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of the 2-year study period but were included in the anal-
ysis for their time in the study. Eleven patients (two pa-
tients in group A; nine patients in group B) discontinued
treatment because of progression to FRNS. Nine patients
(four patients in group A; five patients in group B) dis-
continued treatment because of progression to SDNS.
Two patients (one patient in group A; one patient in
group B) discontinued treatment because of progression
to SRNS. One patient (group A) discontinued treatment
because of an adverse event, one patient (group A) dis-
continued treatment because of loss to follow-up, and one
patient (group B) discontinued treatment because of non-
compliance (Figure 1).

Characteristics of the patients are shown in Table 1. There
was no clinically important difference between the two
treatment groups.

C, and AUC,_4 Levels of Cyclosporine

The mean C, levels during the first 6 months, the mean C,
levels during the next 18 months, and the AUCy_4 levels at
3 and 9 months after randomization were all significantly
higher in group A than group B (P<<0.001 in all cases) (Table 2).
The distribution of exact mean C, levels and actual doses of
mCyA received by patients in the two groups are shown in
Supplemental Tables 2 and 3, respectively.

Efficacy

The primary end point, relapse-free survival, is shown in
Figure 2. The estimated SRR 24 months after randomiza-
tion was 64.4% (95% CI, 48.0% to 76.8%) in group A and
50.0% (95% CI, 34.2% to 63.9%) in group B. The SRR in
group A was 14.4% higher than the SRR in group B, which
was larger than the decision threshold of 8%; 27 of 43 pa-
tients in group A and 21 of 42 patients in group B had not
experienced any relapse by the end of 24 months after ran-
domization. The hazard ratio for relapse was 0.57 (95% CI,
0.29 to 1.11; P=0.09). The relapse rates in groups A and B
were 0.41 and 0.95/person-year, respectively. The ratio of
the two relapse rates was 0.43 (95% CI, 0.19 to 0.84; P=0.02)
(Table 3).

The estimated progression-free survival rate at 24 months
was 88.1% in group A and 68.4% in group B; seven patients
in group A showed progression (two patients to FRNS, four
patients to SDNS, and one patient to SRNS), whereas 15 patients
in group B showed progression (nine patients to FRNS, five
patients to SDNS, and one patient to SRNS). The hazard

Table 1. Characteristics of the patients
Men 32 (74.4) 31 (73.8)
Age at entry (yr) 7.0%43 7.1%37
1-5 25 (59.5) 19 (45.2)
6-10 8(19.1) 14 (33.3)
11-13 6(14.3) 5(11.9)
14-18 4(9.3) 4 (9.5)
Minimal change 43 (100.0) 42 (100.0)
subtype of NS
Duration of NS (mo) 18.9+35.5 12.7+15.9
History of SDNS 26 (60.5) 26 (61.9)
Previous treatment with 8 (18.6) 10 (23.8)
Immunosuppressive
agent(s)
Mizoribine 6 (14.0) 9(21.4)
Cyclophosphamide 1(2.3) 1(2.4)
Chlorambucil 1(2.3) 0 (0)
Total protein (g/dl) 5.9+0.6 5.8+0.7
Albumin (g/dl) 3.4+0.7 3.3+0.7
BUN (mg/dl) 11.5+4.0 12.8+3.4
Creatinine (mg/dl) 0.3+0.1 04%0.1
Study baseline eGFR 1223+306  116.5%214
(ml/min per 1.73 mz)
Values are 1 (%) or mean=+SD. NS, nephrotic syndrome; SDNS,
steroid-dependent nephrotic syndrome; eGFR, estimated GFR.

ratio for progression was 0.33 (95% ClI, 0.12 to 0.94; P=0.03)
(Figure 3).

Safet

ThZ:, medians (25th and 75th percentiles) of estimated GFRs
before mCyA treatment and at month 24 were 119.0 (106.4-
130.9) and 116.0 (106.9-129.0) in group A and 114.0 (102.4—
125.0) and 121.3 (109.9-134.3) in group B, respectively. There
was no difference between the two groups; 61 patients (31
patients in group A; 30 patients in group B) underwent renal
biopsies: 60 patients during months 23-27 and one patient at
month 31. Two patients in group A (6.5%) and zero patients
in group B developed mild to moderate chronic cyclosporine
nephrotoxicity (Supplemental Table 4). This difference in the
rate of development of chronic cyclosporine nephrotoxicity
was not statistically significant.

treatment with cyclosporine

Cz (ng/ml)

Months 1-6 566.4£86.9 (n=43)

Months 7-24 489.5+56.4 (n=40)
AUCg4 (ng'h/ml)

Month 3 1944.7+487.9 (n=39)

Month 9 1704.7 +545.2 (n=36)

Table 2. Mean 2-hour postdose cyclosporine levels and areas under the concentration time curve during the first 4 hours after

472.7+73.7 (n=42) <0.001
382.2+86.8 (n=37) <0.001
1554.7+462.8 (n=40) <0.001
1316.6366.0 (n=34) <0.001

cyclosporine.

C;, 2-hour postdose cyclosporine level; AUCq 4, area under the concentration time curve during the first 4 hours after treatment with
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Figure 2. | Relapse-free survival probability (Kaplan-Meier curves).
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Figure 3. | Progression-free survival probability (Kaplan-Meier curves).

A summary of other adverse events reported during the
trial is shown in Table 4. We report cumulative events
that occurred within 24 months after randomization, be-
cause this time point is when all participants had had an
equal opportunity to have an event. The rate and severity
of adverse events were similar in both treatment groups.
Three patients in group A and two patients in group B
had grade III adverse events requiring hospitalization,

including one patient in group A who discontinued pro-
tocol treatment because of posterior reversible leuko-
encephalopathy syndrome (25) (month 20), which
recovered completely after discontinuation of the pro-
tocol treatment. Two of the patients in group A and both
of the patients in group B subsequently recovered and
restarted protocol treatment as recommended by a physician
(Table 4).
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Table 4. Summary of adverse events that occurred within 24
months after randomization

Grade 3 adverse events

Pneumonia?® 3b<4 (7.0 1°(2.4)
Encephalopathy® 1°(2.3) 1 (2.9
Posterior reversible 1° (2.3) 0
encephalopathy
syndrome?®
Pneumomediastinum® 1°(2.3) 0
Grade 1 or 2 adverse events
Infection® 15(34.9) 13(31.0)
Asthma® 3(7.0) 1(2.4)
Edema® 1(2.3) 2(4.8)
Moon face® 3(7.0) 4(9.5)
Centripetal obesity® 2(4.7) 1(24)
Hypertrichosis® 23 (53.5) 20 (47.6)
Acne® 4(9.3) 2(4.8)
Cutaneous striae® 0 1(2.4)
Hypertension® 7 (16.3) 5(11.9)
Gingival hyperplasia® 4(9.3) 7 (16.7)
Gastrointestinal event® 2(4.7) 0
Dermatological event® 5(11.6) 3(7.1)
Neuropsychiatric event® 4(9.3) 3(7.1)
Pain® 0 3(7.1)
Cataract® 2(4.7) 0
Glaucoma® 1(2.3) 0
Chronic sinusitis® 0 1(24)
Cough® 1(2.3) 0
Hyperglycemia® 2(4.7) 2 (4.8)
Hyperkalemia® 1(2.3) 1(2.4)
Hyperbilirubinemia® 2(47) 3(7.1)
Hyperuricemia® 1(2.3) 1(2.4)
High-serum glutamic 1(2.3) 3(7.1)
oxaloacetic
transaminase®
High-serum glutamic 2(4.7) 1(2.4)
pyruvic transaminase®
High amylase® 1(2.3) 0
High serum creatinine 1(2.3) 0
phosphokinase®
Low GFR® 1(2.3) 0
Others® 1(2.3) 3(7.1)

“Multiple reports were recorded for these adverse events.
®Ore patient in group A had pneumonia at month 11 and re-
covered after 7 days without discontinuing protocol treatment.
The same patient had posterior reversible encephalopathy
syndrome at month 20, and protocol treatment was dis-
continued. He recovered completely after 10 days.

“One patient in group A had pneumonia, encephalopathy, and
pneumomediastinum after influenza infection at month 5 and
recovered after 7 days. Protocol treatment was restarted after
the recovery.

