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Excellent Results of High-Dose Mizoribine Combined With
Cyclosporine, Basiliximab, and Corticosteroids in Renal
Transplant Recipients—4-Year Results

N. Yoshimura, H. Ushigome, S. Nobori, T. Suzuki, K. Sakai, K. Koshino, H. Okajima, and M. Okamoto

ABSTRACT

Background. Mizoribine (MZR) at 3 mg/kg/d shows less potent immunosuppressive
effects, but high-dose MZR (6 mg/kg/d) was effective and safe in a 2-year study in
conjunction with a regimen of cyclosporine (CsA), basiliximab, and corticosteroids.
Methods. We compared 40 living-related kidney recipients administered MZR (6 mg/
kg/d), CsA (7 mg/kg/d), prednisolone (maintenance dose 10 mg/d), and basiliximab
(20 mg/body) with control group (n � 38) treated with CsA, mycophenolate mofetil
(MMF; 25 mg/kg/d), basiliximab, and corticosteroids.
Results. The 4-year graft survival rates for the MZR vs MMF groups were 92.5% vs
94.7%, respectively, with serum creatinine levels of 1.66 � 1.0 mg/dL vs 1.41 � 0.42 mg/dL
at 3 years, and 1.72 � 1.16 mg/dL vs 1.56 � 1.26 mg/dL at 4 years. There was no significant
difference in serum creatinine levels between the 2 groups. The MZR group demonstrated
a significantly higher rate of elevated serum uric acid values (29.7%). The numbers of
patients treated with allopurinol at 4 years were 11/37 (29.7%) for MZR vs 2/36 (5.6%) for
the MMF subjects (P � .05). Mean serum uric acid levels of the MZR vs MMF group at
4 years were 7.1 � 1.9 mg/dL vs 7.0 � 1.6 mg/dL, respectively (NS). There was no
significant difference between the 2 groups regarding bone marrow suppression or liver
dysfunction. Severe cytomegalovirus infection was not observed at 3 and 4 years in either
group. There were no severe gastrointestinal symptoms among the MZR or the MMF
group at 3 or 4 years.
Conclusions. The combination of high-dose MZR with CsA, basiliximab, and cortico-

steroids displayed excellent results over a 4-year follow-up.
Mizoribine (MZR), a novel nucleoside analogue devel-
oped as an immunosuppressive agent1 was placed

n the market in Japan in 1984, where it has been widely
sed for 28 years. MZR has been shown to exhibit a low

ncidence of severe adverse drug reactions and does not
nhance oncogenicity.2,3 The standard dosage used in the
990s was 1–3 mg/kg/d as a substitute for azathioprine
AZA) in combination with steroids and cyclosporine
CsA).4 However, some reports have indicated that up to 3

mg/kg/d MZR has less potent immunosuppressive effects
but few adverse events.5,6 Therefore, we previously re-
ported the results of a 2-years follow-up with high-dose
MZR (6 mg/kg/d), documenting it to be effective and safe
for kidney transplant patients in conjunction with CsA,
basiliximab, and corticosteroids.7 In the present study, we

eported the results at 4 years.
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PATIENTS AND METHODS
Study Subjects

Among 92 renal transplantations from October 2004 to July 2007 at
our institution, the 78 living-donor cases constituted the focus of
this study. CsA, basiliximab, and corticosteroids were concomi-
tantly administered with either MZR or mycophenolate mofetil
(MMF) treatment. Among the 78 cases, we obtained consent in 40
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cases for treatment with MZR. The patient characteristics of the
MZR and MMF groups showed no significant differences between
the 2 groups in the previous study, so we compared the safety and
efficacy of MZR versus the MMF group in the present analysis.

Immunosuppression

Immunosuppressive therapy was initiated with MZR (daily dose 6
mg/kg, given orally twice a day), CsA (trough level 200 ng/mL
during the first week and 150–200 ng/mL 1 week after transplan-
tation), and prednisolone (maintenance dose 10 mg/d, after initial
dose reduction). Basiliximab (20 mg/body) was administered on
days 0 and 4 (Fig 1a). A control group treated with CsA, MMF,
basiliximab, and corticosteroids was also employed in this study.
MMF was administered at a dose of 25 mg/kg/d (Fig 1b). CsA,
basiliximab, and steroids were administered using the same proto-
col as that for the MZR group. All patients were living related,
aged 16–66 years. We excluded both ABO-incompatible and
crossmatch-positive pairs. The number of patients who were
switched from cyclosporine to tacrolimus within 4 years was 6 in
MZR group and 4 in the MMF group (P � NS).

