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Abstract Although immunosuppressive regimens of
corticosteroids combined with high-dose intravenous cy-
clophosphamide (IVCY) have been reported to suppress
the activity of lupus nephritis, there is controversy re-
garding its application for children and adolescents, be-
cause of its potential toxicity including gonadal dys-
function. On the basis of the recent finding that a low-
dose IVCY regimen for induction therapy in adult lupus
nephritis effectively achieves renal remission comparable
with that achieved with a conventional high-dose IVCY
regimen, we treated two children with severe lupus ne-
phritis by low-dose (fixed dose of 500 mg m�2, cumula-
tive dose 3 g m�2, approximately one-fourth of the con-
ventional high-dose IVCY regimen) IVCY and oral mi-
zoribine (5 mg kg�1 day�1) and steroids (3 methylpred-
nisolone pulse followed by oral prednisolone). They re-
sponded well to this regimen, showing remarkable im-
provement in both histological and clinical manifestations
in a short period of time. From these findings we suggest
that the new low-dose IVCY regimen may be as effective
as the conventional high-dose IVCY regimen, without

significant adverse effect, for induction therapy in chil-
dren with severe lupus nephritis (class III or IV).
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Introduction

Clinical symptoms of systemic lupus erythematosus
(SLE) are often more severe in children than in adults.
Renal involvement develops in 30–70% of children with
SLE [1] and the risk of progression to end-stage renal
disease in childhood LN is 18 to 50% [2]. The optimum
treatment is, however, unclear, because of the low prev-
alence of the condition.

Although an extended course of high-dose intravenous
cyclophosphamide (IVCY) in combination with gluco-
corticoids has substantially improved renal survival, its
substantial toxic effects, for example myelotoxicity, se-
vere infection, and gonadal toxicity, have been a matter of
concern.

Mizoribine (MZB), which was developed in Japan
about 20 years ago, has been applied without serious
adverse effects in the treatment of renal transplantation
[3], nephrotic syndrome [4], IgA nephropathy [5, 6], and
lupus nephritis [7, 8]. Its clinical efficacy has, however,
been reported to be limited in patients with mild cases of
lupus nephritis (non-class IV) [8] and thus monotherapy
might be inadequate for more severe cases.

We report on two children with severe lupus nephritis
(LN) treated with low-dose IVCY, oral MZB, and steroids
who achieved complete remission with renal histological
improvements in a short period of time and without sig-
nificant adverse effects.
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Case 1

A 12-year-old girl with a history of facial butterfly rash
and fever for 2 weeks was initially admitted to a local
hospital because of generalized edema, and was diag-
nosed as having SLE with renal involvement. She was
referred to our hospital for renal biopsy 2 weeks later.

Her past medical history revealed she had been found
to have microscopic hematuria at the age of 11 years, by a
mass screening program for renal disease, without re-
ceiving further evaluation. There was no family history of
autoimmune or renal disease.

On admission to our hospital, physical examination
revealed a high blood pressure of 150/90 mmHg and
temperature of 37.5�C. Her weight was 45 kg, which had
increased by 3 kg compared with 1 month before ad-
mission. The butterfly rash over her cheeks and nose was
noted. There was pitting edema of both lower extremities.
Other physical examinations revealed nothing remark-
able.

Laboratory investigations showed pancytopenia (white
blood cell count 4,000 mL�1; hemoglobin 9.9 g dL�1;
hematocrit 29.9%; platelets 45,000 mL�1), hypoproteine-
mia (serum total protein 4.9 g dL�1; serum albumin
2.0 g dL�1), slightly disturbed renal function (blood
urea nitrogen (BUN) 31 mg dL�1; serum creatinine
0.84 mg dL�1), hypocomplementemia (C3 31 mg dL�1,
normal >84; C4 <5 mg dL�1, normal >14). Serum titers of
liver enzyme and electrolytes were within normal limits.
Immunological investigations were positive for antinu-
clear antibody (1:640, homogeneous pattern) and anti-
double-stranded DNA antibody (>400 IU mL�1, normal
<10) whereas anticardiolipin antibody, anti-Sm antibody,
anti-SS-A antibody, anti SS-B antibody, anti-RNP anti-
body, and rheumatoid factor were not detected.

Urinalysis showed 3+ for hematuria, 3+ for protein-
uria, and a few granular, hyaline, and erythrocyte casts.

