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Abstract

Background The life prognosis of elderly patients with myeloperoxidase—anti-neutrophil cytoplasmic antibodies-associated
vasculitis (MPO-AAV) has been improved by reducing the corticosteroid or cyclophosphamide dose to avoid opportunistic
infection. However, many elderly MPO-AAV patients experience recurrence and renal death. An effective and safer main-
tenance treatment method is necessary to improve the renal prognosis of MPO-AAV.

Methods Patients with MPO-AAV who reached complete or incomplete remission after induction therapy were prospec-
tively and randomly divided into mizoribine (MZR; n=25) and control (n=28) groups. The primary endpoint was relapse of
MPO-AAV. The patients’ serum MZR concentration was measured before (C0) and 3 h after taking the MZR. The maximum
drug concentration (Cmax) and the serum MZR concentration curves were determined using population pharmacokinetics
parameters. We also assessed the relationship between the MZR concentrations and adverse events. The observation period
was 12 months.

Results Fifty-eight MPO-AAV patients from 16 hospitals in Japan were enrolled. Ten patients relapsed (MZR group, n =6;
control group, n=4; a nonsignificant between-group difference). Changes in the serum MZR concentration could be esti-
mated for 22 of the 25 MZR-treated patients: 2 of the 11 patients who reached a Cmax of 3 pg/mL relapsed, whereas 4 of
the 11 patients who did not reach this Cmax relapsed. The treatment of one patient with CO> 1 pg/mL was discontinued due
to adverse events. No serious adverse events occurred.

Conclusion There was no significant difference in the recurrence rate of MPO-AAV between treatment with versus without
MZR.

Keywords MPO-ANCA-associated vasculitis (MPO-AAV) - Mizoribine - Serum immunosuppressive drugs concentration

Introduction

Anti-neutrophil cytoplasmic autoantibodies (ANCA)-asso-
ciated vasculitis (AAV) is defined as necrotizing vasculitis
with few or no immune deposits, predominantly affecting
small blood vessels (i.e., capillaries, venules, arterioles, and
small arteries), and it is associated with ANCAs that are spe-
cific for myeloperoxidase (MPO) or proteinase 3 (PR3)[1].
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Many patients with AAV present rapidly progressive glo-
merulonephritis (RPGN), and untreated AAV has resulted
in poor life and renal prognoses. AAV is classified into three
categories: microscopic polyangiitis (MPA), granulomatosis
with polyangiitis (GPA), and eosinophilic granulomatosis
with polyangiitis (EGPA). PR3-ANCA is most commonly
associated with GPA, whereas MPO-ANCA is more com-
monly associated with MPA.

The treatment of AAV [2, 3] can be divided into two
phases: the induction of remission, and maintenance ther-
apy. Induction therapy commonly comprises high-dose
glucocorticoids together with a second agent, rituximab,
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or cyclophosphamide (CYC). The standard maintenance
therapy has been rituximab or azathioprine (AZA) after the
induction of remission. However, the use of immunosup-
pressive drugs poses a high risk of infection as a side effect.

Based on the findings of a nationwide survey of RPGN
in Japan [4], we concluded that 64.7% of Japanese RPGN
patients had ANCAs, and among ANCA-positive patients,
approx. 90% had MPO-ANCA. Elderly Japanese AAV/
RPGN patients have frequently died due to opportunistic
infections during initial treatment, and thus the rate of treat-
ment with corticosteroids alone for AAV has inevitably
increased. However, there are many cases in which AAV
recurs during maintenance therapy, eventually leading to
renal death [5-7]. This is a major problem in RPGN treat-
ment in AAV treatment in Japan. The importance of sup-
pressing side effects and stabilizing renal function after an
initial treatment for AAV has also been recognized.

Mizoribine (MZR) is a purine metabolism antagonist
developed in Japan that is produced as an imidazole nucleic
acid-related substance. MZR is an immunosuppressive
agent for renal excretion that exerts an immunosuppres-
sive effect in vivo by (1) specifically inhibiting inosine
5'-monophosphate dehydrogenase (IMPDH), which is
a rate-limiting enzyme in the de novo synthesis pathway
of guanosine nucleotides, and (2) reducing the amount of
intracellular guanosine triphosphate (GTP) [8, 9]. A study
conducted in Japan reported that among the available immu-
nosuppressive drugs, MZR has fewer side effects and was
useful for patients with AAV [10]. However, MZR’s efficacy
and optimal administration method and dose have not been
established.

