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further divided into subgroups A (C2 >600 ng/mL) and B
(C2 <600 ng/mL). Groups 1A and 2A revealed signifi-
cantly higher cumulative remission (CR + ICR1)
(p = 0.0069) and CR-alone (p = 0.0028) rates. On the
other hand, 3 patients with high CyA levels (C2 >900 ng/
mL) in Group 1A were withdrawn from the study because
of complications.

Conclusion CyA + prednisolone treatment is effective
for IMN with associated SRNS at a C2 of >600 ng/mL. To
achieve remission, preprandial once-a-day administration
of CyA at 2-3 mg/kg BW may be the most appropriate
option. However, we should adjust the dosage of CyA by
therapeutic drug monitoring to avoid complications.

Keywords Cyclosporine - Idiopathic membranous
nephropathy - Steroid-resistant nephrotic syndrome -
Once-a-day administration - Preprandial administration -
Therapeutic drug monitoring

Introduction

Idiopathic membranous nephropathy (IMN) is the most
representative disease associated with steroid-resistant
nephrotic syndrome (SRNS) in adults. Although the com-
bination of steroids and immunosuppressants, e.g., cyclo-
phosphamide (CPA) and chlorambucil, has been reported
to induce and maintain remission in randomized controlled
studies [1, 2], the beneficial effects remain controversial
because of the harmful side-effects of the alkylating agents.
Moreover, in our cohort study of 1,000 cases in Japan,
combined treatment with steroids and CPA was not supe-
rior to steroid monotherapy [3]. Recently, cyclosporine
(CyA), a calcineurin inhibitor, has been introduced as an
effective agent for SRNS, and several randomized con-
trolled trials (RCTs) on the combination of steroids and
CyA showed significant remission rates [4—6].
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However, it has been recognized that clinical response
does not correlate well with the administration dose.
Accordingly, careful attention to the CyA concentration in
blood is essential for the optimization of therapy [7]. For
this reason, the blood concentration of the drug was pre-
viously monitored at the trough level before administration
(CO0) because the absorption of CyA is highly affected by
bile acid and other factors of absorption when the original
CyA formulation was used orally [8]. The introduction of
CyA microemulsion preconcentrate (MEPC) minimized
the influence of bile acid and stabilized the absorption
profile (AP) of CyA [9]. In a transplantation study, the area
under the blood concentration—~time curve up to 4 h after
administration of CyA (AUCO0-4) was believed to accu-
rately express CyA absorption and sensitively predict the
effect of CyA [10]. Moreover, the CyA blood concentration
at 2 h post dose (C2) was recommended as the best sur-
rogate single-sample marker for routine monitoring [10].

Recent studies have shown that once-a-day administra-
tion is more advantageous than the conventional twice-a-
day administration, because the former provides an AP
showing the peak blood concentration of CyA, which may
facilitate the remission of SRNS and prevent chronic CyA
nephrotoxicity [11, 12]. In addition, preprandial adminis-
tration of CyA may be favorable for achieving a stable
blood concentration because CyA is absorbed without the
influence of food ingestion [12, 13]. However, there is no
evidence that such therapeutic strategies contribute to the
remission of SRNS.

In this study, we designed a prospective, open-label
randomized trial to compare the effect of preprandial once-
a-day administration of CyA with that of conventional
twice-a-day administration for IMN with associated SRNS.
Blood CyA concentrations at CO and C2 were also evalu-
ated during treatment.

Methods

This study was registered at the University Hospital
Medical Information Network-Clinical Trials Registry
(UMIN-CTR) under trial identification no. UMIN
C000000369 and was approved by the Clinical Study
Review Board at Fukuoka University Hospital (approval
no. 03-129). The study was conducted in accordance with
the principles of the declaration of Helsinki. Written
informed consent was obtained before patient enrollment
and after a thorough explanation of the trial’s objectives,
duration, and structure. The availability of alternative
drugs, the possibility of adverse reactions, privacy mea-
sures, and the voluntary nature of the trial, including the
right to withdraw without repercussions, were all carefully
explained. The institutional review boards at the
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collaborating institutions also approved the protocol when
requested.

Patients

SRNS patients (age 1675 years) with IMN diagnosed by
renal biopsy were enrolled through computerized registra-
tion from kidney centers in Japan between 2004 and 2007.
Membranous nephropathy secondary to systemic diseases,
e.g., diabetic nephropathy and collagen diseases, were
excluded at registration. Nephrotic syndrome (NS) was
defined according to the standard criteria in Japan [3]—(1)
urine protein (UP) excretion >3.5 g/day; (2) serum albumin
<3.0 g/dL or serum total protein <6.0 g/dL; (3) presence
of edema; and (4) total cholesterol >250 mg/dL. At least
the first and second criteria were necessary for the diag-
nosis. SRNS was determined when patients did not achieve
complete remission (CR) or incomplete remission (ICR) 1
(as described in ‘Clinical assessment’ section) after

Table 1 Inclusion and exclusion criteria

Inclusion criteria
1. Age between 16 and 75 years
2. UP >3.5 g/day and serum albumin level <3.0 g/dL
3. PSLalone treatment for >4 weeks did not decrease UP into
<1 g/day
4. Membranous nephropathy was diagnosed by renal biopsy.
5. No history of treatment with CyA-MEPC before registration
6. Informed consent form voluntarily signed by the participant
Exclusion criteria

1. Patients with creatinine clearance <50 mL/min or serum
creatinine >2 mg/dL

2. Patients that received other immunosuppressants within
1 month before the study commencement

3. Patients treated with nephrotoxic and hyperkalemic agents
during the study period

4. Patients with a malignant tumor or a history of a recurrent
malignant tumor

5. Patients with hypertension uncontrolled with antihypertensive
drugs

6. Patients with malabsorption syndrome, cerebral dysfunction,
or epilepsy

7. Patients with hyperkalemia or hyperuricemia

8. Patients with a severe cardiac, hepatic, or pancreatic disease
9. Patients currently pregnant, suspected to be pregnant, or
nursing

10. Patients with an infectious complication and not eligible for
treatment with immunosuppressants

11. Patients with a history of hypersensitivity to CyA-MEPC

12. Patients determined to be inappropriate for participation in
the study by an investigator

UP urine protein, PSL prednisolone, CyA-MEPC cyclosporine mi-
croemulsion preconcentrate
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4 weeks of prednisolone (PSL) therapy at 40-60 mg/day.
The inclusion and exclusion criteria are listed in Table 1.