9One patient in group A had pneumonia at month 21 and re-
covered after 12 days without discontinuing protocol treatment.
“One patient in group B had pneumonia at month 5 and re-
covered after 7 days without discontinuing protocol treatment.
fOne patient in group B had encephalopathy after rotavirus
infection at month 1 and recovered after 7 days. Protocol
treatment was restarted after the recovery.

80nly the first occurrence of these adverse events was recorded.
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Discussion

This study is the first to attempt to select better C; levels
of cyclosporine in the form of mCyA for FRNS in children.
The SRR in group A was 14.4% higher than the SRR in
group B, which was larger than the decision threshold of
8%. Also, there was no difference between the two groups
with respect to the frequency and severity of adverse events.
Therefore, we considered that the C, monitoring regimen for
group A, in which the target C; level was 600-700 ng/ml for
the first 6 months and 450-550 ng/ml for the next 18
months, was better than the regimen for group B, in which
the target C; level was 450-550 ng/ml for the first 6 months
and 300400 ng/ml for the next 18 months. Referencing the
report by Ushijima et al. (26) on the pharmacokinetic profile
of Japanese nephrotic syndrome children treated with
mCyA, the mean Cp levels for months 7-24 in group A
might have ranged from 60 to 80 ng/ml, which was lower
than the levels in the previous studies (7).

We found that the rate of relapse of nephrotic syndrome
was significantly lower in group A than group B patients.
This finding agrees with a previous finding that FRNS
patients with higher C; levels at month 1 tend to have lower
relapse rates during cyclosporine treatment (9).

In the previous studies of mCyA treatment by C, moni-
toring for childhood FRNS, the mean relapse rates varied
from 0.2 to 1.5 per year under the mean C, levels, which
ranged from 497.8 to 729.0 ng/ml (13,16,18,20). The relapse
rate in group A in the present study (0.41/person-year) was
not inferior to the relapse rates in previous studies. Therefore,
we considered that the regimen with C, target for group A is
acceptable for the treatment for childhood FRNS. However,
it remains to be elucidated whether the regimen is also ac-
ceptable for other populations, because most of C, monitor-
ing studies for childhood FRNS were carried out in Japan.

Several grade III adverse events were reported in both
groups in this trial. However, all patients with those severe
adverse events recovered completely, and most patients
restarted protocol treatment. Therefore, we considered
adverse events in this trial acceptable. In the present study,
two patients (4.7%) in group A developed mild to moderate
chronic cyclosporine nephrotoxicity, and zero patients in
group B developed this condition. Although the reason is
unclear, the prevalence of chronic cyclosporine nephrotox-
icity in the present study was much lower than the preva-
lence in a previous study (discussed in Supplemental
Appendix) (15), suggesting that the regimens used in the
present study were safe with respect to the development of
this condition. The two patients who developed cyclospor-
ine nephrotoxicity both had 9-month AUC levels that
seemed to be notably higher than the mean for group A
(Supplemental Table 4). However, it is premature to
make a conclusion that the higher 9-month AUC levels
were responsible for the nephrotoxicity, because the num-
ber of patients who developed chronic cyclosporine neph-
rotoxicity was very low.

One limitation of our study is that, at one particular center,
C; levels were not measured in most patients. Because we
had defined the full analysis set as registered patients
whose treatments were correctly started in the protocol,
the steering committee considered that center to be ineligi-
ble and decided that all eight patients at the center should
be excluded from the full analysis set.
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Another limitation is that the mean C, levels during the
first 6 months in group A did not reach the target range,
suggesting that it is difficult to control C; levels in chil-
dren, especially when the C, target is relatively high. We
speculate that a slight difference in dose of mCyA may

_induce a relatively large difference in C, concentrations in
children when the C, target is relatively high. Nevertheless,
the mean C, levels in group A were significantly higher
than the mean C, levels in group B throughout the trial.
In addition, the levels of AUCy_4 at months 3 and 9 were
significantly higher in group A than group B. We, there-
fore, conclude that patients in both groups were treated in
accordance with the protocol. Additional discussion on
the target C, levels for phase III trials is in Supplemental
Appendix.

It is still controversial whether C, or C, monitoring is
better for renal transplant recipients (10,11,27-34). It is also
unclear whether C, or Cy monitoring is better for children
with FRNS treated with mCyA. Although our study shows
that C, monitoring with the target C, set for group A is
promising, phase III trials are required to compare the ef-
ficacy and safety of the regimen with the efficacy and safety
of the JSPN-recommended Co monitoring protocol.
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ABSTRACT

Background. Chronic kidney disease (CKD) in children is a pro-
gressive and intractable condition that may severely impair the
child’s growth, development and quality of life. Epidemiological
information on pediatric CKD, particularly in Asians, is scant.
Methods. We conducted a nationwide, population-based
survey of Japanese children aged 3 months to 15 years with
pre-dialysis CKD to examine the prevalence of pediatric CKD
in Japan. CKD was classified according to newly established
criteria derived from reference serum creatinine levels in Japa-
nese children. Surveys were sent to 1190 institutions across
Japan to report on cases of pediatric CKD managed as of 1
April 2010.
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Results. A total of 925 institutions (77.7%) responded. Infor-
mation on 447 children was collected. When subdivided ac-
cording to our diagnostic criteria, 70.5% of children had stage
3 CKD, 23.9% stage 4 and 5.6% stage 5. The estimated preva-
lence of Japanese children with CKD was 2.98 cases/100 000
children. Of 407 CKD cases with non-glomerular disease, 278
(68.3%) had congenital anomalies of the kidney and urinary
tract (CAKUT). The newly established criteria showed good
validity compared with existing criteria, including the abbre-
viated Schwartz equation.

Conclusions. Findings from the first nationwide survey of pre-
dialysis CKD in Asian children indicate that the prevalence of
stage 3-5 CKD in children in Japan aged 3 months to 15 years
is 2.98 cases/100 000 children. Most children with CKD pre-
sented with non-glomerular disease, most frequently CAKUT.
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Improved management of CAKUT, including renoprotective
treatment and urological intervention, is required.

"INTRODUCTION

Chronic kidney disease (CKD) in children is a progressive and
intractable condition, with devastating effects on the patient’s
growth, development and quality of life. If left untreated, pedi-
atric CKD eventually progresses to end-stage renal disease
(ESRD), which requires long-term dialysis or repeated renal
transplantation. The mortality rate for children with ESRD on
dialysis is estimated to be 30-150 times that of the general
pediatric population [1, 2]. Therefore, it is particularly impor-
tant to detect CKD as early as possible, possibly by applying
simple but accurate screening of at-risk children. Early identi-
fication of these children can then allow the physician to
promptly introduce appropriate therapy that can prevent or
slow the progression of CKD to ESRD, reducing the incidence
of stage 5 CKD and to control comorbidity.

Epidemiological information on CKD in children is currently
limited, but this sort of information is necessary to understand
the extent of the problem, to identify populations at risk and to
determine the efficacy of current therapeutic interventions.
Although several studies have described the epidemiology of
pre-dialysis CKD in children in Western countries [3-10], very
few have focused on Asian children. It is also important to con-
sider that there may be differences in the epidemiology of CKD
among countries that may be due to racial differences, variations
in screening methods among medical institutions and differ-
ences in in-school screening programs. To address this problem
of limited information in Asian children and to assist subsequent
population-based surveys, we previously determined reference
serum creatinine (SCr) levels in Japanese children [11].

Our first objective in this study was to determine the preva-
lence of pre-dialysis CKD in a cross-sectional, nationwide
survey of Japanese children aged 3 months to 15 years with
pre-dialysis CKD. Stage 3-5 CKD was detected and classified
using newly established criteria derived from normal SCr
levels of age- and sex-matched Japanese children. Because
CKD is defined as a glomerular filtration rate (GFR) of <60
mL/min/1.73 m> (less than half of normal GFR) in the Kidney
Disease Outcomes Quality Initiative (K/DOQI) guidelines [12,
13] and the Kidney Disease: Improving Global Outcomes
(KDIGO) position statement [14] (corresponding to stage 3 or
worse), we focused on patients meeting this criterion and who
had not yet received dialysis or renal transplantation. Our
second objective was to determine the etiology of CKD as well
as the method of detection of CKD and the treatment modal-
ities used in routine clinical practice in Japan.