Diagnosis of severe LN with nephrotic syndrome was
made on the basis of these clinical and laboratory findings
and a first renal biopsy was performed in February 2004
(Fig. 1A). The renal pathology showed class IV-G(A)
lesion, by the International Society of Nephrology/ Renal
pathology Society (ISN/RPS) classification [9], as diffuse
global proliferative lupus nephritis with diffuse wire-loop
deposits. There were also hyaline thrombi in 3 (15.8%)
and cellular crescents in 5 (26.3%) of 19 glomeruli, al-
though no significant interstitial lesions were seen. Im-
munofluorescence study (IF) showed diffuse granular
mesangial and peripheral capillary loop staining for IgG,
IgA, IgM, C1q, and C3. Furthermore, mesangial and
subendothelial electron-dense deposits were found by
electron microscopy.

The patient was treated with daily intravenous meth-
ylprednisolone (20 mg kg�1) for 3 days followed by oral
prednisolone (PSL, initially 40 mg day�1 and then tapered
at 2.5 mg every 2 to 4 weeks). After intravenous meth-
ylprednisolone administration the patient received, with
informed parental consent, combined therapy of 6-
monthly IVCY (500 mg m�2, cumulative dose 3 g m�2)

and oral MZB (5 mg kg�1 day�1) to prevent the adverse
effects of long-term high-dose IVCY regimen.

After the third dose of IVCY she achieved remission
both clinically and serologically. There were no clinical
signs of lupus; the anti-ds DNA antibody turned to neg-
ative; serum levels of complements and protein and renal
function normalized; and urinalysis showed no protein-
urea or hematuria.

The dose of PSL was tapered to 10 mg day�1 during
the 6 months of low-dose IVCY therapy.

Serious complications such as amenorrhea, severe
bacterial infection, and hemorrhagic cystitis did not de-
velop.

A second renal biopsy was performed in August 2004
for evaluation of the efficacy of the treatment (Fig. 1B).
Renal pathology showed significant improvement as focal
sclerosing glomerulonephritis (class III-C).

Fig. 1 A Renal histology before induction therapy in Case 1. The
glomerulus displays global intracapillary cellular proliferation with
hyaline intracapillary thrombi (PAM�200). B Renal histology after
induction therapy in Case 1. The glomerulus shows segmental areas
of sclerosis without changes of active lesions (PAM�100)
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Case 2

A 12-year-old boy was referred to our hospital from a
local hospital for further evaluation of persistent fever and
pancytopenia.

He had been previously healthy until this referral. His
family history was remarkable for SLE in his maternal
aunt and idiopathic thrombocytopenic purpura in his
grandmother.

On admission, physical examination revealed a blood
pressure of 130/70 mmHg and a high temperature of
40.5�C. Cervical lymph nodes were enlarged in size (di-
ameter 3 cm) and hepatosplenomegaly was noted. Other
physical examinations revealed nothing remarkable

Laboratory investigations showed pancytopenia (white
blood cell count 1,000 mL�1; hemoglobin 9.2 g dL�1;
hematocrit 29.9%; platelets 64,000 mL�1), hypoproteine-
mia (serum total protein 5.8 g dL�1; serum albumin
3.2 g dL�1), slightly disturbed renal function (BUN
25 mg dL�1, serum creatinine 0.93 mg dL�1), liver dys-
function (aspartate aminotransferase 292 IU L�1, alanine
aminotransferase 197 IU L�1), and hypocomplementemia
(C3 22 mg dL�1, C4<5 mg dL�1). Serum electrolytes were
within normal limits. Immunological investigations re-
vealed a positive antinuclear antibody (1:320) with a
homogeneous pattern and an elevated anti-double-
stranded DNA antibody level of 34.6 IU mL�1 (normal
<10). Anticardiolipin antibody, anti-Sm antibody, anti-
SS-A antibody, anti SS-B antibody, anti-RNP antibody,
and rheumatoid factor were negative. Urinalysis showed
2+ of hematuria and 1+ of proteinuria.

