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Abstract

We investigated the safety and efficacy of mycophenolate mofetil (MMF) in the prevention and treatment of graft-versus-host
disease (GVHD) using a nationwide retrospective survey in Japanese children undergoing hematopoietic stem cell transplan-
tation (HSCT). Overall, 141 children undergoing allogeneic HSCT for hematological malignancy (n =84), non-malignancy
(n=52), and solid tumors (n=5) were administered MMF orally (median 8 years; range 0—15 years; 89 males and 52 females)
during 1995-2011. Donors were primarily unrelated and mismatched related. In the GVHD prophylaxis group, 29% and 8.6%
of patients developed grade II-IV and III-IV GVHD, respectively. Of the 32 evaluable patients, 16% developed chronic [limited
(n=4) and extensive (n=1)] GVHD. In the acute GVHD treatment group, 61% had decreased grade. In the chronic GVHD
treatment group, 36% had improved symptoms. Combined immunosuppressant was reduced or discontinued in 61% patients.
Major adverse events (AEs) were neutropenia (4.3%), infection (3.5%), thrombocytopenia (2.1%), myelosuppression (2.1%),
and diarrhea (1.4%). MMF dosage was reduced in two children due to grade >3 AEs; two children died from infection. MMF
thus may be well tolerated in children, and may be an effective option for prophylaxis and treatment of acute and chronic GVHD.
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Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
remains the curative therapy for hematological malignancy,
solid tumors, and non-malignancy in children. The support-
ive care for children undergoing HSCT widely improved
its application and resulted in better outcome [1]; however,
significant comorbidities such as graft-versus-host diseases
(GVHD) limit its prevalence. The first-line treatment for
acute GVHD (aGVHD) is corticosteroids [2], but non-
responders suffer significant comorbidity. Among those who
survived earlier transplant-related complications, 20-50% of
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children develop chronic GVHD (cGVHD) [3]. However,
therapeutic options are limited in patients who are resistant
to steroids [4]; thus, there are unmet needs for evidence-
based therapy.

Mycophenolate mofetil (MMF) is a reversible inhibi-
tor of inosine monophosphate dehydrogenase inhibitor
that is highly selective for suppression of T- and B-cell
growth [5-7]. MMF has been utilized as prophylaxis
and treatment for acute and chronic GVHD in children
with limited evidence. In Japan, MMF is currently only
approved as an immunosuppressant for organ transplanta-
tion, although a nationwide retrospective survey revealed
the efficacy and safety of using MMF in > 1000 patients
who received HSCT from related [8] and unrelated donors
[9]. However, the former report included only a few chil-
dren aged > 12 years, the latter included only adult patients,
and the actual situation using MMF in children undergo-
ing HSCT, especially from unrelated donors, is unclear.
Thus, this study aimed to evaluate the safety and efficacy
of using MMF as prophylaxis and therapy for GVHD in
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children undergoing HSCT using a nationwide survey in
the Japanese population.

Materials and methods
Study design

Data on the use of MMF after allogeneic HSCT from
related [8] and unrelated [9] donors were collected as
described in these reports. Questionnaires were sent to
228 adult and pediatric transplant institutes registered in
the Japan Society for Hematopoietic Cell Transplanta-
tion (JSHCT) as detailed in the previous reports and data
from patients aged 15 or younger were extracted. From 28
institutes, 141 children undergoing HSCT were identified
to have received MMF for prophylaxis and treatment of
GVHD, and were included in this study. Data regarding
the purpose of treatment, dosage, duration of treatment,
presence or absence of subjective symptoms of GVHD,
GVHD grade and stage (before and after treatment),
decrease or increase in concomitant immunosuppressants,
effects, adverse events (AEs), and outcomes were collected.
Basic information for each transplantation, such as HLA
disparity based on low-resolution typing, was extracted
from the Transplant Registry Unified Management Pro-
gram (TRUMP) system, a registry used to store Japanese
patient outcomes [10]. The combination of recipient HLA
homozygote and donor HLA heterozygote was regarded
as 2-loci mismatch when they do not share the same HLA
type. The combination of recipient HLA homozygote and
donor HLA homozygote was also regarded as 2-loci mis-
match if these types were different. Several demographic
data were not available because of lack of patient entry
into the TRUMP system. The effects of MMF to subjec-
tive symptoms (none, disappearance, improvement, no
change, and exacerbation) and the use of steroids (none,
withdrawal, dose reduction, no change, and dose increase)
were assessed by physicians in each institution. AEs were
evaluated by the National Cancer Institute-Common Termi-
nology Criteria for Adverse Events (NCI-CTCAE ver. 4.0).
This study was approved by the ethical committees of the
JSHCT, Nagoya University Graduate School of Medicine,
and Japanese Red Cross Nagoya First Hospital.

