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ABSTRACT

Mizoribine (MZR) is an immunosuppressive agent that exhibits a less potent immuno-
suppressive effect at doses up to 3 mg/kg/d. We investigated whether high-dose MZR is
effective and safe for renal transplant patients in conjunction with cyclosporine (CsA),
basiliximab, and corticosteroids. Ninety Japanese renal transplant patients were adminis-
tered MZR (6 mg/kg/d), CsA (7 mg/kg/d), prednisolone (maintenance dose, 10 mg/d), and
basiliximab (20 mg/body). They were compared with a control group of 81 renal transplant
patients who received mycophenolate mofetil (MMF; 1500 mg/d), CsA, prednisolone, and
basiliximab. The 2-year patient and graft survival rates were 98.9% and 97.8% in the MZR
group and 98.8% and 97.5% in the MMF group, respectively. The rejection rate within 2
years after transplantation was 21.1% in the MZR group and 16.0% in the MMF group;
the difference was nonsignificant. None of the MZR group developed cytomegalovirus
(CMV) disease, whereas 12.3% of the MMF group contracted CMV (P < .0001). CMV
viremia developed in 28.9% of the MZR group vs 46.9% of the MMF group (P < .0001);
their peak antigen levels were 20.4 � 44.1 and 252.8 � 527.0 (P < .01). Furthermore, the
incidence of gastrointestinal disorder, hyperlipidemia, and blood disorder was significantly
lower in the MZR group than in the MMF group. The combination of high-dose MZR with
CsA, basiliximab, and corticosteroids not only provides satisfactory immunosuppression
but is also associated with a low incidence of CMV infection and gastrointestinal and blood
disorders.
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MIZORIBINE (MZR) IS A NUCLEOSIDE com-
pound with an imidazole skeleton isolated from soil

on Hachijo Island, Tokyo, Japan in 1971 [1]. MZR was
found to specifically inhibit the proliferation of lymphocytes.
MZR is phosphorylated by adenosine kinase within cells,
and it selectively inhibits inosine monophosphate dehydro-
genase, which is a rate-limiting enzyme for de novo purine
synthesis, suppressing the proliferation of lymphocytes and
exerting immunosuppressive effects. Although the inhibi-
tion patterns of MZR and mycophenolate mofetil (MMF)
differ, MZR acts on the same target molecule as MMF [2].
6
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Although the original dose of MZR administered was 1 to
3 mg/kg/d, larger doses may be required. In fact, the results
of a multicenter trial in Japan in 2005 [3] suggest that the
rejection-free rate within 3 months after transplantation in
the group administered �5 mg/kg/d of MZR together with
ª 2016 Elsevier Inc. All rights reserved.
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Table 1. Demographic and Baseline Characteristics

Characteristic MZR (n ¼ 90) MMF (n ¼ 81) P

Cause of uremia
Diabetic nephropathy 14 (16%) 12 (15%) .3057
Chronic glomerulonephritis 41 (46%) 31 (38%)
Focal glomerulosclerosis 5 (6%) 1 (1%)
Other 17 (19%) 24 (30%)
Unknown 13 (14%) 13 (16%)

Recipient sex
Male/female 56/34 50/31 .9470

Recipient age, y* 42.5 � 13.5 39.2 � 13.1 .1040
Recipient weight, kg* 56.0 � 11.1 57.8 � 14.2 .3797
Duration of hemodialysis, mo† 27 (0e364) 9.5 (0e348) .1575
Donation source

Living donors 86 (96%) 78 (96%) .6316
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tacrolimus (85.0%) was significantly higher than that in
groups given <3 mg/kg/d (64.9%) or 3 to 5 mg/kg/d (65.1%).
In the present study, we therefore investigated the

efficacy of high-dose MZR (6 mg/kg/d) administered in
conjunction with cyclosporine (CsA), basiliximab, and
corticosteroids. The preliminary results of this study at 1
year were presented at the XIIth Congress of the Asian
Society of Transplantation, in Seoul, Republic of Korea,
on September 25 to 28, 2011, and have been published in
Transplantation Proceedings [4]. The present report details
the results of efficacy and safety studies at the 2-year point,
and these are summarized compared with historical data for
the MMF group obtained from studies performed at the
participating medical institutions.
Cardiac death donors 3 (3%) 3 (4%)
Brain death donor 1 (1%) 0

Donor type
Father 18 (20%) 19 (23%) .5943
Mother 26 (29%) 24 (39%)
Siblings 19 (21%) 9 (11%)
Children 3 (3%) 2 (2%)
Grandparents 0 1 (1%)
Uncle or aunt 0 1 (1%)
Spouse 20 (22%) 22 (27%)
Death donor 4 (4%) 3 (4%)