Renal histology was assessed according to the following
5 parameters—presence of global sclerosis and segmental
sclerosis in glomeruli, severity of tubulointerstitial chan-
ges, occurrence of vascular lesions, and ultrastructural
stage of glomerular lesions according to the criteria of
Ehrenreich and Churg [14]. These changes were estimated
semiquantitatively as we previously reported [3], and
compared between groups.

Study design

Patients were divided prospectively and randomly into 2
groups (groups 1 and 2). Combined administration of PSL
and CyA MEPC was continued for 48 weeks. PSL was
initially prescribed at 40 mg/day and tapered gradually to
<10 mg/day by 48 weeks. In group 1, CyA MEPC was
given orally once a day before breakfast at 2-3 mg/kg body
weight (BW). In group 2, CyA MEPC was given twice a
day before meals at 1.5 mg/kg BW each. Other agents,
including antihypertensive, antidyslipidemic, and antico-
agulant drugs, were allowed unless their combination with
CyA was contraindicated. Biochemical data, including
total protein, albumin, urea nitrogen, creatinine, and total
cholesterol in serum, and 24-h UP, were assayed at 0, 4, 8,
12, 24, 36, and 48 weeks.

CyA treatment and monitoring

To determine the AP of CyA in each patient, blood CyA
concentrations from 0 to 4 h (C0-C4) were assayed within
1 month of treatment, and the AUCO-4 (ng h/mL) was
calculated. The linear trapezoid formula was used with CO
to C4. Then, CO and C2 were repeatedly assayed during the
treatment period.

In group 1, CyA was started at 2 mg/day and dose
adjustments were made to achieve a CO of 80-120 ng/mL
and C2 of 800-1,000 ng/mL. The CyA dose was increased
to a maximum of 3 mg/day when the target CO and C2
were not achieved. In contrast, the dose was reduced when
CO and C2 exceeded the target levels. In group 2, adjust-
ments were also made so as not to exceed CO and C2 by
120 and 1,000 mg/dL, respectively. In the maintenance
phase after remission, the dose was adjusted so as not to
exceed CO and C2 by 80 and 800 mg/dL, respectively. The
whole blood concentration of CyA was measured by
radioimmunoassay or by the fluorescence polarization
immunoassay methods of SRL Co., Japan, or the bio-
chemical laboratory of each kidney center. The average CO
and C2 during the treatment period before remission were
used for the comparison of outcomes.
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Fig. 1 Flowchart of the study design: enrollment of patients and treatment assignment

Clinical assessment

Clinical assessment of treatment outcomes was performed
on the basis of changes in proteinuria and renal function,
partly modified from the previous criteria in Japan [3].
Briefly, CR was defined when the UP was <0.3 g/day. ICR
was defined as the resolution of NS but with continuing
overt proteinuria, and was divided into 2 grades—ICR1
and ICR2 for UP of 0.3-1.0 and 1.0-3.5 g/day, respec-
tively. No response (NR) was defined as the persistence of
NS. Since patients with ICR1 showed a favorable prog-
nosis almost equal to CR in a previous study [3], we
considered CR + ICR1 as remission. For renal function, 3
categories were defined according to serum creatinine
concentration—(1) normal renal function <1.5 mg/dL; (2)
renal insufficiency 1.5-3.0 mg/dL; and (3) end-stage renal
disease >3.0 mg/dL.

Statistical analysis

Values were given as mean £ SE or median (interquartile
range). Differences in clinical characteristics between the 2
groups were evaluated with Student’s ¢ test and Mann—
Whitney U test for continuous variables and Fisher’s exact
test for categorical variables. The incidence of remission
(CR + ICR1) or CR was compared using Fisher’s exact
test. Time to remission or CR curves for the therapy groups
were estimated using the Kaplan—Meier technique, and the
curves were compared using the log-rank test.

The effects of blood CyA concentrations and clinical
variants for the incidence of remission were examined
using logistic regression analysis. The variants that affected
serum CyA concentrations were examined using multiple
regression analysis.
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Receiver operating characteristic (ROC) curve analysis
was used to test the prognostic value of serum CyA con-
centrations (average CO and C2) and to determine the best
cut-off for the prediction of CR.

All statistical analyses were performed using SPSS for
Windows version 18.0 (SPSS Japan Inc., Tokyo, Japan).

Results

The flowchart of the study design regarding enrollment of
patients and treatment assignment is shown in Fig. .

Patients

Fifty patients in 30 kidney centers in Japan were registered
according to the inclusion criteria, from April 2004 to
December 2007, and 25 patients each were randomly
enrolled in the once-a-day (group 1) and twice-a-day
(group 2) administration groups. However, 2 patients in
group 1 declined to participate in this study before CyA
treatment. Consequently, 23 and 25 patients were treated
with PSL and CyA in groups 1 and 2, respectively. The
baseline clinical characteristics of all patients are summa-
rized in Table 2. There was no significant difference in
each item between the 2 groups. Five parameters of renal
histology estimated semiquantitatively did not show sig-
nificant differences between groups (data not shown).

A previous study on IMN treated with a combination of
PSL and CyA (2-3 mg/kg/day, twice-a-day) showed a 35 %
CR ratio at the 12-month course [6]. However, there were no
data for once-a-day administration. Nevertheless, the sample
size (groups 1 and 2: n = 23 and n = 25, respectively) was
sufficient to detect a significant difference (a = 0.05,



Clin Exp Nephrol

Table 2 Baseline characteristics of patients with idiopathic mem-
branous nephropathy

Characteristic

Group 1 Group 2 p
(n = 23) (n = 25)
Sex (male/female) 16:7 17:8 0.91
Age 56 (19-70) 57 (39-70) 0.48
Urine protein (g/day) 3.5 (1.8-10) 3.8 (1.0-6.5) 0.63
Serum levels
Urea nitrogen (mg/dL) 14 (8-24) 15 (9-33) 0.54
Creatinine (mg/dL) 0.8 (0.5-1.2) 0.8 (0.6-1.6) 0.84
Total protein (g/dL) 47 (3.9-6.2) 4.7 (3.6-5.6) 0.15
Albumin (g/dL) 2.7 (2.2-35) 2.6 (1.5-3.3) 0.09
Total cholesterol (mg/dL) 314 (229-617) 298 (213-853) 0.52

Age and laboratory data are shown as median (interquartile range)

The p values were evaluated by Fisher’s exact test for sex and Mann—
Whitney U test for the others

Table 3 Withdrawn patients

Group Withdrawal Reason Average
period c2
(weeks) (ng/mL)
Group 1 9 Nausea 1042
(n=15) 10 Uncontrolled CyA 1200
level
12 Liver dysfunction 750
12 Pneumonia 936
40 Removal
Group 2 8 Brain tumor® 693
(n=14) 36 Noncompliance 813
10 Removal
12 Removal

# May not be related to CyA administration

2-sided) on the basis of 0.8 power according to Fisher’s exact
test when once-a-day administration is twice as effective
(CR ratio 70 %) than twice-a-day administration. Therefore,
we stopped the registration at the end of 2007.

