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Abstract The prevalence and incidence of end-stage
kidney disease (ESKD) have continued to increase world-
wide. Japan was known as having the highest prevalence of
ESKD in the world; however, Taiwan took this place in
2001, with the USA still in third position. However, the
prevalence data from Japan and Taiwan consisted of dial-
ysis patients only. The prevalence and incidence of Kidney
Transplantation (KT) in Japan were quite low, and the
number of KT patients among those with ESKD was
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regarded as negligibly small. However, the number of KT
recipients has increased recently. Farthermore, there are no
reports about nationwide surveys on the prevalence and
incidence of predialysis chronic kidney failure patients in
Japan. This review describes our recent study on the esti-
mated number of chronic kidney disease (CKD) stage G5
patients and the number of ESKD patients living in Japan,
obtained via the cooperation of five related medical soci-
eties. From the results, as of Dec 31, 2007, 275,242 patients
had received dialysis therapy and 10,013 patients had a
functional transplanted kidney, and as of Dec 31, 2008,
286,406 patients had received dialysis therapy and 11,157
patients had a functional transplanted kidney. Conse-
quently, there were 285,255 patients with CKD who
reached ESKD and were living in Japan in 2008 and
297,563 in 2009. We also estimated that there were 67,000
predialysis CKD stage G5 patients in 2009, 37,365 patients
introduced to dialysis therapy, and 101 patients who
received pre-emptive renal transplantation in this year. In
total, there were 37,466 patients who newly required renal
replacement therapy (RRT) in 2009. Not only the average
ages, but also the primary renal diseases of the new ESKD
patients in each RRT modality were different.

Keywords Chronic kidney disease - End-stage kidney
disease - Renal replacement therapy

Introduction

Chronic kidney disease (CKD) is known as not only a
worldwide public health problem, but also a global socio-
economic concern, with adverse outcomes including kid-
ney failure, cardiovascular disease (CVD), and premature
death [1]. In Japan as well as other developed countries, the
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number of end-stage kidney disease (ESKD) patients has
continued to increase [2, 3]. There are three types of
treatment modality for ESKD: hemodialysis, peritoneal
dialysis, and kidney transplantation (KT). The ESKD
treatment modality is selected by several factors, including
socio-economic status, educational status, and the patient’s
or their family’s wishes. Therefore, the selection of ESKD
treatment modality has varied markedly from country to
country [4]. A nationwide survey of the incidence and
prevalence of dialysis patients has been conducted since
1978 in Japan by the Japanese Society for Dialysis Treat-
ment (JSDT). In addition, there have been annual reports of
the incidence of kidney transplant (KT) recipients in Japan
conducted by cooperation of both the Japanese Society for
Transplantation (JST) and the Japanese Society for Clinical
Renal Transplantation (JSCRT) [S]. In Japan, the preva-
lence and incidence of KT were quite low, and the number
of KT patients among ESKD patients had been regarded as
negligibly small. However, the number of KT recipients
has been increasing recently. Furthermore, two Japanese
nationwide surveys of renal replacement therapy (RRT)
modality were performed separately, but there was no
information transfer between the two surveys. In addition,
there have been no reports about nationwide surveys on the
prevalence and incidence of predialysis chronic kidney
failure patients in Japan.

Annual reports of the United States Renal Data System
(USRDS) provided international comparisons of the annual
incidence and prevalence of ESKD patients among several
countries [6]. In these reports, the incidence of new ESKD
patients was shown per million population, with Taiwan in
the first position, USA second, and Japan third. Japan was
previously known to have the highest prevalence of ESKD
in the world; however, Taiwan took this place in 2001, at
which time Japan was second, and the USA was third. The
order of these positions has been constant in recent years.
Most countries have an ESKD registry, which includes the
sums of the dialysis and KT populations, while in both
Japan and Taiwan, the number of ESKD cases in such
reports has referred to the dialysis population only. Fur-
thermore, there has been a recent increase in patients
receiving pre-emptive KT or KT after short-perioperative
dialysis, especially in younger ESKD patients in Japan,
resulting in an increased number of ESKD patients who
were not registered in JSDT.

For not only international comparisons, but also for
planning an effective treatment strategy for CKD, it is
important to identify the total ESKD population. For this
reason, we here attempt to estimate the sum of ESKD
patients and CKD stage 5 patients in Japan, via the coop-
eration of the JSDT, JST, JSCRT, Japanese Society for
Pediatric Nephrology (JSPN), and Japanese Society of
Nephrology (JSN).

ESKD registry system in Japan
The JSDT registry

The JSDT has been conducting an annual questionnaire
survey of dialysis facilities throughout Japan since 1968,
and several papers based on these surveys have been
published [7-9]. Since 1983, the JSDT has been compiling
a computer-based registry. Details on the inception, limi-
tations, validity, variables, and questionnaires used in the
study are available online at the JSDT homepage (www.
jsdt.or.jp). In brief, year-end survey questionnaires are sent
to all dialysis facilities (4,255 facilities in 2011) in Japan
each year. The questionnaire comprises four pages, the first
page consists of facility data and second to forth pages
consist of detailed patient data of each facility, and the
response rate in 2011 for the first page was 98.8 % and that
for all the pages was 96.2 %. Questionnaires were
administered by volunteers from among the staff of the
facilities, the principal investigators in each prefecture, and
the JSDT committee members. The JSDT funds a standing
committee responsible for statistics and investigation [10].
This registry consisted of the patients who required main-
tenance dialysis only. Figure 1 shows the annual change of
the prevalence of dialysis patients in Japan. When a dial-
ysis patient received KT, the patient record was removed
from the registry. If the same subject required dialysis
again due to transplanted kidney failure, the subject reg-
istered as a new dialysis patient whose primary kidney
disease was transplanted kidney failure.

