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Abstract: Correcting anemia in patients with chronic
kidney disease (CKD) to higher hemoglobin (Hb) levels
may be associated with increased risk. No optimal target
for Hb has been established. This controlled study exam-
ined 321 patients with CKD who were not on dialysis, had
a Hb level of <10 g/dL, and a serum creatinine of 2.0 to
6.0 mg/dL. They were randomized into two target Hb
groups: 161 to high Hb (11.0-13.0 g/dL) to receive darbe-
poetin alfa and low Hb to 160 (9.0-11.0 g/dL) to receive
recombinant erythropoietin. The study lasted 48 weeks. Of
154 and 153 patients with adverse events, cardiovascular
adverse events developed in 42 and 51 patients in the high

and low Hb groups, respectively, with no significant differ-
ence in the incidence. All quality of life scores improved in
the high Hb group and vitality improved significantly more
with high Hb (P =0.025). The left ventricular mass index
(LVMI) remained stable in the low Hb group, but there
was a significant decrease in LVMI in the high group
(P <0.001). There were no safety concerns with targeting a
higher Hb level during the 48 weeks of this study. Patients
with a higher Hb target had comparatively better outcomes
with respect to quality of life and LVMI. Key Words:
Anemia, Cardiac function, Chronic kidney disease, Darbe-
poetin alfa, Erythropoietin, Quality of life.

Anemia is common among patients with chronic
kidney disease (CKD). Erythropoiesis stimulating
agent (ESA) is considered to be extremely effective
in correcting anemia, and treatment guidelines have
been established for hemoglobin (Hb) targets in
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several countries in reference to previous clinical
trials (1-8).

In Japan the target for corrected Hb in patients
with CKD who are not on dialysis is approximately
10 g/dL, which is lower than guidelines in other coun-
tries (9,10). Although there are several reports that
considered higher Hb (targeted to 12 g/dL or more),
and no major safety concerns have been expressed
with Hb levels below 14 g/dL (7,8,11), no optimal Hb
target has been defined. Consequently, we conducted
this clinical study to evaluate the efficacy and safety
of a high Hb target in patients with CKD who are not
on dialysis.
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The results of two large, randomized, controlled
studies of the Correction of Hemoglobin and Out-
comes in Renal Insufficiency (CHOIR) (1) and the
Cardiovascular Risk Reduction by Early Anemia
Treatment with Epoetin Beta (CREATE) (2) were
reported during this trial. In the CHOIR study a
higher Hb (13.5 g/dL) target group had an increased
risk for adverse outcomes (death, myocardial infarc-
tion, hospitalization for congestive heart failure, and
stroke) than a lower Hb (11.3 g/dL) group. Further-
more, a meta-analysis of these trials reported a sig-
nificantly increased risk of death and uncontrolled
blood pressure in the high Hb group (12 g/dL=) (12).
As a result, the 2007 National Kidney Foundation’s
“Kidney Disease Outcomes Quality Initiative”
anemia guidelines recommended that target Hb
should not exceed 13.0 g/dL (13).

In this trial we compared the safety of high (11.0 to
13.0 g/dL) and low Hb targets (9.0 to 11.0 g/dL). Sec-
ondary endpoints were the clinical significance of a
high Hb target based on quality of life (QOL) and
left ventricular mass index (LVMI).

PATIENTS AND METHODS

Study subjects

We conducted this randomized, multicenter, open-
label, parallel-group study according to the Declara-
tion of Helsinki. Protocols were approved by the
Institutional Review Board at each of the 79 medical
institutions that participated. All patients gave
written, informed consent. The study lasted from
November 2005 to April 2007.

We enrolled 322 CKD patients not receiving dialy-
sis. The patients had to be at least 20 years old and
have a Hb level <10.0 g/dL. CKD was defined by a
serum creatinine level equal to or between 2-6 mg/
dL. Key exclusion criteria included uncontrolled
hypertension, congestive heart failure (above class
III on the New York Heart Association classifica-
tion), malignancy, blood disease or active bleeding,
and critical allergy.