HLA-AB mismatches* 1.85 � 0.98 1.96 � 0.99 .5611
HLA-DR mismatches* 0.94 � 0.63 0.96 � 0.64 .8177
ABO blood type

Identical 63 (70%) 51 (63%) .3297
Compatible 27 (30%) 30 (37%)

Abbreviations: MMF, mycophenolate mofetil; MZR, mizoribine.
*Mean � standard deviation.
†Median (range).
PATIENTS AND METHODS
Study Subjects and Immunosuppression

The study subjects comprised 90 patients who underwent renal
transplantation (86 transplants from living donors, 3 from cadavers,
and 1 from a brain-dead donor) at 1 of 11 institutions in Japan
between February 2006 and June 2008, excluding patients with
ABO blood type incompatibility. The patients were administered
MZR (6 mg/kg/d, given orally twice a day), CsA (7 mg/kg/d; trough
level, 200e250 ng/mL during the first month after transplantation),
prednisolone (maintenance dose, 5e10 mg/d, after the initial dose
reduction), and basiliximab (20 mg/body at days 0 and 4) (Fig 1).
The control group comprised 81 patients who underwent renal
transplantation (78 transplants from living donors and 3 from
cadavers) at participating institutions between May 2002 and
September 2007. Patients in the control group were administered
MMF (30 mg/kg/d), CsA, prednisolone, and basiliximab, and the 2
groups were compared. CsA, basiliximab, and steroids were
administered according to the same protocol as that for the MZR
group at the same institutions. There were no intergroup differ-
ences in patient background characteristics such as the underlying
disease in the recipient, sex, age, body weight, dialysis period, and
number of HLA mismatches (Table 1). All patients were aged
between 13 and 66 years; patients with an ABO-incompatible
relationship or who were crossmatch-positive were excluded.
Fig 1. Immunosuppressive regimens: cyclosporine (CsA) þ
mizoribine (MZR) (or mycophenolate mofetil [MMF]) þ predniso-
lone (PSL) þ basiliximab. Abbreviation: Tx, transplantation.
The study was approved by the ethics committees of the
participating facilities. All patients gave informed consent. The
study was approved by an institutional review board and complied
with the Declaration of Helsinki and the ethical guidelines outlined
by The Transplantation Society.

Endpoints

The primary study endpoints used to reflect efficacy were 2-year
patient survival, 2-year graft survival, and the acute rejection-free
rate within 2 years of transplantation. Major side effects and
complications occurring within 2 years were also recorded as an
endpoint. The diagnosis of rejection was established by using biopsy
results. Any patients who required antirejection therapy were
considered to have acute rejection of their grafts.

Statistical Analysis

The Student t test, c2 test, and log-rank test were used for statistical
analyses.
RESULTS
Demographic Characteristics

The patients and donors assigned to the MZR and MMF
groups had similar demographic and baseline characteristics
(Table 1).



Table 2. Graft Survival Rate, Rejection Episodes, and Outcome
of Renal Function

Variable MZR (n ¼ 90) MMF (n ¼ 81) P

Cumulative graft survival rate
0 mo after transplantation 1.000 1.000 1.0
6 mo after transplantation 0.989 0.988 .9972
12 mo after transplantation 0.989 0.975 .8992
18 mo after transplantation 0.977 0.975 .9793
24 mo after transplantation 0.977 0.975 .9793

Rejection episodes 19 (21.1%) 13 (16.0%) .3968
Serum creatinine level, mg/dL*

1 mo after transplantation 1.37 � 0.67 1.36 � 0.75 .9382
3 mo after transplantation 1.46 � 0.51 1.46 � 0.57 .9951
6 mo after transplantation 1.51 � 0.53 1.49 � 0.61 .8770
12 mo after transplantation 1.52 � 0.61 1.54 � 0.72 .8843
24 mo after transplantation 1.51 � 0.59 1.44 � 0.46 .4170

Abbreviations: MMF, mycophenolate mofetil; MZR, mizoribine.
*Mean � standard deviation.
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Immunosuppressive Therapy

Transit of the administered dose of CsA in the MZR and
MMF groups is shown in Fig 2A. The administered doses of
CsA and steroid did not differ significantly between groups.
Transit of the administered doses of MZR and MMF
is shown in Fig 2B. The dose of MZR administered was
316 � 73 mg at 1 week, 312 � 65 mg at 1 month, 289 �
70 mg at 6 months, 291 � 82 mg at 12 months, and 276 �
77 mg at 24 months. The dose of MMF administered
was 1805 � 845 mg at 1 week, 1481 � 434 mg at 1 month,
1367 � 512 mg at 6 months, 1307 � 509 mg at 12 months,
and 1247 � 473 mg at 24 months.