JST and JSCRT registry

JST and JSCRT conducted an annual registry for new KT
cases (Fig. 2), and they conducted follow-up surveys every
3 years. The follow-up surveys were subsequently con-
ducted annually from 2009. The response rate (200 facili-
ties) was 83.0 % in 2009 [5]. The patients who registered
in this survey were restricted to those who had received
their renal transplantation in Japan. Transplant tourism
patients were excluded from the registry.

JSPN registry

A pediatric ESKD survey was conducted from 1999. The
incidence of ESKD patients aged <20 years old was
investigated in 1999-2000. Between 2001 and 2006, the
survey was conducted on new ESKD patients aged
<15 years old. The Committee of the Renal Data Registry
of JSPN was established in 2007. In 2008, this committee
investigated follow-up studies of new ESKD patients who
started RRT in 1998-2005 in those aged <15 years old.
After 2012, they conducted a national survey of pediatric
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Fig. 3 International comparisons for incidence and prevalence of
ESKD. Compared with adults, both the incidence and the prevalence
of ESKD of both Japanese and Taiwanese pediatric ESKD were quite

dialysis and KT patients via the cooperation of both JSDT
and JSCRT. Figure 3 shows an international comparison of
total and pediatric (aged <20 years old) ESKD incidence
and prevalence [4, 11]. Compared with adult cases, both
the incidence and the prevalence of ESKD were quite
different. In particular, the incidences of both Japanese and
Taiwanese pediatric ESKD were quite low. The reason for
these differences in both incidence and prevalence between
adult and pediatric cases was unclear.

Registry for predialysis ESKD

Imai et al. [12, 13] reported the estimated number of CKD
patients in Japan. This estimation was based on mass
screening data of the general population [13]. However, most
patients with CKD stage 5 were consulted and treated by
nephrologists or general physicians; these patients may not
have undergone the annual mass screening held by local
governments. There were also no reports about the preva-
lence and incidence of CKD based on a national registry in
Japan. Therefore, there were no detailed data of the preva-
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low. The reason for these differences in both incidence and
prevalence between adult and pediatric cases was unclear

lence of CKD stage 5 in Japan. However, Nakayama et al.
[14, 15] reported the prevalence and follow-up results of
CKD patients who consulted at nephrology clinics. From
their 2,962 CKD cohort analysis, 96 patients of CKD stage
G5 and 7 patients of CKD stage G4 received RRT at Dec.
31st 2009. Totally, 51.3 % of Gonryo CKD subjects were
received maintenance dialysis at the end of 2009. In a dial-
ysis registry held by JSDT, there were 37,555 subjects who
started RRT in 2009, excluding subjects whose underlying
renal disease was rapidly progressive glomerulonephritis
(n = 446) and due to functional graft loss (n = 202), 36,907
subjects progressed to ESKD from CKD stage 5 during 2009
[16]. Consequently, there were ~ 67,000 subjects who were
at predialysis CKD stage 5 in 2009. Furthermore, we hope
that detailed estimation can be made using the CKD-JAC
study, a prospective cohort study of 3,000 CKD patients at
several Japanese nephrology departments [17], or using the
FROM-J study, a randomized clinical trial of 2,500 CKD
patients treated by general physicians [18]. These two studies
were conducted mainly by JSN, and their final report will be
published in the near future.
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Fig. 4 Number of hemodialysis patients at the end of each year. Prevalence of hemodialysis patients was linearly increased

Incidence and prevalence by mode of RRT

Annual changes of the incidence and prevalence
of patients receiving hemodialysis (HD) [2]

Figure 4 shows the annual changes of the prevalence of
patients receiving HD. The number of patients with HD
consisted of the sum of cases undergoing hemodialysis,
hemodiafiltration, hemofiltration, acetate-free biofiltration,
and hemoadsorption. The prevalence of HD patients
increased linearly since we started the JSDT registry.
Figure 5 shows the changes of the annual incidence of HD
patients. The number of new HD patients also increased
year-by-year, except in 2009 and 2010.

Annual changes of the incidence and prevalence
of patients receiving peritoneal dialysis (PD) [2]

Figure 6 shows the annual changes of the prevalence of
patients receiving PD. The number of PD patients was
increasing, but this trend disappeared after 1997. Figure 7
shows the changes of the annual incidence of PD. The
annual incidence of new PD patients increased over the last

@ Springer

10 years, while the prevalence of PD patients was constant
owing to the increasing number of patients transferred from
PD to HD.

Annual changes of incidence and prevalence of patients
receiving kidney transplantation (KT)

There was no information about the annual changes of the
prevalence of functional transplanted kidneys. Figure 2
shows the annual incidence of recipients of KT in Japan. In
2010, 1,484 patients received KT, among which 1,276
patients received living-related KT, while 208 patients
received cadaver KT. Although the number of brain-death
donors increased recently, the number of cardiac-death
donors decreased. Consequently, the number of cadaver
KT was almost constant, and the recent increase of KT was
mainly due to an increase of living-related KT (Fig. 8).
Furthermore, the number of pre-emptive renal transplan-
tations increased recently. With the increase of pre-emptive
renal transplantation, namely, cases in which dialysis was
not received during the preoperative period, the difference
in the count between the number of dialysis patients and
the number of ESKD patients widened.
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Fig. 5 Number of newly started hemodialysis patients. Number of newly started hemodialysis patients was increasing linearly, however, slight

decrease of newly started hemodialysis patients was observed in 2010

Present status of ESKD in Japan

From each registry and the reported data, we attempted to
estimate the number of ESKD patients in Japan. At this
time, registry data on JST/JSRT were available up the end
of 2007 and 2008, and to account for further editing of the
JSDT registry data, we estimated the incidence of ESKD in
2009 and its prevalence in 2007 and 2008.

