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Abstract
Background Two previous randomized controlled trials showed that treatment of severe childhood immunoglobulin A (IgA)
nephropathy using prednisolone with azathioprine, heparin-warfarin, or dipyridamole prevented the increase of sclerosed glo-
meruli. Prednisolone alone, however, did not prevent further increase. These studies indicated the importance of immunosup-
pressants in the treatment. An additional pilot study using mizoribine instead of azathioprine enabled us to complete 2 years of
combined regimen. It showed non-numerical inferior effectiveness compared with the azathioprine regimen. Further examination
of the additional efficacy of warfarin and dipyridamole was required.
Methods A randomized control trial of prednisolone andmizoribine with (group 1) or without (group 2) warfarin and dipyridamole was
administered for treatment of 71 children with severe IgA nephropathy to evaluate the efficacy of additional warfarin and dipyridamole.
Results Thirty of 34 patients (88.2%) in group 1, and 27 of 36 patients (75.0%) showed the disappearance of proteinuria as
defined by early morning urinary protein to creatinine ratio of < 0.2 during the 2-year treatment period. The cumulative disap-
pearance rate of proteinuria determined by the Kaplan-Meier method showed that the disappearance rate of proteinuria was
significantly higher in group 1 than in group 2 (log-rank P = 0.04). There was no significant difference in pathological findings,
but there was a tendency of increase of global sclerosis in group1 which might be related to warfarin. Most of the adverse effects
were related to prednisolone, but fortunately transient.
Conclusions The balance between minimal benefits of warfarin/dipyridamole and potential adverse effects may be in favor of
avoiding them in children with IgA nephropathy.
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Introduction

Immunoglobulin A nephropathy (IgAN) is the most common
cause of primary glomerulonephritis worldwide. It was origi-
nally considered to be a benign disease with favorable

outcomes, but a long-time follow-up study revealed that
11% of 241 Japanese pediatric patients with IgAN developed
ESRDwithin 15 years [1]. Factors for poor prognosis of child-
hood IgAN include heavy proteinuria and severe pathological
changes, such as diffuse mesangial proliferation [2].
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On the basis of our two multicenter randomized controlled
trials (RCTs), treatment of childhood IgAN with diffuse
mesangial proliferation using prednisolone, azathioprine, war-
farin, and dipyridamole for 2 years early in the course of
disease reportedly reduced proteinuria. There was also reduc-
tion in the severity of immunologic renal injury and that
prevented any increase of sclerosed glomeruli [3, 4]. Follow-
up study of these RCTs clarified that the 2-year combination
therapy not only ameliorated the activity of the acute phase of
nephritis, but also improved the long-term outcome of severe
childhood IgAN [5]. In these two studies of RCTs, the immu-
nosuppressant, i.e., azathioprine, is considered to play an im-
portant role. It was often necessary, however, to withdraw
azathioprine due to the problems such as anemia, leukopenia,
and alopecia in about 10% of patients. An additional pilot
study showed acceptable efficacy and safety of combination
therapy including prednisolone and mizoribine instead of aza-
thioprine, warfarin, and dipyridamole for severe childhood
IgAN [6].

In our first RCT study [3], heparin-warfarin and
dipyridamole treatment for 2 years did not reduce urinary
protein excretion, serum IgA concentration, and mesangial
IgA deposition, and did not prevent increase of sclerosed glo-
meruli. It is therefore necessary for us to evaluate the efficacy
of additional warfarin and dipyridamole. This control study
was undertaken to determine whether warfarin and
dipyridamole are essential components of the combination
therapy.

Materials and methods

This study was a prospective non-double-blinded controlled
randomized clinical trial involving Japanese pediatric renal
centers (The Japanese Pediatric IgA Nephropathy Treatment
Study Group). Study protocol followed the Declaration of
Helsinki and was in accordance with the standards of the
ethics committee of Wakayama Medical University. All pa-
tients’ parents or legal guardians gave informed consent for
inclusion. This study has been registered in a public trial reg-
istry, UMIN (University Hospital Medical Information
Network, ID C000000363, https://www.umin.ac.jp/).