MATERIALS A M

Establishment of new diagnostic criteria for CKD in

children

The new diagnostic criteria for stage 3-5 CKD were based
on previously established reference SCr levels of Japanese

children [11]. Briefly, in that study, body length and SCr levels
were determined in 1151 healthy children aged 1 month to 18
years who presented at the facilities of the Committee of
Measures for Pediatric CKD and Tokyo Health Service Associ-
ation between 2008 and 2009. Reference intervals of SCr
against age were calculated in children aged 3 months to 11
years, and those against age and sex were calculated in children
aged 12-15 years.

According to the K/DOQI guidelines [12, 13] and KDIGO
position statement [14] for CKD, stage 3—-5 CKD was classified
as GFR 30-59, 15-29 and <15 mL/min/1.73 m®, respectively
(<1/2, <1/4 and <1/8 of normal GFR, respectively), whereas
normal GFR was considered to be ~120 mL/min/1.73 m®.
Given that the GFR is inversely proportional to SCr for a given
body type and age [15], we classified stage 3-5 CKD as SCr
more than twice, four times and eight times, the median
normal SCr levels matched for age alone in children aged 3
months to 11 years (Table 1), or matched for age and sex in
children aged 12-15 years (Table 2).

Study design and population

This was a cross-sectional, nationwide, population-based
survey conducted by the Pediatric CKD Study Group in
Japan in conjunction with the Committee of Measures for
Pediatric CKD of the Japanese Society for Pediatric Nephrol-
ogy (JSPN). Two surveys were sent in August 2010 to a total
of 1190 institutions in Japan, including all institutions that
are members of the JSPN, all university and children’s hospi-
tals and all general hospitals with >200 beds, inviting them
to report cases of pediatric CKD that were managed as of 1
April 2010. We selected these types of hospitals because chil-
dren with apparent CKD were usually referred to institutions
meeting one of these criteria. The deadlines for the first and
second surveys were October 2010 and November 2010,
respectively.

The first questionnaire was designed to record the presence
and approximate number of children with stage 3-5 CKD in
each institution. The second questionnaire recorded data for
each case, including age, date of birth, sex, height, SCr level,
primary renal diagnosis and associated diseases, method of de-
tection, comorbidities and prescribed treatment. For the
purpose of this survey, only data recorded within 6 months of
1 April 2010 were included. The patient’s age was calculated
from the date of birth and the date of each measurement. This
questionnaire also recorded information for each institution,
including the SCr assay method used, and prescribed treat-
ment strategies. The respondents were asked to search their
medical records for patients with a confirmed diagnosis of
CKD or for patients with an abnormal SCr.

The inclusion criteria were as follows: (i) children with
CKD aged 3 months to 15 years at the time of 1 April 2010;
(ii) stage 3-5 CKD, as determined by the newly established di-
agnostic criteria and (iil) no prior treatment with dialysis or
renal transplantation. Only cases with kidney dysfunction that
had lasted for >3 months were included and cases with transi-
ent increases in creatinine were excluded.

The study was conducted in accordance with the ethical
principles set out in the Declaration of Helsinki, and with the
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Table 1. Diagnostic criteria for stage 3-5 chronic kidney disease based on reference serum

creatinine levels (mg/dL) of Japanese children aged 3 months to 11 years

Age 2.5th 50th 97.5th CKD stage 3 CKD stage 4 CKD stage 5
percentile percentile percentile
<2 years
3-5 months 0.14 0.20 0.26 0.41-0.80 0.81-1.60 >1.61
6-8 months 0.14 0.22 0.31 - | 0.45-0.88 0.89-1.76 >1.77
9-11 months 0.14 0.22 0.34 0.45-0.88 0.89-1.76 >1.77
1 year 0.16 0.23 0.32 0.47-0.92 0.93-1.84 >1.85
2-11 (years)
2 0.17 ; 0.24 0.37 0.49-0.96 0.97-1.92 >1.93
3 021 027 0.37 : - 1.0.55-1.08 1.09-2.16 >2.17
4 0.20 0.30 0.40 0.61-1.20 1.21-2.40 >2.41
5 025 0.34 0.45 ' 0.69-1.36 1.37-2.72 >2.73
6 0.25 0.34 0.48 0.69-1.36 1.37-2.72 >2.73 g
7 0.28 0.37 0.49 0.75-1.48 1.49-2.96 >2.97 §~
8 0.29 0.40 0.53 0.81-1.60 ‘ 1.61-3.20 >3.21 :z
9 0.34 0.41 0.51 0.83-1.64 1.65-3.28 >3.29 c
10 0.30 0.41 0.57 0.83-1.64 1.65-3.28 >3.29
11 0.35 0.45 0.58 0.91-1.80 1.81-3.60 >3.61

Values were matched for age alone. Values for the 2.5, 50 and 97.5th percentiles are as presented in Uemura et al. [11]. Table reproduced
with the permission of the Japanese Society of Nephrology.

: £r 3
. Table 2 Dlagnostlc crlterla for stage 3= 5 chronlc kldney dlsease based on reference serum z
creatmme levels (mg/dL) of Japanese male and female children aged 12 15 years ;:
Age 2.5th percentile 50th percentile 97.5th percentile CKD stage 3 CKD stage 4 CKD stage 5 :é
Males ©
(years)
12 0.40 0.53 ' 0.61 1.07-2.12 2.13-4.24 >4.25
13 0.42. 0.59 0.80 1.19-2.36 2.37-4.72 >4.73
14 | 054 0.65 0.96 | 131-260 2.61-5.20 >521
15 | 048 0.68 0.93 1 1.37-2.72 2.73-5.44 >545
Females
(years)
12 0.40 | 0.52 0.66 1.05-2.08 2.09-4.16 >4.17
13 | 041 0.53 loey 1.07-2.12 2.13-4.24 >425
14 | 046 | 058 , 071 1.17-2.32 2.33-4.64 >4.65
15 047 : 0.56 0.72 1.13-2.24 2.25-4.48 | 2449
Values were matched for age and sex. Values for the 2.5, 50 and 97.5th percentiles are as presented in Uemura et al. [11]. Table reproduced
with the permission of the Japanese Society of Nephrology
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ethical guidelines for epidemiological studies issued by the
Ministry of Health, Labour and Welfare in Japan. The study
was approved by the JSPN ethics board and a central ethics
board (the institution of the Principal Investigator, KI) before
study commencement. Because, data were reported retrospec-
tively using patient charts, informed consent was not obtained
in accordance with the above guidelines.

Statistical analyses

Estimation of the number of patients with stage 3-5 CKD
in Japan from the reported number of patients in our survey
was conducted as follows. The estimates were derived as the re-
ported number divided by the response rate. Because the
response rate tends to be lower in institutions with fewer
patients, simple estimates can overestimate the true preva-
lence. Therefore, the reported patients were stratified accord-
ing to institution type (i.e. university hospital, children’s
hospital and general hospital) and the number of beds (<200,
200-500 and >500), based on the assumption that the
response rate is independent of the number of patients in each
stratified category [16]. Then, the number of reported patients
in each category was divided by the response rate and summed
to calculate the total estimated number of patients in Japan.
The total estimated number of patients was divided by the size
of the population at risk in Japan reported by the Statistics
Bureau of the Ministry of Internal Affairs and Communi-
cations of Japan (http:/www.stat.go.jp/english/index.htm) to
calculate the prevalence as of 1 April 2010. Weighted k with
95% confidence interval (CI) was calculated to compare the
CKD classification used here with the abbreviated Schwartz
equation. All statistical analyses were carried out using SAS
system version 9 (SAS Institute, Inc., Cary, NC, USA).