As shown in Table 3, during the treatment, 1 patient in
group 1 and 2 patients in group 2 were transferred to
another hospital and could therefore not further participate
in the study. Four patients in group 1 and 2 patients in
group 2 were withdrawn because of complications and
noncompliance. Finally, 18 and 21 patients in groups 1 and
2 completed the study for 48 weeks.

Responses in the once-a-day and twice-a-day
administration groups

The response around 6 months is important to determine
the initial effect of CyA treatment as shown in RCTs and
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100% —
CR
Complete remission (UP<0.3g/day)
80 — . ICR1
complete remission 1
(UP 0.3-1.0 g/day)
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(UP 1.0-3.5 g/day)
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40 +— No response (UP>3.5g/day)
<
13 11 &\\3‘\
Removal
20 — -
Y,
Withdrawn because of complications and
noncompliance
0

Group 1 Group 2
n=23 n=25

Fig. 2 Remission and withdrawal rates of groups 1 and 2 at
48 weeks. Patients were divided according to CyA administration
frequency—once a day (group 1) or twice a day (group 2). In each
therapeutic response, there was no significant difference

guidelines [4, 5, 15—17]. In the intention-to-treat analysis,
10 of 23 patients (43.5 %) in group 1 and 2 of 25 patients
(8.0 %) in group 2 achieved CR at 24 weeks. This yielded
a significant difference between groups in Fisher’s exact
test (p = 0.0078). In group 1, two other patients achieved
CR at 8 and 12 weeks, respectively; however, the first
patient relapsed into ICR2 by 24 weeks and the second was
withdrawn thereafter because of liver dysfunction. ICR1
occurred in 1 and 10 patients in groups 1 and 2, respec-
tively. In total, 11 (47.8 %) patients in group 1 and 12
(48.0 %) in group 2 achieved remission (CR + ICR1)
(p = 1.000).

Between 24 and 48 weeks, more patients achieved CR
in both groups, but a few patients with CR relapsed con-
versely. At 48 weeks, 13 of 23 patients (56.5 %) in group 1
and 11 of 25 patients (44.0 %) in group 2 were in CR, and
14 of 23 (60.9 %) in group 1 and 16 of 25 (64.0 %) in
group 2 were in CR 4 ICR1 (Fig. 2). For each therapeutic
response, there was no significant difference between
groups. In the per-protocol analysis, similar results were
statistically obtained at 24 and 48 weeks.

However, the time-to-remission curve analyzed using
the Kaplan—Meier technique revealed a significant defer-
ence in cumulative CR rate (p = 0.0282; Fig. 3a) but not
in cumulative CR + ICR1 rate (p = 0.314, Fig. 3b).

Assessment of clinical parameters

After CyA + PSL treatment, the levels of UP, serum
albumin, and serum total cholesterol significantly improved
in both groups; however, there were no significant differ-
ences in each parameter between the 2 groups. Serum
creatinine level slightly increased in both groups but was
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not significant. Two patients in each group exhibited a  Average CO and C2 and the cut-off level for CR
doubling of serum creatinine, around 2 mg/dL, at
48 weeks, although the levels were within the reference  The average CO and C2 during treatment were signifi-
range at the start of treatment. cantly correlated with the CO and C2 at the AP,
At baseline, only 1 patient had mild hypertension in  respectively (CO: r = 0.516, p = 0.0036; C2: r = 0.638,
group 2 (155/89 mmHg), but the blood pressure normal-  p = 0.0001). The average C2 in group 1 was signifi-
ized later. At the final observation, another patient in group  cantly higher than in group 2; however, the average CO
2 showed mild hypertension (150/88 mmHg). No patient  in group 1 was significantly lower than in group 2. Only
had CyA-induced hypertension in either group. As the  C2 significantly predicted CR in logistic regression
supportive therapy for MN, angiotensin II receptor block-  analysis based on CO, C2, age and baseline laboratory
ers (4 and 2 patients in groups 1 and 2, respectively) and  factors related to renal function and NS. Moreover, a
angiotensin-converting enzyme inhibitors (one in group 1)  multiple regression model showed that C2 was not sig-
and a combination of both (one in each group) were  nificantly related to other variants as above. ROC curves
administered. However, these drugs did not produce any  were drawn to detect the optimum cut-off level of the
adverse effects including hyperkalemia. average C2 or CO for CR (Fig. 5). Using all data of the
Although four patients in groups 1 and 2 showed mild  cases treated for 48 weeks in groups 1 and 2 (N = 37),
hyperglycemia by steroids treatment, respectively, this did  the area under ROC curves were 0.731 4 0.089 (95 %

not have any serious influences on the results. CI 0.557-0.905, p = 0.022) for C2 and 0.373 =+ 0.109
(95 % CI 0.156-0.587, not significant) for CO. From
Blood CyA concentrations these results, the optimum cut-off point for C2 was

determined to be 615 ng/mL (sensitivity 75.0 %, speci-
The flowchart of the study design regarding assignment by  ficity 76.9 %); however, CO was inappropriate to predict
blood CyA concentrations at 2 h post dose (C2) is shown in  remission. Using the data of group 2 alone (N = 19),

