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ABSTRACT

Background. Mizoribine (MZR) has been developed as an immunosuppressant and is
widely used in Asia. However, most studies on MZR have been performed in Japan, and
there remains a lack of reports on long-term use in other countries. The purpose of this
study is to evaluate the efficacy and safety of MZR’s use in Korean kidney transplant
recipients by observing their clinical courses and analyzing their long-term patent and
graft survival rates.
Methods. We studied 129 subjects who had received MZR as a maintenance immuno-
suppressant since January 2000. Our analysis was based on the patients’ medical records
from January 2000 to December 2017.
Results. The overall survival rates of the kidney transplant recipients were 100% at 1
year, 99.1% at 5 years, 96.8% at 10 years, and 92.5% at 15 years. The graft survival rates
were 100% at 1 year, 98.3% at 5 years, 93.2% at 10 years, and 82.2% at 15 years. There
were differences in the recipient survival and graft survival rates according to the kidney
donor and the use of renal replace therapy before transplant. There were no differences in
the survival rates according to the MZR dose, the type of underlying disease, or other
clinical factors.
Conclusions. The use of low doses of MZR as a maintenance immunosuppressant could
be an effective means of ensuring relatively good long-term patient and graft survival rates
in cases of kidney transplant.
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KIDNEY transplant is one of the most commonly per-
formed solid organ transplants worldwide. The sur-

vival rates of kidney transplant patients have gradually
improved according to the development of immunosup-
pressive agents. However, long-term use of these drugs can
cause problems such as nephrotoxicity, infection, and ma-
lignant neoplasms. Therefore, many trials are underway for
the long-term safety and effectiveness of immunosuppres-
sant use. Mizoribine (MZR) is an immunosuppressant that
has been isolated and purified from Eupenicillium bre-
feldianum Me2166 and used as a maintenance therapy for
kidney transplantation since 1984. It has also been used as a
therapeutic agent for lupus nephritis, rheumatoid arthritis,
and nephrotic syndrome [1e3]. However, most of the
research on MZR has been done in Japan, so there is a lack
of reports on long-term use in other countries. This study
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investigated the effect and stability of MZR for Korean
kidney transplant recipients.

PATIENTS AND METHODS

We screened 129 patients who had received MZR as a maintenance
immunosuppressant for kidney transplant since January 2000 at
Bong-Seng Memorial Hospital, Busan, Korea. We retrospectively
analyzed the patients’ January 2000 to December 2017 medical
records, which included information on any underlying diseases and
laboratory findings. Statistical analysis using SPSS version 13.0 for
0041-1345/19
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Table 1. Characteristics of Study Participants

No. 129

Age, recipient, mean (SD), y 41.6 (11.7)
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Windows (IBM, Armonk, NY, United States) was performed, and
all data were expressed as means and standard deviations or as
percentages. Survival curves were obtained using the Kaplan-Meier
method and were tested by log-rank test.
Sex, recipient, No. (%), M/F 63 /66 (48.8/51.2)
BMI at transplant, recipient, mean (SD) 21.3 (3.1)
Etiology, No. (%)

Glomerulonephritis/nephropathy 46 (35.7)
Diabetes mellitus 18 (14.0)
Hypertension 3 (2.3)
Polycystic kidney disease 6 (4.7)
Unknown 56 (43.4)
Time for renal replacement therapy,

mean (SD), mo
33.4 (44.6)

Mode of renal replacement therapy before
transplant, No. (%)

Preemptive 22 (17.1)
Hemodialysis 68 (52.7)
Peritoneal dialysis 23 (17.8)
Hemodialysis þ peritoneal dialysis 10 (7.8)
Transplant 6 (4.7)

Transplant time, No. (%)
First 113 (87.6)
Second 16 (12.4)
HLA mismatch, mean (SD) 3.2 (1.2)
0, No. (%) 4 (3.1)
1, No. (%) 4 (3.1)
2, No. (%) 24 (18.6)
3, No. (%) 44 (34.1)
4, No. (%) 38 (29.5)
5, No. (%) 13 (10.1)
6, No. (%) 2 (1.6)

Donor type, No. (%)
Living related 74 (57.4)
Living unrelated 40 (31.0)
Deceased 15 (11.6)
Sex, donor, No. (%), M/F 74/55 (57.4/42.6)

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); F, female; M, male.