"RESULTS

”Tal:)lre 3. Patient éhafactg‘istics according to chronic kidney disease sta’ge

Subject characteristics

A total of 925 of 1190 institutions (77.7%) responded to the
first questionnaire. A total of 479 children were identified in
the second questionnaire. Of these, 447 children (272 males
and 175 females) with stage 3-5 CKD who had not been
treated with dialysis/renal transplantation fulfilled the eligi-
bility criteria and were included in this study. Their character-
istics are summarized in Table 3. Most of the children (315;
70.5%) had stage 3 CKD, whereas 107 (23.9%) had stage 4 and
25 (5.6%) had stage 5. The number of Japanese children with
stage 3-5 CKD was estimated to be 542.5 (95% CI: 497.5-
587.5) as of 1 April 2010. On the basis of this, the prevalence
of stage 3-5 CKD was calculated to be 2.98 cases/100 000 Japa-
nese children aged 3 months to 15 years. Figure 1 shows the
SCr values for males and females according to CKD stage. All
of the responding institutions used enzyme immunoassays to
determine SCr levels for the assessment of CKD stage; none
used other methods, such as the Jaffe method.

Figure 2 shows the frequencies of CKD stage according to
the estimated GFR (eGFR) of 412 children in whom height
was measured. Stage 3-5 CKD was classified using our diag-
nostic criteria derived from SCr levels of age- and sex-matched
Japanese children, while the eGFR was determined using the
abbreviated Schwartz equation, which was recently revised
from the original Schwartz equation [17]. This figure also
shows the distribution of children classified in each CKD stage
determined using both methods. These data indicate that the
distribution of CKD stages determined using population-
based reference values is comparable with the distribution
derived using a method based on the abbreviated Schwartz

All subjects Stage 3 Stage 4 Stage 5
n 447 315 107 25
Age (years) ' 8.7 £45 87146 8.5+4.3 10.0 £ 4.5
Serum creatinine (mg/dL) 1.6+1.2 1.1+04 22+0.8 53+£20
Height (cm) 119.8+£289 121.1+£28.7 118.8+274 107.8 £35.6
Height SDS* ~1.6+18 -13+15 —22+2 -35+3
BUN (mg/dL) 35.6+18.8 284+9.8 48.6+18.2 74.9 £31.5
CysC (mg/L) 21x08 19+0.5 31+1.0 41+09
eGFR-abbreviated (mL/min/1.73 mz)b 395+ 16 472+11.2 22.6%55 9.6+32
eGFR-complete (mL/min/1.73 m?)° 39.6+12.3 437497 249+53 11.6+4.1
Values are means * standard deviation.
SDS, standard deviation score; BUN, blood urea nitrogen; CysC, cystatin C.
"Height SDS was calculated using data recorded by the Japanese Society for Pediatric Endocrinology in 2000 (http:/jspe.umin.jp/
ipp_taikaku.htm).
®Determined using the abbreviated Schwartz equation.
“Determined using the complete Schwartz equation.
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FIGURE 1. Serum creatinine levels according to age and CKD
stage. Actual serum creatinine levels according to age and CKD stage
are plotted separately for males (A) and females (B).

equation. The weighted x-value for this comparison was 0.71
(95% CI: 0.65-0.77). For 198 children with cystatin C data,
similar distributions were obtained when we compared our
new classification with the complete Schwartz equation, which
requires cystatin C-values [17] (data not shown).

Primary etiologies of pediatric CKD in Japan

The primary etiologies of CKD in the study population are
presented in Table 4. Non-glomerular disease (407/447;
91.1%) was the most common primary cause of CKD, whereas
glomerular disease accounted for 7.8% (35/447) of all cases.

Among those with non-glomerular diseases, 278 (68.3%)
children had congenital anomalies of the kidney and urinary
tract (CAKUT), of which 60 (21.6% of those with CAKUT)
had obstructive urological malformations comprising pos-
terior urethral valve, stricture of the urethra, hydronephrosis,
hydroureter and cloacal anomaly (Table 4). The three most

common causes of glomerular diseases were Alport’s syn-
drome, focal segmental glomerulosclerosis and chronic glo-
merulonephritis (n=8 each). No children presented with
definitively diagnosed IgA nephropathy. Figure 3 shows the
distribution of CAKUT and non-CAKUT diseases by age.

The diseases included recognizable syndrome [n=46
(10.3%)] as follows: Down syndrome (OMIN, #190685, n = 6);
VATER association (#192350, n=4); Kabuki syndrome
(#147920); Wolf-Hirschhorn syndrome (#194190) and
Townes-Brocks syndrome (#107480, n =3 each); prune belly
syndrome (#100100) and branchio-oto-renal syndrome
(#113650, 2 each) and others.

Methods of detecting Stage 3-5 CKD

Table 5 summarizes the methods and reasons for the detec-
tion of children with stage 3-5 CKD. Table 5 also presents the
age at diagnosis for each of the methods. Fetal and perinatal
ultrasonography was the most common method, followed by
analysis by chance and urinary tract infection. As might be ex-
pected, CKD was generally detected at an earlier age in chil-
dren with CAKUT than in children with other forms of CKD,
particularly for analysis by chance (3.9 versus 5.8 years),
urinary tract infection (0.7 versus 1.8 years) and failure to
thrive (0.3 versus 2.2 years). Annual urinalysis at school de-
tected CKD in 27 children (9.7%; median age, 8.9 years) with
CAKUT and 12 children (7.1%; median age, 8.3 years) with
other forms of CKD.

Treatment modalities for pediatric CKD

The treatment modalities for all patients included in this
survey, and for patients with CAKUT and those with other
forms of CKD, are summarized in Table 6. The most common
treatments for CAKUT were angiotensin II receptor blockers
(ARBs) and angiotensin-converting enzyme inhibitors
(ACEIs) which were used in approximately one-quarter of the
patients. Both ARBs and ACEIs together were used in 11 and
23 patients with CAKUT and other forms of CKD, respectively
(data not shown). Carbon adsorbents (e.g. AST-120), which
are approved as renoprotective agents adsorbing uremic toxins
in the gastrointestinal tract [18] and calcium antagonists, were
used in 13.0 and 7.2% of patients, respectively.

DISCUSSIO

Our findings revealed that the prevalence of stage 3-5 CKD in
children in Japan aged 3 months to 15 years is 2.98 cases/
100 000 children. Out of 447 CKD cases surveyed, 407 (91.1%)
had non-glomerular disease; among them, 278 (68.3%) had
CAKUT. To our knowledge, this is the first cross-sectional, na-
tionwide, population-based survey of children with pre-dialy-
sis CKD in Asia. Several reports to date have described the
epidemiology of pre-dialysis CKD in children; however, these
studies were restricted to Western countries [3-10].

SCr levels were frequently used to estimate the GFR and
screen for CKD. The original Schwartz equation has been used
extensively in clinical practice for estimating the GFR in chil-
dren, where GFR (mL/min/1.73 m®) = age-dependent
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FIGURE 2. Distribution of CKD stage in males and females. Stage 3-5 CKD was classified using our newly established diagnostic criteria
derived from normal SCr levels of age- and sex-matched Japanese children. The eGFR was determined using the abbreviated Schwartz equation
[17]. Stage 3-5 CKD was classified as GFR 30-59, 15-29 and <15 mL/min/1.73 m?, respectively (<1/2, <1/4 and <1/8 of normal GFR, respect-
ively). Only subjects in whom height was measured were included in this analysis. Values in the table are 7 (%).

coefficient « x height (cm)/SCr (mg/dL) [15]. This equation
was recently modified because of the increasing use of enzy-
matic methods to determine SCr levels, replacing the Jaffe
method [17]. However, there are some possible limitations of
the original Schwartz equation. First, it requires the patient’s
height, which is not always measured in routine clinical prac-
tice. Secondly, the GFR was reported to be lower in Asian
adults than in Caucasians [19], which may have led us to over-
estimate the GFR when using the Schwartz equation in Asian
children. To overcome these perceived limitations, several re-
search groups have sought to establish reference levels in large
populations of children [11, 20], which may be more practical
and relevant for screening purposes in a specific country. Ac-
cordingly, in our present study, we evaluated renal function by
comparison with established reference values [11]. In this way,
CKD was determined based on SCr, rather than relying on
equations adjusted for height and mathematical constants. As

a result, children aged <2 years, to whom the normal CKD
classification could not be applied, could be included. Simi-
larly, Pottel et al. [20] proposed and validated a height-inde-
pendent, population-normalized equation derived from the
patient’s SCr and the median SCr for age-matched healthy
children. Based on their results, population-based reference
levels for renal function and CKD may provide a valid ap-
proach to determine CKD stage for screening purposes, as in
the present study. Indeed, our newly established CKD classifi-
cation showed good validity compared with the abbreviated
and complete Schwartz equations.