Statistics

Continuous variables were summarized as mean and
standard deviations, and categorical variables were sum-
marized as percentage. The two-sided ¢ test was used to
compare continuous variables between the two groups,
and the analysis of variance was used to compare more
than two groups. Probabilities of neutrophil recovery,
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platelet recovery, aGVHD, and cGVHD were compared
using cumulative incidence, and transplant-related mortal-
ity was analyzed using the cumulative incidence. P <0.05
was considered to indicate statistical significance. All
statistical analyses were conducted using JMP Pro (ver.
13.0, SAS Institute Inc., NC, USA), except for the analysis
of cumulative incidence considering the competing risks
using EZR (Saitama Medical Center, Jichi Medical Uni-
versity, Saitama, Japan), a graphical user interface for R
(ver. 3.4.0, the R Foundation for Statistical Computing,
Vienna, Austria) [11].

Results
Patient characteristics

A total of 141 children who underwent HSCT received MMF
from October 1995 to August 2011 (Table 1): 89 (63%) boys
and 52 (37%) girls, with a median age of 8 (range 0-15) years
at the time of transplantation. Eighty-four (60%) patients were
diagnosed with hematological malignant diseases, 5 (3.5%)
with solid tumors, and 52 (37%) with non-malignant diseases.
The graft source was the bone marrow (BM) from unrelated
donors in 75 (53%) patients and cord blood (CB) from unre-
lated donors in 34 (24%) patients. The questionnaires were
supposed to target children receiving allogeneic HSCT from
unrelated donors; however, the study actually included 24
(17%) children undergoing HSCT from related donors whose
HLAs were mostly mismatched. Eight (5.7%) children lacked
data on stem cell source. Among the 75 children who received
unrelated BM, 39 received 6/6 serologically HLA-matched
BM, 22 received 5/6 matched BM, 11 received 2 mismatched
BM, and 3 received 3 mismatched BM in the graft-versus-host
direction. Among the 34 children who received unrelated CB,
10 received 6/6 serologically HLA-matched CB, 9 received
5/6 matched CB, and 15 received >2 mismatched CB in the
graft-versus-host direction. This study included 3 groups; 35
children (25%) received MMF for GVHD prophylaxis, 62
(44%) received MMF for aGVHD treatment, and 44 (31%)
received MMF for cGVHD treatment.

Route, dosage, intervals, and duration of MMF
administration

All patients received MMF orally. The duration of its
administration was significantly different between the
prophylaxis and treatment groups: 14-345 (median 37)
days in the GVHD prophylaxis group, 10-2825 (median,
147) days in the aGVHD treatment group, and 4-1482
(median 234) days in the cGVHD treatment group
(P<0.01). The initial MMF dosage was 190-1600
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Table 1 Patient characteristics

