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Abstract The initial treatment of childhood-onset systemic
lupus erythematosus (SLE) is not standardized. Although
corticosteroids are the first-line therapy for SLE, long-term,
high-dose steroid therapy is associated with various side
effects in children. The Japanese Study Group for Renal
Disease in Children (JSRDC) has carried out a multi-center,
randomized, controlled trial to evaluate the efficacy and
safety of corticosteroid and mizoribine (MZB) therapy as an
initial treatment for newly diagnosed juvenile SLE. Twenty-
eight patients were treated with a combination steroid and
MZB (4–5 mg/kg/day) (group S+M) drug therapeutic

regimen, while 29 patients were treated with steroid only
(group S); both groups were followed up for 1 year. The
time to the first flare from treatment initiation was not
significantly different between the two groups (Kaplan–
Meier method, p=0.09). During the period when the steroid
was given daily (day 0–183), the time to the first flare from
treatment initiation was significantly longer in the patients
of group S+M than in those of group S (log-rank test, p=
0.02). At the end of the study period, there were no
differences in the severity of proteinuria and renal function
impairment between the two groups. No patients dropped
out of the trial due to adverse events. In conclusion, our
combined steroid and MZB drug therapeutic regimen was
not shown to be significantly better than the steroid-only
therapy as initial treatment for juvenile SLE. Whether MZB
administered in a higher dose would be therapeutically
advantageous can only be answered by further studies.
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Introduction

Childhood-onset systemic lupus erythematosus (SLE) tends
to have a more severe and longer clinical course than adult-
onset SLE [1, 2]. The chosen treatment should control
disease activity and include measures to minimize adverse
reactions to therapeutic agents, such as corticosteroids and
immunosuppressants.

Immunosuppressants have been combined with cortico-
steroids in the treatment of SLE or lupus nephritis to
improve the therapeutic effect of the drug regimen and to
reduce the adverse events associated with steroid therapy
[3–10]. The efficacy of cyclophosphamide [3, 4], rituximab
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[8], and mycophenolate mofetil (MMF) [9, 10] for treating
SLE or lupus nephritis has recently been demonstrated,
although there are as yet no prospective controlled studies
in children. The use of these drugs as first-line therapy for
all juvenile-onset SLE patients is controversial because
there are concerns regarding their safety [11].

Mizoribine (MZB), an immunosuppressive drug, is less
myelosuppressive and less hepatotoxic than other immuno-
suppressants. Absorbed MZB phosphorylates into its active
form mizoribine 5′-monophosphate, which selectively
inhibits inosine monophosphate dehydrogenase and guano-
sine monophosphate synthetase [12]. Recent studies have
shown that MZB is safe and effective for treating SLE [13],
lupus nephritis [14], nephrotic syndrome [15, 16], and other
pediatric diseases [17–20].

The Japanese Study Group for Renal Disease in Children
(JSRDC) conducted a multi-center, randomized, controlled
trial to investigate the efficacy and safety of mizoribine–
corticosteroid combination therapy as the initial treatment
for pediatric primary-onset SLE.

Methods

The study was performed in accordance with the ethical
standards laid down in the Declaration of Helsinki
principles. This trial was registered as a public trial in the
database of the University Hospital Medical Information
Network (UMIN).

Patients had to fulfill the following inclusion criteria to
be enrolled in the study: (1) newly diagnosed SLE based on
the guidelines defined by the Children's Collagen Disease
Study Group of the Health and Welfare Ministry (hypo-
complementemia was added to the American Rheumatoid
Association criteria); (2) aged 2 to 18 years; (3) written
informed consent could be obtained from the patient and/or
the patient's legal guardians. The exclusion criteria were:
(1) diagnosis of rheumatoid arthritis, diffuse scleroderma,
polymyositis, or dermatomyositis; (2) history of immuno-
suppressive drug therapy; (3) history of steroid therapy of
longer than 4 weeks before registration; (4) physician
assessment of patient unsuitability for this trial. Patients
who met the selection criteria were enrolled in this study
from 1995 to 2004. After informed consent was obtained,
the patients were randomly allocated into either the steroid
plus MZB group (group S+M) or the steroid alone group
(group S). The patients were then followed for 1 year.