Measuring the blood concentrations of an immunosup-
pressive drug is known to be useful for the monitoring of
both proper drug use and appropriate immunosuppression.
It was reported that the change in the serum concentration of
MZR measured by the population pharmacokinetics (PPK)
method can be estimated using a nonlinear mixed effects
model (NONMEM) program in healthy male volunteers [11]
and adult recipients of renal transplantation [12]. Another
investigation used this method to monitor the effects of MZR
on idiopathic membranous nephropathy [13]. We conducted
the present comparative study of AAV patients treated with
MZR and a control AAV group in order to determine the
usefulness and safety of MZR in remission maintenance
therapy in AAV.

Patients and methods

This Study was entered in the University Hospital Medical
Information Network-Clinical Trials Registry (UMIN-CTR)
under trial identification no. UMIN 000,000,708.

Patients

Patients diagnosed with MPO-ANCA-associated vascu-
litis (MPO-AAV) who had achieved complete or incom-
plete remission after remission—induction therapy were
recruited from 16 hospitals in Japan. The patients with
MPO-AAV were defined as those who were positive for
MPO-ANCA and presented with RPGN. Complete remis-
sion (CR) was defined as follows: the condition in which
no newly active clinical symptoms of vasculitis are pre-
sent and the Birmingham Vasculitis Activity Score (BVAS
2003) [14] is 0—1; the absence of deterioration of glomeru-
lonephritis or renal function, and red blood cell cast has
disappeared; and the patient's C-reactive protein (CRP)
level is within the normal range. A BVAS of 0-1 means
that there are no findings of new or worsening clinical
symptoms due to vasculitis within the prior 4 weeks.
Incomplete remission (ICR) was defined as having stable
clinical symptoms, although the BVAS is > 1. Relapse was
defined as the re-occurrence or new onset of disease attrib-
utable to active vasculitis.

The study’s inclusion criteria were patients who
achieved a CR or ICR after remission—induction therapy
for MPO-AAYV, who provided written consent to partici-
pate in this study, and who did not meet any of the fol-
lowing exclusion criteria: age > 80 years at diagnosis,
age <20 years, creatinine clearance <20 mL/min or under-
going renal replacement therapy, severe hypersensitivity to
MZR, a white blood cell (WBC) count < 3000/mm?, preg-
nancy or possible pregnancy, the use of an immunosup-
pressive agent or pretreatment with an immunosuppressive
agent within the prior 4 weeks, and having been judged to
be inappropriate by the patient's treating physician.

Interventions

We prospectively and randomly divided the patients
into two groups: the MZR group and control group. The
patients in the MZR group received 25-300 mg of MZR
once daily before breakfast, depending on their creatinine
clearance. The serum concentration of MZR was meas-
ured by high-performance liquid chromatography (HPLC)
at Toyo Kensa Center (Shizuoka, Japan). Each patient's
serum concentration of MZR was measured before (CO)
and 3 h after (C3) he or she took the daily MZR, between
1 and 4 weeks after the start of the MZR regimen.
Patients whose CO value of MZR was > 1 pg/mL at the
initial measurement were excluded. We aimed for a CO
value that did not exceed 1 ug/mL and a C3 value at >3 g/
mL. When the C3 value did not reach 3 ug/mL, the dose
of MZR was increased by 25 mg, and 4 weeks later, the

@ Springer



1094

Clinical and Experimental Nephrology (2022) 26:1092-1099

serum MZR concentration was measured and adjusted to
achieve the target. The patients in the control group did not
receive MZR. The doses of corticosteroids were adjusted
depending on the patients' symptoms. In principle, a con-
comitant use of other immunosuppressant agents was not
permitted. The observation period was 12 months.

