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Abstract

Background Anemia associated with high mortality is a
common complication of chronic kidney disease (CKD).
Target hemoglobin (Hb) levels for CKD treatment remain
controversial: Recent guidelines recommend a maximum of
13 g/dL to avoid increased risk of CVD. However, some
smaller studies show slower progression of renal function
loss with high Hb targets. Recently, darbepoetin alfa tar-
geting Hb 11-13 g/dL was reported to improve renal com-
posite outcome of Japanese patients compared with alow Hb
group maintained at 9.0-11.0 g/dL using epoetin alfa (HR
0.66; 95 % CI 0.47-0.93). The high Hb group showed sig-
nificant reduction of left ventricular mass index and
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improved quality of life. Sub-analysis revealed greater
beneficial effects in non-diabetic stage 5 CKD patients. This
randomized controlled trial, PREDICT, aims to confirm the
impact of targeting Hb levels of 11-13 g/dL using darbe-
poetin alfa with reference to a low Hb target of 9—11 g/dL.
Methods We calculated the number of subjects
(N = 440) necessary to detect a statistically significant
level of o = 0.05 (two-sided) and statistical power of 80 %
for a minimum follow-up period of 2 years on the basis of
a previous study.

Results The study enrolled 498 non-diabetic Japanese
patients with eGFR 8-20 mL/min/1.73 m® The primary
outcome is a composite renal endpoint (starting chronic
dialysis, transplantation, eGFR 6 mL/min/1.73 m? or less,
50 % decrease in eGFR). Average follow-up period is
2 years and the study ends in 2016.

Conclusion PREDICT will determine the optimum target
Hb for Japanese patients with non-diabetic CKD.
(ClinicalTrials.gov No. NCT01581073).

Keywords Erythropoietin-stimulating agent -
Hemoglobin - CKD - ESRD

Introduction

Anemia is a common comorbidity in patients with chronic
kidney disease (CKD) [1-3]. Given that anemia is defined
by a hemoglobin (Hb) level less than 11 g/dL, 45 % of
Japanese patients with CKD have anemia [1]. Anemia is
associated with an increased risk of mortality, development
of cardiovascular disease (CVD), and progressive loss of
renal function in patients with CKD [4, 5].

Correction of anemia in CKD patients using erythro-
poiesis-stimulating agents (ESA) or iron has been
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investigated in randomized controlled studies, but the
results are inconclusive [6—15]. Randomized controlled
trials intentionally targeting Hb levels of 13 g/dL or higher,
including the Cardiovascular Risk Reduction by Early
Anemia Treatment with Epoetin Beta (CREATE) trial [10],
the Correction of Hemoglobin and Outcomes in Renal
Insufficiency (CHOIR) trial [11], and the Trial to Reduce
Cardiovascular Events With Aranesp Therapy (TREAT)
[12], failed to demonstrate beneficial effects and resulted in
increased severe adverse events including stroke and CVD.
A meta-analysis of 27 trials including 10,452 patients
concluded that ESA therapy targeting higher Hb levels
leads to increased risk of vascular and fatal events, sug-
gesting that this treatment is harmful for patients with CKD
[7]. A meta-analysis of the benefits and harms of darbe-
poetin alfa used to treat anemia in adults and children with
CKD concluded that it reduced the need for blood trans-
fusion but increased the risk of hypertension. Darbepoetin
alfa had little or no effect on mortality or quality of life in
adult patients with CKD stage 3-5 [8].

However, smaller studies showed improved renal out-
come, although the methodology was not as rigorous as in
contemporary randomized controlled trials [13-15]. In
particular, two randomized controlled studies performed in
Japan showed ESA treatment with a higher target Hb of
11.0-13. 0 g/dL reduced renal outcome without increasing
the incidence of CV events [13, 15]. This may be due to the
low incidence of CVD in Japanese patients and/or targeting
a medium level of Hb while avoiding Hb normalization.

In the present randomized controlled study, we will
confirm the impact on renal composite outcome of main-
taining Hb at 11-13 g/dL using darbepoetin alfa in Japa-
nese patients with non-diabetic advanced CKD in the
PREDICT trial (Prevention of end-stage kidney disease by
darbepoetin alfa in CKD patients with non-diabetic kidney
disease).

Methods
Trial design

This is a multicenter, randomized (1:1), open-label, parallel
group study conducted on non-diabetic CKD patients with
an eGFR of 8-20 mL/min/1.73 m% The study was regis-
tered to ClinicalTrials.gov (NCT01581073). The study
protocol and informed consent form were approved by the
institutional review board of each center. All patients
received information on the purpose and nature of this
study as well as the potential risks and benefits. Thence-
forth, written informed consent for participation was
obtained from each patient. In addition, this study is being
conducted under the health insurance system of Japan, in
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accordance with the Declaration of Helsinki and the Ethical
Guidelines on Clinical Studies of the Ministry of Health,
Labor and Welfare of Japan. The study is being performed
according to CONSORT 2010 [16].