Estimated incidence of ESKD in 2009

We estimated who started RRT (sum of HD, PD, and KT
cases) in 2009. In total, 37,566 patients started dialysis in
2009 from facility analysis in a dialysis facility report [16].
From detailed patient study, only 37,287 patients’ records
were obtained. Among the newly dialysis-initiated patients,
200 subjects underwent this due to graft dysfunction. We
estimated the number of graft dysfunction cases from
faculty analysis (= 200 x (37,566/37,287) = 201) and
found that there were 201 estimated graft dysfunction

patients who started dialysis in 2009. From the JSR/JSRT
registry, there were 101 pre-emptive KT recipients in 2009
[5]. Consequently, we estimated that the incidence of
ESKD was 37,566 — 201 4 101 = 37,466.

The average age of new dialysis patients in 2009 was
67.3 years old (males, 66.4 years old; females, 69.1 years
old) [16]. The average age of patients who received pre-
emptive KT was 34.9 years old (males, 35.5 years old,;
females, 33.8 years old) [5]; we estimated that the average
age of new ESKD patients in 2009 was 67.2 years old.

The underlying kidney diseases in cases starting dialysis
in 2009 were as follows: 22.0 % had chronic glomerulo-
nephritis, 45.0 % diabetes, and 10.9 % nephrosclerosis
[16]. In KT recipients, 40.6 % had chronic glomerulone-
phritis, 10.9 % diabetes, and 1.0 % nephrosclerosis. In
transplanted patients, a certain number of patients had
congenital abnormality of kidney and urinary tract (CAK-
uT) [5].

In total, in terms of the underlying kidney disease in new
ESKD patients in 2009 in Japan, 22.1 % had chronic

@ Springer
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Number of peritoneal dialysis patients was increasing linearly until
1997. Nomoto et al. {21] reported that long-term peritoneal dialysis

glomerulonephritis, 44.9 % had diabetes, and 10.8 % had
nephrosclerosis. The proportions of cases with polycystic
kidney disease and rapidly progressive glomerulonephritis
were unchanged (Table I).

Figure 9 shows a comparison of the annual incidence of
ESKD in 2009 among USA, Taiwan, and Japan. In 2009,
201 patients were re-introduced to dialysis treatment due to
functional graft loss, and 101 patients received pre-emptive
renal transplantation in Japan. We provided the detailed
number of patients as study data to USRDS for interna-
tional comparison, which was 287 per million population.
After our estimation, it was 294 per million population.
Finally, the order of these countries was the same (Fig. 9).

Estimated prevalence of ESKD patients as of Dec 31,
2007 and 2008, in Japan

From the JSDT registry, there were 275,242 subjects who
received maintenance dialysis treatment in Japan in 2007
[19] and 286,406 in 2008 [20]. From the JST/JSRT regis-
try, there were 10,013 subjects who had functional kidney
graft in Japan in 2007 and 11,157 in 2008. Consequently,

@ Springer
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was regarded as an important risk factor for encapsulating peritoneal
fibrosis. Avoidance of long-term continuation of PD was one of the
main reasons for diminishing the increment trend after 1997

there were 285,255 ESKD subjects who required RRT as of
Dec 31, 2007, and 297,563 ESKD subjects who required
RRT as of Dec 31, 2008 in Japan.

The mean age of dialysis patients on Dec 31, 2007 was
64.9 years old (males, 64.2 years old; females, 66.0 years
old). The mean age of KT patients who had a functional renal
graft on Dec 31, 2007 was 43.7 years old (males, 44.2 years
old; females, 42.8 years old). As a result, the mean age of
ESKD patients in Japan on Dec 31, 2007 was 64.2 years old
(males, 63.4 years old; females, 65.1 years old).

The most common primary kidney disease of dialysis
patients was chronic glomerulonephritis (40.4 %), while
33.4 % of the patients had diabetic nephropathy, 6.5 %
nephrosclerosis, and 3.4 % polycystic kidney disease, as of
Dec 31, 2007, in Japan. In KT patients who had a functional
graft on Dec 31, 2007, in Japan, 58.7 % of cases had chronic
glomerulonephritis, 5.0 % diabetic nephropathy, 1.1 %
nephrosclerosis, and 2.5 % polycystic kidney disease. Con-
sequently, in terms of the primary kidney disease of ESKD
patients on Dec 31, 2007, in Japan, 41.0 % of cases were
chronic glomerulonephritis, 32.4 % diabetic nephropathy,
and 6.3 % nephrosclerosis (Table 2).
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Fig. 8 Recent trend of number of kidney transplantations in Japan.
The number of cadaver KT was almost constant, and the recent
increase of KT was mainly due to an increase of living-related KT

Figure 10 shows an international comparison of the
prevalence of ESKD among Taiwan, USA, and Japan on Dec
31, 2007. As mentioned above, we provided the detailed
number of patients as study data to USRDS for international
comparison. It was 2,058 per million population. However,
our final estimated total ESKD population in Japan as of Dec
31, 2007 was 2,233 per million population.