Data collection

During the trial, the patients’ clinical symptoms and labo-
ratory test findings were examined at the start of the MZR
regimen and 1, 3, 6, and 12 months later. Their height,
weight, sitting blood pressure, presence/absence of edema,
and other symptoms were checked; the daily urinary protein
level, urinary creatinine concentration, urinary red blood cell
count, complete blood count, blood biochemical data includ-
ing total protein, albumin, total cholesterol, triglyceride, urea
nitrogen, creatinine, electrolytes, uric acid, aspartate ami-
notransaminase, alanine aminotransferase, blood sugar, and
CRP values were determined. The results of immunologi-
cal tests including MPO-ANCA and immunoglobulin were
obtained. Chest X-rays and the BVAS data were obtained
at the start of the MZR regimen and 6 and 12 months later.
The primary endpoints of the study were the relapse rate,
the length of time from remission to relapse, and the patient's
BVAS throughout the study period. Secondary endpoints
were the values of MPO-ANCA, CRP, and renal function as
indicated by the creatinine clearance calculated by the Cock-
croft—-Gault formula (CLcr). Each item was evaluated at the
start of the MZR regimen and 1, 3, 6, and 12 months later.

Estimation of the serum concentrations of MZR

Ishida et al. estimated the population pharmacokinetics
(PPKs) of MZR by using a NONMEM program for 114 adult
renal transplantation recipients who were treated with MZR
[12]. Honda et al. described the PPKs of MZR by using
a simple one-compartment model with first-order absorp-
tion [11]; their findings confirmed that renal function is the
main factor responsible for the interindividual pharmacoki-
netic variability of MZR. They showed that the relationship
between MZR oral clearance (CL/F) and creatinine clear-
ance (CLcr), plus the relationship between MZR’s apparent
volume of distribution (V/F) and body weight (WT) can be
expressed as follows:

CL/F = A x CLcr

V/F =B x WT

They identified the mean values for A, B, the absorption
lag time (ALAG), and the absorption rate constant (ka).
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We estimated the ka, CL/F, and V/F of each patient by
using their MZR daily dosage and their values of CO, C3,
CLcr, and WT by Bayesian inference based on the above-
mentioned PPK parameters. When a drug is repeatedly
administered at a dose of X, and an administration interval
of T to reach a steady state, the blood concentration at time t
after the administration of the drug is expressed as follows:

c - ka-F-X, (( 1 ).e_kellt_< 1 >.e—ka-l
U7 Vd- (ka—kel) \\T —ekelw I —ehar

L/F
kel = CL/V = CL/E
V/F

C,s, is the blood concentration (pg/mL) at time t after
administration under the steady state, X, is the dose (ng),
ka is the absorption rate constant (1/hr), kel is the disappear-
ance rate constant (1/hr), Vd is the volume of distribution
(mL), F is the absorption rate, and t is the dosing interval
(hr). Using these data, we calculated the maximum drug
concentration (Cmax), and the serum MZR concentration
curves.

Statistical analyses

The results are expressed as the mean + standard devia-
tion. Differences between two groups were evaluated by
the Mann—Whitney U test. Differences among four groups
were evaluated by the Kruskal-Wallis test. The differences
in ratios were tested with Fisher's exact test. Time-to-event
analyses were performed using the Kaplan—Meier technique,
and the curves were compared with the log-rank test. Prob-
ability (p) values < 0.05 were considered statistically signifi-
cant. All statistical tests were two-sided. All analyses were
performed with IBM SPSS Statistics ver. 27.

Results
Patients’ profiles

Between November 1, 2008 and December 31, 2011 a total
of 58 patients with MPO-AAV were enrolled from 16 hospi-
tals in this study. We randomly divided the 58 patients into
two groups of 29 each, i.e., the MZR-treated group and the
control (non-MZR-treated) group. In the MZR group, two
patients withdrew their consent, and one patient withdrew
due to a malignant tumor after providing study participation
consent. One patient in the control group withdrew consent.
Twenty-six patients; thus, received MZR, but one case was
discontinued and excluded from the analysis because the
patient’s CO exceeded 1 pg/mL and the patient experienced
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an adverse event early in the treatment period. A final total of
53 patients were thus included in the analyses: 25 patients in
the MZR group and 28 patients in the control group (Fig. 1).
The baseline characteristics of the patients are summarized
in (Table 1).

