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Abstract

Background Anemia is common among patients with
chronic kidney disease (CKD). The introduction of eryth-
ropoietin treatment has changed anemia management, but
the therapeutic hemoglobin (Hb) target is still under
debate, and clinical evidence for its effect on cardiac
functions and QOL is sparse.

Methods A 16-week dose-response study and a 32-week
follow-Up study were combined. After correcting anemia
of less than 10 g/dl in pre-dialysis Japanese CKD patients,
a higher Hb target (12—-13 g/dl) by darbepoetin alfa (DPO)
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was compared with the conventional Hb target by epoetin
alfa (EPO). Outcomes were anemia correction, manage-
ment of the left ventricular mass index (LVMI) and QOL
scores.

Results No significant difference was seen in Hb at
baseline and week 16, but a significant difference was
recorded at week 34 (12.34 &+ 0.93 g/dl for DPO and
10.43 + 0.90 g/dl for EPO). In both groups, LVMI
decreased similarly until week 16, but the decrease of EPO
was retarded, and a significant difference between LVMI
was seen only in DPO at week 34 (100.7 £ 16.6 g/m> for
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DPO and 110.9 #+ 25.2 g/m* for EPO). Relationships
between Hb and LVMI change at week 34 were examined
by stratifying Hb into four groups (Hb <10 g/dl, 10 g/dl
< Hb <11 g/dl, 11 g/dl < Hb <12 g/dl and 12 g/dl <
Hb), and a decrease of LVMI was prominent in the 12 g/dl
< Hb group. Correction of anemia to 11 g/dl or more led to
improved QOL scores. No safety difference was observed
among the treatments.

Conclusions Targeting a higher Hb around 12 g/dl was
more beneficial than targeting conventional Hb in terms of
reduction of LVMI and QOL. Further studies to determine
the appropriate Hb target are necessary.

Keywords Anemia - Cardiac functions -
Chronic kidney disease - Erythropoietin - Quality of life

Introduction

Anemia is a common problem among patients with
advanced chronic kidney disease (CKD). Prior to the
availability of erythropoietic stimulating agents (ESAs),
chronic blood transfusions represented the standard of care
for treating anemia. Chronic treatment with transfusions
carried inherent risks associated with infection, such as
viral hepatitis, iron overload and the risk of alloimmuni-
zation [1]. With the approval of recombinant erythropoietin
(EPO), the care of patients with CKD and anemia dra-
matically changed, and the necessity of transfusion to treat
anemia in this group was greatly diminished. Currently, the
objective of anemia treatment with EPO is not just to avoid
transfusion, but also to improve the symptoms of anemia,
such as shortness of breath and fatigue. However, the
optimal hemoglobin (Hb) target applied in EPO therapy is
still under debate and is being examined closely by the
medical community.

The KDOQI guideline for anemia treatment was
updated in 2006 to raise the upper limit of the Hb target,
which previously had been set at 12 g/dl [2]. Afterward,
negative patient outcomes of the CHOIR study in which a
higher Hb target (13.5 g/dl) was compared to conven-
tional treatment (11.3 g/d) were reported [3], and the
therapeutic Hb target for patients with CKD became a
topic of heated discussion once again [4, 5]. While sev-
eral observational studies suggested that higher Hb indi-
cated better patient outcomes or good patient health status
[6-9], prospective studies such as CHOIR and CREATE
[10], to correct anemia higher than the recommended Hb,
failed to demonstrate a benefit. The difference might
derive from the situations of daily clinical practice and
clinical study settings that require strict protocol compli-
ance with closer attention to the specific therapeutic effect
of the treatment [4]. In Japan, the therapeutic Hb target

for EPO treatment in regular clinical practice for patients
with CKD, regardless of renal replacement therapy, is set
at around 10 g/dl by the government. There are few
reports in which a high Hb target has been applied and its
effects examined in a large Asian population, including
the Japanese. Additionally, Fukuhara et al. [11] reported
that a decline in quality of life (QOL) was associated with
an increase in serum creatinine and a decline in hemat-
ocrit in CKD patients. Although KDOQI and other
guidelines, including European ones [12], recommend that
the Hb target level should be 11.0 g/dl or greater in terms
of QOL, it has not been well validated in Asian popula-
tions. On the other hand, it was reported that normaliza-
tion of the hematocrit level in Japanese CKD patients led
to favorable cardiovascular changes in a small prospective
study [13]. Therefore, we report the results of a clinical
trial in pre-dialysis CKD patients that compared the
therapeutic Hb target of 12-13 g/dl to that of 10-12 g/dl,
and investigated its impact on left ventricular mass index
(LVMI) reduction and QOL. This is a combined analysis
of two consecutive comparative randomized clinical
studies comprised of the dose-response and follow-up
studies of darbepoetin alfa (DPO) and EPO. Originally,
the dose-response study was conducted to examine the
dose-response relationship of DPO with Hb in anemia
correction. The follow-up study was to evaluate the safety
and efficacy of DPO at a higher therapeutic Hb target
compared with EPO at the conventional Hb target.

