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Article

Cyclosporine C, Monitoring for the Treatment of
Frequently Relapsing Nephrotic Syndrome in Children:
A Multicenter Randomized Phase Il Trial

Kazumoto lijima, Mayumi Sako, Mari Saito Oba, Shuichi Ito, Hiroshi Hataya, Ryojiro Tanaka, Yoko Ohwada,
Koichi Kamei, Kenji Ishikura, Nahoko Yata, Kandai Nozu, Masataka Honda, Hidefumi Nakamura, Michio Nagata,
Yasuo Ohashi, Koichi Nakanishi, and Norishige Yoshikawa, Japanese Study Group of Kidney Disease in Children

Sumumary

Background and objectives An open-label, multicenter, randomized phase II trial was conducted from July 1,
2005 to March 29, 2011 to compare two protocols for treating children with frequently relapsing nephrotic
syndrome using microemulsified cyclosporine.

Design, setting, participants, & measurements Ninety-three children with frequently relapsing nephrotic

~ syndrome were randomly assigned to group A (n=46) or group B (1=47). In both groups, the 2-hour postdose
cyclosporine level was monitored. For group A, the cyclosporine target was set to 600-700 ng/ml for the first
6 months and 450-550 ng/ml for the next 18 months; for group B, it was set to 450-550 ng/ml for the first
6 months and 300-400 ng/ml for the next 18 months. The primary end point was the sustained remission rate.
At the end of the study, if there was no difference in safety profile between the two groups and the sustained
remission rate in group A was superior to group B with a decision threshold of 8%, then the regimen for
group A would be determined the better treatment.

Results Eight children from an ineligible institution, where cyclosporine levels were not measured, were
excluded from all analyses. At 24 months, the sustained remission rate was nonsignificantly higher in group A
(n=43) than group B (n=42; 64.4% versus 50.0%; hazard ratio, 0.57; 95% confidence interval, 0.29 to 1.11; P=0.09),
and the progression-free survival rate was significantly higher (88.1% versus 68.4%; hazard ratio, 0.33; 95%
confidence interval, 0.12 to 0.94; P=0.03). The relapse rate was significantly lower in group A than group B
(0.41 versus 0.95 times/person-year; hazard ratio, 0.43; 95% confidence interval, 0.19 to 0.84; P=0.02). The rate
and severity of adverse events were similar in both treatment groups.

Conclusion The sustained remission rate was not significantly different between the two treatment groups, but
the regimen with the higher 2-hour postdose cyclosporine level target improved progression-free survival and

reduced the relapse rate.

Clin ] Am Soc Nephrol 9: eee—eee, 2014. doi: 10.2215/CJN.13071212

Introduction

Cyclosporine has been found to be effective for the
treatment of frequently relapsing nephrotic syndrome
(FRNS) or steroid-dependent nephrotic syndrome
(SDNS) in children (1-6). Kidney Disease Improving
Global Outcomes Clinical Practice Guideline for
Glomerulonephritis recommends. that cyclosporine
or tacrolimus be given as corticosteroid-sparing
agents for FRNS children (7). However, tacrolimus
is still off label for FRNS in Japan. Therefore, the de-
velopment of more effective and safer regimens with
cyclosporine for FRNS children is important.

A protocol for treating children with FRNS using
Sandimmune, an older formulation of cyclosporine,
was previously established in Japan (8). In patients who
received Sandimmune in a dose that maintained the
whole-blood trough level (Cp) at 80-100 ng/ml for the

www.cjasn.org Vol 9 February, 2014

first 6 months and 60-80 ng/ml for the next 18 months,
the estimated sustained remission rate (SRR) was 57%
at month 24, and mild chronic cyclosporine nephrotox-
icity was found in 20% of patients who underwent renal
biopsy after 24 months of treatment.