All 53 patients whose cases were analyzed were diagnosed
with MPA. Nineteen of the 25 patients in the MZR group
and 20 of the 28 patients in the control group were diagnosed
with renal limited AAV. The average time from onset to the
start of the observation period was 32.6 +45.4 months in the
MZR group and 27.0+25.1 months in the control group.
As induction therapy, seven patients in the MZR group
received CYC in combination (five of the seven patients
received an oral administration of CYC and the other two
patients received intravenous CYC pulse therapy), the other
18 patients in the MZR group received corticosteroids alone,
three patients in the control group received intravenous CYC
pulse therapy, and the other 25 patients in the control group
received corticosteroids alone. At the start of the observa-
tion, 15 patients in the MZR group had achieved a CR, the
remaining 10 patients in the MZR group had achieved an
ICR, 18 patients in the control group had achieved a CR, and
the remaining 10 patients in the control group had achieved
an ICR. During the 12-month observation period, the mean
dose of corticosteroids decreased from 12.1 mg to 7.5 mg in
the MZR group and from 13.9 mg to 8.6 mg in the control
group. There was no significant difference between the two
groups in background, clinical symptoms, previous treat-
ment, laboratory findings, or MPO-ANCA values.

Efficacy assessments

Ten patients (six of the 25 patients in the MZR group and
four of 28 patients in the control group) relapsed during
the 12 month observation period. Figure 2 depicts the two
groups’ proportion of patients who survived without relapse
during the observation period. There was no significant
between-group difference in the relapse rate depending
on the presence or absence of MZR treatment (p =0.422).
Table 2 provides the two groups’ mean values of CLcr, CRP,
BVAS, and MPO-ANCA at baseline and at the final observa-
tion, divided into the relapsed patients and the nonrelapsed
patients. There was no significant difference in any item at
baseline between the relapsed and nonrelapsed groups.

The changes in serum MZR concentration

The daily dose of MZR in each patient adjusted for serum
levels was 100-300 mg. Figure 3 illustrates the changes in
serum MZR concentrations estimated by Bayesian infer-
ence based on the PPK parameters using the NONMEM
program. The changes in serum MZR concentration could
be estimated in 22 of the 26 patients in the MZR group. The
serum concentration in four patients in the MZR group could
not be used due to the lack of proper serum submission and
deficient values. The MZR treatment of one patient with a
CO value > 1 pg/mL was discontinued because of adverse
events (i.e., fever and eczema) and excluded from the further
analyses. Two of the 10 patients (20%) who reached a Cmax

Fig. 1 Flowchart of the study
design. CO: before taking MZR,
AE: adverse event

58 eligible patients underwent randomization

4 withdrew

29 were assigned to

the Mizoribine group;

29 were assigned to the Control group;
1 withdrew

26 were administered Mizoribine

28 were included in the analysis

25 were included in the analysis

1 was excluded due to high CO and AE
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Table 1 Baseline characteristics of the MPO-AAV patients

MZR group  Control group  p value
n 25 28
Age, years 67.1£8.2 67.5+9.8 0.782
Male sex, % 36.0 39.3 1.000
Height, cm 156.7+11.0 155.8+9.7 0.755
Body weight, kg 56.5+12.6 54.2+10.3 0.449
Systolic BP, mmHg 132+20 131+15 0.957
Diastolic BP, mmHg 73+13 77+9 0.397
Serum albumin, g/dL 3.8+0.4 3.8+0.5 0.546
Serum creatinine, mg/dL. 1.36 +0.58 1.35+0.57 0.838
CRP, mg/dL 0.13+0.17 0.40+0.73 0.205
WBC, /uL 9066+2877  8870+2335 0.901
Hemoglobin, g/dL 11.6+2.5 12.1+1.9 0.950
Urinary protein, g/gCr 0.19+0.24 0.35+0.39 0.251
MPO-ANCA titer, EU:
Baseline 64 +205 42+102 0.657
Final 18+36 37+86 0.399
BVAS 1.3+2.1 1.1+3.3 0.085
Period from onset to 32.6+454 27.0+25.1 0.728
start of observation,
months
Classification of AAV
MPA (renal limited 25 (19)/0/0 28 (20)/0/0
AAV)/GPA/EGPA
Previous treatment, n:
PSL+CYC 7 3 0.162
PSL only 18 25
Dosage of PSL, mg/day:
Baseline 12.1£8.1 13.9+74 0.304
Final 7.5+3.8 8.6+4.6 0.374

AAV anti-neutrophil cytoplasmic antibodies-associated vasculitis,
BP blood pressure, BVAS Birmingham vasculitis activity score, CRP
C-reactive protein, CYC: cyclophosphamide, EGPA eosinophilic
granulomatosis with polyangiitis, EU enzyme units, GPA granulo-
matosis with polyangiitis, MPA microscopic polyangiitis, MPO-AAV
myeloperoxidase—anti-neutrophil cytoplasmic antibodies-associated
vasculitis, MPO-ANCA myeloperoxidase anti-neutrophil cytoplas-
mic antibody, MZR mizoribine, PSL prednisolone, WBC white blood
cells, years years

of 3 pg/mL relapsed, whereas four of the 11 patients (36%)
who did not reach this Cmax relapsed. This difference was
not significant (p=0.635). The suppression of the recurrence
of MPO-AAV by an increased serum concentration of MZR
was not examined in this study.