Fig. 4. similar results were obtained. Namely, the AUCs were
0.802 £ 0.101 (95 % CI 0.604-1.000, p = 0.025) for C2
Absorption profiles of CyA in groups 1 and 2 and 0.444 £ 0.158 (95 % CI 0.135-0.754, not signifi-

cant) for CO, and the cut-off point for C2 was deter-
There were significant differences in AUC0O—4 between  mined to be 598 ng/mL (sensitivity 66.7 %, specificity
groups (group 1 vs group 2: 3678 £ 181 vs 2506 4+ 164 100 %). When the data of C2 were limited to the cases
ng h/mL, p < 0.0001). In comparisons between AUCO-4 <340 mg/dL of total cholesterol (N = 25), the AUCs
and CyA concentrations at each time point (C0-C4), C2 were greater (0.868 £ 0.072, 95 % CI 0.712-1.000,
was most strongly correlated with AUCO-4 in the total  p = 0.003) and the cut-off point 598 ng/mL was more
patients (r = 0.032, 0.609, 0.780, 0.654, 0.579 for CO, CI, accurately provided (senmsitivity 81.3 %, specificity
C2, C3, C4, respectively). 88.9 %).
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Fig. 4 Flowchart of the study design: assignment by CyA blood concentrations at 2 h post dose (C2)
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Fig. 5 Receiver operator characteristic (ROC) curves for serum CyA
concentration. The optimal cut-off level of C2 for CR was determined
to be 615 ng/mL (sensitivity 75.6 %, specificity 76.9 %) and 598 ng/
mL (sensitivity 81.3 %, specificity 88.9 %) (arrows), using the ROC
curve drawn from the average C2 of all cases and the cases <340 mg/
dL of total cholesterol treated for 48 weeks in groups 1 and 2,
respectively

Relationship between blood CyA concentration
and treatment responses

Patients in groups 1 and 2 were further divided into sub-
groups A (C2 =600 ng/mL) and B (C2 <600 ng/mL)
because the ROC showed that the optimal cut-off point of

C2 was approximately 600 ng/mL. The number of patients
in groups 1A, 1B, 2A, and 2B was 19, 4, 10, and 13,
respectively (Fig. 6). Most of the patients in groups 1A and
2A achieved CR. Among these 4 groups, groups 1A and 2A
showed significantly higher cumulative CR ratios than
group 2B for 48 weeks; group 1B was excluded because of
the statistically insufficient number of patients (Fig. 7).
Meanwhile, there was no significant difference between
groups 1A and 2A. Groups 1A and 2A, consisting of all
patients with C2 > 600 ng/mL, also showed a significantly
higher cumulative ratio of not only CR (p = 0.0028,
Fig. 8a) but also CR + ICRI (p = 0.0069, Fig. 8b) than
groups 1B and 2B (C2 <600 ng/mL).

Four patients in group 1A were withdrawn from the
study because of complications that may be related to CyA
administration (Table 3). In 3 of these 4 patients, C2 was
>900 ng/mL, although there was no significant difference
in C2 between these 4 patients and the other 21 patients in
group 1A.

Discussion

The combined administration of CyA with steroids has
been reported to be useful for the treatment of IMN with
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Fig. 6 Remission and withdrawal rates of groups 1A, 1B, 2A, and 2B
at 48 weeks. Patients were divided into groups 1 and 2 according to
administration frequency and then subdivided into subgroups A
(C2 =600 ng/mL) and B (C2 <600 ng/mL). There was a significant
difference in CR between groups A and B (p = 0.018, per-protocol
analysis)

1.0
0.9 -+
0.8
0.7
0.6 -
0.5 -
0.4
0.3
0.2
0.1
0.0

Group 1A (C22600 ng/mL)
Group 2A (C22600 ng/mL)
Group 1B (C2 <600 ng/mL)
Group 2B (C2 <600 ng/mL)

CR rate

Time (weeks)

Groups 1A vs. 2B p =0.0083
Groups 2A vs. 2B p = 0.0206

Fig. 7 Probability of cumulative CR for patients treated with PSL
and CyA. Groups 1A and 2A showed significantly higher remissions
compared with group 2B

associated SRNS [35, 6, 18-20]. However, only a few ran-
domized controlled trials have succeeded in clarifying this
benefit [5, 6]. In the current randomized trial, we attempted
to develop a more efficient strategy for CyA treatment by
preprandial once-a-day administration. The effect of this
method was significant for cumulative CR rate during
48 weeks using the Kaplan—-Meier technique when com-
pared with twice-a-day administration, but not for CR
incidences at 48 weeks in the Fisher’s exact test. The
discrepancy of the results might be influenced by the
relapsing cases because these were included in cumulative
CR cases in the Kaplan—-Meier technique. On the other
hand, it was possible that scattered distribution of blood
CyA concentrations in both groups might obscure the
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effect, although C2 in group 1 was significantly higher than
group 2.

ROC curve analysis was performed to assess the pre-
dictive value of blood CyA concentration for the outcome
of NS. In comparison with C0, only C2 was available for
predicting CR (Fig. 5). Interestingly, the predictive value
of C2 was more enhanced when the hypercholesterolemic
cases were excluded (Fig. 5). This study may demonstrate
for the first time that hyperlipidemia in NS prevents CyA
treatment, although the affinity of CyA to lipoproteins has
been studied in transplantation [21, 22].

The optimal cut-off points for C2 were calculated as 615
and 598 ng/mL in all patients and in group 2, respectively.
As these results suggest that CyA might be effective for
IMN when C2 is approximately >600 ng/mL, we divided
each group into subgroups A (C2 >600 ng/mL) and B
(C2 <600 ng/mL).

Among these 4 subgroups, groups 1A and 2A showed
significantly higher cumulative CR and CR + ICRI rates.
Accordingly, regardless of whether the administration is
once or twice a day, CyA blood concentration is a highly
sensitive marker for the remission of NS. However, once-a-
day administration seems to be more favorable because
most of group 1 patients showed higher C2 concentrations.
On the other hand, 3 patients in group 1A withdrawn from
the study owing to complications showed an average C2 of
>900 mg/dL, although there was no significant difference
in C2 between the withdrawn patients and the remaining 21
patients in group 1A. Therefore, we think that the optimal
strategy of CyA treatment is to maintain C2 between 600
and 900 ng/mL by preprandial once-a-day administration.

CyA is known to have a narrow therapeutic range of
blood concentration. However, there is no study showing
the relationship between drug monitoring and long-term
outcomes in IMN, and CO has been used as a standard
parameter to determine the optimal dose of CyA without
any evidence. Recently, transplantation studies [10, 23, 24]
have shown that the AP of CyA-MEPC is stable and C2 is
more reliable for 1-spot monitoring than CO in correlation
with AUCO-4. From this viewpoint, Levy et al. [28],
according to the international consensus, suggested
1,400-1,600 ng/mL as the effective C2 in the early phase
of renal transplantation. However, some authors have
reported [26, 27] that the optimal C2 for Asian recipients is
approximately 1,000 ng/mL. In NS, to achieve such an
effective level of C2, a few studies have confirmed that
preprandial and/or once-a-day administration was superior
to the conventional twice-a-day administration [11-13].