Table 2. Dose of Mizoribine for Study Participants, mg/kg/d

Mean dose 2.2

Minimum 0.9
Maximum 3.9
25th percentiles 1.8
50th percentiles 2.3
75th percentiles 2.7
RESULTS

A total of 129 kidney transplant recipients who had been
receiving MZR had a mean age of 41.6 (SD, 11.7) years. The
causes of end-stage kidney disease were glomerulonephritis
in 46 patients (35.7%), diabetes mellitus in 18 patients
(14.0%), polycystic kidney disease in 6 patients (4.7%), hy-
pertension in 3 patients (2.3%), and unknown in 56 patients
(43.4%). The duration of kidney replacement therapy before
the transplant was 33.4 (SD, 44.6) months. There were 68
hemodialysis patients (52.7%), 23 peritoneal dialysis patients
(17.8%), and 10 patients (7.8%) who had been undergoing
both. Six patients (4.7%) underwent second kidney trans-
plant because of decreased function of the first transplanted
kidney, and 22 patients (17.1%) underwent preemptive
transplant. First kidney transplant was performed in 113 pa-
tients (87.6%), and second kidney transplant was performed
in 16 patients (12.4%). Themean age of the donors, including
74 men (57.4%) and 55 women (42.6%), was 39.3 (SD, 11.4)
years. The following types and numbers of donation had been
recorded: living related donation, 74 (57.4%); living unre-
lated donation, 40 (31.0%); and deceased donation, 15
(11.6%) (Table 1). The mean dosage of MZR used in this
study was 2.2 (SD, 0.6) mg/kg/d, which amounted to 1.8
mg/kg/d at the 25th percentile, 2.3 mg/kg/d at the 50th
percentile, and 2.7 mg/kg/d at the 75th percentile (Table 2).
Calcineurin inhibitors were used in all patients, and 80 pa-
tients (63%) were treated with tacrolimus. In the tacrolimus
group, average trough level of tacrolimus was 7.34 (SD, 2.58)
ng/mL at 1 year, 5.82 (SD, 1.77) ng/mL at 5 years, and 5.09
(SD, 1.48) ng/mL at 10 years. Average trough level of cyclo-
sporine in the cyclosporine treated group was 173.05 (SD,
60.78) ng/mL at 1 year, 117.33 (SD, 43.82) ng/mL at 5 years,
and 93.86 (SD, 35.17) ng/mL at 10 years. The average dose of
prednisolone was 3.23 (SD, 1.39) mg/d.
Post kidney transplant, 26 patients (20.2%) developed

diabetes mellitus, and 5 (3%) developed malignant solid
tumors. No patients experienced post-transplant lympho-
proliferative disorder. Among 20 patients who had devel-
oped post-transplant infection, 11 patients (8.5%) had virus
infection, 5 (3.9%) were infected with a mycobacterium, 2
(1.6%) were infected with a fungus, and 2 (1.6%) were
infected with a bacterium (exceptions: mild urinary tract
infections). A total of 32 patients (24.8%) underwent biopsy
after kidney transplant (exceptions: cases of protocol bi-
opsy). Among them, 18 patients (14.0%) experienced acute
rejection, 8 experienced tubular atrophy (6.2%), 5 had
recurrence of glomerulonephritis (3.9%), and 1 developed
BK virus infection. Of the patients who experienced rejec-
tion, 15 had cellular rejection, accounting for 11.6% of all
patients. Three patients (2.3%) experienced antibody-
mediated rejection (Table 3).
The overall survival rates of the patients were 100% at 1
year, 99.1% at 5 years, 96.8% at 10 years, and 92.5% at 15
years. The graft survival rate was 100% at 1 year, 98.3% at 5
years, 93.2% at 10 years, and 82.2% at 15 years (Figs 1, 2).
The patient and graft survival rates were analyzed for

each clinical factor. Graft survival was the best for living
related donation, followed by living unrelated donation;
deceased donation showed only low graft survival (Fig 3).
Renal replacement therapy before transplant also affected
the survival rate. Cases of preemptive kidney transplant had
a higher survival rate than did cases of hemodialysis or
peritoneal dialysis (Fig 4). However, there were no



Fig 1. Kaplan-Meier survival curve of kidney transplant recip

Table 3. Clinical Outcomes of Study Participants

NODAT, No. (%) 26 (20.2)

Malignant neoplasm, No. (%)
Solid organ malignant neoplasm 5 (3.9)
PTLD 0 (0)

Infection cause, No. (%)
Virus 11 (8.5)
Mycobacterium 5 (3.9)
Fungus 2 (1.6)
Bacteria 2 (1.6)

Graft kidney biopsy result, No. (%)
Acute rejection 18 (14.0)
IF/TA 8 (6.2)
Recurred GN 5 (3.9)
BKVAN 1 (0.8)

Acute rejection type
Acute cellular rejection 15 (11.6)
Antibody-mediated rejection 3 (2.3)