Adverse events
In one patient, anorexia, wheezing, fever and eczema
appeared 2 weeks after the start of MZR treatment, and all

symptoms disappeared approx. 1 week after the discontinu-
ation of MZR. This case was excluded from the analyses.
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A total of 20 adverse events were reported in 13 patients
(Table 3): 13 events among eight (32%) MZR patients and
seven events among five (18%) control patients. There was
no significant difference in the number of patients with
adverse events between the two groups (p =0.339). Another
patient’s back pain was considered to be caused by a pul-
monary nodular lesion due to a relapse of AAV. In that
patient’s case, MZR was judged to be ineffective and was
discontinued.

Five patients with herpes zoster and one patient with pul-
monary tuberculosis were treated with a therapeutic agent
for infection while continuing corticosteroids and MZR. All
six patients recovered. Details of the other adverse events
are as follows (Table 3): two patients in the MZR group
presented with hyperglycemia, and one patient each in the
MZR group had conjunctivitis, and anemia. One patient in
the control group had fever, and another control patient’s
alanine aminotransferase and aspartate aminotransferase
values increased.

Discussion

We had speculated that (1) MZR can be used to suppress
recurrence in MPO-AAV patients during their maintenance
therapy after induction therapy, and (2) MZR would not
cause severe adverse events. We thus conducted the present
study to evaluate MZR treatment's recurrence-suppressing
effect and its adverse events. Our additional hypothesis was
that the administration of MZR can be effective and safe
based on the monitoring of the serum concentration of MZR
and the setting of both the appropriate trough concentra-
tion and the estimated serum peak concentration to a certain
value or higher. Although our analyses revealed no signifi-
cant difference in the recurrence rate of MPO-AAV between
the use and nonuse of MZR, our findings demonstrated that
it was possible to avoid serious bone marrow suppression by
measuring the patients' serum MZR concentrations. It was
not possible to establish MZR's ability to suppress recur-
rence by adjusting the MZR dose so that the peak of the
estimated serum concentration of MZR was >3 pg/mL in
this study.

An earlier investigation of the efficacy of MZR in patients
with idiopathic membranous nephropathy with steroid-
resistant nephrotic syndrome noted that a Cmax > 1.1 pg/
mL is necessary for complete remission [13]. It was also
reported that MZR showed a 50% inhibition of the human
mixed-lymphocyte reaction (MLR) at a concentration of
approx. 1 pg/mL [15]. Another study revealed that a peak
serum MZR level (2 h post-dose) at>2.5-3.0 pg/mL was
necessary to effectively treat pediatric patients with lupus
nephritis [16]. From the above reports, we speculated that
the Cmax of MZR should be 1-3 pg/mL in order to suppress
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Fig.2 Proportions of MZR-

treated and control patients with
MPO-AAV who survived with-
out relapse over the 12 month
observation period

0.8
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1.0 ]
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o

Control group
-------- MZR group
Log rank p=0.422

.00 2.00 4.00 6.00 8.00 10.00 12.00
Observation period (months)
Table2 Mean values.o'f MZR group Control group p value
laboratory data and clinical
findings Relapse Nonrelapse Relapse Nonrelapse
n 6 19 4 24
CLcr, mL/min:
Baseline 48.6+12.4 47.1+£304 38.5+£17.0 46.5+30.2 0.737
Final 47.8+18.4 50.2+34.1 40.6+12.0 47.0£27.0 0.938
CRP, mg/dL:
Baseline 0.14+0.16 0.12+0.18 1.44+1.20 0.23+£047 0.203
Final 2.85+£2.36 0.64+£2.01 5.87+£6.76 0.24+0.23 0.008
BVAS:
Baseline 0.6+0.9 1.5+2.3 4.0+5.7 1.0+£3.2 0.129
Final 5.0£53 1.0£2.1 8.5+78 1.2+£2.0 0.015
MPO-ANCA, EU:
Baseline 30+53.3 754235 17+14 46110 0.970
Final 8+8 22+40 29+28 39+93 0.760

CLcr creatinine clearance calculated by the Cockcroft-Gault formula. Other abbreviations are explained in

the Table 1 footnote

the recurrence of MPO-AAYV, and in this study we attempted
to adjust the patients’ Cmax to >3 pg/mL. However, less
than half of the patients reached the target Cmax of >3 pg/
mL, and this number of patients was insufficient for the
evaluation.