Intervention

Eligible patients were assigned to either of two
groups by a computer according to a minimization
method: a high Hb group (11.0-13.0 g/dL) to receive
darbepoetin alfa (DA) or a low Hb group (9.0-11.0 g/
dL) to receive recombinant human erythropoietin
(rHuEPO). Modulators for randomization were Hb
level (<9.0 or =9.0 g/dL), serum creatinine level
(<4.0 mg/dL or =4.0 mg/dL), whether they had dia-
betes, and medical institution. The study lasted 48
weeks for both groups.
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Iron supplements were administered to maintain
transferrin saturation >20% or serum ferritin
>100 ng/mL. Management targets for blood pressure
were systolic <130 mm Hg and diastolic <80 mm Hg.

Safety

The number of patients with and the occurrence
rate of adverse events were summarized to assess
safety. An adverse event was defined as any unfavor-
able or unexpected diagnosis, symptom or disease
(including abnormal changes in laboratory test
values) that occurred after administration of the
study drug began. Causal relationships were not
considered.

Quality of life

Quality of life was assessed at baseline and at week
12 using short-form health survey (SF-36) version 2
acute form which was validated in advance (14) and
the Functional Assessment of Chronic Illness
Therapy (FACIT) fatigue scale.

Left ventricular mass index

The left ventricular mass index was calculated
from two-dimensional, echo-guided, M-mode
echocardiograms that were obtained at baseline and
week 32. Three independent cardiologists evaluated
the echocardiograms from patients that were measur-
able and assessable at both baseline and week 32
without knowing the clinical profiles of patients,
including their Hb level. LVMI corrected for
body surface areas was calculated using the Dever-
eux formula: 0.8 x (1.04 x [(LVDd + IVST + PWT)* —
LVDd®]) + 0.6, where LVDd is the left ventricular
end-diastolic diameter; IVST is the interventricular
septal thickness; and PWT is the left ventricular pos-
terior wall thickness (15).

Statistical analysis

The ICH E1 guideline states that 100 patients are
needed to evaluate the safety of a new drug in a
one-year clinical trial. From the safety results of past
clinical trials we estimated that 150 patients were
required for each group. This number was estimated
to be sufficient to detect 95% of adverse events at a
2% rate of occurrence. The population size also mini-
mized the standard error of the estimated mean Hb
relative to amounts calculated from past clinical
trials. Furthermore, this number had a statistical
power of 80-90% to detect a significant level of two-
sided probability at 0.05 in comparing LVMI and
QOL between the two groups. To evaluate patient
characteristics or baseline standard values between
the two groups, categorical variables were compared

© 2011 The Authors
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TABLE 1. Reasons for withdrawal from the study

High Hb group Low Hb group

Number of patients (%) N=161 N =160
Complete 118 (73.3) 111 (69.4)
Withdrawal 43 (26.7) 49 (30.6)
Reason for withdrawal

Patient was unsuitable according to inclusion or exclusion criteria after the start of the study 3(1.9) 1 (0.6)
Patient asked to withdraw from the study 5(@.1) 4 (2.5)
Occurrence of an adverse event 7 (4.3) 7 (4.4)
Start of renal replacement therapy 20 (12.4) 23 (14.4)
More than eight weeks of continuous discontinuation of study drug 2(1.2) 3(1.9)
Treatment resulted in a higher hemoglobin (Hb) level than that allowed for in the 1 (0.6) 2 (1.3)

continuation criteria: High Hb Group, Hb = 14 g/dL; Low Hb Group; Hb = 12 g/dL

Maximum dose failed to improve anemia or maintain the Hb target 3(1.9) 5(3.1)
Severe bleeding from surgery or red blood cell transfusion 2(1.2) 3(1.9)
Determination by the investigator 0 (0.0) 1 (0.6)

by the y*-test and continuous variables with Student’s
t-test. For safety assessments, we summarized the
incidence of adverse events descriptively and calcu-
lated the odds ratios of the high Hb group divided by
those of the low Hb group. To evaluate efficacy we
used the Student’s #-test to compare QOL and LVMI
between the two groups. Changes from baseline for
LVMI were compared by analysis of covariance. The
statistical significance level for efficacy was P < 0.05
(two-sided). All analyses were performed with SAS
software version 8.2 (SAS Institute, Cary, NC,
USA).