Abbreviations: BKVAN, BK viruseassociated nephropathy; IF/TA, interstitial
fibrosis/tubular atrophy; GN, glomerulonephritis; NODAT, new-onset diabetes
after transplant; PTLD, post-transplant lymphoproliferative disease.
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differences in the recipient survival and graft survival rates
according to the MZR dose, the type of underlying disease,
or other clinical factors.
DISCUSSION

Mizoribine inhibits inosine monophosphate dehydroge-
nase, a key enzyme in the formation of guanine ribonu-
cleotides from inosine monophosphate [1]. In a cell cycle
analysis, MZR suppressed the differentiation and prolif-
eration of T lymphocytes and B lymphocytes by inhibiting
the guanine nucleotide-dependent mechanism of lympho-
cyte migration from the G1 phase to the S phase [4].
Because of MZR’s immunosuppressive effect, it is widely
administered as a maintenance immunosuppressant after
kidney transplant.
Mizoribine has been shown to have relatively lower

pharmacologic efficacy than mycophenolate mofetil (MMF)
or azathioprine, both of which inhibit purine synthesis as
ient who has received mizoribine as immunosuppressant.



Fig 2. Kaplan-Meier survival curve of renal graft who has received mizoribine as immunosuppressant.
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immunosuppressants [5]. Correspondingly, recent reports
have shown that efficacy and safety in kidney transplant can
be achieved when MZR is used above the recommended
dose [6,7]. It was also reported that high-dose MZR can be
effectively and safely used even in ABO-incompatible kid-
ney transplant [8]. However, most of the reports published
to date are on patients with end-stage renal disease in
Japan; there remain few reports on the use of MZR in other
regions. In Korea, there was only 1 report comparing
MZR’s efficacy and safety with MMF. However, the short
study period of 26 weeks limited the information that could
be obtained on long-term use of MZR [9].
For kidney transplant recipients administered MZR, in

1999 Tanabe et al reported overall survival rates of 98% at 1
year, 93% at 5 years, and 88% at 9 years along with graft
survival rates of 98% at 1 year, 73% at 5 years, and 58% at 9
years [10]. Mizoribine has shown results similar to those of
azathioprine, an immunosuppressant commonly used in the
1990s. According to data from the Korea Network for Or-
gan Sharing for 2017, the survival rates of renal transplant
recipients were 97.8% at 1 year, 94.8% at 5 years, and
91.4% at 9 years. In our study, the 1-, 5-, and 10-year sur-
vival rates of kidney transplant recipients were 100%,
99.1%, and 96.8%, respectively, and the graft survival rates
were 100%, 98.3%, and 82.2%, respectively. Because of the
change of immunosuppressant from cyclosporine to tacro-
limus since 2000, our results might be considered superior to
those of Tanabe’s study.
In the meta-analysis reported by Xing et al, the patient

survival rate and graft survival rate were similar in a group
using MZR at more than 3.0 mg/kg/d compared with a
group using MMF. Among patients taking MZR at less
than 3.0 mg/kg/d, the survival rate was inferior to that for
patients taking MMF [11]. However, in this meta-analysis,
mainly high-dose MZR was used with tacrolimus. When
low doses of MZR were used with tacrolimus, the



Fig 3. Graft survival according to donor relationship (log-rank test).
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incidence of acute rejection episodes was similar between
the MZR and MMF groups [9,12]. Our current study using
MZR at 2.2 (SD, 0.6) mg/kg/d showed that long-term
survival was not inferior to MMF. This might have been
because 63% of the patients had been administered MZR
and tacrolimus together.
In a study on Asian patients, MZR at low and high doses

showed lower incidences of cytomegalovirus infection and
BK infection than did MMF [13]. In our study, the incidence
of infection was lower than in other high-dose MZR studies.
Moreover, we did not find any cases of cytomegalovirus
disease because of our relatively small doses of MZR. Our
overall results suggest that the use of low-dose MZR might
result in lower rates of infection.
Low doses of MZR based on tacrolimus, which is more
potent than cyclosporine, might show a sufficient immuno-
suppressive effect. Furthermore, cytomegalovirus infection,
BK virus infection, and other infections are less likely to
occur than in cases where MMF is administered.
CONCLUSIONS

The use of a low dose of MZR as a maintenance immu-
nosuppressant could be an effective means of ensuring good
patient and graft survival. Additionally, it could also be a
good way to reduce the probability of infection, which is a
dangerous adverse effect of immunosuppressive drug
administration.



Fig 4. Graft survival according to renal replacement therapy before transplant (log-rank test). HD, hemodialysis; PD, peritoneal dialysis;
RRT, renal replacement therapy.
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