To classify stage 3-5 CKD, we used new diagnostic criteria
based on previously determined SCr reference levels in age-
and sex-matched Japanese children [11]. In that study, SCr
was determined using enzymatic methods; in our current
study, the participating institutes only used the enzymatic
method to determine SCr. Therefore, our current results are
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Table 4. P‘rimary etiologies of stage 3-5 chronic kidney disease in Japanese children aged 3 months

to 15 years -
Primary disease Non-glomerular kidney Glomerular kidney disease Unclassified (n =5,
disease (n =407, 91.1%) (n=35,7.8%) 1.1%)
1 (%) n (%) 1 (%)

CAKUT 278 (68.3) 0(0.0) 0 (0.0)

CAKUT with obstructive urological 60 (21.6) 0(0.0) 0(0.0)

malformations®

CAKUT without obstructive 218 (78.4) 0(0.0) 0(0.0)

urological malformations
Cortical necrosis (perinatal period) 40 (9.8) 0(0.0) 0 (0.0)
Polycystic kidney disease 20 (4.9) 0(0.0) 0 (0.0)
Nephronophthisis 19 (4.7) 0 (0.0) 0 (0.0)
Drug induced 17 (4.2) 0(0.0) 1(20.0)
Other inherited kidney damage 10 (2.5) 1(2.9) 0 (0.0)
Acute kidney injury 10 (2.5) 0 (0.0) 0 (0.0)
Neurogenic bladder 6(1.5) 0 (0.0) 0 (0.0)
Other non-inheritable character 4(1.0) 2 (5.7) 0 (0.0)
Alport’s syndrome 0(0) 8(22.9) 0(0.0)
Cystinosis 1(0.2) 0(0.0) 0(0.0)
Wilms tumor 1(0.2) 0(0.0) 0 (0.0)
Chronic tubulointerstitial nephritis 1(0.2) 0 (0.0) 0(0.0)
Focal segmental glomerulosclerosis 0 (0.0) 8 (22.9) 0 (0.0)
Chronic glomerulonephritis 0(0.0) 8(22.9) 0(0.0)
Congenital nephrotic syndrome 0 (0.0) 3 (8.6) 0(0.0)
Hemolytic uremic syndrome 0 (0.0) 3 (8.6) 0 (0.0)
Systemic lupus erythematosus 0(0.0) 2(5.7) 0 (0.0)
Unknown 0(0.0) 0(0.0) 4 (80.0)
*Posterior urethral valve, stricture of the urethra, hydronephrosis, hydroureter, and cloacal anomaly.

not subject to confounding because of the use of multiple
assay types.

The prevalence of pre-dialysis stage 3-5 CKD was esti-
mated to be 2.98 cases/100 000 Japanese children, which was
lower than that reported in the ItalKid and REPIR II Projects
(747 and 7.106 cases/100000 children, respectively). The
reason for this lower prevalence of CKD in Japan in compari-
son with Western countries is unclear, but differences in the
age of the cohort and the method of case definition may
account for some of the difference. For example, the ItalKid
Project [3] included children aged <20 years, used the original
Schwartz equation to determine GFR and included children
with eGFR <75 mL/min/1.73 m®. Similarly, the REPIR II
study [4] included children aged <19 years with stage 2 CKD,
which accounted for 42% of their cases. Nevertheless, the esti-
mated prevalence of stage 3-5 CKD in Spain, based on data

from the REPIR II study, is 4.12 cases per 100 000 children
(7.106 x 58%), which is slightly higher than that estimated in
our study. The low frequency of pre-dialysis CKD in our study
is consistent with the low frequency of children with ESRD in
Japan [7].

A number of factors, such as differences in racial and
ethnic distributions, primary cause of CKD and quality of
medical care, may contribute to the difference in reported
prevalence estimates between Japan and Western countries.
Additionally, the prevalence of obstructive uropathy is low in
Japan, being detected in just 21.6% of patients with CAKUT;
by contrast, in Western countries, obstructive uropathy ac-
counts for many cases of non-glomerular disease in children
with CKD [21, 22]. Several factors may explain the differences
in the prevalence of CAKUT with obstructive uropathy, in-
cluding (i) genetic differences that affect the distribution of
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FIGURE 3. Age distribution of children with stage 3-5 CKD in Japan. Children with CAKUT are shown in dark gray bars, while those with
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2010) published by the Statistics Bureau of Ministry of Internal Affairs and Communications in Japan (http:/www.stat.go.jp/english/index.htm).
Number of children with CAKUT or other forms of CKD reported in the survey. CKD, chronic kidney disease; CAKUT, congenital anomalies

of the kidney and urinary tract.

obstructive diseases (e.g. prune-belly syndrome) and (ii) the
diagnosis of these congenital diseases may be difficult, result-
ing in underestimation of obstructive uropathies. However,
despite the lower frequency of obstructive uropathy in Japan,
appropriate urological interventions are still an indispensable
part of the management of children with CKD, because they
are one of very few treatments that can change the outcome of
CKD [23].

Despite the lower prevalence of CKD in our study com-
pared with European cohorts, we believe that our data accu-
rately represent the current situation in Japan because 1190
institutes, including all institutes belonging to the JSPN, were
included in the survey and there was a very high response rate
(77.7%). We also stratified institutions by hospital type and
the number of beds to improve the accuracy of the estimated
prevalence. Because the response rate tended to be lower for
institutions with fewer patients, estimates of CKD prevalence
that do not take strata (hospital size and type) into account are
possibly overestimates. For example, a simple estimate without
stratification in the present study would have been 599.0 chil-
dren rather than the 542.5 estimated with strata taken into
account. Thus, the stratified estimation method should correct

for a bias between response rates and hospital type/size. Never-
theless, it is possible that some patients with stage 3-5 CKD
were treated at other types of institutions not included in this
survey.

The majority of Japanese children with CKD presented
with non-glomerular disease. CAKUT was the primary cause
of CKD (i.e. 62.2% of all CKD cases). This observation was ex-
pected. Unlike in adults, in whom diabetes and hypertension
are the primary cause of CKD, congenital causes are respon-
sible for majority of pediatric CKD cases [1, 7]. The prevalence
of CAKUT in our study is also consistent with that reported in
the ItalKid and REPIR II studies (67.5 and 59%, respectively)
(3, 4].

Interestingly, there were very few cases of glomerular
disease, such as focal segmental glomerulosclerosis, and no
confirmed cases of IgA nephropathy (one case was suspected,
but diagnosis was not confirmed). In a Japanese registry of
pediatric ESRD patients conducted in 1998, 19% of patients
had focal segmental glomerulosclerosis and 3% had IgA ne-
phropathy [24]. The present analysis is likely to have underes-
timated the prevalence of these diseases for several reasons.
First, these diseases progress more rapidly than non-
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Té;ble 5. vMethrod'qf detection of Stage 3-5 CKD

Screening method CAKUT Age at which CKD Other formsof Age at whichCKD
(n=278) was detected (years) CKD (n=169) was detected (years)
n (%) Median IQR 1 (%) Median IQR

Fetal ultrasonography/ultrasonography | 88 (31.7) 0.0 0.0-0.0 19 (11.2) 0.0 0.0-0.0

in the neonatal period

Analysis by chance 38 (13.7) 3.9 1.2-6.1 32 (18.9) 5.8 1.7-94

Urinary tract infection 38 (13.7) 0.7 0.3-2.0 4(2.4) 1.8 0.3-3.6

Annual urinalysis at school 27 (9.7) 8.9 7.0-10.3 12 (7.1) 8.3 7.1-10.9

Blood analysis in the neonatal period, 25 (9.0) 0.0 0.0-0.1 31 (18.3) 0.0 0.0-0.0

asphyxia, neonatal shock and other

events

Failure to thrive, weight loss and 25 (9.0) 0.3 0.1-1.0 7 (4.1) 2.2 0.2-12.3

general fatigue :

Urinalysis at 3 years 9(3.2) 32 3.0-34 7 (4.1) 3.1 3.0-3.6

Routine health check (infants/toddlers) 7 (2.5) 0.3 0.1=-1.7 4(24) 2.8 0.4-5.1

Symptoms of glomerulonephritis 5(1.8) 3.8 1.0-5.0 13(7.7) 5.3 2.7-8.7

(edema, oliguria or gross hematuria)