Diagnosis of LN was made on the basis of on these
findings and a first renal biopsy was performed in April
2004 (Fig. 2A). The renal pathology showed class III-A
lesion by ISN/RPS classification as focal proliferative LN
with focal subendothelial deposits and diffuse mesangial
proliferation. No crescent, hyaline thrombi, or interstitial
lesions were seen. IF showed diffuse granular mesangial
and peripheral capillary loop staining for IgG, IgA, IgM,
C1q, and C3. Mesangial and subendothelial electron-dense
deposits were seen by electron microscopy. The patient
was treated with the same regimen as case 1 and achieved
remission after the second dose of IVCY. Six months later
the PSL dosage was reduced to 10 mg day�1 because no
clinical signs of lupus were evident and all results from
blood examinations were within normal levels.

During this combined therapy, no serious complica-
tions developed.

A second renal biopsy was performed in October 2004
(Fig. 2B) and its pathology showed significant improve-
ment—mesangial proliferative LN without endothelial
deposits (class II).

Discussion

Since prospective trials performed by the National Insti-
tutes of Health (NIH) that demonstrated the superiority of
a long-term high-dose IVCY regimen, in combination

with glucocorticoids, over oral or IV glucocorticoids
therapy alone [10, 11, 12, 13], this NIH regimen has be-
come the standard treatment of adults with proliferative
LN and has been similarly applied to childhood LN with
excellent prognosis [14, 15].

However, the high prevalence of serious adverse ef-
fects such as severe infection, avascular necrosis, or
ovarian failure, could not be disregarded, particularly in
children and adolescents.

Recently, Houussiau et al. postulated that low-dose
IVCY (cumulative dose 3 g, so-called the Euro-Lupus
Trial regimen) effectively induces remission in adults
with proliferative LN demonstrating renal remission and
renal flares comparable with the remission achieved with
a conventional high-dose IVCY regimen [16]. They also
stated that the frequency of severe infection in low-dose
IVCY was less than half of that in high-dose IVCY. There
is currently scarce information regarding the outcome of

Fig. 2 A Renal histology before induction therapy in Case 2. The
glomerulus displays segmental endocapillary proliferative lesions
with subendothelial deposits (AFOG�200). B Renal histology after
induction therapy in Case 2. The glomerulus shows segmental
mesangial hypercellularity without obsolescence of the glomerular
capillary lumina. (PAM�200)
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low-dose IVCY regimen in children with lupus nephritis,
although many pediatric renal units use something very
similar to the Euro-Lupus Trial regimen routinely.

MZB is less toxic than other immunosuppressants,
especially with regard to both bone marrow and liver
function [17]. Several papers have reported the use of
MZB in the treatment of lupus nephritis in children [7, 8].
Our regimen is, however, different from those in these
papers in both duration (our report, 6 months; Tanaka, 2
years; Yoshidome, 1 year) and timing (our report, in-
duction therapy; Tanaka, maintenance therapy; Yoshi-
dome, mean disease duration was 4.8 years at initiation of
MZB) of MZB treatment.

With regard to mode of action, that of MZB, a selec-
tive inhibitor of inosine monophosphatase dehydroge-
nease in the de novo pathway, resulting in suppression of
proliferation of T and B lymphocytes and antibodies [18],
is very similar to that of mycophenolate mofetil (MMF)
which has been reported to be effective in the treatment of
lupus nephritis [19].

For the purpose of reducing cumulative dose of CY
and steroids, we also added oral MZB to the low-dose
IVCY regimen for the initial induction, because child-
hood-onset SLE is more acute and severe than adult SLE
and younger patients are likely to require high-dose PSL
[20]. As a result, significant improvement of histological
and clinical manifestations was obtained in a short period
of time. We therefore suggest MZB has an additive effect
on low-dose IVCY and steroids, although this should be
investigated with a larger number of patients.

For maintenance therapy after this induction therapy,
our patients were given MMF and a tapering dose of PSL,
because a recent prospective study demonstrated that
short-term IVCY followed by maintenance therapy with
MMF seemed more efficacious and safer than long-term
IVCY [21]. Our 2 patients have remained in remission
with low-dose PSL (case 1, 7.5 mg day�1; case 2,
6 mg day�1) and MMF (case 1, 1.5 g day�1; case 2,
1 g day�1) for more than 6 months after discontinuation of
low-dose IVCY and oral MZB.

In summary, induction therapy of low-dose IVCY, oral
MZB, and steroids may be an alternative means of
achieving remission in children or adolescents with severe
LN (class III or IV), for whom serious adverse effects
such as gonadal toxicity are a concern. Further study is
needed to confirm our preliminary findings.
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