RESULTS

Patients and baseline characteristics

A total of 322 CKD patients not on dialysis were
enrolled. One withdrew from the study before receiv-
ing treatment,so 161 patients were randomized to the
high Hb group and 160 to a low Hb. After adminis-
tration of one of DA or rHuEPO began, 43 high Hb
and 49 low Hb patients withdrew. The reasons for
withdrawal and the number of patients who withdrew
were similar in the two groups; the primary reason
was initiation of renal replacement therapy to treat

322 randomly allocated

end-stage renal disease (Table 1). In the high and low
Hb groups, respectively, 118 and 111 patients com-
pleted the study (Fig. 1). Demographic and baseline
characteristics were similar between the two groups,
including Hb, serum creatinine, and estimated GFR
(Table 2).

Anemia correction and maintenance

The mean = SD Hb level in the high Hb group was
9.15 £ 0.79 g/dL at baseline. By week 10, the mean
Hb had achieved the target level and was maintained
within the target range until the study ended. The Hb
in the low Hb group was 9.18 + 0.86 g/dL at baseline
and maintained within the target range throughout
the study (Fig.2a). For the high Hb group, the
mean = SD dose at the start of administration was
30.0 £ 0.0 pg/week and was maintained at around
30 ug/week thereafter. For the low Hb group, the
starting dose was 4321.9 = 1431.2 IU/week and the
maintenance dose was around 4000 IU/week.

Blood pressure
Changes in the mean systolic and diastolic blood
pressures in the two groups were similar (Fig. 2b).

FIG. 1. Enrollment and outcomes. A total
1 Withdrew before

|

of 322 CKD patients were enrolled in this
study. One withdrew before receiving treat-

recieving treatment

161 Assigned to High-Hb group
(target level, 11.0-13.0 g/dL)

160 Assigned to Low-Hh group
(target level, 9.0-11.0 g/dL)

ment so that 161 patients were assigned to
the high hemoglobin (Hb) group and 160 to

43 Withdrew

the low Hb group; 43 and 49 patients with-
drew from the high and low Hb groups,

48 Withdrew

respectively, with 118 and 111 completing the
study. The major reason for withdrawal was

118 Completed the study

111 Completed the study

initiation of renal replacement therapy.

© 2011 The Authors
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TABLE 2. Baseline characteristics of the patients

High Hb group Low Hb group P value
Characteristic (N=161) (N =160)
Age (years) 652 = 11.8 64.1 = 11.7 0.422
Female sex 81 (50.3) 89 (55.6) 0.340
Cause of chronic kidney disease
Glomerulonephritis 70 (43.5) 69 (43.1) 0.949
Diabetic nephropathy 34 (21.1) 36 (22.5) 0.764
Pyelonephritis 0 (0.0) 1 (0.6) 0.315
Polycystic kidney disease 7 (4.3) 7 (4.4) 0.990
Nephrosclerosis 28 (17.4) 28 (17.5) 0.979
Other 22 (13.7) 19 (11.9) 0.631
Cardiovascular history
Cerebrovascular accident 30 (18.6) 20 (12.5) 0.129
Congestive heart failure 10 (6.2) 14 (8.8) 0.387
Peripheral vascular disease 10 (6.2) 6 (3.8) 0.311
Myocardial infraction 9 (5.6) 5(.1) 0.279
Atrial fibrillation 7 (4.3) 4(2.5) 0.362
Coronary artery bypass graft 1 (0.6) 1 (0.6) 0.996
Weight (kg) 56.71 £11.23 56.62 * 11.06 0.941
Height (cm) 157.78 + 9.45 157.45 + 827 0.741
Blood pressure (mm Hg)
Systolic 132.7 = 16.5 136.0 = 18.2 0.084
Diastolic 72.1 = 10.6 73.6 +11.3 0.215
Hemoglobin (g/dL) 9.15+£0.79 9.18 = 0.86 0.732
Transferrin saturation (%) 31.46 £12.32 29.98 * 12.39 0.281
Ferritin (ng/mL) 124.46 + 126.48 130.23 * 256.02 0.797
Creatinine (mg/dL) 3.540 = 1.058 3.570 = 1.078 0.797
Creatinine clearance (mL/min) 19.04 = 6.96 18.57 = 6.32 0.525
Estimated GFR (mL/min/1.73 m?) 12.55 = 4.68 12.34 = 4.59 0.676
Use of anti-hypertensive drugs 135 (83.9) 134 (83.8) 1.000
ACEi only 11 (6.8) 8 (5.0) 0.486
ARB only 89 (55.3) 95 (59.4) 0.458
Combination of ACEi and ARB 33 (20.5) 31 (19.4) 0.801
History of ESA use (treated) 91 (56.5) 95 (59.0) 0.651