Materials and methods
Study population

The dose-response and follow-up studies were multicenter,
randomized, open-label, parallel-group studies conducted
from July 2004 through December 2005. Fifty-two medical
centers and hospitals in Japan participated in the studies.
The studies were conducted in accordance with the Dec-
laration of Helsinki and international guidelines for good
clinical practice. The protocols were approved by each
local institutional review board prior to implementation.
The dose-response study enrolled adults with anemia
(Hb <10 g/dl without administration of EPO in the last
4 weeks) and CKD [creatinine >2 mg/dl (177 pmol/l)]
who were aged 20-80 years and weighed 40-80 kg, and
who were not expected to initiate regular renal replacement
therapy within 16 weeks. However, those with uncon-
trolled hypertension, congestive heart failure [New York
Heart Association (NYHA) class III-IV] and known his-
tory of symptomatic myocardial, pulmonary and cerebral
infarction, unstable angina and obstructive arteriosclerosis
(Fontaine’s class II-1V) were excluded together with those
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with malignancy, major bleeding, recent surgery, transfu-
sion or investigational products within 16 weeks. All
patients gave written informed consent prior to study
enrollment. Those who completed the dose—response study
and were not expected to initiate regular renal replacement
therapy within another 32 weeks were asked to enroll in
the follow-up study. Those subjects who agreed to partic-
ipate in the follow-up study were asked to provide addi-
tional written informed consent.

Study design

The design of the dose-response and follow-up studies is
shown in Fig. 1; the first 16 weeks were allocated to the
dose-response study and the latter 32 weeks to the fol-
low-up study. Eligible patients were randomly assigned to
receive 30, 60 or 90 ng of DPO subcutaneously every
other week or 6,000 IU of EPO subcutaneously once a
week in the dose-response study. The dosage of the drug
was not changed until Hb reached above 12 g/dl.
Administration was suspended if severe adverse events
occurred or the rate of Hb rise was over 3 g/dl in 4 weeks
as set in the previous similar study [14]. After achieving
the lower bound of the therapeutic target, the dosage was
adjusted to maintain the target range at a physician’s
discretion. Randomization of patients was performed
centrally into four treatment groups with dynamic allo-
cation, stratified by Hb, serum creatinine and institution.
In this analysis, all groups in the study were integrated to
investigate the relationship between QOL and Hb or Hb
rise.

In the follow-up study, allocation of DPO and EPO for
each patient was not changed from the dose—response
study. Therefore, the ratio of patients with DPO to EPO
was expected to be about 3:1. Patients treated with DPO

Dose-Response Follow-Up
Study Study
(16weeks) (32weeks)
DPO (n=128) . P o
30 pg(n=43) Targeting P Maintaining
60 1 g (n=42) 12 gldL P 12 -13 gldL
90 1g (n=43) P
| | — T i
baseline week 8 week 16 week 34 week 50
Echacardiograph/ A A (End of Study)
Cardiac assessment
(n=49)
A
QOL assessment (n=171) (n=163) (n=143)
L |
EPO (n=43) Targeting i i Maintaining
60001V 12 gidL i i 10-12 gfdL

Fig. 1 Study design of the dose-response and follow-up studies. The
first 16 weeks were allocated to the dose-response study and the latter
32 weeks to the follow-up study
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were assigned to maintain a target of 12—13 g/dl, whereas
those treated with EPO were to maintain a target of 10—
12 g/dl. DPO was administered every 2 or 4 weeks sub-
cutaneously, and the maximum dose was limited to 180 pg.
The dose of DPO was adjusted to maintain the target range
at the discretion of each investigator and selected from the
following: 15, 30, 60, 90, 120 and 180 pg. Dose increase
per time was limited to the next higher dose. Dosage of
EPO was subcutaneous 6,000 [U weekly or 6,000-
12,000 IU every 2 weeks, which was the approved dosage
on the product label in Japan.