Analysis because of anomalies and 3(L1) 0.0 0.0-0.1 1(0.6) 1.7 1.7-1.7

syndromal stigmata

Detected during the management of 2(0.7) 53 5.3-5.3 18 (10.7) 32 0.2-8.2

other diseases(e.g. heart disease and

malignancy)

Dysuria, including neurogenic bladder 2(0.7) 4.9 4.9-49 4(24) 5.7 1.2-9.5

and nocturia

Analysis because of family history 0(0.0) — — 3(1.8) 6.2 4.5-9.7

Sepsis 0(0.0) —_ — 3(1.8) 0.0 0.0-0.1

Others 0 (0.0) — — 2(1.2) 2.2 0.8-3.7

Unknown (not available) 9(3.2) — - 9(5.3) — —_

CKD, chronic kidney disease; CAKUT, congenital anomalies of the kidney and urinary tract. )

glomerular diseases and could have been missed in the survey.
Secondly, we restricted our analysis to those aged <16 years,
but chronic glomerulonephritis frequently affects patients
aged 16-20 years. Furthermore, these diseases respond well to
novel treatment regimens that are well established in Japan, in-
cluding combination therapy for IgA nephropathy [25] and
cyclosporine in combination with steroids for steroid-resistant
nephrotic syndrome, including focal segmental glomerulo-
sclerosis [26].

Fetal/neonatal ultrasonography was the most frequently
used method to detect CAKUT, followed by blood analyses by
chance and urinary tract infection. Only 27 children with
CAKUT and 12 with other forms of CKD were detected fol-
lowing annual urinalysis at school. Patients with CKD, par-
ticularly children with CAKUT, do not necessarily show
abnormal urinalysis, and are missed by the screening. It is also
possible that CKD (particularly non-CAKUT forms of CKD)

could be detected in the earlier stages (earlier than stage 3)
and patients could then receive appropriate intervention to
treat the underlying disease. The treatment strategies for
CAKUT and other forms of CKD in each institution were gen-
erally similar, although the responding institutions more often
reported using carbon absorbents for CAKUT and ACEIs in
other forms of CKD (data not shown).

Some limitations of the study merit consideration. First,
only 77.7% of the surveyed institutions responded to the ques-
tionnaire, which may limit the accuracy of the estimate. Sec-
ondly, although the classification system used for CKD staging
in the present study was based on reference SCr levels deter-
mined via enzymatic methods from Japanese children, these
diagnostic criteria have not been validated globally and other
reference values would be needed for other populations.
Height could have also been determined to estimate GFR via
the Schwartz equation; however, because the GFR is inversely
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Table 6. Treatment strategies for CAKUT and

other forms of CKD for individual patients

CAKUT Other forms of | All patients
(n=278) CKD (n=169) (n=447)
n (%) n (%) n (%)
ARBs
201 (72.3) 115 (68.0) 316 (70.7)
No
74 (26.6) 53 (314) 127 (28.4)
Yes
3(1.1) 1(0.6) 4(0.9)
NA
ACEIs
209 (75.2) 108 (63.9) 317 (70.9)
No
66 (23.7) 60 (35.5) 126 (28.2)
Yes
3(1.1) 1(0.6) 4(0.9)
NA
Carbon absorbents
237 (85.3) 144 (85.2) 381(85.2)
No
34 (122) 24 (14.2) 58 (13.0)
Yes
7 (2.5) 1(0.6) 8(1.8)
NA
Calcium antagonists
264 (94.9) 147 (87.0) 411 (91.9)
No
11(4.0) 21(12.4) 32(7.2)
Yes
3(1.1) 1(0.6) 4(0.9)
NA
CAKUT, congenital anomalies of the kidney and urinary tract;
CKD, chronic kidney disease; ARB, angiotensin II receptor
blocker; ACEI angiotensin-converting enzyme inhibitor; NA,
not available.

"ACKNOWLEDGEMENTS

proportional to SCr in age- and sex-matched individuals, and
because we used age- and sex-matched reference SCr levels es-
tablished in a previous study with 1151 children, our measure-
ments should be accurate enough and more practical for
screening purposes. Indeed, our CKD staging showed good
agreement with CKD staging based on the abbreviated
Schwartz equation (Figure 2). Because, our CKD staging
method is based on the SCr level, CKD may be missed in chil-
dren with small muscle mass, such as those with spina bifida,
neuromuscular disease and short stature.

- REFERENCES

To our knowledge, this is the first nationwide, population-
based survey of children with pre-dialysis CKD in Asia and
applied reference levels for CKD derived from a large cohort
of Japanese children. This method showed good agreement
with the abbreviated Schwartz equation and is practical for
screening purposes, including children aged <2 years, as
current methods are not appropriate for estimating CKD in
this age group. The estimated prevalence of stage 3-5 CKD in
Japan was 2.98 cases/100 000 children, which is lower than
that in Western countries. Most cases presented with non-glo-
merular disease, and CAKUT was the most common cause of
CKD. Improved management of CAKUT in children with
CKD, including renoprotective treatment and urological inter-
ventions, is required. We are planning randomized and longi-
tudinal studies to improve the management of pediatric CKD,
and better understand its long-term prognosis.

This work was supported by the ‘Research on rare and intract-
able diseases, Health and Labour Sciences Research Grants’
from the Ministry of Health, Labour and Welfare, Japan. The
authors would like to thank Drs Takuhito Nagai (Aichi),
Kenichi Satomura (Osaka), Midori Awazu (Tokyo), Toshiyuki
Ohta (Hiroshima), Kazumoto lijima (Hyogo), Takeshi Mat-
suyama (Tokyo), Mayumi Sako (Tokyo), Hidefumi Nakamura
(Tokyo), Shuichiro Fujinaga (Saitama), Hiroshi Kitayama
(Shizuoka), Naoya Fujita (Shizuoka), Masataka Hisano
(Chiba), Yuko Akioka (Tokyo), Daishi Hirano (Tokyo),
Hiroshi Hataya (Tokyo), Yoshinobu Nagaoka (Tokyo),
Takashi Sekine (Tokyo), Yoshimitsu Goto (Aichi), Takuji
Yamada (Aichi), Yohei Ikezumi (Niigata), Takeshi Yamada
(Niigata) and Akira Matsunaga (Yamagata) of the Pediatric
CKD Study Group in Japan for their contributions to the
study. The authors also would like to thank the institutions
listed in the Supplementary Material for their participation in
surveys, and Mr Masaaki Kurihara, Ms Chie Matsuda and Ms
Naomi Miyamoto of the Japan Clinical Research Support Unit
(Tokyo) for their participation in data management. The
results presented in this paper have not been published pre-
viously in whole or part, except in abstract format.

CONFLICT OF INTEREST STATEMENT

Kenji Ishikura has received travel expense from Asahi Kasei
Pharma and lecture fee and travel expense from Novartis
Pharma.

Yuko Hamasaki has received research grants from Novartis
Pharma, and lecture fee from Novartis Pharma and Astellas
Pharma.

1. Warady BA, Chadha V. Chronic kidney disease in children: the
global perspective. Pediatr Nephrol 2007; 22: 1999-2009.

€107 ‘v A[ng uo 3seng Aq /S10°sfeuino(piojxo-puy/:dny woy popeojumoq

K. Ishikura et al.



10.
11

12.

13.

14.

. McDonald SP, Craig JC. Long-term survival of children with

end-stage renal disease. New Engl ] Med 2004; 350: 2654-2662.

. Ardissino G, Dacco V, Testa S et al. Epidemiology of chronic

renal failure in children: data from the ItalKid project. Pediatrics
2003; 111: e382-387.

. Areses Trapote R, Sanahuja Ibanez MJ, Navarro M. Epidemiol-

ogy of chronic kidney disease in Spanish pediatric population.
REPIR II Project. Nefrologia 2010; 30: 508-517 (in Spanish).

. Esbjorner E, Berg U, Hansson S. Epidemiology of chronic renal

failure in children: a report from Sweden 1986-1994. Swedish Pedi-
atric Nephrology Association. Pediatr Nephrol 1997; 11: 438-442.