To date, it has been assumed that the immunosuppres-
sive effect of CyA results from the inhibition of the nuclear
factor of activated T-cell signaling [28]. However, the
remission of NS related to the CyA blood concentration
could not be completely explained by the
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immunosuppressive mechanism. Faul et al. [29] demon-
strated that CyA blocks the calcineurin-mediated
dephosphorylation of synaptopodin in podocytes, thereby
preserving the phosphorylation-dependent synaptopodin—
14-3-3beta interaction. As a result, this direct effect of
CyA on podocytes may contribute to the prompt reduction
of UP, and prove the significance of CyA blood concen-
tration monitoring on the therapeutic effect for NS. As it
has been reported that steroids also directly preserve the
function of podocytes [30, 31], the interaction between
PSL and CyA in podocytes may play a pivotal role in the
induction of remission in NS, when these agents are
combined.

In the KDIGO (Kidney Disease: Improving Global
Outcomes) clinical and practice guideline published in
2012 [15], the initial use of CPA with steroids was pref-
erably recommended on the basis of evidence which was
accumulated from many RCTs for over several decades. As
mentioned above, however, the combined use of CyA with
steroids has been recognized worldwide and was recently
recommended by the Cyclosporin in Idiopathic Nephrotic
Syndrome working group [16]. Moreover, the guidelines
for the treatment of nephrotic syndrome in Japan [17]
recommend combination treatment with steroids and CyA
as the first choice for IMN because of at least 2 reasons.
One is, as mentioned above, that our cohort study of 1,000
cases did not show the superiority of steroids + CPA over
steroid monotherapy [3]; the other reason is that the risks of
CPA use, e.g., neoplasia, agranulocytosis, and viral hepa-
titis, seem to be more fatal than those of CyA use, e.g.,
nephrotoxicity and hypertension. The current study shows
that improved administration and drug monitoring are
useful for increasing the benefits and decreasing the risks
of CyA treatment, and may support the recommendations
in the Japanese guidelines [17].
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In our study, blood CyA concentration was measured by
radioimmunoassay or monoclonal fluorescence polariza-
tion immunoassay. These methods are known to show
10-20 % higher levels of CyA than high-performance
liquid chromatography (HPLC) as the gold standard [7]
because nonspecific metabolites influence the assays [32].
On the other hand, affinity column-mediated immunoassay
(ACMIA) was recognized to be comparable to HPLC [32—
34] and has been widely used. Accordingly, our data
should be corrected to lower values if the CyA concen-
tration is measured by a new method such as ACMIA.

In conclusion, CyA combined with PSL is effective for
the treatment of IMN associated with NS when the average
C2 is >600 ng/mL. To achieve this concentration and
induce remission, preprandial once-a-day administration of
CyA at 2-3 mg/kg with PSL may be the most appropriate
option. However, high blood CyA concentrations >900 ng/
mL may frequently cause adverse effects and prevent the
administration continuing. To avoid this, we should adjust
the dosage of CyA by therapeutic drug monitoring.
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Abstract

Background The significance of total kidney volume
(TKV) as a biomarker of kidney function in autosomal
dominant polycystic kidney disease (ADPKD) is contro-
versial and has been reappraised.

Methods Between 2007 and 2012, 64 patients were fol-
lowed with a mean 39.7-month observation period. TKV
measurements by magnetic resonance imaging and esti-
mation of renal function with estimated glomerular filtra-
tion rate (eGFR) using the Modification of Diet in Renal
Disease equation and 24-h urine creatinine clearance were
repeated annually.

Results TKV and its adjusted parameters (height-adjus-
ted, body surface area-adjusted and log-converted TKV
[log-TKV]) correlated with eGFR significantly. Among
them, the correlation coefficient of log-TKV was most
significant (r = —0.6688, p < 0.001). The eGFR slope
correlated negatively with TKV slope (p < 0.05). TKV
increased faster and became larger as chronic kidney dis-
ease (CKD) stage advanced. As age advanced, eGFR
declined significantly (p < 0.001), but the eGFR slope
remained constant. There was no significant correlation
between TKV and age, but the log-TKV slope became
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smaller as age advanced. If baseline TKV was large, the
eGFR slope was steeper (p < 0.05), which suggests that
eGFR declines faster in patients with larger kidney volume.
Conclusions TKV is confirmed as a clinically meaningful
surrogate marker in ADPKD. Log-TKV correlates with
eGFR most significantly. Higher rates of kidney enlarge-
ment and larger kidney volume are associated with a more
rapid decrease in kidney function. Kidney function
decreased faster as CKD stage advanced, but its declining
slope did not change significantly by age, at least after
~30 years of age.

Keywords Autosomal dominant polycystic kidney
disease - Glomerular filtration rate - Kidney volume

Introduction

Autosomal dominant polycystic kidney disease (ADPKD)
is the most common hereditary kidney disease character-
ized by the progressive enlargement of innumerable renal
cysts that lead to the deterioration of kidney function [1-3].
The Consortium for Radiologic Imaging Studies of Poly-
cystic Kidney Disease (CRISP) study showed that baseline
total kidney volume (TKV) predicted the subsequent rate
of an increase in volume, independently of age [4]. Higher
rates of kidney enlargement are associated with a more
rapid decrease in renal function.

In a more recent study on CRISP participants, height-
adjusted TKV (ht-TKV) predicted the risk of developing
renal insufficiency in ADPKD patients within 8 years of
follow-up [5]. The reason for adopting ht-TKV as an
adjusted TKV marker in this study was to minimize the
differences in adjusted TKV values between men and
women. Other adjusted TKV markers, such as body
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surface-adjusted TKV (bs-TKV) or log-converted TKV
(log-TKV), were compared from the standpoint of mini-
mizing the differences between men and women. It remains
unclear which adjusted TKV marker correlates best with
renal function.

On the other hand, the results from three recent pro-
spective clinical trials examining the effect of mammalian
target of rapamycin inhibitors on disease progression of
ADPKD have not demonstrated an association between
changes in TKV and glomerular filtration rate (GFR) [6-8].
These studies might have used too short a period for
examining the relationship between TKV and functional
changes.

If TKV correlates with kidney function, it will be a
useful clinical marker of renal function since (1) it can be
measured reliably, and (2) it changes by a measurable
amount during a relatively short period of time (mean %
increase of TKV is 5-6 % per year) [9]. In contrast, kidney
function, measured by estimated GFR (eGFR), decreases at
a slow rate of 0-3 ml/min/1.73 m* per year depending on
the chronic kidney disease (CKD) stage [10]. Taking the
measurement variation of eGFR into consideration, it is
difficult to detect a small change as significant, especially
during early CKD stages when a relatively small amount of
eGFR decreases from a relatively large baseline eGFR.