Patients were eligible for the study if they were newly
diagnosed with severe IgA nephropathy with diffuse
mesangial proliferation by renal biopsy and if the following
criteria were satisfied: (1) aged 2 to 18 years at study entry; (2)
excluded secondary IgAN such as IgA vasculitis, systemic
lupus erythematosus, accompanied by liver disease; (3) no
previous treatment with corticosteroids or immunosuppres-
sive drugs; and (4) sufficient renal biopsy specimens available
for pathological evaluation (minimum of ten glomeruli). In
addition, it was necessary for patients to show heavy protein-
uria (early morning urinary protein > 0.3 g/dl) and

hypoproteinemia (serum total protein ≤ 6.0 g/dl) on at least
one occasion between onset and entry to the study due to the
Japanese health insurance system regulating the use of
mizoribine. Renal biopsies were performed on children with
persistent proteinuria (early morning urinary protein to creat-
inine ratio of ≥ 0.2) with or without hematuria as our clinical
routine.

The pathologist of each center examined each renal biopsy
specimen by light and immunofluorescence microscopy. An
independent investigator (N.Y.) at the coordinating center also
reviewed the histopathological findings. Diagnosis of IgAN
was based on the presence of IgA as the sole or predominant
immunoglobulin present in the glomerular mesangium and the
absence of systemic disease. Diffuse mesangial proliferation
was defined by theWorld Health Organization (WHO) criteria
(more than 80% of glomeruli showing moderate or severe
mesangial cell proliferation, i.e., more than three cells per
peripheral mesangial area). Mesangial cell proliferation was
always accompanied by an increased mesangial matrix. The
intensity of mesangial IgA deposits was graded semiquantita-
tively on a scale of 0 to 3+: 0 none; 1+ slight; 2+ moderate;
and 3+ intense.

After study eligibility was examined and consent obtained,
participants were randomly assigned to one of two treatment
groups. Randomization was by sealed envelope technique.

Patients assigned to group 1 received prednisolone,
mizoribine, warfarin, and dipyridamole treatment for
24 months. Prednisolone was given orally at a dose of 2 mg/
kg body weight per day in three divided doses for a total dose
of not more than 80mg/day for 4 weeks. This was followed by
2 mg/kg every 2 days, given as a single dose in the morning
every other day for 4 weeks, 1.5 mg/kg per 2 days for 4 weeks,
and 1 mg/kg per 2 days for 21 months. Mizoribine was given
at a dose of 4 mg/kg body weight per day in two divided doses
for a total dose of no more than 150 mg/day for 24 months.
Warfarin was given in a single morning dose to maintain the
thrombotest at 20–50% for 24 months. Dipyridamole was
given orally at a dose of 6 mg/kg body weight per day in three
divided doses for a total dose of up to 300 mg/day for
24 months. Participants assigned to group 2 received prednis-
olone and mizoribine for 24 months, as same way as those for
group 1.

On entry into this study, all participants underwent a phys-
ical examination and their complete medical histories were
obtained. Initial clinical and laboratory results were forwarded
to the coordinating center. Participants were followed up once
a month during this study. At each follow-up visit, they were
asked about their symptoms and were monitored for any side
effects of the therapy. Tests and measurements carried out at
each visit comprised of blood counts (including hemoglobin,
white blood cells, and platelets), thrombotest, serum creati-
nine, blood urea nitrogen, serum IgA concentration, urinary
protein excretion, hemostix test, blood pressure, body weight,
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and body height. Hypertension was defined as diastolic pres-
sure exceeding the upper normal limit of healthy Japanese
children (mean + 2SD).

At the time of study enrollment, all participants were asked
to undergo repeat renal biopsies at the end of treatment. An
independent investigator (N.Y.) at the coordinating center
reviewed the second renal biopsy pathological specimens.

Based on our previous randomized controlled studies and
pilot study, the primary endpoint was decided as the disap-
pearance of proteinuria, as defined by early morning urinary
protein to creatinine ratio of < 0.2. Secondary endpoints were
urinary protein excretion at the end of treatment, change in the
percentage of sclerosed glomeruli during the trial, and side
effects.

The sample size was calculated from the data of our previ-
ous randomized control study. We predicted that the disap-
pearance rate of proteinuria would be 65% in the group treated
with prednisolone, mizoribine, warfarin, and dipyridamole
and 50% in the group treated with prednisolone, and
mizoribine with a decision threshold 8%. Thirty-six patients
were required for each study group, based on a selection de-
sign in which the probability of correctly selecting the better
treatment is 0.9 when it is superior by an absolute difference of
15% in the disappearance rate of proteinuria [7]. The decision
threshold of 8%was set before the start of the study based on a
consensus reached by pediatric nephrologists in the Japanese
Pediatric IgA Nephropathy Treatment Study Group.