. Furth SL, Cole SR, Moxey-Mims M et al. Design and methods of

the chronic kidney disease in children (CKiD) prospective cohort
study. Clin ] Am Soc Nephrol 2006; 1: 1006-1015.

. Harambat J, van Stralen KJ, Kim JJ et al. Epidemiology of chronic

kidney disease in children. Pediatr Nephrol. 2011; 27: 363-373.

. Mong Hiep TT, Ismaili K, Collart F et al. Clinical characteristics

and outcomes of children with stage 3~5 chronic kidney disease.
Pediatr Nephrol 2010; 25: 935-940.

. Deleau J, Andre JL, Briancon S et al. Chronic renal failure in chil-

dren: an epidemiological survey in Lorraine (France) 1975-1990.
Pediatr Nephrol 1994; 8: 472-476.

US Renal Data System. 2010 Atlas of CKD & ESRD; 2010.
Uemura O, Honda M, Matsuyama T et al. Age, gender, and body
length effects on reference serum creatinine levels determined by
an enzymatic method in Japanese children: a multicenter study.
Clin Exp Nephrol 2011; 15: 694-699.

K/DOQI cdlinical practice guidelines for chronic kidney disease:
evaluation, classification, and stratification. Am J Kidney Dis
2002; 39(2 Suppl 1): S1-5266.

Hogg RJ, Furth S, Lemley KV et al. National Kidney Foundation’s
Kidney Disease Outcomes Quality Initiative clinical practice
guidelines for chronic kidney disease in children and adolescents:
evaluation, classification, and stratification. Pediatrics 2003; 111:
1416-1421.

Levey AS, Eckardt KU, Tsukamoto Y et al. Definition and classifi-
cation of chronic kidney disease: a position statement from
Kidney Disease: Improving Global Outcomes (KDIGO). Kidney
Int 2005; 67: 2089-2100.

11
P40

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

Schwartz GJ, Brion LP, Spitzer A. The use of plasma creatinine con-
centration for estimating glomerular filtration rate in infants, chil-
dren, and adolescents. Pediatr Clin North Am 1987; 34: 571-590.
Hashimoto S, Fukutomi K, Nagai M et al. A note on methods for
estimating the number of patients in the nationwide epidemiolo-
gical survey on intractable diseases. Nihon Koshu Eisei Zasshi
1990; 37: 768-774 (in Japanese).

Schwartz GJ, Munoz A, Schneider MF et al. New equations to es-
timate GFR in children with CKD. ] Am Soc Nephrol 2009; 20:
629-637.

Akizawa T, Asano Y, Morita S et al. Effect of a carbonaceous oral
adsorbent on the progression of CKD: a multicenter, random-
ized, controlled trial. Am J Kidney Dis 2009; 54: 459-467.

Imai E, Horio M, Nitta K et gl Estimation of glomerular
filtration rate by the MDRD study equation modified for Japanese
patients with chronic kidney disease. Clin Exp Nephrol 2007; 11:
41-50.

Potte] H, Hoste L, Martens F. A simple height-independent
equation for estimating glomerular filtration rate in children.
Pediatr Nephrol 2012; 27: 973-979.

Chadha V, Warady BA. Epidemiology of pediatric chronic kidney
disease. Adv Chronic Kidney Dis 2005; 12: 343-352.

Furth SL, Abraham AG, Jerry-Fluker J et al. Metabolic abnormal-
ities, cardiovascular disease risk factors, and GFR decline in chil-
dren with chronic kidney disease. Clin ] Am Soc Nephrol 2011; 6:
2132-2140.

Nakai N, Asanuma H, Shishido S et al. Changing concepts in ur-
ological management of the congenital abnormalities of kidney
and urinary tract, CAKUT. Pediatr Int 2003; 45: 634-641.

Hattori S, Yosioka K, Honda M et al. The 1998 report of the Japa-
nese National Registry data on pediatric end-stage renal disease
patients. Pediatr Nephrol 2002; 17: 456-461.

Kamei K, Nakanishi K, Ito S et al. Long-term results of a random-
ized controlled trial in childhood IgA nephropathy. Clin ] Am
Soc Nephrol 2011; 6: 1301-1307.

Hamasaki Y, Yoshikawa N, Hattori S et al. Cyclosporine and
steroid therapy in children with steroid-resistant nephrotic syn-
drome. Pediatr Nephrol 2009; 24: 2177-2185.

Received for publication: 23.8.2012; Accepted in revised form: 18.12.2012

Pre-dialysis pediatric CKD in Japan

=
3
Gt
&
aQ
=
a
‘|
=]
=1
—
=
E.
&
ES
[
=
=
w



Pediatr Nephrol (2013) 28:903-909
DOI 10.1007/s00467-012-2403-6

Endoplasmic reticulum stress with low-dose cyclosporine
in frequently relapsing nephrotic syndrome

Taketsugu Hama « Koichi Nakanishi -

Hironobu Mukaiyama - Yuko Shima - Hiroke Togawa -
Mayumi Sako - Kandai Nozu - Kazumoto Iijima -
Norishige Yoshikawa

Received: 1 August 2012 /Revised: 16 November 2012 / Accepted: 4 December 2012 /Published online: 15 January 2013

© IPNA 2013

Abstract

Background A possible mechanism of cyclosporine (CsA)
nephrotoxicity is tubular apoptosis. Endoplasmic reticulum
(ER) stress has been shown to be an apoptosis activator.
Glucose-regulated proteins 78 and 94 (GRP78, GRP94,
respectively) are ER stress-induced chaperones. Eukaryotic
translation initiation factor 2« (EIF2«x) attenuates protein
synthesis. If stress is prolonged, cells undergo apoptosis,
inducing the production of GADD153, a transcription fac-
tor, which in turn downregulates anti-apoptotic protein B-
cell lymphoma 2 (Bcl-2).

Methods Endoplasmic reticulum stress-related molecules were
evaluated by real-time polymerase chain reaction (PCR) using
renal biopsy tissues from 17 children with frequently relapsing
nephrotic syndrome before and after 2 years of CsA therapy.
Results GRP78, GRP94, elF2«, and Bcl-2 were significant-
Iy upregulated in renal biopsy tissues from children 2 years
post-CsA treatment. However, there was almost no change
in GADD153. Mean ratios of post- to pre-CsA expression of
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GRP78, GRP94, elF2x and Bcl-2 were 2.53, 1.80, 2.38 and
1.92, respectively. Post-CsA administration, GRP78 and
elF2x were upregulated by up to sixfold, and GRP94 and
Bcl-2 were upregulated by up to fourfold compared with the
respective pre-CsA levels. There were significant correla-
tions between GRP78, GRP94, elF2«, and Bcl-2 levels.
These findings suggest that CsA induced an unfolded protein
response due to ER stress, but did not cause apoptosis.

Conclusions An unfolded protein response due to ER stress
induced by CsA may function in a defensive manner, with
less apoptosis occurring under low-dose conditions. This
finding is important for the rationale for CsA administration.

Keywords Cyclosporine A - Endoplasmic reticulum stress -
Frequently relapsing nephrotic syndrome - Nephrotoxicity -
Unfolded protein response

Introduction

Idiopathic nephrotic syndrome (NS) is a common disease in
children. More than 80 % of children with idiopathic NS
have steroid-sensitive NS (SSNS) [1]. However, approxi-
mately 60 % of patients with SSNS experience relapses, and
a considerable number of these show frequently relapsing NS
(FRNS) and/or steroid-dependent NS (SDNS) and subsequent-
ly develop severe corticosteroid toxicity, including hyperten-
sion, obesity, growth suppression, diabetes, and glaucoma,
after repeated treatment with corticosteroid for the relapses
[1]. Therefore, in FRNS/SDNS cases, immunosuppressive
drugs are often used to avoid the severe side effects of cortico-
steroids. Calcineurin inhibitors, especially cyclosporine A
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(CsA), are often used to treat FRNS/SDNS. However, neph-
rotoxicity due to tubular injury is the main adverse effect of
CsA [1].