Values are listed as No. of patients (%) or mean + SD, unless otherwise indicated. GFR
was estimated according to the MDRD formula. ACEIi, angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; ESA, erythropoiesis stimulating agent; GFR,

glomerular filtration rate.

There was no difference in the use of anti-
hypertensive agents, angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers
throughout the study.

Safety

Adverse events occurred in 154 patients (95.7%,
95% confidence interval (CI): 91.2 to 98.2%) in the
high Hb group and 153 patients (95.6%,95% CI:91.2
to 98.2%) in the low Hb group. The odds ratios (95%
CI) between the two groups for all adverse events
with an occurrence rate >5% are illustrated in
Figure 3. All the adverse events were notorious for
ESA and there was no significant difference between
the groups in any components. During the study
period, one patient in the high Hb group died of an
alveolar hemorrhage resulting from progression of
underlying ANCA-related glomerulonephritis, so a
causal relationship between death and the study
medication was ruled out.

Ther Apher Dial, Vol. 15, No. 5, 2011

We particularly examined the occurrence of car-
diovascular events (defined in Table 3). Cardiovascu-
lar events occurred in 42 high Hb patients (26.1%,
95% CI: 19.5 to 33.6%) and 51 low Hb patients
(31.9%, 95% CI; 25.3 to 40.3%) (difference not sig-
nificant). The major event was hypertension or
increased blood pressure.

The numbers of patients who left the study because
of beginning renal replacement therapy (renal sur-
vival) was 21 for the high Hb group and 26 for the low
Hb group. The mean change = SD of the estimated
GFR from baseline to the end of the study was
-2.3 +3.18 mL/min/1.73 m? in the high Hb group
and 2.4 = 3.06 mL/min/1.73 m? in the low Hb group.
GFR was estimated according to the Modification of
Diet in Renal Disease (MDRD) formula.

Adverse events related to cancer occurred in two
patients in each group who did not have a history of
malignancy at baseline, but a causal relationship
between these events and the study medication was

© 2011 The Authors
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FIG. 2. Transition of hemoglobin (Hb)

level and blood pressure. (a) Transition of the

mean Hb level. The high and low Hb groups
were targeted to achieve Hb levels of 11.0—
13.0 g/dL and 9.0-11.0 g/dL, respectively. (b)
Transition of the mean blood pressure. DBP,
diastolic blood pressure; SBP, systolic blood
pressure.
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excluded. No patients died from cancer during this
study.

Quality of life
Twelve patients withdrew from the study before
the second QOL evaluation (week 12) so that 309

(157 for the high Hb group and 152 for the low Hb
group) were objects of this assessment. At baseline
the mean = SD Hb values were not significantly dif-
ferent between the high Hb and low Hb groups, but
became significant at week 12 (11.75 = 1.28 g/dL. and
10.44 = 0.99 g/dL, respectively; P < 0.001).