TheMZB treatment consisted of 4–5mg/kg/day (maximum
250 mg) given orally twice daily to the patients in group S+M.
The MZB dose was halved for patients whose creatinine
clearance (Ccr) levels were less than 40 ml/min/1.73 m2.

The method of steroid usage was the same in both
groups. Each patient initially received two courses of

methylprednisolone pulse therapy (MPT) (30 mg/kg;
maximum1 g daily for 3 days). Oral prednisolone (PSL),
40 mg/m2/day (maximum 40 mg/day), was given for the
first 4 weeks, following which the dose was tapered to
20 mg/m2/day (maximum 20 mg/day) by decreasing the
dose by 5 mg every 2 weeks. Thereafter, the oral PSL
dosage was reduced by 2.5 mg every 4 weeks to a level of
10 mg daily. Maintenance steroid therapy consisted of
20 mg/m2/day on alternate days, followed by 10 mg/m2/day
on alternate days.

A flare was defined as the presence of one or more of the
following: (1) recrudescence of clinical manifestations; (2)
a decrease in the serum C3 level to 50 mg/dL; (3) an
increase in the anti-DNA antibody level to 50 IU/mL.
Remission was defined as either an improvement of clinical
manifestations or both an increase in the serum C3 level to
50 mg/dL and a decrease in the anti-DNA antibody level to
50 IU/mL. These definitions were determined by the
Protocol Committee of the Study Group.

Steroid therapy for a flare consisted of one course of MPT,
a subsequent 4-week course of oral PSL at 40 mg/m2/day,
followed by reducing the PSL dosage by 10 mg every
2 weeks to a level of 20 mg/m2/day. Thereafter, the treatment
protocol was the same as the initial induction therapy.

The primary endpoint was survival without a flare based
on the time from treatment initiation to the first flare.
Clinical experience has shown that the 1-year survival
without flare can be assumed to be around 40% and, in the
S+M group, it was expected to be around 60%. Therefore,
assuming a 1-year survival without flare for group S+M of
60%, a sample size of more than 26 would be needed to
have the lower 95% confidence limit for a survival rate of
30% with 90% power. For group S, the 95% confidence
interval of survival would be 23–59% (assuming the point
estimate for group S is 40%) by having a sample size of 30.
For assessing safety, adverse events with a 5% incidence
can be detected with 30 subjects. Considering that pediatric
SLE is a rare disease, the recruitment of 50–60 subjects was
considered to be feasible within a 9-year entry period.

Analyses of the primary endpoint were performed
according to the intention-to-treat (ITT) principle. The
survival curves were estimated using the Kaplan–Meier
method and compared with the log-rank test.

The time from the remission to the first flare was also
examined as one of the secondary endpoints. The flare rate
(number of occurrences of first flare/person-years) was
estimated for both groups and compared using the
permutation test. Person-years were calculated as the sum
of individual follow-up times until the occurrence of the
first flare or the end of follow-up. The flare rate hazard ratio
was analyzed using Poisson regression. The treatment effect
controlling for type of renal morphology (type IV or not),
proteinuria at baseline (+ or −), and gender (female or male)
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was used for the Poisson regression analysis. In these
analyses, patients who had not experienced an event by the
end of their follow-up were treated as censored observations.

Assessments of renal function, proteinuria, and required
steroid dose were also conducted. The estimated glomerular
filtration rate (eGFR) was evaluated using the Schwartz
equation. Laboratory data were examined at the start and
end of the trial and compared using Student’s t test. The
two-sided significance level for the primary endpoint was
set at 5%. All statistical analyses were performed using
SAS for Windows, release 8.2 or higher (SAS Institute,
Cary, NC) at the Medical Tokei Co. (Tokyo, Japan).

Results

From 1995 to 2004, 58 patients were randomly assigned to
either group S (n=30) or group S+M (n =28). No data were
available for one patient in group S. Based on the ITT
principle, the analysis data set consisted of 57 patients.
(Fig. 1) The mean follow-up period was 323.4 days for the
patients in group S+M and 300.2 days for those in group S.

In group S+M, 5 patients discontinued the allocated
regimen. In group S, 9 patients were dropped out because
they were lost to follow-up or because of a protocol
treatment violation. Immunosuppressive agents were used

for flares in three cases and for the development of
resistance to protocol treatment in one case.