An iron supplement was prescribed as appropriate to
keep transferrin saturation above 20% or ferritin above
100 ng/ml.

All patients had a clinical assessment at least every
2 weeks throughout the two trials. Echocardiographic
images were obtained at baseline, week 16 and 34 after the
initiation of the dose-response study for the assessment of
cardiac functions together with electrocardiograms and
chest X-rays. With patient information blinded, indepen-
dent cardiologists excluded those that were incomparable
for drawing a comparison for each of the three points.
LVMI was measured with two-dimensional echo-guided
M-mode echocardiograms, and the calculation used for the
body surface correction was the Devereux formula:
0.8 x {1.04 x [(LVDd + IVST + PWT)? — LVDd®]} +
0.6 (LVDd: left ventricular end-diastolic diameter, IVST:
interventricular septal thickness, PWT: left ventricular
posterior wall thickness).

For QOL assessments, a self-administered medical
outcomes study, the 36-item short-form health survey (SF-
36), and a functional assessment of chronic illness therapy
(FACIT) fatigue scale, instruments widely employed [3,
10, 11, 15, 16] to measure perceived health status and daily
functioning, were conducted at baseline, week 8 and 16
after the initiation of the dose-response study.

Study objectives

The objective of this exploratory combined analysis was to
investigate whether the differences of anemia correction
and management had an effect on LVMI reduction and
QOL in Japan.

Statistical analysis

The chi-square test was applied to compare categorical
data, and the Student’s ¢ test was applied to compare
means, while analysis of variance was applied to compare
serial changes among the groups over time. Analysis of
covariance was used to calculate the effects of Hb on the
values that demonstrate cardiac functions like LVMI and
QOL scores. P < 0.05 was considered significant.
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The sample size was originally estimated to investigate
the relationship of DPO dosage with Hb rise in the dose—
response study.

Results

Patients

Two hundred ten patients were screened, and 171 received
at least one treatment in the dose-response study. One

i 210 pts Screened
Y z
{ 171 pts Randomized

(43 pts for DPO 30 41, 42 pts for ) 1,
1(13 pts for DPO 90 p g, 43 pts for EPO 6,0001U)

[ 39 pts Excluded

28 pts Discontinued
(8 pts for DPO 30 p g,
8 pts for DPO 60 1 g,
7 pts for DPO 90 ug,
5 pts for EPO 6,0001U)

@
(35 pts for DPO 30 p1 g, 34 pts for DPO 60 g,
{36 pts for DPO 90 g, 38 pts for EPO 6,0001U)

143 pts Completed Dose-R

4

116 pts Move on to Follow-Up J
. (83 pts for DPO, 33 pts for EPO). .

E—

84 pts Completed Follow-Up
(61 pts for DPO, 23 pts for EPO)

32 pts Discontinued
(22 pts for DPO,
10 pts for EPO)

Fig. 2 Patient disposition. Participant flow chart. A total of 171
patients were enrolled in this study; 143 completed the dose—response
study, and 84 completed the follow-up study. The major reason for
withdrawal was initiation of renal replacement therapy and occur-
rence of an adverse event. EPO Epoetin alfa, DPO darbepoetin alfa

Table 1 Patient demographics and baseline characteristics

hundred forty-three patients completed it, and 116 contin-
ued on to the follow-up study. Eighty-four patients
accomplished this (Fig. 2). Drop-out rates were similar
among the treatment groups in both studies. In the dose—
response study, the major reason of withdrawal was initi-
ation of renal replacement therapy [12 out of 28 patients
(42.8%)]. In the follow-up study, 11 (34.4%) patients
dropped out because of the occurrence of an adverse event
and 14 (43.7%) because of initiation of renal replacement
therapy.

No major imbalances were observed in the demo-
graphics of the 171 patients who received at least one dose
in the dose-response study, although the numbers of
females in the EPO group and the group of patients with a
heavier weight of DPO 60 pg were slightly higher than in
the others (Table 1). There was no difference in cardio-
vascular history and use of anti-hypertensives as well as the
ratio of patients with diabetes.

