
Introduction

Immunoglobulin A (IgA) nephropathy is character-
ized by microhematuria and proteinuria with a histology 
consisting of IgA deposition in the glomerulus [1]. This 
disease is the most common form of chronic glomeru-
lonephritis and progresses to end-stage renal disease in 
10% to 20% of patients within 10 years post-diagnosis [2].

The Kidney Disease Improving Global Outcomes guide-
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Background: Mizoribine (MZR) is an immunosuppressive drug used in Japan for treating patients with lupus nephritis 
and nephrotic syndrome and has been also reportedly effective in patients with immunoglobulin A (IgA) nephropathy. 
However, to date, few randomized control studies of MZR are performed in patients with IgA nephropathy. Therefore, 
this prospective, open-label, randomized, controlled trial aimed to investigate the efficacy and safety of adding MZR 
to standard treatment in these patients, and was conducted between April 1, 2009, and March 31, 2016, as a 
multicenter study. 
Methods: Patients were randomly assigned (1:1) to receiving standard treatment plus MZR (MZR group) or standard 
treatment (control group). MZR was administered orally at a dose of 150 mg once daily for 12 months. 
Results: Primary outcomes were the percentage reduction in urinary protein excretion from baseline and the rate of 
patients with hematuria disappearance 36 months after study initiation. Secondary outcomes were the rate of patients 
with proteinuria disappearance, clinical remission rate, absolute changes in estimated glomerular filtration rate from 
baseline, and the change in daily dose of prednisolone. Forty-two patients were randomly assigned to MZR (n = 21) 
and control groups (n = 21). Nine patients in MZR group and 15 patients in the control group completed the study. No 
significant differences were observed between the two groups with respect to primary and secondary outcomes. 
Conclusion: The addition of MZR to standard treatment has no beneficial effect on reducing urinary protein excretion 
and hematuria when treating patients with IgA nephropathy.
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lines recommend renin–angiotensin system inhibitors in 
patients with overt proteinuria (> 1 g/day), and further-
more, systemic corticosteroids in those with estimated 
glomerular filtration rate (eGFR) > 50 mL/min/1.73 m2 
despite supportive care [3]. However, the use of renin–
angiotensin system inhibitors have been reportedly re-
duced urinary protein excretion by only 30% to 50% [4,5], 
and relapse of proteinuria after corticosteroid therapy 
has been frequently observed [6]. 

Mizoribine (MZR), which is categorized as an immu-
nosuppressive drug, has been used in Japan in patients 
with lupus nephritis and steroid-resistant nephrotic syn-
drome [7]. In addition, MZR was effective in patients with 
IgA nephropathy in a clinical setting [8-10]. However, 
randomized control studies of MZR administration in pa-
tients with IgA nephropathy are scarce [10,11]. Therefore, 
we conducted a multicenter, randomized, open-label, 
parallel-design study to investigate the efficacy and safety 
of MZR administration in patients with IgA nephropathy 
in this study.

Methods

Patients

Inclusion criteria in this study were: (1) patients diag-
nosed with primary IgA nephropathy by renal biopsy; (2) 
urinary protein excretion > 0.5 g/day; and (3) age > 16 
years. Exclusion criteria were: (1) MZR hypersensitivity; 
(2) leukocyte count < 3,000/mm3; (3) pregnant patients 
or patients desiring to be pregnant; (4) patients receiving 
renal replacement therapy; and (5) use of other immuno-
suppressants.

Study design

This study was performed as a multicenter, random-
ized, open-label, parallel-design study conducted be-
tween April 1, 2009, and March 31, 2016, in Saitama Med-
ical Center, Jichi Medical University, Saiseikai Kawaguchi 
General Hospital, Saitama Social Insurance Hospital, and 
Dokkyo University Koshigaya Medicak Center, in Saitama, 
Japan. Patient enrollment period was performed between 
April 1, 2009, and March 31, 2013.

 Randomization was done at the registration center of 
Jichi Medical University using a computer-based alloca-

tion program. Eligible patients were randomly assigned 
(1:1) to receive standard treatment plus MZR (MZR 
group) or standard treatment (control group). The con-
comitant use of immunosuppressants other than MZR 
was not permitted during the study period, although 
other drugs including corticosteroid, antiplatelet agents, 
and antihypertensive agents were permitted. Patients in 
the MZR group received 150 mg MZR once daily orally in 
the morning for 12 months. Patients were followed every 
three months for 36 months. All participants provided 
written informed consent to participate in the study. This 
study was approved by the institutional review board of 
Saitama Medical Center, Jichi Medical University, Japan 
(RIN B08-27), and conforms to the provisions of the Dec-
laration of Helsinki (as revised in Tokyo in 2004).