Finally, we describe our recent study about the estimated
number of CKD stage 5 patients and the number of ESKD
patients living in Japan, via the cooperation of JSDT, JST,
JSCRT, JSPN, and JSN. From the results, as of Dec 31, 2007,
275,242 patients received dialysis therapy and 10,013 patients
had afunctional transplanted kidney. Consequently, there were
285,255 patients with CKD who used RRT and were living in
Japan in 2008. In addition, there were 67,000 predialysis CKD
stage G5 patients in 2009, 37,365 patients introduced to dial-
ysis therapy, and 101 patients who received pre-emptive
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Table 1 Annual incidence and
primary renal disease of ESKD
in Japan in 2009

Primary kidney diseases

Dialysis patients Pre-emptive Total
transplantation

Number % Number % Number %

Chronic glomerulonephritis 8,228 220 41 40.6 8,269 22.1
Diabetes 16,827 450 11 109 16,838 44.9
Nephrosclerosis 4,055 10.9 I 1.0 4,056 10.8
Polycystic kidney 873 2.3 7 6.9 880 23
Rapidly progressive glomerulonephritis 466 1.2 0 0.0 466 1.2
Others 6,917 18.5 4t 40.6 6,958 18.6
Total 37,365 1000 101 100.0 37466  100.0

Fig. 9 Comparison of annual 400

incidence of ESKD in 2009

among USA, Taiwan, and 350 4-

Japan. From the USRDS

international comparison data, 300

annual incidence of ESKD in

Japan was 287 per million

population, after our estimation, 250 4

it was 294 per million

population. The order of these 200 A~

countries was the same
150
50

0 T

Taiwan

United States Japan Japan (present study)

* Data source USRDS annual data report 2010

Table 2 Prevalence and

! ' h Primary kidney diseases Dialysis patients Transplanted Total ESKD
primary kidney disease of patients
ESKD in Japan at Dec 31, 2007
Estimated % Number % Estimated Yo
number number
Chronic glomerulonephritis 111,098 4040 5879 58.71 116,977 41.01
Diabetes 91,892 33.40 505 5.04 92397 32.39
Nephrosclerosis 17,850 6.50 105 1.05 17,955 6.29
Polycystic kidney 9,287 3.40 252 2.52 9,539 3.34
Rapidly progressive 1,814 0.70 0 0.00 1,814 0.64
glomerulonephritis
Others 43,301 15.70 3272 32.68 46,573 16.33
Total 275,242 10,013 100.00 285,255 100.00

kidney transplantation in this year. In total, there were 37,466
patients who newly required RRT in 2009. Not only the
average ages, but also the primary kidney diseases of the new
ESRD patients in each RRT modality were quite different.

@ Springer

It is important to show the incidence and prevalence of
the total ESKD population, including dialysis, KT, and
predialysis ESKD patients, to determine an effective
treatment and care strategy.

— 624 —



Clin Exp Nephrol (2015) 19:54-64

63

Fig. 10 Comparison of 2,500
prevalence of ESKD at Dec 31, 2,285
2007, among USA, Taiwan, and

2233

Japan. Prevalence of ESKD at
Dec 31, 2007 in Japan was
2,058 per million population.
However, adding KT subjects,
our final estimated total ESKD
population in Japan as of Dec
31, 2007 was 2,233 per million
population

Taiwan

* Data source USRDS annual data report 2008
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20-Year Analysis of Kidney Transplantation: A Single Center in Japan

M. Tasaki, K. Saito, Y. Nakagawa, M. lkeda, N. Imai, Y. lto, I. Narita, and K. Takahashi

ABSTRACT

Background. Patient and graft survival after successful kidney transplantation (KT) have
improved despite an increase in the number of challenging cases. Various factors have
evolved during the long history of kidney transplantation.

Methods.

Between 1988 and 2012, a total of 292 living donor and 56 deceased donor KT's

were performed at Niigata University Hospital. Long-term patient and graft survival and
changes in background during a 20-year period in a single center were retrospectively

analyzed.
Results.

Excellent patient survival rates of 95.1% at 20 years for living donor KT and

96.2% at 15 years for deceased donor KT were observed. Graft survival rates at 1, 5, 10, 15,
and 20 years were 96.8%, 95.4%, 83.1%, 61.8%, and 56.2% in living donor KT, respec-
tively. In contrast, graft survival rates at 1, 5, 10, and 15 years in deceased donor KT were
89.0%, 80.3%, 77.3%, and 33.8%, respectively. These survival rates have dramatically
improved since 2002 (91.7% for living and 80.9% for deceased donor KT at 10 years post-
transplantation). The number of elderly recipients (older than 60 years) and the percentage
of grafts donated from spouses have increased. The rejection rate decreased and the
cytomegalovirus antigenemia-positive rate increased during the 20-year period assessed.
The percentage of pre-emptive KTs progressively increased, with graft survival in this
group tending to be better than non-preemptive KTs. The causes of graft loss were
chronic allograft dysfunction (54.7%), acute rejection (11.1%), and malignancies (9.4%).
After living donor KT, the principal predictors of graft loss were if the recipient was
younger than 30 years, if the donor was older than 50 years, and if the rejection episodes
occurred after living donor KT. In contrast, the only risk factor in the case of deceased
donor KT occurred after transplantation from donors who were older than 50 years.

