usually after two to six
lines of failure, whereas in children, MSCs are fre-
quently administered shortly after steroids®. The benefit
of using MSCs early is that patients do not require ex-
tensive pretreatment and do not develop irreversible tis-
sue damage or life-threatening infections’. Temcell has
been used more frequently in recent years for SR-
aGVHD, either in conjunction to steroids, or in the
early stages after adding methotrexate until Temcell
could be arranged, which may explain why the ob-
served ORR is so high in our study. Further research is
needed to validate the early use of Temcell in the treat-
ment of SR-type aGVHD in pediatric patients.

Previous studies have found that cutaneous GVHD
has a higher OR than gut or hepatic GVHD after MSC
treatment™™, Ball et al. reported that pediatric patients
with skin GVHD responded well and rapidly to MSC
infusion, however, the complete normalization of gas-
trointestinal symptoms and liver function required a
longer recovery time'. MSC therapy has been shown to
have a positive clinical effect on gut aGVHD. In a mul-
ticenter phase I/II clinical trial using Temcell to treat

SR-aGVHD, 10 out of 14 patients had bowel involve-
ment, and all but one achieved CR after MSC treat-
ment’. Other clinical trials have returned similar promis-
ing results for the treatment of gastrointestinal GVHD
using MSCs***, The effect of MSCs on gut GVHD
may be attributed not only to their immunomodulatory
effect, but also to their ability of repairing damaged in-
testinal epithelium™®. In our work, Temcell showed
promising efficacy in gut GVHD, underscoring its pref-
erential usage to treat intestinal SR-GVHD in particular.
In contrast, our results showed that none of the three
patients with liver GVHD achieved CR, implying that
the treatment response was insufficient for severe liver
GVHD. This is consistent with previous observations
that have identified liver GVHD as a significant predic-
tor of a poor response to MSC therapy™**~'. However,
because liver GVHD is not always diagnosed based on
histopathology but rather on clinical features, such as
elevated bilirubin levels, it has been suggested that the
effect of treatment on GVHD may not be accurately
evaluated when other causes of GVHD are present’.
Further research is warranted to determine how accu-
rately liver GVHD may predict a poor response to
MSC therapy.

The re-administration of MSCs for recurrent aGVHD
is reportedly safe and efficient. Muroi et al. observed
that when Temcell was re-administered to only 1 out of
25 patients with SR-GVHD, CR was preserved, and the
patient survived®. However, to date, no other reports
have further described the re-administration of Temcell.
It has been proposed that one or two MSC infusions are
insufficient to maintain CR***, and that additional MSC
infusions are required to maintain treatment effi-
cacy®"”. Although the optimal number of infusions has
not yet been determined, a maximum of 12 infusions
per cycle is recommended to preserve CR if a therapeu-
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tic effect is observed. Furthermore, in patients who re-
sponded to the first MSC cycle but then experienced
GVHD relapse after the completion of MSC therapy,
Temcell could be re-administered to achieve another re-
mission and extend the CR period. Re-administration of
Temcell was safe in severe disease states and no severe
complications were observed. More data from clinical
studies and follow-up of Temcell re-administered pa-
tients, is required to confirm the long-term efficacy and
safety of this drug. In contrast, multiple MSC injections
did not improve efficacy in patients who did not in-
itially achieve CR*™%. As the initial response to MSCs
was observed relatively early in our study, other GVHD
treatments should be considered if an early response to
MSC treatment is not achieved. Several novel strategies
for GVHD have been investigated, including modifica-
tion of alloreactive T cells, targeting of cytokines, pro-
motion of tissue regeneration, and reconstitution of the
microbiome®. Further research on these strategies in pe-
diatric patients with SR-aGVHD who are refractory to
MSCs would be beneficial.

Our current work had several limitations. First, this
was a retrospective study with a small sample size from
a clinically diverse patient population, which may have
influenced the accuracy of our findings. Second, MSCs
were combined with other immunosuppressive therapies
in many cases, and the therapeutic efficacy of MSCs
alone was not thoroughly evaluated. Finally, several pa-
tients had a relatively short median follow-up period,
and assessment of Temcell’s long-term efficacy requires
further investigation.

In conclusion, MSC therapy may be an effective and
safe treatment for pediatric SR-aGVHD, with a steroid-
sparing effect and a satisfactory degree of success upon
re-administration. The 4.9 months of FFS for MSC
treatment in our study was comparable to the 5.0
months achieved by ruxolitinib*, which was unsatisfac-
tory. More in-depth investigation is therefore required,
to determine the optimal combination of additional
treatments and the most efficient method for re-
administering MSCs.
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