Results were analyzed with the JMP 12.2 software package
(SAS Institute Japan, Tokyo, Japan). The distribution of clin-
ical and pathological attributes between the treatment groups
was examined by Fisher’s exact test. Continuous characteris-
tics at the start of treatment were compared byMann-Whitney
U test. Differences between study entry and study end in each
treatment group were tested by Wilcoxon signed rank test.
The disappearance rate of proteinuria was analyzed by the
Kaplan-Meier method, and the two groups were compared
by intension-to-treat analysis by log-rank test. A two-tailed
P < 0.05 was taken as the level of significance.

Results

Between August 2001 and March 2009, 71 children newly
diagnosed as IgAN showing diffuse mesangial proliferation
were registered. Initially, we planned the registration of 72
patients based on the calculated sample size, but only 71 pa-
tients were enrolled. Finally, we decided to analyze in the 71
patients, because the sample size of 70 patients was enough
for a selection design in which the probability of correctly
selecting the better treatment is 0.89. All 71 children met the
criteria for inclusion in the trial. All were willing to enter the
study, but after allocation, one patient in group 1 withdrew
consent (Fig. 1). Finally, 34 patients were assigned to group

1 (prednisolone, mizoribine, warfarin, and dipyridamole) and
36 patients were assigned to group 2 (prednisolone and
mizoribine).

All 34 patients in group 1 completed the trial and 33 of 34
patients had repeated renal biopsies at the end of 2 years of
treatment. All 36 patients in group 2 completed the study,
including repeated renal biopsies. However, one patient had
a protocol violation (use of an angiotensin converting enzyme
inhibitor before the start of the study treatment and was treated
with group 1 treatment), one patient canceled group 2 treat-
ment at the 12th month, one patient stopped prednisolone in
the 4th month due to a side effect (symptom of psychosis), and
one patient stopped mizoribine in the 10th month due to side
effect (hyperbilirubinemia). Data from these patients were in-
cluded for analyses managed in an intention-to treat manner.

Clinical and laboratory findings of the patients in the two
groups at the start of treatment are shown in Table 1. These
characteristics of the patients in the two groups were similar
except male sex ratio was significantly lower (P = 0.002) and
duration from biopsy to treatment was significantly shorter
(P = 0.04) in group 1 than in group 2. Twenty-six (76.5%)
patients in group 1 and 25 (69.5%) patients in group 2 with
asymptomatic hematuria and proteinuria were found by the
school screening program.

At the end of the 2-year treatment, 30 (88.2%) of the 34
patients in group 1 and 27 (75.0%) of the 36 patients in group
2 reached the primary endpoint (early morning urinary protein
to creatinine ratio of < 0.2). The cumulative disappearance rate
of proteinuria was 88.2% (95% CI, 72.5 to 95.5%) in group 1
and 75.9% (95 CI, 59.2 to 87.3%) in group 2, respectively.
The cumulative disappearance rate of proteinuria in group 1
was 13.2% higher than that in group 2, which was larger than
the decision threshold of 8%. Kaplan-Meier analysis demon-
strated that the disappearance rate of proteinuria was

Fig. 1 Trial profile
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significantly higher in group 1 than in group 2 during the 2-
year follow-up period (log-rank P = 0.04, Fig. 2).

Median urinary protein excretion in group 1 was re-
duced from 0.88 g/m2/day at the start of treatment to
0.09 g/m2/day at the end (P < 0.0001), and that in group
2 was also reduced from 0.81 g/m2/day to 0.12 g/m2/day
(P < 0.0001, Table 2). The presence of blood in morning
urine, quantified using dipsticks, a colorimetric test for

hemoglobin, showed significant reduction in both groups
(Table 2). The median serum IgA concentration signifi-
cantly decreased from 211 mg/dl at the start of treatment
to 184 mg/dl at the end in group 1 (P < 0.0001), and that
in group 2 also decreased from 218 to 192 mg/dl (P =
0.0074). Estimated creatinine clearance and mean body
mass index z score were unchanged in both groups
(Table 2).