Abdominal pain upper " -
Upper respiratory tract inflammation —_—
Headache —_—
Pharyngitis or Nasopharyngitis ———
Back pain —
Renal failure chronic ————
g?srtr?ooeenateritis N FIG. 3. Odds ratio of adverse events with
Constipation o occurrence rates above 5% (High hemoglo-
Blood pressure increased or Hypertension ——1 bin [Hb]/Low Hb). Adverse events data are
Contusion —— presented as the proportion of patients who
C-reactive protein increased —_— experienced an event one or more times, and
Pruritus ) ) 1 comparisons between treatment groups were
Arteriovenous fistula operation . N ) made by calculating the odds ratio (95% CI)
Blood potassium increased or Hyperkalaemia * d .
for these proportions.

Total —

ota Odds ratio (85% Cl)

0.1 1 10

Reduced incidence
on High-Hb group
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TABLE 3. Cardiovascular events considered as adverse

Preferred term

High Hb group

Low Hb group

(MedDRA/J Version 8.1) (N=161) (N =160)
Hypertension 17 (10.6) 11 (6.9)
Blood pressure increased 15 (9.3) 30 (18.8)
Chest pain 3(1.9) —
Palpitations 3(1.9) —
Cardiomegaly 2(1.2) 4(2.5)
Chest discomfort 2(1.2) —
Myocardial ischemia 2(1.2) —
Lacunar infarction 1 (0.6) 2 (1.3)
Atrial fibrillation 1 (0.6) 1 (0.6)
Blood pressure decreased 1 (0.6) 1 (0.6)
Tachycardia 1 (0.6) 1 (0.6)
Angina pectoris 1 (0.6) —
Cardiac failure — 2(1.3)
Cardiac failure, congestive — 2 (1.3)
Cerebral ischemia — 2 (1.3)
Bradycardia — 1 (0.6)
Cardiac failure, chronic — 1 (0.6)
Heart rate increased — 1 (0.6)
Mitral valve incompetence — 1 (0.6)
Procedural hypertension — 1 (0.6)
Data are presented as no. of patients (%).
In the high Hb group, the QOL scores improved in Hb <10 g/dL, 10 g/dL = Hb < 11 g/dL, 11 g/

all eight domains of the SF-36 and FACIT fatigue
score (Fig. 4). Improvements were especially signifi-
cant in vitality scores (P =0.025), where the differ-
ence in mean change between the two groups was 4.8
(95% CI: 0.6 to 8.9).

Left ventricular mass index

Once patients who had cardiac disorders or
echocardiograms that were difficult to read were
excluded, 111 patients in the high Hb and 95 in
the low Hb groups remained for cardiographic
examination.

At baseline, the mean = SD Hb was similar
between the high and low Hb groups. At week 32, the
Hb levels were 11.98 = 1.17 g/dL. and 10.12 = 0.97 g/
dL, respectively, and the difference between the
groups was statistically significant (P < 0.001).

In the low Hb group, the LVMI at baseline was
126 = 35.1 g/m? and the change was —0.1 g/m* (95%
CL: —4.0 to +3.8 g/m?); however, LVMI decreased sig-
nificantly (P < 0.001) from baseline (128 = 37.2 g/m?)
in the high Hb group (7.8 g/m* 95% CI: —-12.1 to
-3.6 g/m?). The difference in mean LVMI changes
between the two groups was —7.70 g/m? (95% CI:
-13.5 to -1.9 g¢/m?) and statistically significant at
P =0.009 (Fig. 5a).

We performed an exploratory analysis of the asso-
ciations between the Hb level and regression of
LVMI by dividing the patients, regardless of treat-
ment group, into five classes based on their Hb level
at the second echocardiographic examination:

Ther Apher Dial, Vol. 15, No. 5, 2011

dL=Hb<12g/dL, 12g/dL =Hb<13g/dL, and
13 g/dL. = Hb. The elevation of Hb was strongly asso-
ciated with reduced LVMI at the second examination
(P <0.001) (Fig. 5b).

DISCUSSION

In this study, two Hb targets (high and low) were
evaluated for their effect on endpoints such as safety,
LVMI and QOL. We observed no significant differ-
ence in adverse events or renal survival between the
two groups. Furthermore, QOL was improved and
LVMI decreased in the high Hb group compared to
the low Hb group.