Participants

The current study enrolled patients aged 20-85 years with
CKD undergoing appropriate treatment, who were not on
chronic dialysis. Further inclusion criteria were an esti-
mated glomerular filtration rate (eGFR) of 820 mL/min/
1.73 m? at least twice within 12 weeks prior to registration;
renal anemia with Hb <10 g/dL during the previous
8 weeks; and transferrin saturation (TSAT) >20 % or
serum ferritin >100 ng/mL during the previous 8 weeks.

Patients were excluded if they had diabetes, uncon-
trolled hypertension (>180 mmHg or >110 mmHg), con-
gestive heart failure (NYHA class III and IV), malignancy,
hematological disorders, hemorrhagic lesions, malnutri-
tion, continuous hemorrhage from a gastrointestinal ulcer
(e.g., duodenal ulcer, ulcerative colitis), anti-neutrophil
antibody, acute infection, collagen diseases, or severe
allergy (e.g., hypersensitivity to ESA). In addition, patients
were excluded when resistance to ESA was suspected in
patients treated with epoetin >24,000 U/4 weeks or dar-
bepoetin alfa >90 pg/4 weeks, or the introduction of dial-
ysis or transplant was planned within 6 months after
registration. Further exclusion conditions were use of ESA
within 3 months before registration, myocardial infarction
within 6 months, symptomatic stroke, and pulmonary
thrombosis or embolism within 1 year.

Study setting

Patients were enrolled for 3.5 years (from December 2011-
June 2014) from 74 institutions across the country. Ini-
tially, the enrollment period was one year, but this period
was extended due to insufficient accrual of patients and the
results of the interim assessment of sample size. Patient
follow-up is ongoing and will end in June 2016.

Intervention

Participants were randomly assigned to either the high
(11.0-13.0 g/dL) or low (9.0-11.0 g/dL) Hb group.
Administration of ESA was initiated within 1 month after
randomization and is continued until the final observation
or the patient’s death. Patients in the high Hb group have a
target Hb of 12.0 g/dL, to maintain Hb at 11.0-13.0 g/dL,
with a maximum dosage of 240 pg/month of darbepoetin.
If Hb exceeds 13.0 g/dL, darbepoetin is reduced or with-
held. Patients in the low Hb group have a target Hb of
10.0 g/dL and are maintained at Hb levels of 9.0-11.0 g/dL.
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If Hb exceeds 10.0 g/dL, darbepoetin is reduced or stop-
ped. In both groups, blood pressure is maintained at <130/
80 mmHg without changing the dosage of angiotensin-
converting enzyme (ACE) inhibitors, angiotensin-receptor
blockers, renin inhibitor and mineral corticoid receptor
blocker during the study period. Carbon sorbents are used
without changing the dosage during study period. In
addition, iron supplement is administered to maintain
serum ferritin >100 ng/mL or TAST level >20 %, without
restriction. Serum lipids are controlled in accordance with
clinical practice.

Outcome

The primary endpoint is onset of a composite renal event,
consisting of initiation of dialysis, renal transplantation,
reaching an eGFR of 6 mL/min/1.73 m? or less or 50 %
reduction in eGFR. The secondary points include onset of a
composite CV event, initiation of dialysis, reduction in
eGFR (<50 %), all-cause death, change in eGFR, change
proteinuria, onset of renal composite outcome in patients
who maintained the target Hb level for more than two-
thirds of the observational period, onset of stroke, onset of
myocardial infarction, and onset of malignancy. A com-
posite CV event consists of CV death, stroke, myocardial
infarction, amputation of lower extremities, hospitalization
due to heart failure, or hospitalization due to angina. The
definition of each event is shown in Table 1.

Table 1 Definition of events

The onset of renal and CV events and maintenance of
Hb level are monitored at 12, 24, 36, 48, 60, 72, 84 and
96 weeks and at the completion of this study. The central
committee monitored the number of enrolled patients and
the mean Hb levels in each group every quarter until the
interim assessment. Following the interim assessment, the
central committee meets annually. The physicians at each
study center evaluate each endpoint. The central committee
annually reviews the data submitted from each center, and
decisions are corrected if necessary.

Hypertension is defined as a blood pressure of
140/90 mmHg or higher or if a patient is taking antihyper-
tensives. Diabetes is defined as fasting blood glu-
cose >126 mg/dL, casual blood glucose >200 mg/dL, or
blood glucose >200 mg/dL 2 h after 75 g oral glucose tol-
erance test, or HbAlc >6.5 %. GFR was estimated by the
Japanese equation as follows: GFR = 194 x SCr—"** x
Age "% (x0.739, if female) [17].