The analysis data set consisted of 28 patients in group S+M
and 29 patients in group S. Renal biopsies were performed at
the time that SLEwas diagnosed in 50 patients. At enrollment,
there were no differences between the two groups with respect
to patient age, gender, renal function, degree of proteinuria, or
histological type of nephritis (Table 1).

The result for the primary endpoint, survival without
flare (the time from the treatment initiation to the first
flare), is shown in Fig. 2 (p=0.09). During the time that
steroid was given daily [day 0–183 (24th week)] survival
without flare was significantly different between the two
groups (p=0.02).

The time from the remission to the first flare was also not
significantly different during the 1-year follow-up period (p=
0.10, data not shown). In addition, the mean time to
remission from the treatment initiation was not significantly
different between the two groups: 49.3 days in group S+M
(n=28) versus 46.6 days in group S (n=27) (t test, p=0.62).

The incidence of flare using the time to first flare was
0.507/year in group S+M and 0.893/year in group S; the
hazard ratio was 0.568 (permutation test, p=0.085).
Twenty-nine patients had no flare, and 28 had flares during
the follow-up period (11 patients in group S+M and 17
patients in group S). Poisson regression analysis revealed
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Fig. 1 Flow diagram of treatment regimen. MZB mizoribine, MPT methylprednisolone pulse therapy, S+M group receiving steroid and MZB, S
group receiving steroid only
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that the estimated hazard ratio was 0.568 (95% confidence
interval 0.30–1.07, p=0.080) for the simple analysis.

The total dose of corticosteroids [MPT (PSL equivalent) +
oral PSL] was determined in 49 patients who were
followed for at least 6 months. No significant difference
(p=0.65) was found in the total corticosteroid dose
between group S+M (1292.4 mg/BSAm2/month) and
group S (1335.9 mg/BSAm2/month).

Of the S+M patients, only three developed a flare while
on daily steroids (mean steroid dose at the time of the flare
10.8 mg/day). Ten patients in group S developed a flare
while on daily steroids (mean steroid dose 17.0 mg/day).

Table 2 shows that average renal function and protein-
uria generally improved in both groups. The degree of
improvement was not different between group S+M and
group S.

Table 1 Patients’ baseline characteristics

Study parameters Group S+M (steroid+MZB) Group S (steroid alone)

n % n %

Gender Female 23 82.1 21 72.4

Male 5 17.9 8 27.6

Class I 2 7.7 1 4.2

II 11 42.3 9 37.5

III 1 3.8 1 4.2

IV 11 42.3 12 50.0

V 1 3.8 1 4.2

No biopsy 2 – 5 –

n Mean SD Minimum Maximum n Mean SD Minimum Maximum

Age (years) 28 11.8 2.5 6.0 17.0 29 11.8 2.5 8.0 16.0

UP (g/day) 28 1.6 2.4 0.0 7.6 29 1.2 1.6 0.0 6.7

TP (g/dl) 28 6.7 1.2 3.6 8.7 29 6.8 1.1 5.0 8.9

ALB (g/dl) 28 3.4 0.7 1.8 4.4 29 3.4 0.8 2.2 4.8

BUN (mg/dl) 28 15.9 9.4 6.0 44.0 28 16.4 8.9 8.0 53.0

eGFR (ml/min/1.73 m2) 28 102.4 30.8 46.9 192.0 28 94.3 30.8 50.1 163.0

MZB, Mizoribine; UP, urinary protein; TP, serum total protein level; ALB, serum albumin level; eGFR, estimated glomerular filtration rate using
the Schwartz equation; BUN, blood urea nitrogen; SD, standard deviation

Baseline data were not different between group S+M and group S (p>0.05)
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S+M (n=28)

S (n=29)

p=0.09

Number at risk day 0 50 100 150 200 250 300 350
Group S+M 28 28 27 25 24 18 14 10
Group S 29 27 24 22 19 15 11 8

Fig. 2 Survival time without flare

880 Pediatr Nephrol (2010) 25:877–882



Adverse events in both groups are shown in Table 3.
None of the adverse events interfered with the continuation
of study treatment in both groups.

Discussion

A greater number of patients from group S than from group
S+M withdrew from the treatment regimen prior to
completion of the 1-year study. As withdrawals due to
flare or the patient being refractory to therapy were only
seen in group S, these withdrawals may have been the
result of the lack of MZB use.