Anemia correction and maintenance

Figure 3 shows mean Hb throughout the studies. In the
dose-response study, mean (£SD) Hb of the integrated
value across the groups was 8.76 &+ 1.00 g/dl at baseline
and rose gradually to 10.58 £ 1.32 g/dl at week 8 and
11.25 £ 1.33 g/dl at week 16. There was no difference in
baseline values among the treatment groups, and the mean
Hb of patients with DPO increased in a dose-dependent
manner after initiation. Significant differences were
observed in the Hb rate of rise between 90 and 30 pg
(P < 0.001), and between 90 and 60 pg (P = 0.001). The

Dose group DPO 30 pg DPO 60 pg DPO 90 pg EPO 6,000 IU
Number of subjects 43 42 43 43

Sex, n (%)

Female 21 (48.8) 20 (47.6) 24 (55.8) 31 (72.1)
Male 22 (51.2) 22 (52.4) 19 (44.2) 12 (27.9)
Age (years)* 63.0 (27-79) 64.8 (38-79) 60.6 (25-76) 60.3 (23-77)

Weight (kg)*

Cause of renal failure, n (%)

55.64 (40.8-77.2)

Chronic glomerulonephritis 20 (46.5)
Diabetic nephropathy 7 (16.3)
Pyelonephritis 1(2.3)
Congenital cystic kidney disease 1(2.3)
Nephrosclerosis 9 (20.9)
Other 5 (11.6)
Hb (g/d1)* 8.87 (6.3-9.9)
Cr (mg/dl)* 4.04 (2.1-9.6)

59.30 (40.0-78.0)

54.39 (40.5-75.5)

54.04 (41.5-75.7)

23 (54.8) 22 (51.2) 16 (41.9)

9 (21.4) 11 (25.6) 10 (23.3)

1 (24) 0 (0.0) 2 (6.4)

2 (4.8) 0 (0.0) 4(9.3)

5(11.9) 4(9.3) 3 (7.0)

2 (4.8) 6 (14.0) 6 (14.0)
8.99 (6.6-9.9) 8.93 (6.6-9.9) 8.93 (6.5-9.9)
4.18 (2.1-8.2) 3.88 (2.0-6.5) 4.04 (2.0-8.3)

4 Mean (range)

EPO Epoetin alfa, DPO darbepoetin alfa, Hb hemoglobin, Cr serum creatinine
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Fig. 3 Hb (mean £ SD) over time by treatment group. Mean Hb transition throughout the studies. Left Mean Hb throughout the dose-response
study; right mean Hb throughout the follow-up study. EPO Epoetin alfa, DPO darbepoetin alfa, Hb hemoglobin

Hb rise of patients with EPO was comparable to 60 pg of
DPO. In the follow-up study, the mean Hb of DPO and
EPO was 10.88 £ 1.23 and 10.21 £ 0.87 g/dl, respec-
tively. The mean Hb of DPO increased slowly, reached
12.31 £ 0.97 g/dl at week 34 and stayed around 12 g/dl,
while EPO was kept around 10 g/dl, as the product label in
Japan recommended. Hb values after final dosing were
11.75 £ 0.99 g/dl at week 48 and 11.23 £ 0.87 g/dl at
week 50 for DPO, and 10.42 4+ 1.04 g/dl at week 48 for
EPO. No significant change was observed in the mean
weekly dose for both treatment groups in the follow-up
study (data not shown).

LVMI

After an independent review, the data of 49 patients for
whom all three echocardiographs at baseline, week 16 and
week 34 had been judged assessable and comparable were
subjected to the analysis. There was no significant differ-
ence in mean (£SD) Hb between the treatment groups at
baseline (9.18 £ 0.62 g/dl for DPO and 9.09 + 0.85 g/dl
for EPO) and week 16 (11.61 &+ 1.15 g/dl for DPO and
11.01 £ 0.75 g/dl for EPO), but the difference became
significant at week 34 (12.34 £ 0.93 g/dl for DPO and
10.43 £+ 0.90 g/dl for EPO), as expected (Fig. 4a). Inverse
changes were observed in the mean (£SD) LVMI. The
LVMI of both groups decreased similarly until week 16
(118.1 + 23.5-110.9 + 24.3 g/m* for DPO and 119.0 +
31.7-112.5 &£ 27.1 g/m2 for EPO). However, a decrease of
LVMI in patients with EPO was retarded, while that of
DPO continued to week 34 (100.7 £ 16.6 g/m* for DPO
and 110.9 + 25.2 g/m2 for EPO) (Fig. 4b). There was a
significant difference of LVMI score only in the DPO
group between baseline and week 34, and between week 16
and week 34. Since DPO has almost the same pharmaco-
logical effects as EPO [17], we considered it appropriate to
divide patients regardless of their treatment groups into
categories based on their Hb level at week 34, adjusted by
baseline, and examine the relationships between Hb and
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Fig. 4 a Hb and b LVMI (mean &+ SD) over time by treatment
group. The transition of Hb and LVMI (mean + SD) from baseline to
week 34 (week 16 in the follow-up study). Hb Hemoglobin, LVMI left
ventricular mass index. *P < 0.05