There have been other reports of improved QOL
(3,16) and LVMI (11,17) among CKD patients when
Hb was raised to 12.0 g/dL. or more. In our previous
dose-response study of DA (18), we observed
improved QOL and LVMI when the Hb level was
raised to 12.0-13.0 g/dL. We confirmed the reproduc-
ibility of these results in our present study.

However, in the CHOIR study correcting anemia
to a Hb level of 13.5 g/dL increased the rate of occur-
rence of composite events compared with 11.3 g/dL.
(1). In our study there were no significant differences
in adverse events between the two groups. Patient
background and the dose of ESA required to main-
tain the target Hb value should be considered in
explaining the difference in cardiovascular risk
between this study and CHOIR.

© 2011 The Authors
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Mean(95%CI)

Change from QOL Baseline score
o e}
—
—

FIG.4. Change in the quality of life (QOL)
score from baseline and a comparison
between the groups. PF, physical functioning;
RP, role-physical; BP, bodily pain; GH,

Subscale of 5F-36

FACIT general health; VT, vitality; SF, social
fatigue functioning; RE, role-emotional; MH, mental

B High-Hb group (n=157)
O Low-Hb group (n=152)

health; FACIT, Functional Assessment of
Chronic Illness Therapy; FF, FACIT fatigue.

QOL Baseline score

SF36 High-Hb group  Low-Hb group

Subscale (n=161) {(n=160)
PF 7334224 76.1+19.0
RP 77.2426.7 80.9+22.8
BP 79.4423.7 78.2423.0
GH 47.7+17.9 46.1+17.9
VT 63.4+21.7 65.0+20.4
SF 8274237 8724206
RE 81.3125.0 83.04238
WiH 73.2420.0 75.2418.3
FF 75.5+16.8 75.5415.7

In the CHOIR study, approximately 35% of
patients had had a myocardial infarction, stroke,
coronary artery bypass graft, percutaneous coronary
intervention, or amputation of a lower limb; in this
study, these patients comprised approximately 18%
of the study population. In addition, patients in a
large, ongoing epidemiologic study for CKD patients
not on dialysis in Japan (19) had characteristics
similar to ours. We suggest that the baseline risk for
cardiovascular events in CKD patients not on dialysis
differs markedly between the US and Japanese
populations.

It was ascertained in a post hoc analysis of the
CHOIR and the Normal Hematocrit Trials (20), in
which poor outcomes of the higher Hb target were
reported, that failing to achieve the target Hb level
resulting from hypo-responsiveness to ESA was
related to more frequent adverse events (21). Fur-
thermore, a secondary analysis of the CHOIR trial
(22) suggested that a high dose of ESA in patients
who had lesser Hb amounts than the target Hb value
may be a risk factor for poor outcomes.

The CREATE study reported no scientific evi-
dence for an association of full correction of anemia

© 2011 The Authors

Therapeutic Apheresis and Dialysis © 2011 International Society for Apheresis

with adverse outcomes (2). The CREATE investiga-
tors stated that, although the target Hb level was
similar to that of the CHOIR trial, the first and final
doses of ESA were less than half those in the CHOIR
trial. Similarly to the CREATE study, we did not
require a high dose of ESA to maintain the targeted
level of Hb, and the number of patients in the high
Hb group who required the maximum dose (90 pg/
week) was only 18 (11.2%).

In our study, there was no relation between any
two of mean dosage, mean Hb level or the rate of
occurrence of cardiovascular adverse events (data
not shown). This may have been because our patients
were at low cardiovascular risk and few patients were
hypo-responsive to ESA.