The mechanisms of chronic CsA nephrotoxicity appear
to be multifactorial [2]. One of the possible mechanisms of
CsA nephrotoxicity is tubular cell apoptosis. An increased
rate of tubular cell apoptosis has been observed in human
renal biopsy specimens obtained from patients with CsA
nephrotoxicity [3]. Endoplasmic reticulum (ER) stress has
been shown to be an activator of apoptosis [4]. ER stress is
defined as an accumulation of unfolded or misfolded pro-
teins in the ER, both physiologically and pathologically. In
response to this accumulation of unfolded/misfolded pro-
teins, cells adapt to the stressful conditions via an unfolded
protein response (UPR) [5]. The UPR involves transient
attenuation of new protein synthesis, induction of ER chap-
erones, such as glucose-regulated proteins 78 and 94
(GRP78 and GRP94), and activation of ER-associated deg-
radation to eliminate immature proteins. However, if the
stress is prolonged or if the adaptive response fails, cells
undergo apoptosis, which involves the induction of genes
such as growth arrest and DNA damage-inducible gene 153
(GADD153) [5-8]. Therefore, apoptosis induced by ER
stress is characterized by the induction of the transcription
factor GADDI153 [4, 9]. Elevated GADD153 expression has
been shown to downregulate the expression of anti-
apoptotic protein, B-cell lymphoma 2 (Bcl-2) [6].
Eukaryotic translation initiation factor 2« (elF2c) is one
of the key molecules for attenuation of new protein synthe-
sis in the UPR [10, 11]. Systemic administration of CsA in
mice causes rapid, significant induction of ER stress in
the kidney [12]. It is also thought that CsA causes
upregulation of indicators for ER stress in renal tubular
cells in humans [5, §].

However, to date, ER stress in the human kidney due to
CsA in clinical practice has not been fully examined.
Therefore, we evaluated ER stress and related molecules
(GRP78, GRP94, elF2a, GADDI153 and Bcl-2) in renal
biopsy tissues obtained from children before and after
2 years of CsA therapy [13, 14].

Methods
Patients

The study was performed in accordance with the
Declaration of Helsinki and was approved by the regional
research ethics vetting boards (Wakayama Medical
University #571). The study group comprised children with
FRNS who had idiopathic NS. Patients showing steroid-
resistant NS (SRNS) and SDNS were excluded. The criteria
for and definitions of NS, remission, and relapse were in
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accordance with the International Study of Kidney Disease
in Children [15]. FRNS was defined as two or more relapses
of NS within 6 months after the initial episode or four or
more relapses within any 12-month period. Patients received
treatment with CsA from January 2006 to December 2011.
Only first CsA administrations were included in the study,
and no patient had been previously treated with cyclophos-
phamide. The total duration of CsA treatment was 2 years.
For the first 6 months, all patients received microemulsified
CsA (Neoral; Novartis, Basel, Switzerland) in a dose that
maintained a whole-blood trough (Cy) level between 80 and
100 ng/mL or a 2-h post-dose (C,) level between 450 and
700 ng/mL of CsA. For the next 18 months, the dose was
adjusted to maintain a Cy level between 60 and 80 ng/mL or
a C, level between 300 and 550 ng/mL [14]. CsA levels
were measured monthly by monoclonal radicimmunoassay.
Maintenance prednisolone was not prescribed. Before and
after the 2-year treatment, all patients were scheduled to
undergo renal biopsies, and the dose of CsA was tapered
after the second biopsy. All renal biopsies were performed
when patients with FRNS showed no proteinuria. There was
no concomitant use of other immunosuppressants among the
patients, except for corticosteroids for treatment relapses.
Each patient’s family gave written informed consent for
the renal biopsies and studies. We attempted to include all
patients with similar treatment conditions during the study
period.

Renal tissues were obtained by needle biopsy under ultra-
sound guidance, and the biopsy tissues thus obtained were
investigated by routine light, immunofluorescence, and elec-
tron microscopy. All biopsy specimens were examined and
diagnosed by one of the study investigators (NY). Typical
CsA-induced chronic nephrotoxicity was defined as arteriol-
opathy and striped interstitial fibrosis with tubular atrophy
[16, 17].

Table 1 Patient characteristics

Characteristics Study population
(N=17)

Sex (F/M) 6/11

Age at onset (years) 3.7£1.7

Age at initial biopsy (years) 5.2+4.1

CsA monitoring (Co/Cs) 9/8
78.6+4.4 (N=9)
Mean of the mean C, of each patient 462.5+62.6 (N=28)
Relapse during CsA administration (yes/no) 4/13

Mean of the mean C, of each patient

Values are presented as the mean =+ standard deviation (SD) where
appropriate

CsA, Cyclosporine A; Cy, whole-blood trough; C,, 2 h post-dose; F,
female; M, male
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was used to analyze the data. All data are shown as a ratio to
the control.

Indirect immunofluorescence

Cryosections (thickness 3 um) from the renal biopsy tissue
were placed on slides and dried at room temperature.
Sections were immersed in phosphate-buffered saline
(PBS) for 15 min at 37 °C, fixed in 4 % paraformaldehyde
for 20 min at 37 °C, and washed in PBS. Sections were then
permeabilized in 0.2 % Triton X-100 in PBS for 15 min at
room temperature and washed in PBS. To block nonspecific
binding, we used Image-iT FX signal enhancer (Life
Technologies, Grand Island, NY) for 30 min at room tem-
perature and washed the sections. Primary antibodies [anti-
GRP78 goat polyclonal immunoglobulin G (IgG), Santa
Cruz Biotechnology, Santa Cruz, CA; anti-GRP94 rabbit
polyclonal IgG, Abcam, Cambridge, UK] were used at a
dilution of 1:150 in 1 % bovine serum albumin/PBS.
Incubations were carried out overnight at 4 °C. After wash-
ing in PBS, the primary antibodies were detected using
Alexa Fluor 555 donkey anti-goat IgG and Alexa Fluor
488 donkey anti-rabbit IgG (A21432 and A21206; Life
Technologies) at a dilution of 1:150 for 120 min at room
temperature. After washing in PBS, the sections were ex-
amined under a fluorescence microscope (model BZ-9000;
Keyence, Osaka, Japan).

Statistical analysis

The results were analyzed using JMP ver. 9 software (SAS
Institute Japan Ltd., Tokyo, Japan). The Wilcoxon signed
rank test was used for paired comparisons of data.
Correlations between gene expression ratios of post- to
pre-CsA administration were evaluated by Spearman rank
correlation coefficient analysis. A P value of <0.05 was
taken as the level of significance.

Fig. 1 Ratios of gene GRP78

Results

A total of 17 children with FRNS were included in the study.
Characteristics of the participants are summarized in Table 1.
All 17 patients had minor glomerular abnormalities in the first
and second renal biopsy. None of patients showed CsA neph-
rotoxicity in renal histological evaluation performed after the
2-year treatment. There was no remarkable change in renal
function within the normal range in each patient during the
study period.

The coefficient of variation of gene expression level in five
controls for the five molecules under study ranged from 0.12 to
0.31. These findings appear to demonstrate the validity of these
controls. Changes in the expression of ER stress-related mol-
ecules between pre- and post-CsA administration in the 17
children with FRNS are shown in Table 2. The expressions of
GRP78, GRP94, elF2x, and Bcel-2 were significantly upregu-
lated post-CsA administration compared with pre-CsA admin-
istration (Wilcoxon signed rank test for paired comparisons).
However, there was almost no change in GADD153 expres-
sion between pre- and post-CsA administration. The mean
(SD) gene expression ratios of post- to pre-CsA administration
for GRP78, GRPY4, elF2«, and Bcl-2 were 2.53 (1.57), 1.80
(0.99), 2.38 (1.46), and 1.92 (1.11), respectively. The distribu-
tion of gene expression ratios of post- to pre-CsA administra-
tion for five genes in individual patients is depicted in Fig. 1.
Post-CsA administration, the genes encoding GRP78 and
elF2 were upregulated by up to approximately sixfold, and
the genes encoding GRP94 and Bcl-2 were upregulated by up
to approximately fourfold compared with pre-CsA
administration.

The correlations between each pair of ratios of post- to pre-
CsA administration in five genes are shown in Table 3. There
were significant correlations between the expression of genes
encoding GRP78, GRP94, elF2«, and Bcl-2. However, there
was no significant correlation between the expression of the
gene encoding GADD153 and the other genes.
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