Characteristics Number
Total 141
Age at transplant, median year (range) 8 (0-15)
Diagnosis
AML 39
ALL 23
CML 5
MDS/MPN 11
Immunodeficiency 13
IBMFS 11
AA 10
CAEBV 6
Metabolic disease
Solid tumor 5
Others 12
Use of MMF
GVHD prophylaxis 35
Acute GVHD treatment 62
Chronic GVHD treatment 44
Graft source
UR-BM 75
UR-CB 34
Related BM/PBSC 24
Unknown 8
HLA disparity (serology) in UR transplant
BM match 39
BM 1 locus mismatch 22
BM 2 loci mismatch 11
BM 3 loci mismatch 3
CB match 10
CB 1 locus mismatch 9
CB 2 loci mismatch 14
CB 3 loci mismatch 1

AML acute myelogenous leukemia, ALL acute lymphoblastic leuke-
mia, CML chronic myelogenous leukemia, MDS myelodysplastic
syndrome, MPD myeloproliferative diseases excluding CML, IBMFS
inherited bone marrow failure syndrome, AA aplastic anemia, CAEBV
chronic active Epstein—Barr virus infection, MMF mycophenolate
mofetil, UR unrelated donor, BM bone marrow, CB cord blood, PBSC
peripheral blood stem cells

(median 532) mg/m?/day in 103 patients who possessed
full data on height and weight, and the dosage in each
group is summarized in Fig. 1. The initial median dosage
was 539 mg/m?/day in the prophylaxis group, 707 mg/m?/
day in the aGVHD treatment group, and 681 mg/m?/day in
the cGVHD treatment group, which was not significantly
different among the three groups (P =0.42). MMF was
administered in two divided doses in 114 patients, three
divided doses in 26 patients, and once daily in one patient.

Prophylaxis of GVHD using MMF

Among the 141 children receiving MMF, 35 (25%) received
MMF for GVHD prophylaxis (Table 1). All patients in this
cohort achieved engraftment; neutrophil engraftment was
achieved within the median of 17 days for BM recipients
and 21 days for CB recipients. Ten patients (29%) devel-
oped grade II-IV aGVHD, and three (8.6%) with grade
III-TV aGVHD. The affected organ was mainly the skin and
intestine (Fig. 2a). The cumulative incidence of developing
grade II-IV aGVHD 100 days after transplantation was 28%
(Fig. 2b). No significant differences were found in the inci-
dence of grade II-IV aGVHD between the unrelated HLA-
matched, mismatched, and related mismatched recipients.
MMF dose was not significantly different between chil-
dren with grade <I and grade II-IV aGVHD, respectively
(median 532 vs. 546 mg/mz; P=0.76). Five of the 32 evalu-
able children developed cGVHD: four (13%) developed lim-
ited cGVHD, and one (3.1%) developed extensive cGVHD
(Table 2). Two children experienced grade II aGVHD before
the onset of cGVHD. The patient who developed extensive
cGVHD received serologically 5/6 matched CB in the graft-
versus-host direction for congenital immunodeficiency and
died of cGVHD 20 months after transplantation.

MMF for aGVHD treatment

Sixty-two children (44%) received MMF for aGVHD treat-
ment in this study. This group included 14 children who
used MMF to treat both aGVHD and cGVHD. Before start-
ing the MMF, 48 children had grade II-IV aGVHD, and 28
had grade III-IV aGVHD. The first-line therapy for aGVHD
was tacrolimus plus steroids (n=2351), steroids only (n=_8),
and others (n = 3; tacrolimus only, cyclosporin A plus ster-
oid, and a combination of tacrolimus, cyclosporin A, and
steroid). After starting the MMF, 38 children (61%) had
decreased GVHD grade (Fig. 3a). A decrease by one grade
was observed in 18 patients (29%), and a decrease of two or
more grades was noted in 20 patients (32%). Improvement
in skin stages was observed in 40 children (65%), intestine in
17 (27%), and liver in 8 (13%; Fig. 3a). Symptoms worsened
in two patients (3.2%); gut GVHD worsened in these patients
(from stage 2 to 3 and from stage O to 2), but they stayed in
the same grade (III and IV). Combined immunosuppressants
were reduced in 35 patients (57%) and discontinued in 11
patients (18%). Five children (8.1%) had to increase the first-
line immunosuppressants, namely tacrolimus and/or steroid,
although they continued to receive MMF. Among the 14
children who used MMF to treat cGVHD and aGVHD, six
had extensive cGVHD, and one improved to limited cGVHD
afterward. Among the eight children with limited cGVHD,
three became free of cGVHD. No exacerbation of cGVHD
was noted in these 14 children.