At each three month examination, blood pressure, uri-
nary protein excretion, serum creatinine, and urinary 
sediment with red blood cells were collected. We used 
spot urine samples for urinalysis at each medical exami-
nation. The eGFR values were calculated using the Japa-
nese guidelines equation [12] described below:

eGFR (mL/min/1.73 m2)
= 194 × S-Cr-1.094 × age-0.287 (for men)
= 194 × S-Cr-1.094 × age-0.287 × 0.739 (for women)

where S-Cr is the serum creatinine concentration (mg/dL).
In patients with this study, hematuria disappearance 

was defined as the number of red blood cells in urinary 
sediments < 5 using high power field. Proteinuria disap-
pearance was defined as levels < 0.3 g/day. Furthermore, 
clinical remission was defined as the disappearance of 
proteinuria and hematuria [13].

Study outcomes

The primary outcomes of this study were the percent-
age reduction in urinary protein excretion from baseline 
and rate of patients with the disappearance of hematuria 
at 36 months. The secondary outcomes were the rate of 
patients with the disappearance of proteinuria, clinical 
remission rate, absolute changes in eGFR from baseline, 
and the change in daily dose of prednisolone.
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Statistics

Statistical analysis was performed using JMP® 11 (SAS 
Institute Inc., Cary, NC, USA). Data were expressed as 
means ± standard deviation for continuous variables, 
and as counts and percentages for categorical variables. 
Comparisons of component ratios were performed using 
Fisher’s exact test. Comparisons between the two groups 
were performed using the Mann-Whitney U-test. Differ-
ences of P < 0.05 were considered statistically significant. 
Based on a previous report [14], we assumed that the dif-
ference in mean urinary protein excretion between the 
two groups would be 160 mg/day and standard deviation, 
200 mg/day, at 36 months. Twenty patients in each group 
were needed to establish the superiority of the test treat-
ment for the primary endpoint with 80% power at a 2.5% 
one-sided significance level. This study was planned to 
enroll 30 patients per group to account for dropouts. We 
set the significance level at 5% (two-sided) and reported 
two-sided P-values for secondary outcomes, and carried 
out an intention-to-treat analysis using last observation 
carried forward method for missing data due to dropouts.

Results

Patient characteristics

Forty-two patients met the criteria for study inclusion, 
provided written informed consent, and were randomly 
assigned to the MZR group (n = 21) and control group (n 
= 21) (Fig. 1). One patient in the control group received 

MZR after randomization; however, this patient was ana-
lyzed as part of the control group in the intention-to-treat 
analysis. Patients’ baseline characteristics are summa-
rized in Table 1. There were no significant differences for 
all clinical parameters between the two groups. In par-
ticular, Japanese histological grades assessed by the Spe-
cial IgA Nephropathy Study Group classification [15] were 
not significantly different between the two groups, nor 
was histological grades assessed by Oxford classification 
[16]. In most patients, prednisolone was administered at 
an initial dose of 0.5 mg/kg/day on alternate days, and ta-
pered over a minimum of 6 months, as described by Pozzi 
et al [6]. However, higher dose prednisolone was adminis-
tered to patients with nephrotic-range proteinuria.

MZR was administered 144 ± 22 mg/day for a duration 
of 397 ± 197 days. In 12 patients, serum concentration 2 
hours after MZR administration was 1.80 ± 0.87 μg/mL.