Conclusions. A summary of the long-term outcome of KT over 20 years in a single center
has been reported. Along with the changes in patient backgrounds, immunosuppressive
drugs, and our knowledge of transplantation, patient and graft survival outcomes have
also changed. Investigation into such outcomes during a different transplantation era is

required to fully appreciate advances in KT.

OR patients with end-stage renal disease (ESRD),

successful kidney transplantation (KT) provides sig-
nificantly improved patient survival rates and quality of
life compared with dialysis treatment [1,2]. Various factors
have changed during the long history of KT. Short- and
long-term kidney graft survival rates have improved since
immunosuppressive drugs such as calcineurin inhibitors and
mycophenolate mofetil have been used in transplantation
[3-5]. The population of patients who have ESRD is aging,
and the number of patients requiring retransplantation is
increasing. In addition to a severe organ shortage and the
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such as in cases of ABO incompatible KT, the presence of
donor-specific antibody (DSA) or comorbidity are increasing.

In this study, a summary of the outcomes of living and
deceased donor (cardiac death donor) KTs in our center for
patients older than 20 years has been reported, including the
changes of background.

PATIENTS AND METHODS

Between 1988 and 2012, a total of 292 living and 56 deceased donor
KTs were performed at Niigata University Hospital. All kidney
grafts were donated from cardiac death donors in deceased KTs,
which have been performed in our center since 1995. Seventy-four
ABO-incompatible (ABO-i) KTs, and 55 pre-emptive KTs (PKT)
were only performed after living donor KT since 1994 and 1995,
respectively. Medical records, including age, gender, human leu-
kocyte antigen (HLA) mismatches, ABO-i, PKT, biopsy-proven
rejection, duration of dialysis, and ischemic time were reviewed.
Cytomegalovirus (CMV) infection was defined as the detection of
CMYV antigen (PP65) in peripheral blood leukocytes. Graft loss was
defined as the return to chronic dialysis (death censored).

Results were expressed as frequency (percentage) or average
(mean) for categorical data, and comparisons of baseline charac-
teristics between non-graft loss and graft loss groups were made
by chi-square analysis or two-sided ¢ test. Patient and graft survival
rate estimates were obtained by the Kaplan-Meier method. To
determine independent predictive variables for graft loss, relevant

oz P=0.001
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wsanses Deceased KTx a0 sxuewss Deceased KTx
T T ¥
50 200 250 300 o 25 50 s w0 12

Months poest transplantation
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factors in a univariate analysis were fitted into a multivariate-
adjusted logistic regression analysis. All statistical analysis was
performed using SPSS 15.0 (Chicago, IlI, United States) software
for Windows.

RESULTS
Patient Characteristics

The mean age of recipients and donors for living donor KT
was 36.5 years (range, 3 to 65 years) and 54.6 years (range,
25 to 78 years) at the time of transplantation, respectively.
The mean age of recipients and donors for deceased donor
KT was 47.0 years (range, 6 to 72 years) and 45.7 years
(range, 1 to 70 years) at the time of transplantation,
respectively. Median duration of dialysis was 45.3 months
(range, 0 to 333 months) and 209.8 months (range, 13 to 576
months) for living and deceased donor KT, respectively.
The average total ischemic time and warm ischemic time
was 90.6 and 5.3 minutes for living donor KT and 926.1 and
7.3 minutes for deceased donor KT, respectively. CMV
antigenemia—positive rates were 55.1% and 42.6% for living
and deceased donor KT, respectively. Biopsy-proven rejec-
tion rates were 40.0% and 30.4% in living and deceased
donor KT, respectively. The primary causes of ESRD were
immunoglobulin A nephritis (24.2%), chronic glomerulo-
nephritis (12.3%), Alport syndrome (5.0%), diabetic
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nephritis  (5.0%), focal segmental glomerulosclerosis

(3.8%), membranoproliferative glomerulonephritis (3.8%),
reflux nephropathy (3.8%), polycystic kidney disease
(3.5%), renal hypoplasia (3.2%), pregnant nephropathy
(1.8%), lupus nephritis (0.9%), obstructive nephropathy
(0.9%), membranous nephropathy (0.6%), others (5.3%),
and unknown (26.2%). The causes of graft loss were chronic
graft dysfunction, including chronic rejection (54.7%), acute
rejection (11.1%), recurrent nephritis (9.4%), renal graft
thrombosis (5.7%), malignancy of the graft (3.8%), primary
non-function (3.8%), drug non-adherence (1.9%), infection
(1.9%), and others (7.6%).

Long-term Patient and Graft Survival Rates

The 1-, 5-, 10-, 15-, and 20-year patient survival rates were
99.3%, 97.5%, 96.2%, 95.1%, and 95.1% after living donor
KT, respectively (Fig 1A), and the 1-, 5-, 10-, and 15-year
patient survival rates were 98.2%, 96.2%, 96.2%, and
96.2% after deceased donor KT, respectively (Fig 1A).
Survival rates for patients transplanted most recently were
slightly higher, being 98.7% and 97.4% for living and
deceased donor KT at 10 years after KT, respectively (Fig
1B). The 1-, 5-, 10-, 15-, and 20-year graft survival rates
were 96.8%, 95.4%, 83.1%, 61.8%, and 56.2% after living
donor KT, respectively (Fig 1C), and the 1-, 5-, 10-, and 15-
year graft survival rates were 89.0%, 80.3%, 77.3%, and
33.8% after deceased donor KT, respectively (Fig 1C).
These graft survival rates dramatically improved in both KT
groups after the introduction of mycophenolate mofetil and
basiliximab in addition to calcineurin inhibitors for immu-
nosuppression at our center. The 10-year graft survival rates
were 91.7% and 80.9% in living and deceased donor KT,

respectively (Fig 1D). Although immunosuppressive therapy
was improved, graft survival rate was significantly better in
living KT than deceased donor KT. The 15-year graft sur-
vival rate was not significantly different between ABO-
compatible and -incompatible KT (data not shown). The
most recent graft survival rate for ABO-i KT was 96.2% at 7
years after KT.