@ Springer



494

N. Kawashima et al.
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Fig.2 Incidence of acute graft-versus-host disease (GVHD) in the
prophylaxis group. a Affected organs in children who developed acute
GVHD. The skin and gut were among the most common affected
organs. b The cumulative incidences of grade II-IV and grade III-IV
acute GVHD 100 days after hematopoietic stem cell transplantation

MMF for cGVHD treatment

A total of 44 children (31%) received MMF for the treatment
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of cGVHD. This group does not include those who also
received MMF for treating aGVHD. Before the treatment, 14
patients had limited cGVHD, and 30 had extensive cGVHD.
The concomitant therapy for cGVHD was tacrolimus plus
steroid (n=20), steroid only (n=16), tacrolimus (n=15),
and others (n=3; cyclosporin A plus steroid, cyclosporin
A, and no other immunosuppressants). After starting the
MMF, 16 patients (36%) had improved subjective symptoms
(Fig. 3b). Six out of 14 children with limited cGVHD (43%)
improved, and 10 out of 30 patients with extensive cGVHD
(33%) improved. Notably, no one experienced exacerbation
of cGVHD after starting the MMF administration at the time
of answering the questionnaire, although one patient needed
increment of concomitant steroid to ameliorate cGVHD.
Concomitant immunosuppressants were reduced in 17 (41%)
and discontinued in 10 patients (24%), respectively.

AEs regarding MMF administration in children
undergoing HSCT

AEs with an NCI-CTCAE grade of >3 possibly associ-
ated with MMF were reported in 14 patients (10%). The
common AEs were neutropenia (n=6, 4.3%), infection
(n=5, 3.5%), thrombocytopenia (n=3, 2.1%), myelosup-
pression (n=3, 2.1%), and diarrhea (n=2, 1.4%; Table 3).
One patient developed grade 4 acute kidney injury (AKI)
20 days after starting the MMF for treating extensive
cGVHD; however, the renal function finally improved
without changing the dosage. Regarding renal AEs of any
grade, two patients were reported to develop grades 1 and 2
AKI 9 and 42 days after starting MMF for the treatment of
aGVHD and GVHD prophylaxis, respectively. The former
with grade 1 AKI improved after decreasing the MMF dos-
age, whereas the latter with grade 2 AKI did not improve
even after decreasing the dosage.
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Table 2 Clinical characteristics of children with chronic GVHD in MMF prophylaxis group

Survival (d)

Chronic GVHD  Onset (d)

MMF (mg/ Acute GVHD grade (stage)

m?/day)

HLA match  Concomitant

Stem cell source

Diagnosis

Sex

Age

immunosuppres-

sant

Dead (590)

N/A
N/A
N/A
N/A

165

Extensive
Limited

I (skin 3)

1179
496

TAC

4/6
5/6

CB

CD4 lymphocytopenia

M

F

10

Alive (2119)
Alive (192)
Alive (735)

TAC+MTX
Steroid

TAC

TAC

UR-BM
UR-BM
UR-BM
UR-BM

Fanconi anemia

Limited

II (skin 1, gut 1)

532
380
1554

6/6
6/6
5/6

Acute myelogenous leukemia
Wiskott—Aldrich syndrome

M
M

F

Limited

Alive (1226)