The time to the first flare from treatment initiation and the
time to the first flare from remission were both assessed. In
terms of the effect of concomitant MZB treatment, the
differences between the groups were not statistically signifi-
cant at the 1-year follow-up. However, survival without flare
from treatment initiation was significantly longer in patients of

the S+M group than in those of the group S during the daily
steroid treatment period. This result suggests the possibility
that MZB at 4–5 mg/kg (maximum 250 mg) may be effective
when given along with daily steroid treatment. Because long-
term daily steroid maintenance treatment may be associated
with potential adverse effects, it may be more appropriate to
further increase the dose of MZB without increasing the dose
of combined steroid treatment. The flare rate of patients in
group S was comparable to that reported in previous studies
with patients on a steroid-only regimen [13, 21].

The larger number of dropouts in group S may account
for the absence of a statistically significant difference in the
number of flares between the groups. There was also no
difference between the groups in terms of the steroid dose,
and this too seems to be attributable in part to the greater
incidence of early dropouts in group S, which had a greater
frequency of relapses.

No difference in the severity of proteinuria or renal
dysfunction at the end of the study was observed between
the treatment groups.

The evaluation of the safety of the therapeutic agents used
according to the present protocol did not identify any particular
points of concern. No noticeable adverse reactions were
encountered with MZB; with the exception of a single case
of mild hyperuricemia,MZBwas demonstrated to be safe. One
group S patient developed a hypertensive convulsion during
the course of MPT; nevertheless, once the patient's blood
pressure was controlled, the trial treatment could be contin-
ued. All other adverse events that occurred during the period
the patients were receiving steroid therapy were mild, and
none interfered with the continuation of the study treatment.
There was no difference between group S+M and group S
with respect to the incidence or severity of adverse events.

Conclusion

A randomized, controlled trial was conducted involving a
substantial number of children with SLE to assess the safety
and efficacy of the initial treatment regimens. The cortico-

Table 2 Laboratory data over time

Laboratory parameters Group S+M (steroid + MZB) Group S (steroid only) p (change
from baseline)

Baseline
(SD)

End of
trial (SD)

Change from
baseline (SD)

Baseline
(SD)

End of
trial (SD)

Change from
baseline (SD)

UP (g/day) 1.6 (2.4) 0.3 (0.7) −1.3 (2.2) 1.2 (1.6) 0.6 (1.4) −0.7 (1.2) 0.10

TP (g/dl) 6.7 (1.2) 6.8 (0.8) 0.1 (1.0) 6.8 (1.1) 6.8 (0.7) 0.0 (1.1) 0.33

ALB (g/dl) 3.4 (0.7) 4.2 (0.6) 0.9 (0.6) 3.4 (0.8) 4.2 (0.7) 0.7 (0.8) 0.26

BUN (mg/dl) 15.9 (9.4) 12.4 (3.5) −3.5 (8.7) 16.4 (8.9) 14.1 (52) −2.3 (7.1) 0.30

eGFR (ml/min/1.73 mm2) 102.4 (30.8) 104.6 (15.9) 2.2(31.5) 94.3 (24.0) 103.7 (20.5) 9.4 (18.3) 0.15

The degrees of change in laboratory data from baseline were not significantly different between the two groups (p>0.05)

Table 3 Adverse events in the study groups

Adverse events Group S+M (n=28) Group S (n=29)

Convulsion 1 (3.4%)

Hypertension 8 (28.6%) 7 (24.1%)

Bradycardia 1 (3.6%)

Headache 1 (3.6%)

Obesity 6 (21.4%) 7 (24.1%)

Intraocular hypertension 3 (10.7%) 4 (13.8%)

Cataract 1 (3.6%)

Gastric ulcer 1 (3.6%)

Hypokalemia 1 (3.6%)

Hyperuricemia 1 (3.6%)

Fatty liver 1 (3.6%)

Alopecia 1 (3.6%)

Striae distensa 3 (10.7%) 7 (24.1%)

Facial flush 1 (3.6%)

Data were reported as the number of patients, with the percentage
given in parenthesis
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steroid and MZB combination therapy assessed in our study
was not associated with any safety concerns, but it did not
appear to have any statically significant benefit in terms of
suppressing flares. Whether MZB in a higher dose is of
therapeutical advantage can only be determined by further
studies.
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