The Evolution of Transplantation

The transplantation period was divided into four eras:
1988-2000, 2001-2004, 2005~2008, and 2009-2012. The
number of elderly recipients increased as time progressed
(Fig 2A). Parents were the principal donors in living donor
KT; however, the percentage of donors who were spouses
had continuously increased (Fig 2B). Rejection episodes
decreased (Fig 2C), whereas the CMV antigenemia—positive
rate increased (Fig 2D). The number of PKTs increased
(Fig 2E), and the long-term graft survival rate tended to be
higher in PKT, although it was not statistically significant
(P = .275; Fig 2F). The primary disease characteristics of
ESRD remained unchanged (data not shown).

Risk Factors of Graft Loss in Living and Deceased Donor KT

A univariate analysis was performed to investigate the risk
factors of graft loss. In living donor KT, the percentage of
younger recipients, older donors, and rejection episodes
were significantly higher in the graft loss group (Table 1). In
a multivariate logistic analysis, recipients who were younger
than 30 years, donors who were older than 50 years, and
rejection episodes were significant predictors for reduced
long-term graft survival (Table 2).
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Table 1. Risk Factors of Graft Loss in Living Kidney
Transplantation: Comparison of Characteristics in Living KTx

TASAKI, SAITO, NAKAGAWA ET AL

Table 3. Risk Factors for Graft Loss in Deceased Kidney
Transplantation: Comparison of Characteristics in Deceased KTx

Graft loss Graft loss
Characteristics - + P value Characteristics - + P value

Recipient age Recipient age

<30, n (%) 75(29.8) 19 (47.5) <30, n (%) 5(11.6) 1(7.7)

30-49, n (%) 115 (45.6) 14 (35.0) .042 30-49, n (%) 18 (41.9) 6 (46.2) 184

50z, n (%) 62 (24.6) 7(17.5) 50z, n (%) 20 (46.5) 6 (46.2)
Male: Female, n 160:92 27:13 624 Male: Female, n 2716 9:4 671
ABO incompatible, n (%) 60 (23.8) 14 (35.8) 131 Donor age
Donor age Less than 50, n (%) 27 (62.8) 4 (30.8)

Less than 50, n (%) 76 (30.2) 6 (15.0) .047 More than 50, n (%) 16 (37.2)  9(69.2) .042

More than 50, n (%) 176 (69.8) 34 (85.0) HLA mismatch, mean 2.74 212 .186
HLA mismatch, mean 278 2.46 246 Rejection, n (%) 11 (25.6) 6 (46.2) 101
Preemptive KTx, n (%) 50 (19.9) 3(7.7) .066 Time on dialysis, mean, (mon) 204.5 227.2 A75
Rejection, n (%) 81(31.5) 28 (73.7) .000 Total ischemic time, mean, (min) 909.1 996.0 641
Time on dialysis, mean, (mo) 45.2 46.6 .580 Warm ischemic time, mean, (min) 7.59 6.36 .644
Total ischemic time, mean, (min) 91.4 84.2 290 Graft weight, mean, (g) 205.7 205.6 989
Warm ischemic time, mean, (min) 5.22 6.15 .398
Graft weight, mean, (g) 179.4 154.4 475

In deceased donor KT, both univariate and multivariate
analyses showed that a donor older than 50 years was a
significant risk factor for long-term graft loss (Tables 3
and 4).

DISCUSSION

The data from our center showed excellent patient and graft
survival rates after both living and deceased donor KT,
which was further improved by the use of calcineurin in-
hibitors, mycophenolate mofetil, and basiliximab in the
immunosuppressive regimen. Administration of rituximab
contributed greatly to graft survival rates in ABO-i KTs
performed since 2004 at our center [6]. During 20 years of
transplantation, a number of factors have changed. In 2012,
the average of age of initiation of chronic hemodialysis in
Japan was 68.9 years. Along with the aging of patients with
ESRD, the percentage of older patients who received KT
also increased. Living donor KT is more frequently per-
formed in Japan than deceased donor KT, and inevitably,
the donors for older recipients were their spouses, with
84.2% of the recipients being older than 60 years receiving
kidney grafts from their spouses. Spousal transplantation
with poor HLA matching and a history of pregnancy in
husband-to-wife KT is considered a high risk factor for
accelerated rejection [7,8]. In our study, rejection and long-
term graft survival rates were not significantly different

Table 2. Risk Factors of Graft loss in Living Kidney
Transplantation: Multivariate-adjusted Logistic Regression in

Living KTx
Characteristics Odds ratio 95% Cl P value
Recipient age less than 30 years  3.249 1.484-7.111 .003
Donor age over 50 years 3.273 1.215-8.816  .019
2.528-12.543 .000

Rejection episode 5.631

between spousal and non-spousal KTs because the numbers
of HLA mismatches were similar in both groups and many
spousal KTs were ABO-i, for which desensitization therapy
was administered [6]. The reduction in rejection rates in this
study may have been associated with improvements in the
immunosuppressive therapy. In contrast, there were increases
in the CMV antigenemia-positive rate. The increasing
number of high risk cases with ABO-incompatibility and/or
DSAs who were administered heavier immunosuppressive
therapy may explain this observation. Prophylactic therapy
for CMV infection was not conducted in these cases, except
when KT was performed from seropositive donors to sero-
negative recipients. PKT has been reported to have superior
outcomes for graft and patient survival rate compared with
non-PKT [9]. In this study, PKT had a slightly better graft
survival rate than the non-PKT group, although there was no
significant difference. Many PKTs have only been performed
recently and longer observation periods may be needed.