The results of the large clinical trial for patients
with type 2 diabetes and chronic kidney disease, the
Trial to Reduce Cardiovascular Events with Aranesp
Therapy (TREAT), were released recently (23). In
the TREAT study, patients were assigned randomly
to the DA (target Hb: 13 g/dL) and placebo groups
(target Hb: 9.0 g/dL). Primary endpoints were the
composite outcomes of death or a cardiovascular
event, and death or end-stage renal disease. As a

Ther Apher Dial, Vol. 15, No. 5, 2011
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P=0.008

Mean{95%CI}

Change from Baseline LvMI(g/)

54 P<0.001

220 4

.25 4
High-Hb group (n=111)

P=0.955

Low-Hb group (n=95)

FIG.5. Change of left ventricular mass
index (LVMI). (a) Change of LVMI from
baseline to week 32 and comparison between
the high and low hemoglobin (Hb) groups.
The P-value described below the bar indi-
cates the the difference in LVMI between

b) baseline and week 32. (b) Change of LVMI

15 - divided into five classes according to Hb

: level. Change of LVMI from baseline to week
- P< djusted Mean (85%CI)
10 trendtest: <0.001 ReNEREARA 32, and the comparison between the two
< roups when divided into five classes by the
€ group y
5 4 Hb level at week 32 (Hb<10g/dL, 10 g/
= ’__| dL =Hb< 11 g/dL, 11 g/dL = Hb <12 g/dL,
;‘C, 0 L | 12 g/dL = Hb < 13 g/dL, and Hb = 13 g/dL).
m
E -10
% /|
5 -15
3]
-20
P=0.565 P=0.623 P=0078 P=0.057 P=0.041

=25 -
Ho< 10 10SHb< 11 11=Hb< 12 12 H< 13 13= Ho
(n=37) (n=63) (n=47) (n=36) (n=23)

Hb level at the second examination(g/dL)

result there was no significant difference regarding
the primary endpoint; however, fatal and nonfatal
stroke were more frequent in the DA group. In our
study, only one patient from the high Hb group and
three from the low Hb group experienced a stroke.
Furthermore, when we calculated the rate of stroke
for those with complications of diabetes, both groups
had only one patient each.

In the TREAT study, deaths attributed to cancer
were significantly higher in the DA group among
those who had a history of malignant conditions. In
this study, however, no increase in cancer deaths nor
onset of cancer were observed in the high Hb group.
Because every trial has had different baseline patient
characteristics, study design and target Hb level, it is
difficult to compare the safety and required dose of
ESA. From the results of recent, large, randomized,
clinical trials (1,4,7,8), fully correcting Hb levels in
all patients, including those with cardiovascular
complications, may be unfavorable. However, from
the results of our study, targeting a higher Hb
level (11.0-13.0 g/dL) in patients without severe
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cardiovascular disease and uncontrollable hyperten-
sion seemed appropriate.

Although this study was a randomized trial, there
were several limitations. Most importantly, this trial
was openly labeled and there may have been some
biases. To particularly minimize the bias for LVMI,
three cardiologists who were independent of this
study reviewed the echocardiograms while blinded to
treatment and patient information.

The second limitation was the use of different
products in the two treatment arms (DA for the high
Hb group and rHuEPO for low Hb). This was due to
the fact that tHUEPO is the only drug therapy
approved for CKD patients not on dialysis with a
target Hb level of 10.0 g/dL in Japan. So we had to
demonstrate the usefulness of DA in this indication
as a new drug with its target Hb level of 11.0-
13.0 g/dL to receive approval. However, DA has
approximately the same pharmacological effects as
rHuEPO (24) and the minor difference in the phar-
macological effects of DA from rHuEPO is negligible
in this clinical trial. The results of safety, as well as
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improved LVMI and QOL, can be ascribed solely to
the Hb level.

Although these limitations should be considered,
the results of this study suggested that maintaining a
high target Hb (11.0-13.0 g/dL) was not associated
with increased risk (especially cardiovascular
events), but did improve QOL and reduce LVMI.

CONCLUSIONS

We conducted a randomized, open trial to study
the safety and availability of maintaining a higher Hb
target in Japanese CKD patients not on dialysis. No
significant differences in adverse outcomes were
found between the high and low Hb groups, but
improvement in QOL and LVMI were significantly
different. Our results suggested that a higher Hb level
is more beneficial than a lower Hb target and that
11.0 to 13.0 g/dL is the appropriate Hb for CKD
patients not on dialysis.
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