change of LVMI [categories: Hb <10 g/dl (n = 5), 10 g/dl
< Hb <11 g/dl (n = 5), 11 g/dl < Hb <12 g/dl (n = 14),
12 g/dl < Hb (n =25)]. A significant decrease was
observed in 11 g/dl < Hb <12 g/dl (P = 0.004) and 12 g/
dl < Hb (P < 0.001) compared to that of baseline (Fig. 5).
Although the numbers of the lower Hb subsets were lim-
ited, significant correlation was demonstrated by linear
regression analysis (P = 0.004) (data not shown). No sig-
nificant change was detected in electrocardiograms and the
chest-thoracic ratio measured from chest X-rays. The
incidences of patients who initiated renal replacement
therapy were similar in both groups in the follow-up study.
Furthermore, the number of patients who used anti-hyper-
tensives such as ARB or ACEi was 31 (88.6%) for the DPO
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Fig. 5 Relationships between Hb and LVMI from baseline (week
34). The variation of LVMI adjusted by baseline at week 34 (week 16
in the follow-up study), stratified into four groups by Hb values at
week 34. *P < 0.05

group and 13 (92.9%) for the EPO group. At the start of the
study, the numbers of these patients were 30 (85.7%) and
12 (85.7%), respectively, and the ratio was nearly the same
throughout the study.

Quality of life assessment

All 171 patients who received at least one treatment filled
out the questionnaire. One hundred sixty-three and 143
patients repeated it at week 8 and 16, respectively. Means
of most domains of the SF-36 and FACIT fatigue score in
week 8 and 16 rose higher than baseline. The difference
was significant (P < 0.05) in four (RP, role-physical; GH,
general health; VT, vitality; FF, FACIT fatigue) and 2 (GH
and FF) items at week 8 and 16, respectively (Fig. 6).
Baseline to week 8 was prominent, especially for vitality
among the SF-36 domains. The correlation between change
of vitality and Hb at week 8 was examined by stratifying
Hb into three categories: Hb <10 g/dl (n = 47), 10 g/
dl < Hb <11 g/dl (n =47) and 11 g/dl < Hb (n = 69).

The result adjusted by sex, age, weight and baseline value
demonstrated a significant increase in subsets 10 g/
dl <Hb<11g/dl (P =0.005) and 11 g/dl <Hb
(P < 0.001) compared to that of baseline (Fig. 7). How-
ever, significant correlation was not observed among the
three subsets.

Safety

With regard to patient safety, adverse events observed in
the two studies were those commonly seen in this patient
population. No safety difference for adverse events with
the occurrence frequency of >5% was reported between
DPO and EPO (Fig. 8). The incidence of pruritus was
similar in both products, although there was a report of an
increase in the DPO treatment [18]. Headache was reported
only in the DPO group. Death and antibody formation with
DPO or EPO were not reported in our studies.

140 1 Mean+ 95%Cl
*

120 -

100 +

80 r

6.0 -

10 g/dL<Hb<11 g/aL Hb211 gfdl

Change of VT from baseline to week 8

Hob<1D g/dl

40l

Fig. 7 Change of VT and Hb at week 8. Adjusted by sex, age, weight
and baseline value, stratified into three groups. VT Vitality, Hb
hemoglobin. *P < 0.05

Meanx95%Cl

Fig. 6 QOL score changes

B Change to week 8 from baseline B Change to week 16 from baseline

across the treatment groups.
QOL scores at week 8 and 16
(adjusted by baseline). PF
Physical functioning, RP role-
physical, BP bodily pain, GH
general health, VT vitality, SF
social functioning, RE role-
emotional, MH mental health,
FF FACIT fatigue. *P < 0.05

Change of QOL score
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Reduced incidence on DPO
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Fig. 8 Commonly observed adverse advents by treatment group.
Adverse events odds ratio between DPO and EPO (95% confidence
interval). Value smaller than 1 indicates reduced incidence on DPO
and larger than 1 is increased incidence on DPO. EPO Epoetin alfa,
DPO darbepoetin alfa

Discussion

Presently, use of epoetins, regardless of conventional EPO
or the new long-acting DPO, is the routine treatment for
patients with chronic anemia, especially for those with
CKD, as more than 80% of the patients on hemodialysis
therapy receive the treatment [19]. Currently, the purpose
of anemia treatment by epoetins is not just to avoid
transfusion, but also to improve QOL. Moreover, an
association of higher hematocrit values with lower hospi-
talization and mortality in hemodialysis patients was
indicated [6].