In 2000, a newer formulation of microemulsified
cyclosporine (mCyA; Neoral Novartis, Basel, Switzer-
land) was introduced in Japan. We previously exam-
ined whether treatment with mCyA, titrated by Cq
monitoring with the C, target set to the same concen-
trations mentioned above, was effective and safe in
children with FRNS the Japanese Study Group of Re-
nal Disease in Children 07 (the JSRDCO07) trial (9). In
the JSRDCO7 trial, the estimated SRR at month 24 was
58.1%, and mild chronic cyclosporine nephrotoxicity
was detected in only 8.6% of patients. Based on these
results, the Japanese Society for Pediatric Nephrology
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(JSPN) recommended mCyA titrated by Cy monitoring, in
which the Cy target was set to 80-100 ng/ml for the first
6 months and 60-80 ng/ml for the next 18 months, as the
standard treatment with mCyA for children with FRNS.

Because cyclosporine is stably absorbed after adminis-
tration of mCyA, the dose of mCyA can be titrated based on
the area under the concentration time curve during the first
4 hours after treatment (AUCg4) in children who receive
kidney transplants (10). It has been reported that the best
single-point predictor of AUCq4 is the 2-hour postdose
cyclosporine level (C,) and that C; management of mCyA
treatment is effective and safe in pediatric kidney trans-
plant recipients (11). One of the clinical benefits of C, mon-
itoring, shown in the majority of studies on transplantation,
is a reduction in mean cyclosporine dose, which may re-
duce the rate of adverse effects of cyclosporine, including
chronic cyclosporine nephrotoxicity (12). Several reports
described the efficacy and/or safety of mCyA freatment
with C, monitoring, mainly with single daily dose, in chil-
dren with FRNS (13-20). However, there were few prospec-
tive studies to determine appropriate C, target with two
divided oral doses of mCyA in children with FRNS. In
addition, it is not known whether C; monitoring or Cqy
monitoring is better in children with FRNS.

To address these questions, we first needed to decide on
an appropriate treatment protocol for C, monitoring in
children with FRNS. Therefore, we conducted an open-label,
multicenter, randomized phase II controlled trial designed
to select a better treatment for FRNS in children by com-
paring two target cyclosporine C, levels (the Japanese
Study Group of Kidney Disease in Children 03 [JSKDC03]
trial; University Hospital Medical Information Network—
Clinical Trials Registry: C000000008).

Materials and Methods
Patients

The study was approved by the institutional review
board at each center and complied with the Declaration of
Helsinki. Written assent was obtained from patients when
they were old enough to understand, and written informed
consent was obtained from all of their parents.

Patients were registered from 14 centers in Japan (Sup-
plemental Table 1) and randomized to the higher (group A)
or lower target C, group (group B) between July 1, 2005
and January 9, 2009. To be included in the study, patients
needed to (1) have FRNS, (2) be 1-18 years old, and (3) have
renal biopsy findings showing minor glomerular abnor-
malities, diffuse mesangial proliferation, or FSGS within
12 months before enrollment. Patients were excluded from
the study if they had been treated with cyclosporine, were
pregnant, or had (I) a history of steroid resistance, (2) a cre-
atinine clearance rate of =60 ml/min per 1.73 m?, (3) active
infections, (4) secondary nephrotic syndrome, (5) poorly con-
trolled hypertension, or (6) severe liver dysfunction. The
last patient visit was on March 29, 2011.

The definitions of nephrotic syndrome (21,22) are as fol-
lows. Nephrotic syndrome was defined as urine protein-to-
creatinine ratio=1.8 or above and serum albumin=25g/dl.
Remission was defined as negative protein on urine dipstick
test or urine protein-to-creatinine ratio<<0.2 for 3 consecutive
days. Relapse was defined as protein=2+ on urine dipstick

test for 3 consecutive days. FRNS was defined as two or more
relapses within 6 months after initial remission or four or
more relapses within any 12-month period. SDNS was de-
fined as relapse occurring two times consecutively during
the reduction of the prednisolone dosage or within 2 weeks
after its discontinuation. Steroid-resistant nephrotic syn-
drome (SRNS) was defined as the daily administration of
prednisolone at 60 mg/m? per day that does not lead to re-

- mission within 4 weeks.