Primary and secondary outcomes

Percentage reductions in urinary protein excretion from 
study initiation to 36 months are shown in Fig. 2. There 
were no significant differences in urine protein excretion 
between the two groups during the study (Fig. 3). Among 
patients who completed the study, the rate of hematuria 
disappearance was significantly higher in the MZR group 
than the control group at 30 months (100% vs. 53.3%, P < 
0.05) and 36 months (88.9% vs. 46.7%, P < 0.05). However, 
the intention-to-treat analysis demonstrated no significant 
difference in the hematuria disappearance rate between 
groups (Fig. 4). Furthermore, no significant differences 

Enrolled and randomized
patients
(n = 42)

Completed study
( = 9)n

Completed study
( = 15)n

Discontinuations ( = 12)
4 lost to follow-up
4 changed hospital
2 adverse events
1 diagnosis with

malignant lymphoma
1 initiation of renal

replacement therapy

n

Discontinuations ( = 6)
2 lost to follow-up
3 changed hospital
1 initiation of renal

replacement therapy

n

Patients assigned to the MZR group
( = 21)n

Patients assigned to control group
( = 21)n

Figure 1. Study flow diagram.
MZR, mizoribine.
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were observed in the rate of patients with proteinuria dis-
appearance, clinical remission (Fig. 5), the change in daily 
dose of prednisolone (Fig. 6), and in particular, absolute 
change in eGFR (Fig. 7) between the groups.

Adverse events

Two patients were withdrawn from the MZR group due 
to adverse events (hepatotoxicity and low-grade fever). 
No patient died during this study. Twelve patients in the 
MZR group and 6 patients in the control group dropped 

out before the end of this study. The reasons for dropouts 
were: lost to follow-up (4 patients in MZR group and 2 
patients in control group), changed hospital (4 patients 
in MZR group and 3 patients in control group), diagnosed 
with malignant lymphoma (1 patient in MZR group), ad-
verse events (2 patients in MZR group), and initiation of 
renal replacement therapy (1 patient in MZR group and 1 
patient in control group).

Table 1. Baseline characteristics in the MZR and control groups
Characteristic MZR group (n = 21) Control group (n = 21) P

Age (yr) 41.6 ± 14.7 43.2 ± 19.4 0.90 
Gender, men/women 13/8 13/8 1.00 
Systolic blood pressure (mmHg) 133.8 ± 15.8 127.5 ± 26.7 0.08 
Diastolic blood pressure (mmHg) 81.7 ± 13.9 76.6 ± 15.4 0.30 
Serum creatinine (mg/dL) 1.2 ± 1.0 1.2 ± 1.1 1.00 
eGFR (mL/min/1.73 m2) 67.5 ± 30.4 67.4 ± 33.6 0.90 
Urinary protein excretion (g/gCr) 0.90 ± 0.82 1.11 ± 1.36 0.83 
Serum albumin (g/dL) 4.1 ± 0.6 4.2 ± 0.3 1.00 
Uric acid (mg/dL) 5.7 ± 1.8 6.5 ± 1.7 0.29 
Serum IgA (mg/dL) 306.7 ± 116.2 387.5 ± 190.1 0.15 
Duration of illness (y) 4.6 ± 4.2 4.7 ± 5.0 0.74 
Japanese histological grade
   Grade I 15 (71.4) 14 (66.7) 0.79 
   Grade II 4 (19.0) 4 (19.1)
   Grade III 2 (9.5) 2 (9.5)
   Grade IV 0 (0.0) 1 (4.8)
Oxford classification
   M0 17 (81.0) 14 (66.7) 0.48 
   M1 4 (19.0) 7 (33.3)
   E0 20 (95.2) 18 (85.7) 0.61 
   E1 1 (4.8) 3 (14.3)
   S0 9 (42.9) 12 (57.1) 0.54 
   S1 12 (57.1) 9 (42.9)
   T0 14 (66.7) 16 (76.2) 0.73 
   T1 5 (23.8) 3 (14.3)
   T2 2 (9.5) 2 (9.5)
Antiplatelet agents 15 (71.4) 17 (80.1) 0.47 
RASI 16 (76.2) 17 (80.1) 0.71 
Tonsillectomy 16 (76.2) 15 (71.4) 0.73 
Steroid pulse therapy 16 (76.2) 16 (76.2) 1.00 

Values are presented as mean ± standard deviation, number only, or number (%). 
Japanese histological grades are classified based on the percentage of the glomeruli exhibiting cellular or fibrocellular crescents, global sclerosis, segmental sclero-
sis or fibrous crescents (grade 1: < 25%, grade 2: 25–49%, grade 3: 50–74%, grade 4: ≥ 75%).
eGFR, estimated glomerular filtration rate; IgA, immunoglobulin A; MZR, mizoribine; RASI, renin–angiotensin system inhibitors.
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Discussion