Table 1 Baseline characteristics

Characteristics Group 1 (n = 34) Group 2 (n = 36) P values

Demographic
Onset age (years) 11.7 (9.6–13.3) 10.7 (7.4–12.8) 0.14
Gender (M/F) 10/24 24/12 0.002
Duration from onset to biopsy (months) 5.8 (3.4–18.0) 11.9 (4.7–20.1) 0.32
Duration from biopsy to treatment (months) 0.9 (0.5–1.5) 1.5 (0.5–2.8) 0.04

Initial presentation
School screening 26 (76.5%) 25 (69.5%) 0.60
Chance hematuria and proteinuria 3 (8.8%) 3 (8.3%) 1.0
Gross hematuria 5 (14.7%) 7 (19.4%) 0.75
Edema 0 (0.0%) 1 (2.8%) 1.0

Blood pressure
Systolic (mmHg) 113 (104–121) 114 (105–123.8) 0.78
Diastolic (mmHg) 64 (60–71.3) 64 (58.3–70) 1.0

Renal function
Urinary protein to creatinine ratio (uP/Cr) 1.56 (0.66–2.76) 1.70 (0.90–2.82) 0.71
The number of patients who showed uP/Cr < 1 12 (35.3%) 9 (25.0%) 0.35
Hematuria in morning urinea 3 (3–3.5) 3 (2–3) 0.58
Blood urea nitrogen (mg/dl) 13.0 (10.3–16.0) 12.5 (10.5–14.0) 0.72
Serum creatinine (mg/dl) 0.5 (0.4–0.69) 0.5 (0.4–0.62) 0.90
Estimated creatinine clearance (ml/min/1.73m2) 119 (102–129) 115 (106–131) 1.0
Serum IgA (mg/dl) 211 (164–274) 218 (181–286) 0.49
Total protein (mg/dl) 6.2 (5.6–6.7) 6.4 (5.7–6.9) 0.23
Serum albumin (mg/dl) 3.5 (3.2–4.0) 3.9 (3.2–4.1) 0.21

Renal biopsy
Number of glomeruli 19 (13–33) 21 (14–30) 0.94
Glomeruli showing global sclerosis (%) 0.0 (0.0–3.3) 0.0 (0.0–4.3) 0.91
Glomeruli showing segmental sclerosis (%) 0.0 (0.0–0.0) 0.0 (0.0–2.2) 0.20
Glomeruli showing sclerosis (%) 0.0 (0.0–7.9) 0.0 (0.0–5.7) 0.89
Glomeruli showing crescents (%) 11.0 (2.3–24.0) 17.0 (7.1–26.8) 0.46
Glomeruli showing capsular adhesion (%) 1.2 (0.0–7.9) 2.4 (0.0–9.9) 0.61

Oxford classification
M0/M1 (%) 0/34 (0/100%) 0/36 (0/100%) 1.00
E0/E1 (%) 27/7 (79.4/20.6%) 26/10 (72.2/27.8%) 0.48
S0/S1 (%) 17/17 (50.0/50.0%) 18/18 (50.0/50.0%) 1.00
T0/T1/T2 (%) 20/14/0 (58.8/41.2/0%) 20/16/0 (55.6/44.4/0%) 0.78
C0/C1/C2 (%) 8/19/7 (23.5/55.9/30.6%) 5/26/5 (13.9/72.2/13.9%) 0.36

Immunofluorescenceb

Intensity of mesangial IgA deposits 2 (2–3) 2 (2–3) 0.58
IgG 1 (0–2) 1 (1–2) 0.98
IgM 1 (0–1) 1 (0–1) 0.92
C1q 0 (0–0) 0 (0–0) 0.19
C4 0 (0–0) 0 (0–0) 0.36
C3 1 (1–2) 1 (1–2) 0.14
Fibrinogen 1 (1–2) 1 (1–2) 0.56

Data are shown as a median (interquartile range) except for gender and initial presentation

IgA immunoglobulin A, IgM immunoglobulin M
aHematuria was quantified using dipsticks and macroscopic hematuria was quantified as 4
b The intensity of deposits on immunofluorescence microscopy was graded semiquantitatively on a scale from 0 to 3+: no 0; slight 1+; moderate 2+; and
intense 3 +
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As to the changes in pathological data, 33 of 34 patients in
group 1 and all of 36 patients in group 2 underwent repeat
renal biopsies at the end of treatment (Table 2). Duration from
start of treatment to repeat biopsy was 24.1 months (23.2–
25.1) in group 1 and 24.5 months (23.9–25.8) in group 2.
The median percentage of glomeruli showing segmental scle-
rosis was not increased in both groups. The percentage of
glomeruli showing global sclerosis was increased in group1
without significance (P = 0.06). The percentage of glomeruli
showing crescents was significantly decreased in both groups
(P < 0.0001, respectively). The percentage of glomeruli show-
ing capsular adhesions was not changed in either group. In
examinations by the Oxford classification of IgAN, ratios of
M1, E1, and C1/C2 as acute lesions were significantly de-
creased in both groups. On the contrary, ratios of S1 and T1
as chronic lesions were unchanged in both groups (Table 2).