Limited

Acute lymphoblastic leukemia

14

GVHD graft-versus-host disease, MMF mycophenolate mofetil, d days after transplant, CB cord blood, UR-BM bone marrow from unrelated donors, TAC tacrolimus, MTX methotrexate, N/A not

available
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BImprovement 61% 65% 27% 13%
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Fig.3 Response to acute and chronic graft-versus-host disease
(GVHD) in the treatment group. a After starting mycophenolate
mofetil (MMF) for the treatment of acute GVHD, improvement in the
skin stage was observed most frequently. b After the initial adminis-
tration of MMF for chronic GVHD treatment, 16 patients (36%) had
improved subjective symptoms. ¢ Changes in the dosage of combined
immunosuppressants after administering MMF for the treatment of
acute and chronic GVHD

Five out of 45 children (11%) whose MMF dosage was
300-600 mg/m*/day developed AEs grade of >3, and seven
out of 38 (18%) who received MMF of 600-1200 mg/m2/
day developed AEs. The MMF dose tended to be higher in
patients with AEs as compared with those without AEs, but
was not statistically significant (median 713 vs. 572 mg/m?/
day; P=0.519). The MMF dosage of two patients had to be
reduced because of AEs grade of >3, but no exacerbation
of other symptoms was observed after the reduction. Two
patients (1.4%) were reported to die from AEs possibly
associated with MMF, i.e., primarily infections.
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Transplant outcomes

Among the 141 patients, 30 (21%) died after transplantation
as of 2011. Transplantation-related mortality was 31%, with
a median follow-up of 5 years, which was not significantly
different among the GVHD prophylaxis and treatment groups
(Supplemental Figure). The main causes of death were dis-
ease relapse (n=9, 3.0%), cGVHD (n=6, 2.0%), aGVHD
(n=3, 1.0%), infection (n=3, 1.0%), and secondary malig-
nancy (n=3, 1.0%). Of the eight deaths (23%) in the pro-
phylactic group, the main causes were disease relapse (n=3)
and GVHD (n=3). Fifteen deaths (24%) were reported in
the aGVHD treatment group, with GVHD (n=4), infection
(n=3), and disease relapse (n=3) as the main causes. Seven
deaths (16%) were reported in the cGVHD treatment group,
with disease relapse (n=3) and cGVHD (rn=2) as the main
causes. Of the six children whose primary cause of death was
reported to be cGVHD, two were in the prophylaxis group,
two were in the aGVHD treatment group, and two were in
the cGVHD treatment group. Among the 15 patients with
available data in the cGVHD treatment group, 12 had a Kar-
nofsky performance status of >90%, two with 60-90%, and
one with 50% as of 2011.

Discussion

This retrospective study demonstrated that MMF in com-
bination with other immunosuppressive therapies seems to
be safe and effective as GVHD prophylaxis and treatment
for aGVHD and cGVHD in children receiving HSCT from
unrelated donor. MMF has been practically used in the HSCT
field, especially when using reduced intensity conditioning;
however, large prospective studies defining the optimal dose
and combination of other immunosuppressants are lacking
in children.

MMF has been utilized in children with prophylaxis
and treatment of GVHD [12-16]. Although most of the

reports were retrospectively designed and conducted in a
small number of patients, MMF in combination with other
immunosuppressive agents seems to be less toxic in children
when compared with adults and may be effective for both
prophylaxis and treatment of GVHD. A nationwide survey
including 716 adult patients who received unrelated HSCT
in Japan reported that the incidences of grade II-IV aGVHD
and cGVHD in the prophylactic group were 38% and 28%,
respectively [9]. These incidences seem to be higher than
those from our cohort (29% for the aGVHD incidence and
14% for the cGVHD incidence). Interestingly, grade >3
infection was observed in 9.5%, which seems to be higher
than our cohort, although the incidence of grade 3—4 neu-
tropenia was 2.7% and did not seem to be higher than that in
the pediatric cohort. A pilot study on the pharmacokinetics
of MMF demonstrated that the concentrations of MPA, the
active form of MMF, could vary among the different age
groups [15, 17]. This could explain the different efficacy and
AE demographics of MMF in younger children.