Each of the patients gave informed consent. The study was
approved by the Institutional Review Board and complied with the
Declaration of Helsinki.

Statistical Analysis

The Kaplan-Meier method was used to determine patient and graft
survival rates, with statistical significance tested with the log-rank
test. The study was approved by our Ethics Committee.

RESULTS
Patient and Graft Survival

The patient survival rates for the MZR versus MMF groups
were, respectively, 100% versus 94.7% at 3 years and 97.5%
versus 94.7%, at 4 years. The graft survival rates for the
MZR vs MMF groups were, respectively, 100% versus
94.7% at 3 years and 92.5% versus 94.7% at 4 years. There
was no significant difference between the groups regarding
patient or graft survival rates.
Serum Creatinine Level (Table 1)

Serum creatinine levels for the MZR versus MMF groups
were, respectively, 1.66 � 1.07 mg/dL (n � 40) versus 1.41 �
0.42 mg/dL (n � 36) at 3 years, and 1.72 � 1.16 mg/dL (n �
7) versus 1.56 � 1.26 mg/dL (n � 36) at 4 years. There was
o significant difference in serum creatinine levels between
he groups.

Adverse Effects

We compared the incidences of adverse effects and infec-
tions, both drug-related and overall, between 3 and 4 years
after renal transplantation (Table 2). The MZR group
demonstrated a significantly higher rate of elevated serum
uric acid values (29.7%). The number treated with allopuri-
nol was 11/38 (29.7%) MZR and 2/36 (5.6%) MMF subjects
(P � .05). Mean serum urate levels of the MZR versus
MMF group after transplantation were, respectively, 6.9 �
1.5 mg/dL versus 7.1 � 1.9 mg/dL at 3 years and 7.2 � 1.8
mg/dL versus 7.0 � 1.6 mg/dL at 4 years. There was no
significant difference between the groups regarding bone
marrow suppression or liver dysfunction.

Severe cytomegalovirus (CMV) infection was not ob-
served at 3 or 4 years in either group. There were no
gastrointestinal symptoms in the MZR or MMF group at 3
and 4 years. BK polyomavirus infection was not observed in
either group.

DISCUSSION

MZR, a nucleoside of the imidazole class, was isolated from
a culture medium of the mold Eupenicillium brefeldianum
M-2166, which was found in the soil of Hachijo Island,
Tokyo, Japan, in 1971.1 The drug inhibits both humoral and
cellular immunity by selectively blocking lymphocyte prolif-
eration. MZR was approved as an immunosuppressant by
the Ministry of Health and Welfare, Japan, in 1984. Re-
cently, it has been used commonly in transplantation in

Fig 1. Immunosuppressive reg-
imens: (a) MZR group; (b) MMF
group. Abbreviations: CsA, cyclo-
sporine; MZR, mizoribine; PSL,
prednisolone; MMF, mycopheno-
late mofetil; Tx, transplant; AUC,
area under receiver operating

characteristic curve.
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combination with other immunosuppressants, including
CsA or tacrolimus, and corticosteroids.

In 1989, a randomized trial compared CsA/AZA with
CsA/MZR revealing MZR to show equal immunosuppres-
sive with fewer side effects of myelosuppression and liver
dysfunction.8

The original dosage of MZR (1–3 mg/kg/d) was decided
on the basis of animal experiments that showed good
survival rates and no harmful side effects using 1.2 mg/kg in
rats and 3 mg/kg in dogs.5 The mixed lymphocyte reaction
evealed that a blood concentration of 1 �g/mL suppressed

lymphocyte proliferation by 50% (IC50).9 However, blood
oncentrations have not been measured in clinical cases.
everal Japanese papers reported that 1–3 mg/kg/d MZR
id not achieve effective blood concentrations in some cases
nd that a higher dosages of 4–5 mg/kg/d were as potent as
MF without major side effects.10 Therefore, high-dose

MZR (6 mg/kg/d) in conjunction with CsA, basiliximab, and
corticosteroids was reported in a previous 2-year study.7

The 2-year graft survival rates for the MZR and MMF
groups were 100% and 94.7%, respectively (Fig 2). The
acute rejection rate in the MZR group (25%) was not
significantly higher than in the MMF group (16%). Serum
creatinine levels were not significantly different between the
2 groups. The number of patients who developed CMV
infection was 0 in the MZR group and 7 (18.4%) in the
MMF group (P � .05). The number of patients treated with
gancyclovir was 3 (7.5%) and 11 (28.9%), respectively, (P �
.05).