Trial Design

The JSKDCO03 was an open-label, multicenter, prospec-
tive, randomized phase II controlled trial. We adopted the
selection design proposed by Simon et al. (23) and gener-
alized by Sargent ef al. (24), which is frequently used for
the development of antibacterial and anticancer agents, for
the comparison of the C, monitoring of mCyA in phase II
trial setting. The selection design has been used to choose
which regimen should be further tested in a phase III trial,
typically in limited number of patients. Randomized phase
II design does not bring a confirmatory result; however, it
has the advantage of being able to evaluate with a uniform
evaluation criferia.

The purpose of this trial was to select a better treatment
for FRNS in children by comparing two target cyclosporine
C; levels: a higher target C, (group A) and a lower target
C; (group B). A statistically significant difference in primary
end point between the two groups was not required in this
trial. The criteria for selection were as follows: when there
was no difference in safety profile between the two groups
and the SRR at 24 months in group A was superior to the
SRR in group B with a decision threshold of 8%, the regi-
men for group A was selecied as the better treatment for
FRNS. Otherwise, the regimen for group B was selected. The
decision threshold of 8% was set before the start of the
study based on a consensus reached by pediatric nephrol-
ogists in the JSKDC.

The total sample size was determined as 100. Random-
ization of the patients into fwo groups was performed
in a 1:1 ratio with a dynamic balancing method. A prestudy
calculation of sample size and the method of randomization
are described in detail in Supplemental Appendix.

Experimental Intervention

Within 7 days after randomization, treatment with mCyA
commenced. mCyA was administered orally at least
15 minutes before meals and started at a dose of 3-4 mg/kg
body wt divided into two equal doses. We adjusted each
dose of mCyA to the target C; ranges by increasing or de-
creasing it by 20%-30%.

The total duration of mCyA treatment was 24 months.
Group A received mCyA in a dose producing a whole-blood
G, level between 600 and 700 ng/ml for the first 6 months and
between 450 and 550 ng/ml for the next 18 months. Group B
received mCyA in a dose producing a whole-blood C; level
between 450 and 550 ng/ml for the first 6 months and be-
tween 300 and 400 ng/ml for the next 18 months.

How to determine the target C, levels and corticosteroid
freatment at the relapse during the study is described in Sup-
plemental Appendix. No patients received corticosteroids
as a maintenance therapy. Measurement of cyclosporine
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concentrations and other variables is also described in
Supplemental Appendix.

After 24 months of treatment, the dose of mCyA was
tapered off within 3 months, and all patients were sched-
uled to undergo renal biopsies.

The use of immunosuppressive agents, except for pred-
nisolone and mCyA, was prohibited during the trial. The
experimental intervention was stopped if (1) patients de-
veloped FRNS, SDNS, or SRNS after the start of mCyA
treatment, (2) patients and/or their parents required the
intervention to be stopped, (3) patients developed severe
adverse events that required intervention to be stopped,
(4) the primary investigator or the institutional review board
at each center decided to stop the trial, or (5) patients were
not followed up.

End Points

The primary end point was relapse-free survival based
on the period of time until the first relapse. There were two
secondary end points. One end point was the probability of
progression-free survival based on the time until the
progression to FRNS, SDNS, or SRNS. The other end point
was the relapse rate, which was calculated by dividing the
total number of relapses by the total duration of observa-
tions for all patients combined.

We also evaluated the rate and severity of development
of chronic cyclosporine nephrotoxicity and other adverse
events that occurred during the trial. A pathologist on our
team (M.N.) evaluated the development of chronic cyclo-
sporine nephrotoxicity, which was defined as cyclosporine-
associated arteriolopathy and/or cyclosporine-induced
tubulointerstitial lesions showing characteristic striped
tubulointerstitial lesions.