Mesangial deposits of IgA in the initial renal biopsy of all
patients were intense or moderate. Mesangial IgA deposits
became significantly less intense in both groups at the end of
treatment (P < 0.0001 in group 1 and P = 0.04 in group 2,
Table 2). And the intensity of fibrinogen became less intense
in group 1 (P = 0.03, Table 2).

At the end of 2 years of treatments, there was no significant
difference between the two groups in clinical and pathological
findings (Table 3).

Adverse events of both treatment groups are shown in
Table 4. Adverse events were shown in 17 of 34 patients in
group 1 and 22 of 36 patients in group 2. The total number of
cases of side effects observed was 54.

Two patients needed changes in group 2 treatment due to
severe side effects. One needed to stop prednisolone because
of the symptom of psychosis in consideration of steroid psy-
chosis; another needed to stop mizoribine due to elevation of
serum bilirubin.

Obesity as a result of prednisolone was the most frequent
side effect in both groups (six patients in group 1 and seven

patients in group 2). Hyperuricemia caused bymizoribine was
observed in both groups (two patients in group 1, and five
patients in group 2). Other adverse effects were hypertension,
steroid-induced gastric ulcer, glaucoma, steroid acne, stretch
marks, decreased bone mineral density, and cataracts, which
were all possibly related to prednisolone use. Headaches and
bleeding were observed in group 1, which were considered to
be in association with dipyridamole and warfarin which were
used only in group 1. All adverse effects except for cataracts
subsided after the treatment.

Discussion

In our two previous RCTs and one pilot study, the combina-
tion therapy of prednisolone, azathioprine/mizoribine, warfa-
rin, and dipyridamole for 2 years significantly reduced the
level of urinary protein excretion, serum IgA concentration,
and mesangial IgA deposition and prevented any sclerosed
glomeruli in children with newly diagnosed IgAN showing
diffuse mesangial proliferation [3, 4, 6]. In contrast, treatment
with only warfarin and dipyridamole for 2 years showed no
effectiveness in reduction of urinary protein excretion, serum
IgA concentration, or mesangial IgA deposition. It also
showed no effectiveness in prevention of increased sclerosed
glomeruli for patients with severe childhood IgA nephropathy
in our first RCT [3]. Accordingly, prednisolone and immuno-
suppressant are considered to play a major, important role in
the combination therapy including prednisolone, azathioprine/
mizoribine, warfarin, and dipyridamole. We therefore per-
formed this study to determine the effect of warfarin and
dipyridamole in the combination therapy.

Disappearance of proteinuria (urine protein/creatinine ra-
tion < 0.2, primary end point) was observed in 30 (88.2%)
of the 34 patients in group 1 and in 27 (75.0%) of the 36
patients in group 2. The cumulative disappearance rate of
proteinuria determined by the Kaplan-Meier method showed
that the disappearance rate of proteinuria was significantly
higher in group 1 than in group 2 (log-rank P = 0.04).
Regarding secondary endpoints, urinary protein excretion at
the end of treatment was significantly decreased in both
groups. And as to the change in the percentage of sclerosed
glomeruli during the trial, the change in the percentage pf
global sclerosis in group 1 increased though they had no sig-
nificance (P = 0.06). The results in group 1 of the present RCT
show the similar efficacy compared with our previous RCTs,
suggesting a stable treatment effect of the combination
therapy.

Considering a selection design adopted in the present RCT,
we select the group 1 treatment including prednisolone,
mizoribine, warfarin, and dipyridamole as a standard treat-
ment for severe IgAN in our study group from the point of
the proteinuria remission.

Fig. 2 Disappearance of proteinuria
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Table 2 Effect of 2-year
treatment Start of treatment End of treatment P values

Clinical data
Urinary protein to creatinine ratio (uP/Cr)

Group 1 (n = 34)

Group 2 (n = 36)

1.56 (0.66–2.76)

1.70 (0.90–2.82)

0.15 (0.05–0.47)

0.21 (0.08–0.49)

< 0.0001

< 0.0001
Hematuria in morning urinea

Group 1 (n = 34)

Group 2 (n = 36)

3 (3–3.5)

3 (2–3)

0 (0–1)

0 (0–2)

< 0.0001

< 0.0001
Estimated creatinine clearance (ml/min/1.73m2)
Group 1 (n = 34)

Group 2 (n = 36)

119 (102–129)

115 (106–130.5)

120 (107–126)