Our 2-year findings showed that a combination of high-
dose MZR with CsA, basiliximab, and corticosteroids at

Table 1. Outcom

Mean

MZR Group (n � 40)

1 y after transplantation 1.30 � 0.56 (n � 40)
2 y after transplantation 1.54 � 0.69 (n � 40)
3 y after transplantation 1.66 � 1.07 (n � 40)
4 y after transplantation 1.72 � 1.16 (n � 37)

Abbreviations: MZR, mizoribine; MMF, mycophenolate mofetil.

Table 2. Adverse Event Profile Between 3rd and 4th Years

MZR Group
(n � 37)

MMF Group
(n � 36) P Value

Leucocytopenia 0 (0%) 1 (2.8%) NS
Grade 1 0 (0%) 1 (2.8%) NS

Anemia 3 (8.1%) 1 (2.8%) NS
Grade 1 3 (8.1%) 1 (2.8%) NS

Hepatic function abnormal 1 (2.7%) 1 (2.8%) NS
Grade 1 1 (2.7%) 1 (2.8%) NS

Hyperuricemia 11 (29.7%) 2 (5.6%) �0.05
Mean serum urate level (mg/dL)

3 y after transplantation 6.9 � 1.5 7.1 � 1.9 NS
4 y after transplantation 7.2 � 1.8 7.0 � 1.6 NS
Abbreviations: MZR, mizoribine; MMF, mycophenolate mofetil.
indicated dosages yielded not only satisfactory immunosup-
pression but also suppression of CMV infection in vivo.

A multicenter trial in Japan11 reported in 2004, that high
oses of MZR (�5 mg/kg/d) used concomitantly with
acrolimus achieved a significantly higher rejection-free rate
ithin 3 months after transplantation (85.0%) compared
ith the �3 mg/kg/d group (64.9%) and with the 3-�5
g/kg/d group (65.1%). In a long-term study, Tanabe et al9

reported that a combination of MZR with CsA achieved
10-year patient and graft survival rates equivalent to that of
a group receiving AZA and CsA. In the present study of
4-year follow-up, we showed that a combination of high-
dose MZR with CsA yielded results similar to the MMF/
CsA treatment group regarding patient and graft survivals
and renal function. Regarding adverse events, many Japa-
nese studies have reported MZR to cause little myelosup-
pression and hepatic dysfunction in compared with AZA
and little gastrointestinal disturbance and viral infection
compared with MMF.11 Our results in this study were
imilar to those reported earlier. The most harmful side
ffect of MZR was hyperuricemia, as noted in the present
tudy, however, it was easily controlled by allopurinol
dministration in most cases.

In our previous 2-year study, we reported the number of
atients who developed CMV disease, gancyclovir treat-
ent, and the average peak level of CMV antigenemia to

e significantly lower among the MZR than the MMF
roup.

An inhibitory effect of MZR on CMV infection in vitro
as reported by Shiraki et al.12 The effect of combination

Fig 2. Graft survival rates in the mizoribine (MZR) and the

idney Function

Creatinine Level (mg/dL)

P ValueMMF Group (n � 38)

1.47 � 0.50 (n � 37) NS
1.38 � 0.36 (n � 36) NS
1.41 � 0.42 (n � 36) NS
1.56 � 1.26 (n � 36) NS
e of K

Serum
mycophenolate mofetil (MMF) groups.
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therapy (CsA, prednisolone, MZR) on CMV in vitro was
evaluated with fixed concentrations of CsA and pred-
nisolone. MMF has also been associated with gastrointes-
tinal (GI) symptoms, particularly difficult to manage diar-
rhea. In our previous results, it was clear that there were
few GI adverse events among the MZR versus MMF group.

In conclusion, the combination of high-dose MZR with
CsA, basiliximab, and corticosteroids showed excellent re-
sults over 4 years.
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