In this study, we investigated the efficacy and safety of 
MZR administration compared with standard treatment 
in patients with IgA nephropathy, and found that the 
hematuria disappearance rate during the late phase of 
the study was significantly higher in patients in the MZR 
group who completed the study than in patients in the 
control group. However, this significant difference in he-
maturia disappearance rate between the two groups was 

disappeared by intention-to-treat analysis in this study.
MZR is an immunosuppressive agent that inhibits 

purine synthesis by inhibiting inosine monophosphate 
dehydrogenase expression and suppressing the prolif-
eration of lymphocytes [7]. This agent was previously 
reported to represent renoprotective effects, including 
inhibition of mesangial proliferation and improvement 
of urinary protein excretion [17]. Furthermore, a mul-
ticenter randomized control study demonstrated that 
treatment with angiotensin II receptor blockers (ARB) 
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combined with MZR significantly reduced urinary pro-
tein excretion, compared with ARB treatment alone in 
adult patients with IgA nephropathy [10]. Unfortunately, 
our study could not show a significant change in the 
reduction of proteinuria between the MZR and control 
group. Several reasons would be considered to explain 
the clinical differences between our results and those 
from previous reports. First, approximately 80% of all pa-
tients in our study underwent aggressive, standard treat-
ment of IgA nephropathy using tonsillectomy and steroid 
pulse therapy, which have been shown to be as effective 
as multidrug therapy in pediatric patients with diffuse 
IgA nephropathy [18]. In addition, a recent small-scale 
randomized control trial indicated that the addition of 
MZR to steroid-pulse therapy did not have an additional 
effect on urinary protein excretion and renal function in 
patients with progressive IgA nephropathy [11]. Further-
more, most patients in our study showed mild histologi-
cal damage; therefore, a large-scale trial in patients with 
severe pathological findings may be needed to detect a 
significant difference in efficacy of MZR administration. 
Second, approximately 40% of patients enrolled dropped 
out from this study; therefore, the statistical power of our 
analysis was possible to be reduced to confirm clinical 
differences between groups. Third, the clinical efficacy 
of MZR administration is associated with peak serum 
concentrations [19]. Specifically, a peak MZR level of 3 to 
5 μg/mL obtained 2 to 3 hours after oral administration 

is needed to obtain a good response [20,21]. In our study, 
serum MZR concentration 2 hours after administration 
was 1.80 ± 0.87 μg/mL in 12 patients; therefore, MZR dos-
age may have been insufficient in this study.

Microscopic hematuria is a potent risk factor for pro-
gression to end-stage renal failure in addition to pro-
teinuria [22]. Disappearance of hematuria was report-
edly a powerful predictor of renal prognosis in patients 
with progressive IgA nephropathy after administration 
of corticosteroids and immunosuppressant agents [23]. 
However, a recent randomized control trial showed that 
the addition of immunosuppressants to renin–angioten-
sin system inhibitors improved the disappearance rate 
of hematuria, but did not attenuate the rate of decline in 
renal function [24]. Thus, the relationship between renal 
prognosis and hematuria disappearance in patients with 
IgA nephropathy remains controversial. In our study, the 
hematuria disappearance rate in the MZR group reached 
> 60% in the late phase of the study, whereas those in the 
control group were around 40-50%. Although the in-
crease in the hematuria disappearance rate with MZR ad-
ministration may lead to the preservation of renal func-
tion in patients with IgA nephropathy, the length of our 
study was too short to support that conclusion. There-
fore, long-term studies are needed to evaluate long-term 
renal function, including eGFR, in patients.

Previous report indicated that MZR administration had 
fewer severe adverse events than other immunosuppres-
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sants [25]. Indeed, in this study, there were no serious 
adverse events among patients in the MZR group. How-
ever, mild liver dysfunction developed in one patient, 
and a low-grade fever in another patient, both of which 
promptly disappeared after MZR discontinuation.

This study had several limitations. First, we used an 
open-label design, which may have introduced interpre-
tive bias. Second, the sample size was small and there 
were relatively large number of dropouts during the 
study that could have reduced the statistical power to de-
tect differences in study outcomes. Therefore, long-term 
studies will be needed to assess the efficacy of MZR for 
preserving renal function and improving renal prognosis 
in patients with IgA nephropathy.

In conclusion, the addition of MZR to standard treat-
ment has no beneficial effect on reducing urinary protein 
excretion and hematuria when treating patients with IgA 
nephropathy.
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