Patient and Graft Survival

The 2-year patient survival rates in the MZR and MMF
groups were 98.9% and 98.8%, respectively. One patient
in the MZR group died of sepsis caused by methicillin-
resistant Staphylococcus aureus infection 1 month after
transplantation, and 1 patient in the MMF group died of type
B fulminant hepatitis 5 months after transplantation; renal
function was normal in both patients. The 2-year graft survival
A

B

Fig 2. (A) Administration dose of cyclosporine (CsA). (B) Admin-
istration dose of mizoribine (MZR) and mycophenolate mofetil
(MMF). Each value indicates mean � standard deviation. Abbre-
viations: M, month; W, week.
rates in the MZR group and MMF group were 97.8% and
97.5% (renal graft loss was observed from 1 year after trans-
plantation in 1 case each from both groups) (Table 2).

Acute RejectioneFree Rate Within 2 Years of Transplantation
and Renal Function

The graft rejection rate at 2 years after transplantation in
each group is shown in Table 2. The rejection rate observed
in the MZR group (21.1%) was not significantly higher than
that in the MMF group (16.0%). Serum creatinine levels in
the MZR andMMF groups at 1, 3, 6, 12, and 24 months after
transplantation are shown in Table 3. There were no signif-
icant differences between the 2 groups at any time point.

Adverse Effects

The incidence of adverse effects and infections, both drug
related and overall, during the 2-year period after renal
transplantation was compared between the 2 groups
(Table 3). The rate of hyperuricemia onset was significantly
higher in the MZR group (52 of 90 [57.8%]) than in the
MMF group (23 of 81 [28.4%]) (P ¼ .0001). Gastrointes-
tinal disorder occurred in 1 patient from the MZR group
and 7 patients from the MMF group (P ¼ .0199). Diarrhea
occurred in 5 patients in the MMF group; the severity of the
diarrhea in 3 patients required a reduction in MMF dose
that resulted in symptom abatement. Abdominal distension
and nausea also occurred with high frequency in the MMF
group. In addition, leukocytopenia or anemia was observed
in 2 patients from the MZR group and 8 patients from
the MMF group (P ¼ .0315). There were no reports of
hyperlipidemia in the MZR group; 8 patients from the
MMF group reported hyperlipidemia (P ¼ .0021). However,
no significant intergroup difference was detected in the
incidence of impaired glucose tolerance or hepatitis.

Cytomegalovirus Infection

The incidence of cytomegalovirus (CMV) infection was
significantly higher in the MMF group (Table 3). None of



Table 3. Adverse Events Profile

Adverse Event MZR (n ¼ 90) MMF (n ¼ 81) P

Infection
CMV disease 0 10 (12.3%) <.0001
CMV antigenemia-positive 26 (28.9%) 38 (46.9%) <.0001

Treatment with GCV 5 (19.2%) 21 (55.3%) .0039
Antigen peak level
(/50,000)

20.4 � 44.1* 252.8 � 527.0* .0082

BKV 2 (2.2%) 1 (1.2%) NS
HSV 2 (2.2%) 2 (2.5%) NS
Herpes zoster 2 (2.2%) 5 (6.2%) NS
Sepsis (MRSA) 1 (1.1%) 0 NS
PTLD 1 (1.1%) 0 NS
Pneumocystis carinii 0 1 (1.2%) NS
Pneumonia 0 1 (1.2%) NS
Peritonitis 0 1 (1.2%) NS
Urinary tract infection 2 (2.2%) 2 (2.5%) NS

Hyperuricemia 55 (61.1%) 30 (37.0%) .0017
Gastrointestinal disorder

(inappetence, nausea,
vomiting, diarrhea)

1 (1.1%) 7 (8.6%) .0199

Blood disorder
(leukocytopenia, anemia)

2 (2.2%) 8 (9.9%) .0315

Hyperlipidemia 0 8 (9.9%) .0021
Impaired glucose tolerance 2 (2.2%) 2 (2.5%) NS
Boredom, fever, trembling 3 (3.3%) 6 (7.4%) NS
Hepatitis 0 2 (2.5%) NS