Silverberg et al. [20] reported that the use of epoetins in
patients with chronic heart failure, targeting above 12 g/dl,
improved not only anemia, but also the NYHA class and
number of hospitalizations. Hayashi et al. [13] also con-
cluded that from the perspective of left ventricular hyper-
trophy regression, normalization of the hematocrit was
more effective than partial correction in Japanese CKD
patients.

In this analysis, we examined the effect of anemia
treatment on QOL and LVMI in Japanese patients with
CKD not on dialysis. In Japan, the therapeutic Hb target for
CKD patients, whether or not on dialysis, is set at around
10 g/dl for EPO, and treatment suspension is recommended
if the Hb value exceeds 12 g/dl. Our result indicates that, at
least for pre-dialysis CKD patients, a conventional target
higher than the recommenced worldwide guidelines is
beneficial. Continuous reduction of the LVMI score was
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observed only in the DPO group whose Hb target was set
higher than the conventional one, and the decrease of
LVMI was prominent in the 12 < Hb group. Also,
improvement of QOL was demonstrated in our study, as
observed in other reports [10, 15, 16, 21]. Although the
KDOQI guideline for anemia treatment states that it lacks
sufficient evidence to recommend maintaining 13 g/dl or
higher, it was updated in 2006 to lift the upper side of the
Hb target [2]. Recently, however, the CHOIR study
revealed that targeting 13.5 g/dl was more harmful than
11.3 g/dl in pre-dialysis patients with CKD [3]. Also, the
CREATE study did not demonstrate that early anemia
correction targeting over 13 g/dl reduced the risk of car-
diovascular events [10]. Following the publication of these
studies, the guideline was revised in 2007 to reinstitute the
upper limit target value of 12 g/dl [22]. In our studies,
CKD patients with serious complications were excluded,
while the CHOIR study included many patients with severe
complications such as myocardial infarction. It suggests
that caution is needed to apply a therapeutic Hb target
higher than 12 g/dl to patients with a history of serious
complications, especially cardiac. In the dose-response
study, we enrolled patients whose Hb was less than 10 g/dl.
In contrast, patients enrolled in the CREATE study had
much less anemia than ours, and the mean Hb was above
11 g/dl. Early anemia correction seems to contribute to
improving QOL, but the effect on cardiac functions might
be obscured if patients are not too anemic at the com-
mencement of the treatment. The effect on renal functions
should be discussed further.

Our results indicate that anemia correction and mainte-
nance up to 12 g/dl are a reasonable target for pre-dialysis
CKD patients without serious complications. Even after the
publications of the CHOIR and CREATE studies, it was
decided to continue a much larger study, TREAT, in which
targeting 13 g/dl in CKD patients with diabetes was com-
pared to a placebo to examine patient outcome, including
composite of death and hard endpoints [23, 24]. It might be
appropriate to maintain the therapeutic target on a sub-
normal level (around 12 g/dl) until the results of this
largest trial come out. With regards to the CHOIR trial, the
secondary analysis was additionally published, and it sug-
gests that the detrimental outcome of a higher target may
be associated with the inability to achieve the hemoglobin
target with the use of a high EPO dose [25]. Although no
deaths were reported in our study, the relationship should
be investigated in future studies.

There are still certain limitations to our study, and to
apply the results to the general population of renally
impaired patients requires caution. For many CKD patients
without severe complications, twice-a-month clinical
assessments might be unrealistic in daily clinical practice.
In that sense, a long-acting epoetin like DPO may play an
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important role in actual clinical settings, especially in
countries like Japan, where self-injection of EPO is not
officially authorized. Further studies for generalization are
warranted.

In summary, we examined the effect of anemia correc-
tion and management, comparing groups targeting around
12 g/dl with 10 g/dl in pre-dialysis patients with CKD
without severe complications. Targeting around 12 g/dl
was more beneficial than 10 g/dl in terms of decreased
LVMI and QOL. This indicates that higher Hb may be a
more appropriate target for pre-dialysis Japanese CKD
patients.
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