121 (105–137)

0.32

0.18
Serum IgA (mg/dl)

Group 1 (n = 34)

Group 2 (n = 36)

211 (164–274)

218 (181–336)

184 (133–212)

192 (155–224)

< 0.0001

0.0074
Body mass index z score

Group 1 (n = 34)

Group 2 (n = 36)

0.16 (−0.66–0.73)
− 0.13 (−0.79–0.97)

0.43 (− 0.25–1.13)
0.24 (− 0.59–1.91)

0.34

0.16
Pathological data
No. of glomeruli

Group 1 (n = 33)

Group 2 (n = 36)

19 (13–33)

21 (14–30)

20 (14–31)

21 (16–34)

0.92

0.44
Glomeruli showing global sclerosis (%)

Group 1 (n = 33)

Group 2 (n = 36)

0.0 (0.0–3.3)

0.0 (0.0–4.3)

1.9 (0.0–10.3)

0.0 (0.0–7.6)

0.06

0.17
Glomeruli showing segmental sclerosis (%)

Group 1 (n = 33)

Group 2 (n = 36)

0.0 (0.0–0.0)

0.0 (0.0–2.2)

0.0 (0.0–0.0)

0.0 (0.0–0.0)

0.76

0.43
Glomeruli showing sclerosis (%)

Group 1 (n = 33)

Group 2 (n = 36)

0.0 (0.0–7.9)

0.0 (0.0–5.7)

1.9 (0.0–10.3)

4.2 (0.0–8.3)

0.05

0.34
Glomeruli showing crescents (%)

Group 1 (n = 33)

Group 2 (n = 36)

11.0 (2.3–24.0)

17.0 (7.1–26.8)

0.0 (0.0–0.0)

0.0 (0.0–0.0)

< 0.0001

< 0.0001
Glomeruli showing capsular adhesion (%)

Group 1 (n = 33)

Group 2 (n = 36)

1.1 (0.0–7.9)

2.4 (0.0–9.9)

3.3 (0.0–11.3)

3.2 (0.0–9.5)

0.27

0.82
Tubular atrophyb

Group 1 (n = 33)

Group 2 (n = 36)

1 (0–1)

1 (0–1)

1 (0–1)

1(0–1)

0.30

0.11
Oxford classification
M0/M1 (%)

Group 1 (n = 33)

Group 2 (n = 36)

0/34 (0/100%)

0/36 (0/100%)

26/7 (78.8/21.2%)

34/2 (94.4/5.6%)

< 0.0001

< 0.0001
E0/E1 (%)

Group 1 (n = 33)

Group 2 (n = 36)

27/7 (79.4/20.6%)

26/10 (72.2/27.8%)

33/0 (100/0%)

35/1 (97.2/2.8%)

0.01

0.007
S0/S1 (%)

Group 1 (n = 33)

Group2 (n = 36)

17/17 (50.0/50.0%)

18/18 (50.0/50.0%)

13/20 (39.4/60.6%)

13/23 (36.1/63.9%)

0.47

0.34
T0/T1/T2 (%)

Group 1 (n = 33) 20/14/0

(58.8/41.2/0%)

25/8/0

(75.8/24.2/0%)

0.12

Group 2 (n = 36) 20/16/0

(55.6/44.4/0%)

25/11/0

(69.4/30.6/0%)

0.22

C1/C1/C2 (%)
Group 1 (n = 33) 8/19/7 (23.5/55.9/20.6%) 25/8/0

(75.8/24.2/0%)

< 0.0001

Group 2 (n = 36) 5/26/5

(13.9/72.2/13.9%)

32/4/0

(88.9/11.1/0%)

< 0.0001

2108 Pediatr Nephrol (2018) 33:2103–2112



When considering the some increase of the percentage of
global sclerosis in group1without significance, wemight have
to re-consider the use of additional warfarin and dipyridamole
in the combination therapy. At first, the warfarin and
dipyridamole were used for the suppression of cell prolifera-
tion through cytokine inhibition in treating IgA nephropathy
[8]. Subsequently, patients with unexplained acute kidney in-
jury (AKI) during the warfarin therapy have been successively
reported, so-called warfarin-related nephropathy (WRN)
[9–11]. Though the mechanism of these risks is still unclear,
warfarin prevents the activation of Matrix Gla Protein (MGP)
and Growth Arrest specific Gene 6 (GAS-6) which prevents
vascular calcification and induces vascular calcification [12].