Abbreviations: CMV, cytomegalovirus; GCV, ganciclovir; BKV, BK virus; HSV,
herpes simplex virus; MMF, mycophenolate mofetil; MRSA, methicillin-resistant
Staphylococcus aureus; MZR, mizoribine; NS, not significant; PTLD, post-
transplant lymphoproliferative disease.
*Mean � standard deviation.
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the patients in the MZR group developed CMV disease; 10
(12.3%) patients in the MMF group (P < .0001) developed
CMV disease. Twenty-six patients (28.9%) in the MZR
group were CMV antigenemia-positive, compared with 38
(46.9%) in the MMF group (P < .0001), and the average
peak level of CMV antigenemia was 20.4 � 44.1 in the
MZR group and 252.8 � 527.0 in the MMF group (P ¼
.0082), respectively. Ganciclovir (GCV) was administered to
5 (19.2%) patients in the MZR group and 21 (55.3%) in the
MMF group (P ¼ .0039).

DISCUSSION

The present prospective study compared renal transplant pa-
tients with no ABO blood group incompatibility treated at 11
transplant institutions in Japan with patients administered
MMF at the same institutions during almost the same period.
The results indicate that patients in the MZR group had
outcomes equivalent to those of the MMF group in terms of
2-year patient survival, 2-year graft survival, and renal func-
tion. The acute rejection rate was 18.9% in the MZR group
and 16.0% in the MMF group, the difference being nonsig-
nificant. With regard to adverse events, it is known that MZR
is associated with a lower risk of gastrointestinal disorders or
viral infection than MMF [3]. The most troublesome side
effect ofMZR is hyperuricemia, and this scenario was also the
case in the present series. However, previous reports have
suggested that even if MZR is used in conjunction with
allopurinol (a drug used to treat hyperuricemia), its meta-
bolism is not affected, as is the case with azathioprine (AZA)
[5]. For this reason, in the present study, MZR-induced
hyperuricemia was easily controlled in most cases by admin-
istration of allopurinol or benzbromarone.
Some papers [6,7] have suggested that the number of

patients with CMV disease has increased since the intro-
duction of MMF. Basic-Jukic et al [6] suggested that use of
MMF was associated with an increased incidence of CMV
disease after cadaveric renal transplantation compared with
AZA. In their study, the group treated with AZA included
280 patients who were treated for 17,672 months with AZA/
CsA/steroids or AZA/steroids; the MMF group included
219 patients who were treated for 5079 months with MMF/
CsA/steroids or MMF/steroids. The AZA group had 51
CMV disease episodes (l episode per 346.5 treatment
months), and the MMF group had 43 episodes (l per 118.1
months) (P < .01). Mean onset of CMV disease occurred
32.65 � 47.69 months and 3.72 � 4.43 months after trans-
plantation in the AZA and MMF groups, respectively.
Shiraki et al [8] reported the effect of MZR on sup-

pressing CMV replication in vitro. They showed that the
combination of CsA and prednisolone enhances CMV
replication, whereas addition of MZR suppresses it. The
anti-CMV activity of MZR is not as potent as that of GCV
but may help suppress the early stages of CMV infection
and reduce the frequency and severity of CMV infection
in vivo. The synergistic suppressive effects of MZR and
GCV on CMV replication may exert a more effective
therapeutic effect when GCV therapy is required. The
immunosuppressive effects of MZR on in vitro human
CMV replication in cells treated with CsA and prednisolone
is dose dependent, with MZR concentrations of 1 mg/mL,
2 mg/mL, and 10 mg/mL inducing w60%, 80%, and 90%
suppression. In our study, the peak (C4) MZR blood
concentration during the first 14 and 28 days after trans-
plantation was 2.9 to 3.3 mg/mL, and the trough concen-
tration was w1.0 mg/mL (data not shown). These blood
levels may have been appropriate for inducing anti-CMV
activity.
MMF is also known to increase the frequency of gastro-

intestinal disorders such as diarrhea, which complicate
patient management after transplantation. In the present
study, diarrhea was reported in 5 of 81 patients in the MMF
group, and this side effect was managed by reducing or
discontinuing MMF. Diarrhea was not reported as a side
effect in the MZR group. Although Gastrointestinal
Symptom Rating Scale scores [9] were not used in this study,
there were clearly fewer adverse events involving gastroin-
testinal disorders in the MZR group than in the MMF
group.
CONCLUSIONS

Our findings suggest that a combination of high-dose MZR
with CsA, basiliximab, and corticosteroids at the indicated
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dosages is associated not only with satisfactory immuno-
suppression but also a low incidence of CMV infection,
gastrointestinal disorder, hyperlipidemia, and blood disor-
der in renal transplant patients.
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