For the above reasons, we reappraised the relationship
between kidney volume and kidney function (using eGFR).
If a significant relationship between two parameters was
confirmed, the characteristics of these parameters and their
changes (slopes) in relation to age and CKD stage were
examined.

Materials and methods

All patients fulfilled Ravine’s diagnostic criteria of AD-
PKD. One hundred and eighty-eight patients with ADPKD
gave informed consent to take part in an observational
clinical study protocol measuring TKV once a year with
simultaneous collection of 24-h urine for determination of
creatinine clearance (Ccr) and urinary protein excretion
between April 2007 and July 2012. Patients with end-stage
renal disease (ESRD) underwent TKV measurement only.
Of 188 patients, 70 underwent TKV measurement three
times or more. Two patients who received laparoscopic
cyst fenestration, one patient with a ureteral stone with
hydronephrosis during the study period, and three patients
with baseline ESRD were excluded from analysis.

Serum creatinine was measured enzymatically. Kidney
function was estimated with Ccr using 24-h urine, reci-
procal creatinine and eGFR. eGFR was calculated using the
following formula—eGFR (male) = 194 x Cr™ ' x
Age %% and eGFR (female) = eGFR (male) x 0.739.
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This equation is a Japanese coefficient of the modified
Isotope Dilution Mass Spectrometry—Modification of Diet
in Renal Disease (IDMS-MDRD) Study [11]. The staging
of kidney function is based on the Kidney Disease Out-
comes Quality Initiative Clinical Practice Guidelines for
CKD [12] using the final eGFR measurement.

TKV was measured by high-resolution magnetic reso-
nance imaging (MRI) using a volumetric measurement of
cross-sectional imaging, as described in the report from the
CRISP study [13]. Gadolinium enhancement was not used
for safety reasons. TKV was adjusted by height (ht-TKV,
ml/m), body surface area (bs-TKV, ml/mz) and log-con-
verted form (log-TKV, log[ml]). Kidney volume was
measured by one radiologist (KK). Intrareader reliability
was extremely high—the correlation coefficient was 0.999
for ten different single kidney volume measurements at
different times when blind to first measurement. The mean
of the % difference between two measurements was
0.29 £ 3.28 (SD) %.

Twenty-four-hour urinary protein excretion was
expressed as the mean value of several measurements for
each patient. The slopes of TKV, adjusted TKV parameters
and kidney function parameters were calculated using lin-
ear regression analysis for each patient. %TKV was cal-
culated with baseline TKV as 100 %.

The study protocol was approved by an institutional
review board (09-56), and the study was conducted in
accordance with the guidelines of the Declaration of Hel-
sinki. All participants gave written informed consent to use
their clinical data for medical research.

Statistical analyses

Analyses were performed with StatMate 4 and SAS 10 for
Windows. Parametric variables are expressed as the mean
and standard deviation in parentheses. Two-sided p <0.05
was considered to indicate statistical significance. p values
for differences between CKD stages were obtained using
ANOVA or the Kruskal-Wallis test. Correlations between
two variables were examined by linear regression analysis.
The correlation coefficient () was obtained by the Spear-
man rank-order correlation coefficient.

Results

Between April 2007 and July 2012, 188 patients with
ADPKD attending our clinic were followed annually by
measuring TKV with MRI and 24-h urine collection.
Among them, 70 patients repeated MRI and 24-h urine
measurements three times or more. Six patients with a
medical history affecting kidney volume, such as laparo-
scopic fenestration and baseline ESRD, were excluded
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from the study, leaving 64 patients for analysis (67 % were
female).

Four of the 64 patients had ESRD and one died of
cerebral hemorrhage during this observation period.
Baseline characteristics and the annual change rate (slope)
of kidney function and volume are shown in Table 1. Mean
slope of %TKV and eGFR were 5.9 % per year and
—1.0 ml/min/1.73 m? per year, respectively.

Relationship between TKV and kidney function

TKV, ht-TKV, bs-TKV and log-TKV are all significantly
correlated with eGFR (Fig. 1). Figure 1 illustrates the data
measured at final observation, but qualitatively similar
results were obtained using baseline observation. Among
these parameters, log-TKV correlation was most signifi-
cant. Baseline TKV and ht-TKV, but not bs-TKV and log-
TKV, negatively correlated with the eGFR slope (r =
—0.2642, —0.2476, —0.1811 and —0.2425, p = 0.0349,
0.0485, 0.1521, 0.0534, respectively, Fig. 2a). There was a
weak but significant correlation between the eGFR slope
and TKV slope (r = —0.2593, p = 0.03853, Fig. 2b).

Table 1 Baseline and annual change rate (slope) data of kidney
volume and function

N (men/women) 64 (21/43)
Age (year) 47.0 (14.1)
Observation period (months) 39.7 (11.1)

Baseline data of kidney volume and function
TKV (ml)
ht-TKV (ml/m)
bs-TKV (ml/m?)
log-TKV (log[ml])
1/Cre (ml/mg)
eGFR (ml/min/1.73 m?) 60.2 (27.38)
Cer (ml/min/1.73 m?) 90.01 (36.96)
Annual change rate (slope, b") of kidney volume and function
TKV slope (ml/year) 109.5 (123.8)

1,681.1 (1,001.1)
1,023.8 (604.2)
1,029.4 (615.2)
3.1588 (0.2357)
109.8 (42.7)

%TKV slope (%/year) 5.90 (4.38)
ht-TKV slope (ml/m/year) 65.9 (74.4)
bs-TKV slope (ml/mzlyear) 64.3 (71.6)

log-TKV slope (log[ml}/year) 0.022 (0.021)
—0.948 (8.073)
~1.020 (3.632)

~3.753 (9.233)

1/Cre slope (ml/mg/year)
eGFR slope (ml/min/1.73 m*/year)
Cer slope (ml/min/1.73 m*/year)

Numbers are the mean and standard deviation (in parentheses).

*A linear regression line (y = a + bX) was obtained by regression
analysis between each parameter and age (months) for the measure-
ment of each patient and b is expressed as change rate per year (slope)
TKV total kidney volume, ht-TKV TKV divided by height (m), bs-
TKV TKV divided by body surface area (m?), log-TKV log-converted
TKV, eGFR estimated glomerular filtration rate by Japanese MDRD
equation, Ccr creatinine clearance measured by 24-h urine collection
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Statistically significant correlations between eGFR and
TKV-related parameters support the view of a clinically
meaningful surrogate marker of TKV in ADPKD. The
significant correlation between baseline TKV and eGFR
slope (Fig. 2a) suggests the prognostic value of TKV for
kidney functional deterioration.