Only two of the 26 patients treated with MZR experi-
enced a serious adverse event during the 12 month obser-
vation period. A similar frequency of infectious diseases
occurred in the MZR and control groups, and in all cases,
the infection could be controlled without discontinuing
MZR. It has been reported that the use of rituximab or
AZA recommended by the guidelines causes adverse
events, such as severe infections [17] or skin carcinoma
[18]; relapse was observed in approx. 50% of the patients

with GPA or MPA with renal involvement [18]. MPO-
AAV has a high recurrence rate and requires a long-term
use of immunosuppressive drugs for maintenance ther-
apy. Immunosuppressive drugs should not cause serious
adverse events. Our present findings indicate that MZR
is useful in that it is less likely to cause serious adverse
events.

Our patients’ mean age (67.5 years) and male-to-female
ratio (37.7%/63.3%) were similar to those of the previ-
ously reported MPO-AAV patients in Japan at 64.4 years
and 42.6% [5]. Our patient series thus appears to reflect
the population of MPO-AAV patients in Japan. However,
because this study was aimed at patients who have achieved
a CR or ICR after induction therapy, our findings may not
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Fig.3 Serum MZR concentra- 45 7
tion curves in the MPO-AAV
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Table 3 Adverse events* Juntendo University and Dr. Yoshio Taguma of Sendai Shakaihoken
Hospital for their valuable guidance in compiling this paper.
MZR group Control group
n=25 n=28 .
Declarations
Herpes zoster 2 3
Pulmonary tuberculosis 1 0 Conflict of interest Honoraria: TW (Kyowa Kirin Co. Ltd., Mitsubishi
Hypertension 0 1 Tanabe Pharma Corp.), NH (Takeda Pharmaceutical Co., Ltd.), KY
) (Chugai, Daiichi-Sankyo, Kyowakirin, Mochida, Tanabe-Mitsubishi,
Hypotension 1 0 Pfizer, Asteras). Research funding: TW (Shiseido Co., Ltd., Kyowa
Gastritis 1 0 Kirin Co., Ltd.), YY (Baxter Ltd., Bayer Yakuhin, Ltd., Chugai Phar-
Syncope 1 0 maceutical Co., Ltd., Japan Tobacco Inc., Kyowa Kirin Co., Ltd., Ono
Peri Pharmaceutical Co., Ltd., Otsuka Pharmaceutical Co., Ltd., Sanofi
eripheral sensory neuropathy 1 1 . o o .
] Co., Ltd., Sumitomo Dainippon Pharma Co., Ltd., Torii Pharmaceuti-
Spinal fracture 1 0 cal Co., Ltd.), KY (Kyowakirin, Pfizer, Teijin-pharma, Daiichi-San-
Back pain 1 0 kyo, Dainihon-Sumitomo, Takeda, Tanabe-Mitsubishi, Asteras, Chu-
Others 4 2 gai). Subsidies or Donations: TW (Chugai Pharmaceutical Co., Ltd.,
No. of events 13 7 Kyowa K%rin Co., Ltd., Mitsubishi Tanabe Pharma Corp., MSD K.K.,
. GlaxoSmithKline K.K.).
No. of patients 8 (32%) 5 (18%)

“p=0.339, between-group difference in the rate of adverse events

be applicable to severe cases in which induction therapy has
not been successful.

In conclusion, there was no significant difference in the
recurrence rate of MPO-AAYV between the use and nonuse of
MZR. MZR may not be the first choice for immunosuppres-
sive therapy in MPO-AAV maintenance therapy. However,
if the appropriate doses and frequencies of administration
can be identified, MZR may be an option when other immu-
nosuppressive drugs cannot be used due to high risks of
infectious diseases or allergies.
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