Cyclosporine C, for FRNS, lijima et al. 3

Statistical Analyses

Statistical analyses were performed on an intention-to-
treat basis. Individuals that did not complete 24 months of the
study were still included in the analysis and counted as
events. The Kaplan-Meier method was used to estimate the
SRR at 24 months after randomization based on the relapse-
free survival. The Cox proportional hazard model was
used to estimate the hazard ratio and its 95% confidence
interval (95% CI) between the groups. These methods and
the log-rank test were also used to analyze progression-
free survival. The unequal variance ¢ test was used to com-
pare the distributions of the average of C, and AUCy 4.
Fisher's exact test was used to assess the statistical signi-
ficance of comparisons at the patient level. All statistical
analyses were conducted using SAS 9.1 software (SAS In-
stitute, Cary, NC).

Adverse events corresponding to defined classes were
tabulated first for 2 years.

Results
Patients

Between April of 2005 and March of 2009, 94 children
with minimal change nephrotic syndrome, diagnosed based
on pathologic analysis, were registered. One patient was later
found to be ineligible because of not meeting the definition
of FRNS; therefore, 93 patients were randomly assigned to
two freatment groups (group A, n=46; group B, n=47).
However, eight patients (three patients in group A; five
patients in group B) were from an institution deemed
ineligible, because C;, levels were not measured; thus,
these patients were excluded from all analyses. Twenty-five
patients discontinued the treatment regimen before the end

94 participants

1 was excluded because of not
meeting the criteria for inclusion

93 underwent randomization

l 46 were allocated to Group A ‘

1 47 were allocated to Group B l

l 46 received the intervention l 47 received the intervention ’

3 were excluded because of an
ineligible institution

5 were excluded because of an
ineligible institution

43 were included in the analysis:
e 31 underwent renal biopsies at month 23-27
° 9 discontinued the intervention before the end of
24 months:
2 because of progression to FRNS
4 because of progression to SDNS
1 because of progression to SRNS
1 because of an adverse event
1 because of lost to follow-up

42 were included in the analysis:
* 30 underwent renal biopsies at month 23-27
° 16 discontinued the intervention before the end of
24 months:
9 because of progression to FRNS
5 because of progression to SDNS
1 because of progression to SRNS
1 because of noncompliance

Figure 1. | Flow diagram of the patients. FRNS, frequently relapsing nephrotic syndrome; SDNS, steroid-dependent nephrotic syndrome;

SRNS, steroid-resistant nephrotic syndrome.
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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 (fwo 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
freatment 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
: Group A Group B
Variables (n =4%) (n=42)
Men 32 (74.4) 31 (73.8)
Age at enfry (yr) 7.0£4.3 7.1£3.7
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) 18.9x355 12.7x15.9
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) 124)
Chlorambucil 1(2.3) 00 -
Total protein (g/dl) 5.9x0.6 5.8+0.7
Albumin (g/dl) 3.4x0.7 3.3+0.7
BUN (mg/dl) 11.5+4.0 12.8*34
Creatinine (mg/dl) 0.3%+0.1 0.4+0.1
Study baseline eGFR 122.3+30.6  116.5x214
{(ml/min per 1.73 m?)
Values are # (%) or mean=SD. NS, nephrotic syndrome; SDNS,
steroid-dependent nephrotic syndrome; eGER, estimated GFR.

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

Safe

Thtz 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

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

Cyclosporine Group A (Mean*SD) Group B (Mean+SD) P Value
C; (ng/ml)

Months 1-6 566.4+86.9 (n=43) 472.7+73.7 (n=42) <0.001

Months 7-24 489.5256.4 (n=40) 382.2+86.8 (n=37) <0.001
AUCq4 (ngh/ml)

Month 3 1944.7 £487.9 (n=39) 1554.7 +462.8 (n=40) <0.001

Month 9 1704.7+545.2 (1n=36) 1316.6:366.0 (1=34) <0.001

cyclosporine.

Cy, 2-hour postdose cyclosporine level; AUCg_y, area under the concentration time curve during the first 4 hours after treatment with

— 104 —