TKV and function in relation to CKD stage

Individual data plotted as age-related TKV according to
different CKD stages (Fig. 3) and Table 2 show that TKV
increases faster and becomes larger as CKD stages
advance. Age, systolic blood pressure, proteinuria, TKV,
and TKYV slope increase while eGFR slope decreases sig-
nificantly (p < 0.001) as CKD stage advances (Table 2).
Stages 1 and 2 are combined because TKV did not differ
significantly (1264 = 511 ml in stage 1 (n=7) and
1492 + 595 ml in stage 2 (n = 24), p = 0.3666).

In five of seven patients with CKD stage 5, TKV
increased >3,000 ml. In contrast, only two of 46 patients
with CKD stages 1-3 had TKV >3,000 ml (Fig. I,
p < 0.001).

In patients with advanced CKD stages, eGFR decreased
faster, which was demonstrated by a significant correlation
between final eGFR and the eGFR slope (r = 0.4002,
p = 0.0011); however, no significant correlation was
observed between baseline eGFR and the eGFR slope
(r = 0.1069, p = 0.4007). There was a high correlation
between baseline as well as final TKV and the TKV slope
(r =0.7995 and 0.8955, p < 0.001 p < 0.001, respec-
tively), suggesting that patients with large kidneys have a
rapid rate of kidney enlargement.

Changes in kidney volume and function in relation
to age

As age advanced, eGFR, reciprocal creatinine and Ccr
decreased significantly (Table 3). There was highly sig-
nificant correlation between age and eGFR but the eGFR
slope did not change significantly in relation to age.

TKV and TKV-related parameters had no significant
correlation with age (Fig. 5). In contrast, the %TKV slope
and log-TKV slope became smaller as age advanced (right
panel of Table 3 and Fig. 5d). There was no significant
correlation between function-related slopes and age.

The age-related results were not qualitatively different
between baseline and final age.

Discussion

The present study confirmed the significant relationship
between TKV and kidney function, which was reported by
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Fig. 3 Individual TKV data
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CRISP studies [4, 5, 14-16]. Among adjusted TKV
parameters, log-TKV correlated with eGFR most signifi-
cantly. As the CRISP study showed that TKV increased
exponentially and GFR decreased linearly [4], it is rea-
sonable that log-TKV correlates with kidney function
better than the other adjusted TKV parameters [14].

Final eGFR but not baseline eGFR correlated with the
eGFR slope. This observation is in agreement with our
previous report [10], in which the eGFR slope had no
correlation with baseline eGFR. The kidney function
remains well preserved for many years but decreases rap-
idly at a later stage [1, 17]. This characteristic profile of
renal function progression is explained by a compensatory
adjustment for the loss of GFR. Compensatory adjustments
make the decline in GFR slow or close to zero until certain
stages [1]. GFR is maintained within the normal range
despite decreased renal plasma flow in children and young
adult patients with ADPKD [18-20]. In early stages, the
decrease in renal plasma flow due to structural distortion in
ADPKD is partially compensated for by an increased
glomerular filtration fraction to renal plasma flow, but these
adaptations eventually prove inadequate and kidney func-
tion starts to decline at a faster rate [21]. Those observa-
tions and hyperfiltration hypothesis are collectively in
accordance with the present finding that the eGFR slope
becomes more negative as eGFR decreases (Table 2).

211

1020 30 40 50 60 70 1020 30 40 SO 60 70 1020 30 40 50 60 70
Age (years)

The eGFR slope is relatively constant in relation to age
(Fig. 4b). In our previous study, changes of reciprocal
creatinine in 106 patients plotted against age showed that
the progression patterns of renal function deterioration
were different among patients [10]. Individual variation in
renal functional progression might be a parallel charac-
teristic to the wide distribution of kidney size growth, as
shown in Fig. 3. Due to individual differences, the mean
yearly change in eGFR (eGFR slope) as a whole patient
group seemed to be constant, at least after ~30 years of
age.

TKYV increases each year in most patients with ADPKD
(Fig. 3), but no significant correlation between age and
TKV was seen in the present study (Table 3). Similar
findings were reported in the CRISP study [4]. The reason
for this insignificant correlation between TKV and age is
probably the wide individual variation in TKV. It is
interesting to note that the TKV slope was constant at all
ages, but the %TKYV slope and log-TKYV slope decreased as
age advanced (Table 3; Fig. 5d). This finding has already
been reported with the slopes expressed as a percent per
year being significantly lower in the older age group
(»p = 0.02) [4]. The mechanism of this saturation-like
phenomenon is speculated as follows—the rate of kidney
volume enlargement (ml/year) is constant throughout life
(Table 3), but the growth rate (%/year) becomes lower
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Table 2 Functional and volume parameters in relation to chronic kidney disease (CKD) stages according to the final measurement of the

estimated glomerular filtration rate (eGFR)