Most of the side effects observed in this study were com-
monly associated with prednisolone and mizoribine (Table 4).
The reasons for hypertension being more frequently observed
in the patients of group 2, and headaches being found in the
patients of group 1, are thought to depend on use or no-use of
dipyridamole, which has a vasodilator effect.

Corticosteroids have been widely used to treat moderate to
severe pediatric IgAN patients, and their usefulness for
retarding disease progression is mostly accepted among im-
munosuppressive agents [13]. Their adverse effects, however,

especially in patients with earlier stages of IgAN, are not fully
investigated [14]. In our study, body mass index z score was
unchanged after 2 years of treatment in both groups. About
one fifth of patients showed obesity as a side effect of the
2 years of oral prednisolone use. Such side effects related to
prednisolone were transient, however, except for cataracts.
Although fortunately the severe irreversible side effect was
not seen in this study, since we have already known the severe
adverse effects such as aseptic necrosis of femur related to the
use of prednisolone, we may have to consider modification of
prednisolone administration or combination of drugs which
provides similar benefits.

Though therapeutic evidence of the use of immunosuppres-
sive agents other than prednisolone is weak and scarce in both
adults and children [15–18], additional value of immunosup-
pressants is supported by experimental insights into IgAN
pathogenesis. The proposed Bmulti-hit^ theory comprises
multiple steps, from the start with defective glycosylation of
IgA subclass IgA1 resulting in overproduction of galactose-
deficient IgA1, to the mesangial deposition of nephritogenic
immune complexes [19–23].

In the retrospective VALIGA study, the histological sever-
ity of renal progression was attenuated by corticosteroids/

Table 2 (continued)
Start of treatment End of treatment P values

Immunofluorescencec

Intensity of mesangial IgA deposits
Group 1 (n = 33)

Group 2 (n = 36)

2 (2–3)

2 (2–3)

2 (1–2)

2 (2–3)

< 0.0001

0.04
IgG

Group 1 (n = 33)

Group 2 (n = 36)

1 (0–2)

1 (1–2)

1 (0–1)

1 (0–2)

0.24

0.49
IgM

Group 1 (n = 33)

Group 2 (n = 36)

1 (0–1)

1 (0–1)

1 (0–1)

1 (0–1)

0.18

0.69
C1q

Group 1 (n = 33)

Group 2 (n = 36)

0 (0–0)

0 (0–0)

0 (0–0)

0 (0–0)

0.11

0.64
C4

Group 1 (n = 33)

Group 2 (n = 36)

0 (0–0)

0 (0–0)

0 (0–0)

0 (0–0)

1.00

0.10
C3

Group 1 (n = 33)

Group 2 (n = 36)

1 (1–2)

1 (1–2)

1 (0–1)

1 (0–2)

0.05

0.15
Fibrinogen

Group 1 (n = 33)

Group 2 (n = 36)

1 (1–2)

1 (1–2)

1 (0–2)

1 (1–2)

0.03

0.27

Data are shown as median (interquartile range)

IgA immunoglobulin A, IgM immunoglobulin M
aHematuria was quantified using dipsticks and macroscopic hematuria was quantified as 4
b The extent of tubular atrophy was graded semi quantitatively on a scale from 0 to 3+:no 0; narrow 1+; moderate
2+; and wide 3 +
c The intensity of deposits on immunofluorescence microscopy was graded semi quantitatively on a scale from 0
to 3+:no 0; slight 1+; moderate 2+; and intense 3 +
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immunosuppressive treatment, and clear benefits of cortico-
steroids in addition to renin-angiotensin system blockers
(RASBs) were shown particularly in patients with proteinuria
> 1 g/day [24]. On the other hand, in the STOP-IgAN clinical
trials, the addition of immunosuppression to ongoing compre-
hensive supportive care was not beneficial for patients with
IgA nephropathy that was characterized by moderate protein-
uria and chronic kidney disease stages 1 through 3 [25].
However, the authors address several concerns raised on the
design and interpretation of the trial [26]. These studies were
clinical trials mainly focused on adult-IgAN patients, and
were not stratified for clinical and histologic data at renal

biopsy [27]. The situation may be different in countries with-
out routine school urine examinations, for example.