In this study, younger recipients, older donors, and
rejection episodes correlated with reduced graft survival
after living donor KT. High donor age and rejection epi-
sodes are well known to have an important influence on
graft survival [10,11]; however, the role of younger recipient
age on long-term graft survival remains controversial
[11,12]. Younger recipients had a shorter period of dialysis
and may be immunologically healthier, explaining stronger
rejection responses. In addition, most of the donors for
younger recipients in our study were their parents, who were
relatively older and whose grafts likely had fewer nephrons.
Older kidneys may have a limited capacity to respond

Table 4. Risk Factors for Graft Loss in Deceased Kidney
Transplantation: Multivariate-Adjusted Logistic Regression in
Deceased KTx

Odds ratio
3.797

95% ClI P value

1.004-14.36 .049

Characteristics

Donor age over 50 years
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appropriately to increases in physiological or metabolic
demands in younger recipients leading to a greater reduc-
tion in renal function. In this study, recipients who were
younger than 30 years who received kidney grafts from
donors who were older than 50 years had significantly
higher rates of rejection (Tasaki et al. in press). Therefore,
younger recipients, older donors, and rejection episodes
may be considered as closely related factors. Furthermore,
younger recipients may show drug non-adherence [13,14].
In deceased donor KT, donor age was the principal risk
factor for long-term graft loss as previously reported
[15-17]. In Japan, cardiac death donors were the principal
donor organ source until the transplantation law was
revised in 2010. Longer ischemic time, which was on
average 926 minutes in this study, may have severely
damaged kidney grafts, particularly those donated from
older donors.

This study presents the limitation of any retrospective
study. Because this study was a complex cohort of patients
incorporating different phases of immunosuppressive regi-
mens, changes in patient background, evolution of immu-
nosuppressive therapy, and data from each era should be
investigated in isolation for a better understanding of
changes in patient and graft survival. However, it is neces-
sary to understand how the background and outcomes have
been changed by what we have done.

In conclusion, long-term patient and graft survival rates
improved and rejection rates decreased after recent im-
provements in immunosuppression therapy. In addition to
increasing numbers of older recipients, the number of donor
organs obtained from spouses has also increased. After
living donor KT, younger recipients had inferior effects of
graft function. Stronger immunosuppressive therapy may be
required in these cases to prevent rejection after kidney
grafts from older donors.
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Abstract

Purpose  We aimed to examine the influence of donor age
on living-donor kidney transplantation (KTx), particularly
with regard to long-term graft survival in young recipients
with aged kidney grafts.

Methods Between 1988 and 2012, 287 living-donor KTxs
were performed in our center. The recipients were divided
into 3 groups according to age in years: under 30 (young),
30-49 (middle-aged), and over 50 (old). The data regarding
the influence of kidneys from donors aged over 50 years
were retrospectively analyzed.

Results  Graft survival at 1, 5, 10, and 15 years was 94.7,
94.7,90.2,and 75.2 %, respectively, in young recipients who
received grafts from donors aged under 50 years, and 96.4,
91.9,65.4,and 41.4 %, respectively, in young recipients who
received grafts from donors aged over 50 years (P = 0.023).
In contrast, there were no significant differences regarding
graft survival and donor age in the middle-aged and old
recipient groups. Multivariate analysis revealed that young
recipient and rejection episode were significant predictors of
graft loss in transplantation from older donors. Histological
examination revealed significant age-related changes in the
grafts before transplant and a significant higher rate of
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glomerular hypertrophy at the 1-month protocol biopsy in
young recipients with aged kidney grafts.

Conclusions Kidney grafts from older living donors
affected long-term graft survival in young recipients. In
addition to the damage from rejection, aged kidney grafts,
which have less nephron mass, may have a limited capacity
to appropriately respond to increases in physiological or
metabolic demands of young recipients, leading to a
greater reduction in renal function.
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Introduction

In many countries, the lack of donor organs coupled with an
increasing number of end-stage renal disease patients has
placed greater emphasis on living kidney donation. Along
with an improving in long-term graft survival, death with a
functioning graft has been increasing, particularly in aged
recipients [1-4]. However, patient survival is not the main
limitation to long-term graft survival in young recipients, who
have a low risk of death after kidney transplantation (KTx).

The adverse impact of increasing donor age on renal
allograft survival is well established for deceased donor
KTx [4-7]; however, this has not yet been evaluated for
long-term graft survival over 10 years in living-donor KTx.
Most donors for young recipients are their parents, who
belong to the relatively aged donor population.

Thus, the present study aimed to assess graft survival
over 20 years in living-donor KTx for young recipients
with aged kidney grafts and determine the possible causes
for graft loss.
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Materials and methods
Patients

A total of 287 living-donor KTxs in Niigata University
hospital from 1988 to 2012 were included in this study. The
recipients were divided into 3 groups according to their age
in years: under 30 (young), 30—49 (middle-aged), and over
50 (old). To investigate the effect of donor age, the donor
groups were categorized into 2 groups according to their
age in years: younger than 50 years (younger donors) and
older than 50 years (older donors). Aged kidney grafts
were defined as grafts donated by older donors.