CKD stage according to the final eGFR (ml/min/1.73 mz) measurement p value
Stages 1 and 2 Stage 3 Stage 4 Stage 5
>60 59-30 29-15 <15
N (men:woman) 31 (10:21) 15 (5:10) 11 (3:8) 7 (3:4)
Observation period (months) 40.2 (11.5) 42.3 (10.2) 34.5 (11.9) 40.0 (9.1) NS
Baseline age (years) 39.8 (13.7) 53.3 (11.0) 56.4 (11.3) 50.7 (11.4) <0.01
Systolic BP on treatment (mmHg) 118.9 (10.6) 133.2 (11.3) 133.5 (19.4) 137.1 (17.7) <0.01
Diastolic BP on treatment (mmHg) 77.2 (6.6) 81.0 (4.9) 80.3 (10.2) 82.3 (11.3) NS
Urine protein excretion (mg/day/1.73 m?) 62.3 (96.1) 124.6 (119.1) 223.7 (267.6) 1,102.7 (1,727.6) <0.01
Kidney function ‘
Baseline eGFR (ml/min/1.73 m2) 82.1 (18.2) 52.7 (10.7) 33.0 (6.7) 21.9 (13.5) <0.01
Final eGFR (ml/min/1.73 m?) 82.5(19.4) 46.5 (8.6) 24.2 (3.1) 7.8 3.7) <0.01
¢GFR slope (ml/min/1.73 m*/year) 0.18 (3.47) —0.74 (3.95) —2.95 (2.38) —3.88 (2.89) <0.01
Baseline Ccr (ml/min/1.73 m?) 114.3 (30.7) 85.1 (17.8) 48.6 (7.0) 39.5 (19.4) <0.01
Cer slope (ml/min/1.73 mzlyear) =211 (11.74) —4.04 (3.49) —4.62 (7.96) -9.59 (3.67) NS
Baseline 1/Creatinine (ml/mg) 143 (27) 103 (20) 70 (15) 42 (19) <0.01
Kidney volume
Baseline TKV (ml) 1,192.0 (457.9) 1,394.3 (499.9) 2,693.0 (1,112.8) 2,871.4 (1,362.4) <0.01
Final TKV (ml) 1,440.9 (576.7) 1,689.1 (618.4) 3,103.7 (1,377.2) 3,855.3 (2,129.5) <0.01
TKV slope (ml/year) 73.8 (51.8) 75.0 (68.0) 148.6 (146.9) 279.6 (234) <0.01
% TKV slope (%/year) 6.25 (3.86) 5.16 (4.74) 4.80 (3.14) 7.69 (7.09) NS
log-TKV slope (ml/year) 0.0240 (0.0140) 0.0244 (0.0260) 0.0116 (0.0268) 0.0273 (0.0277) NS
Baseline ht-TKV (ml/m) 724.7 (279.3) 862.1 (268.6) 1,681.6 (718.7) 1,661.8 (787.9) <0.01
Baseline bs-TKV (ml/m?) 714.2 (267.4) 890.4 (257.0) 1,729.0 (764.8) 1,623.5 (784.9) <0.01
Baseline log-TKV (log[ml]) 3.044 (0.1759) 3.109 (0.1600) 3.396 (0.1825) 3.402 (0.257) <0.01

Numbers are the mean and standard deviation (in parentheses).

Slopes are calculated by regression analysis of each patient. Urine protein excretion and Cer were measured from 24-h urine. CKD stage 1 and 2
are combined. p values were calculated by ANOVA

BP blood pressure, CKD chronic kidney disease, ¢eGFR glomerular filtration rate estimated by Japanese MDRD equation, Ccr creatinine
clearance, TKV total kidney volume, h-TKV TKV divided by height (m), bs-TKV TKV divided by body surface area (m?), log-TKV log-

converted TKV

Table 3 Correlation coefficient (r) between age and kidney volume, function and their slopes

r between parameters and age at final measurement

r between each parameter slope and age at final measurement

r p value r p value
TKV (ml) 0.1264 NS TKV slope (ml/year) —0.0979 NS
% TKV (%/year) - - % TKV slope (%/year) —0.3923 <0.01
ht-TKV (ml/m) 0.1526 NS ht-TKV slope (ml/m/year) —0.0945 NS
bs-TKV (ml/mz) 0.1894 NS bs-TKYV slope (ml/mzlyear) —-0.0545 NS
log-TKV (log[ml}) 0.1774 NS log-TKV slope (log{ml}/year) —0.4002 <0.01
1/Cre (ml/mg) —0.5097 <0.001 1/Cre slope (ml/mg/year) —0.1585 NS
eGFR (ml/min/1.73 m?) —-0.6027 <0.001 ¢GFR slope (ml/min/1.73 m?/year) —0.0809 NS
Cer (ml/min/1.73 m?) ~0.436 <0.001 Cer slope (ml/min/1.73 m*/year) —0.1592 NS

Correlation coefficients (r) are calculated between each parameter and final age.
TKYV total kidney volume, i-TKV TKV divided by height (m), bs-TKV TKV divided by body surface area (m?), log-TKV log-converted TKV, Cr

creatinine, eGFR estimated glomerular filtration rate by Japanese MDRD equation, Ccr creatinine clearance
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because the denominator (kidney volume) increases every
year. The same explanation is applicable to log-converted
kidney volume.

The highly significant correlation between baseline as
well as final TKV and TKV slope is an obvious result of a
large kidney being the consequence of a rapid increase in
kidney volume. Although genotype was not determined in
the present study, it is known that faster growth is generally
associated with PKD1 genotype [4]. A large kidney volume
was associated with a more rapid declining slope of io-
thalamate-measured GFR as well as of eGFR in the present
study (Fig. 2a), indicating that a large kidney volume is
associated with decreased kidney function [4]. Recently,
Chapman et al. reported that baseline ht-TKV >600 cc/m
predicted the risk of developing renal insufficiency within
8 years [5]. The present study is not long enough to quan-
titatively predict the risk of renal insufficiency but supports
the view that TKV is a prognostic biomarker in ADPKD.

In summary, this study confirmed that TKV is a clini-
cally meaningful surrogate marker in ADPKD because it
correlates with kidney function and predicts functional
disease progression. Patients with larger TKV are at higher
risk of developing ESRD.

Limitations of this study

Kidney function was not measured directly, such as by
inulin clearance. Twenty-four-hour urine creatinine clear-
ance is known to have a relatively large variance due to
method imprecision and tubular creatinine secretion [22].
eGFR and reciprocal creatinine are affected by non-GFR
factors such as creatinine production and tubular secretion.
The patient number is limited and the observation period is
not long enough to predict disease progression.
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Abstract The Japan Renal Biopsy Registry (J-RBR) was
started in 2007 and the Japan Kidney Disease Registry
(J-KDR) was then started in 2009 by the Committee for
Standardization of Renal Pathological Diagnosis and the
Committee for the Kidney Disease Registry of the Japanese
Society of Nephrology. The purpose of this report is to
describe and summarize the registered data from 2009 and
2010. For the J-KDR, data were collected from 4,016 cases,
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including 3,336 (83.1 %) by the J-RBR and 680 (16.9 %)
other cases from 59 centers in 2009, and from 4,681 cases
including 4,106 J-RBR cases (87.7 %) and 575 other cases
(12.3 %) from 94 centers in 2010, including the affiliate
hospitals. In the J-RBR, 3,165 native kidneys (94.9 %) and
171 renal grafts (5.1 %) and 3,869 native kidneys (94.2 %)
and 237 renal grafts (5.8 %) were registered in 2009 and 2010,
respectively. Patients younger than 20 years of age comprised
12.1 % of the registered cases, and those 65 years and over
comprised 24.5 % of the cases with native kidneys in 2009
and 2010. The most common clinical diagnosis was chronic
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