Our current survey demonstrates that the efficacy rate of
MMF is approximately 60% for the treatment of aGVHD
and cGVHD. The number of patients in our aGVHD cohort
treated with MMF seems to be the largest in pediatric HSCT.
When treating aGVHD with MMF, the best responses were
observed in patients with skin aGVHD, which is consist-
ent with those in a previous report that 14 of 15 patients
with skin aGVHD showed improvements [18]. The over-
all improvement in aGVHD grade was noted in 11 of 17
patients (65%) in this report, which is consistent with our
results (61%). A retrospective report from a single institute
in Japan treating aGVHD revealed that 11 of 14 children
(79%) with steroid-refractory grade II-IV aGVHD achieved
a complete response within 8 weeks, and the toxicity was
tolerable [19]. These children were not included in our study,
and the higher response rate in that study may be due to the
bias because of different sample sizes. The role of MMF for
the treatment of aGVHD in children undergoing allogeneic
HSCT may be defined in future prospective studies.

Table3 Grade>3

Adverse events GVHD prophy-  Acute GVHD Chronic GVHD  Total

adverse evc.an'ts relgted laxis treatment treatment

to the administration of

mycophenolate mofetil NCI CTCAE v4.0 grade >3 n=35 n=62 n=44 N=141
Neutropenia 1 3% 3 5% 2 5% 6 4.3%
Infection 3 9% 2 3% 0 0% 5 3.5%
Thrombocytopenia 1 3% 1 2% 1 2% 3 2.1%
Myelosuppression 1 3% 1 2% 1 2% 3 2.1%
Diarrhea 1 3% 1 2% 0 0% 2 1.4%
Renal dysfunction 0 0% 0 0% 1 2% 1 0.7%

NCI CTCAE the National Cancer Institute Common Terminology Criteria for Adverse Events, GVHD

graft-versus-host disease
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During the initial use of MMF for the treatment of
cGVHD, 20 children had already received tacrolimus plus
steroid, 16 received steroids, and five received tacrolimus in
our study; however, after the MMF administration, symp-
toms related to cGVHD improved with other immunosup-
pressants in 17 cases (39%), and the treatment was discon-
tinued in 10 cases (23%). This result is consistent with those
from a smaller study in children that reported a significant
reduction of steroids in 45% of children undergoing HSCT
and discontinuation in 27% [20].

Previous reports demonstrated that the incidence of renal
damage attributable to MMF (0-13%) was lower than that
reported with other immunosuppressants like calcineurin
inhibitors [18, 21, 22]. Our analysis revealed that the inci-
dence of grade 4 AKI was 0.7% (n=1). Thus, MMF would
be especially useful in patients highly at risk for develop-
ing AKI. MMF has been reported to increase the risk for
opportunistic infections, particularly viral diseases [23].
Our current study showed that 5 of 141 children (3.5%) who
experienced infection were thought to be related to MMF
overall, and three of them were in the GVHD prophylaxis
group, in which neutropenia before engraftment could have
influenced the rate of the opportunistic infection. Notably,
none of the patients discontinued the use of MMF because
of AEs, and only two patients needed a reduced MMF dos-
age because of AEs, which did not result in exacerbation of
symptoms afterward.

Our study has some limitations. As a retrospective study,
incompleteness or inaccuracy of data and lack of control
over the quality of measurements could result in biases. In
the GVHD prophylaxis group, nearly half of patients were
serologically 6/6 HLA-matched, and the rate seems to be
comparable to those in the previous retrospective cohorts
(Supplemental Table) [13, 15, 16, 24-27]. Seven out of eight
children who received HSCT from related donors were HLA
mismatched, which may adversely affect the GVHD inci-
dence. Nevertheless, the incidence of grade II-IV GVHD
was comparable to existing reports that include many of
those who received HSCT from matched related donors
(Supplemental Table).

In conclusion, our nationwide retrospective cohort sug-
gests that MMF is tolerable and effective as prophylaxis
and treatment of GVHD in children undergoing allogeneic
HSCT. Prospective randomized studies including the phar-
macokinetics are necessary to determine the optimal MMF
dose and combination therapy for GVHD in children.
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