Immunosuppresive therapy

The immunosuppressive therapy commonly used was the
triple therapy consisting of a calcineurin inhibitor as the
base, a steroid, and an antimetabolite [8]. Mycophenolate
mofetil has been used instead of azathioprine and mizori-
bine since 2001. Basiliximab has been administered since
2002 for induction therapy. In ABO-incompatible KTx, the
triple immunosuppresion was given prior to KTx as a
desensitization therapy. Rituximab has been used before
ABO-incompatible KTx instead of splenectomy since 2004
[8].

Data collection

Recorded baseline data included age, gender, ABO
incompatibility, number of human leukocyte antigen
(HLA) mismatches, preemptive KTx, biopsy-proven
rejection, duration of dialysis, warm and total ischemic
times, transplant era, and histological data. The primary
clinical outcome of this study was graft survival (death-
censored graft survival). Complement-dependent cytotox-
icity (CDC) cross-match and flow cytometric cross-match
(FCXM) tests were negative before transplantation in all
cases of this study. However, panel-reactive antibody
(PRA) test was not routinely examined in our hospital. The
data were retrospectively analyzed. The present study was
approved by the Ethics Committee of Niigata University
Faculty of Medicine and conducted in accordance with its
ethical principles.

Histological data

Biopsies were performed before transplantation and
1 month after transplantation to evaluate kidney grafts.
Mayer’s hematoxylin—eosin (HE), alcian blue-periodic
acid-Schiff reaction (PAS), and elastic staining were used.
In addition to Banff classification, a unique scoring system
was used to evaluate kidney grafts in our center. Intimal
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thickness of the artery and glomerular global sclerosis have
been reported to be indicative of age-related changes [9]. To
examine the effects of aging in the kidney grafts, the fol-
lowing parameters were analyzed: intimal thickness of
interlobular artery (0: no intimal thickness, 1: two layers of
internal elastic lamina, 2: three layers, 3: four layers), glo-
merular global sclerosis (0: 0 %, 1: 0-24 %, 2: 25-49 %, 3:
50-74 %, 4: 75-100 %), and glomerular hypertrophy (0: no
glomerular hypertrophy, 1: glomerular hypertrophy). All
pathologic specimens were reviewed by one pathologist.

Statistics

Results were expressed as the frequency (percentage) or
average (mean) for categorical data. Baseline characteris-
tics between the non-graft loss and graft loss group were
compared by Chi-squared analysis or two-sided ¢ test. Graft
survival estimates were obtained by using Kaplan—Meier
methods. To determine the independent predictive variable
for graft loss, relevant factors in univariate analysis were
fitted into multivariate-adjusted logistic regression ana-
lysis. All statistical analyses were performed using SPSS
software 15.0 for Windows.

Results

The effect of donor age on long-term death-censored
graft survival

The graft survival at 1, 5, 10, 15, and 20 years in the group
receiving kidney grafts from young donors aged <50 years

Death censored graft survival
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Fig. 1 Kaplan-Meier graft survival by donor age (black line donors
<50, dotted lines donors over 50-year old)
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was 96.2, 96.2, 93.8, 73.8, and 73.8 %, respectively
(Fig. 1), which was significantly higher than the group
receiving grafts from old donors aged over 50 years (97.3,
95.3, 79.1, 58.2, and 49.9 %, respectively; P = 0.016).
When graft survival was examined for the recipients who
received kidney grafts from old donors, no significant
differences between the three groups were observed until
8 years after transplantation (84.8 % in young recipients,
91.5 % in middle-aged, and 81.9 % in old). However, the

Death censored graft survival from old donors over 50
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Fig. 2 Kaplan-Meier graft survival in the recipients who received

aged kidney grafls over 50 years (dotted lines recipient <30, black
line 30-49, gray line over 50-year old)

a Recipient age: less than 30

b Recipient age: 30-49

graft survival in young recipients was significantly
decreased 9 years after transplantation compared with
middle-aged recipients (Fig. 2). Figure 3 shows graft sur-
vival for each recipient group. Long-term graft survival
with aged grafts was significantly worse only in young
recipients (P = 0.023).

Risk factors for graft loss in kidney transplant
from elderly donors

We first undertook univariate analyses to find out possible
risk factors for graft loss in recipients receiving kidney grafts
from older donors. Young recipient age, history of rejection,
long warm ischemic time, and early transplant era were
significantly associated with the higher incidence of graft
loss (Table I). Subsequently, multiple logistic regression
analysis was employed to identify independent risk factors
for graft loss among these variables. When all the variables
were included, just transplant era, which is a persistent fac-
tor, was involved in graft loss; without transplant era, young
recipient age and history of rejection were risk factors
independently associated with graft loss (Table 2).

Age-related changes in kidney grafts

Biopsies before transplantation were performed to evaluate
kidney grafts. When we compared the intimal thickness of
the interlobular artery and glomerular global sclerosis
between the two donor groups, we found histological
changes in the aged kidney grafts (over 50 years) before
transplantation (Fig. 4a). The average intimal thickness
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Fig. 3 Kaplan—Meier graft survival in each recipient group. Donor group was divided into two according to their age (black line donors <50,

dotted lines donors over 50-year old)
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