Although the use of RASBs has been shown to be clearly
effective even against childhood IgA nephropathy [28], the
use of them was restricted in the present study period, so
information for efficacy of combination with our protocols
and RASBs was unavailable. Taking into the consideration
of the superiority of combination therapy using prednisolone,
mizoribine, warfarin and dipyridamole compared with the
combination therapy using only prednisolone and mizoribine
from the point of proteinuria remission, and insignificant in-
crease of glomerulosclerosis which was thought to be related

Table 3 Characteristics of the
patients at the end of the
treatments

Characteristics Group 1 (n = 34) Group 2 (n = 36) P values

Clinical data

Urinary protein to creatinine ratio (uP/Cr) 0.15 (0.05–0.47) 0.21 (0.08–0.49) 0.29

Hematuria in morning urinea 0 (0–1) 0 (0–2) 0.80

Estimated creatinine clearance
(ml/min/1.73m2)

120 (107–126) 121 (105–137) 0.61

Serum IgA (mg/dl) 184 (133–212) 192 (155–224) 0.38

Body mass index z score 0.43 (−0.25–1.13) 0.24 (−0.59–1.91) 0.91

Pathological data (n = 33) (n = 36)

Number of glomeruli 20 (14–31) 21 (16–34) 0.72

Glomeruli showing global sclerosis (%) 1.9 (0–10) 0 (0–7.6) 0.51

Glomeruli showing segmental sclerosis (%) 0 (0–4.3) 0 (0–0) 0.84

Glomeruli showing sclerosis (%) 1.9 (0.0–10.3) 4.2 (0.0–8.3) 0.89

Glomeruli showing crescents (%) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.22

Glomeruli showing capsular adhesion (%) 3.3 (0.0–11.3) 3.2 (0.0–9.5) 0.93

Tubular atrophyb 1 (0–1) 1(0–1) 0.97

Oxford Classification

M0/M1 (%) 26/7 (78.8/21.1%) 34/2 (94.4/5.6%) 0.05

E0/E1 (%) 33/0 (100/0%) 35/1 (97.2/2.8%) 0.25

S0/S1 (%) 13/20 (39.4/60.6%) 13/23 (37.7/62.3%) 0.78

T0/T1/T2 (%) 25/8/0 (75.8/24.2/0%) 25/11/0 (69.4/30.6/0%) 0.56

C0/C1/C2 (%) 25/8/0 (75.8/24.2/0%) 32/4/0 (82.6/17.4/0%) 0.15

Immunofluorescense

Intensity of mesangial IgA deposits 2 (1–2) 2 (2–3) 0.02

IgG 1 (0–1) 1 (0–2) 0.30

IgM 1 (0–1) 1 (0–1) 0.46

C1q 0 (0–0) 0 (0–0) 0.92

C4 0 (0–0) 0 (0–0) 0.46

C3 1 (0–1) 1 (0–2) 0.27

Fibrinogen 1 (0–2) 1(1–2) 0.04

Data are shown as a median (interquartile range) except for gender and initial presentation

IgA immunoglobulin A, IgM immunoglobulin M
aHematuria was quantified using dipsticks and macroscopic hematuria was quantified as 4
b The extent of tubular atrophy was graded semi quantitatively on a scale from 0 to 3+:no 0; narrow 1+; moderate
2+; and wide 3 +
c The intensity of deposits on immunofluorescence microscopy was graded semi quantitatively on a scale from 0
to 3+: no 0; slight 1+; moderate 2+; and intense 3 +
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with warfarin use in group1, combination therapy with pred-
nisolone, warfarin, and RASBs will be an important issue to
be addressed in the future.

Some of patients with IgAN show proteinuria < 0.5 g/
day/1.73m2 which is the threshold given by KDIGO [13]
even with diffuse mesangial proliferation. Therefore, we
may have to consider the balance risk/benefits in low
proteinuria children when we start our combination ther-
apy in the patients.

Although the condition improved, all participants were
asked to undergo repeat renal biopsies at the end of treatment
in the present study. However, based on the results of previous
studies including this study, in clinical practice at present we
perform repeat renal biopsies only when the patients show
exacerbation or no improvement to determine the next appro-
priate treatments. In this study, the patients were given a
chance to deny a repeat renal biopsy.

This study was not a double-blinded controlled randomized
clinical trial. Therefore, the situation may influence results.

In conclusion, combination treatment including predniso-
lone and mizoribine with warfarin and dipyridamole may be
better for severe childhood IgAN than the combination treat-
ment including prednisolone and mizoribine without warfarin
or dipyridamole from the point of proteinuria remission. But
the use of warfarin might lead to the increase of global
glomerulosclerosis due to the vascular calcification of warfa-
rin; we should consider combination therapy such as prednis-
olone, mizoribine, and RASBs. Also, we may have to consid-
er modification of prednisolone administration due to the high
cumulative dosage used.
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