Sample size

Sample size calculations were based on event rates in the
high Hb group of a sub-analysis of previous study, in which
the event-free rate of the low Hb group was assumed to be
35 % over 2 years of observation, and the hazard ratio of the
high Hb group was 0.70 with reference to the low Hb group
[15]. Based on these assumptions, 188 patients are needed in
each treatment group to detect a statistically significant

Events Definition

Cardiovascular death

Death caused by myocardial infarction, stroke, aortic dissection, or heart failure.

Sudden death highly suggestive of cardiovascular disease

Non-fatal cerebral hemorrhage

Symptoms of cerebral hemorrhage such as hemiplegia and confirmation of hemorrhage

by CT or MR imaging

Non-fatal cerebral infarction

Symptoms of cerebral infarction such as hemiplegia and confirmation of cerebral

infarction by CT or MR imaging

Non-fatal myocardial infarction

Two out of following four points are satisfied:

1. ST elevation, abnormal Q wave, or ST depression in ECG

2. Symptoms of myocardial infarction caused by ischemia for more than 20 min

3. Apparent elevation in the isoenzyme of CK, CK-MB

4. Coronary artery intervention due to myocardial infarction

Maintenance dialysis

Renal transplantation

Amputation of lower extremity
Hospitalization due to heart failure
Hospitalization due to angina pectoris

Initiation of dialysis for renal replacement therapy

Kidney transplantation for renal replacement therapy

Amputation of lower limb above the ankle due to peripheral artery disease
Symptoms of heart failure and confirmation by imaging such as chest X ray
Hospitalization due to the following events:

1. Newly emerged chest pain or exacerbation of angina

2. Objective symptoms of angina or starting treatment for angina

Declining eGFR, 6 mL/min/1.73 m* or lower
50 % reduction in eGFR

eGFR 6 mL/min/1.73 m? or lower observed in 3 consecutive measurements

50 % reduction in eGFR from baseline observed in 3 consecutive measurements
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difference between treatment groups using the log-rank test
with « = 0.05 (two-sided) and 1—f = 0.80 for a minimum
2 years of observation. Because of the burden for partici-
pants of the high cost of darbepoetin alfa, it was assumed that
a certain number of patients would withdraw their consent.
Assuming that fewer than 15 % of patients are lost to follow-
up, the required sample size was determined to be 220 per
group. The 15 % estimate was inaccurate and the final
sample size was determined following interim analysis.

Interim assessment for sample size estimation

We performed an interim assessment for sample size re-esti-
mation to obtain the appropriate statistical power, but did not
perform an interim assessment of the primary and secondary
endpoints. Approximately 2 months before completion of
enrollment, using the association between the difference in
maintained Hb levels and the hazard ratio for composite renal
events that was found in our previous study, the predicted
hazard ratio was estimated (using the difference in maintained
Hb levels) for the PREDICT trial. Assuming that the differ-
ence in maintained Hb levels between the two groups is lin-
early correlated with the hazard ratio for composite renal
events, the sample size was re-estimated.

Based on the results of the interim assessment, the
committee recommended a change in the sample size of the
study.

Randomization

Patients were enrolled through a web-based registration
and follow-up system provided by the data center at the
Translational Research Informatics Center, Kobe, Japan.
Once the primary physician had obtained patient consent,
generally with the support of the clinical research coordi-
nators, access to the system was granted and the physician
sent the information required for enrollment. The system
automatically evaluated the eligibility of each patient and
randomly assigned participants to either the high Hb group
or the low Hb group (1:1 allocation). Following random-
ization, the baseline characteristics of Hb level (<9
vs. >9 g/dL), eGFR (<15 mL/min/1.73 m? vs. >15 mL/
min/1.73 m?), urinary protein/creatinine ratio (<1.0 g/gCr
vs. >1.0 g/gCr), and history of ESA use were evenly bal-
anced between the two groups.

Statistical analysis

All patients who have taken darbepoetin at least once will
be included in the safety analysis set. The primary efficacy
analysis set will be the full analysis set (FAS), based on the
intention-to-treat principle. The FAS will include all
patients satisfying the following conditions: (1) fulfilled all
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entry criteria; (2) took the study drug at least once; and (3)
were followed up at least once after randomization. The
secondary efficacy analysis set will be the per protocol set
(PPS), consisting of patients included in the FAS who have
no major protocol violations. Patients whose mean Hb for
the entire study period does not achieve the target level or
the measured Hb achieves the target range for less than half
of the observation period are excluded from the PPS.

For the primary renal composite outcome, the two
groups will be compared using the log-rank test. Stratified
log-rank tests will be performed with allocation factors as
stratification factors. The cumulative event rate for each
defined event will be estimated by the Kaplan—Meier
method for each treatment group. The Cox regression
model will be used to estimate the hazard ratios with 95 %
confidence intervals for the renal composite event rate with
covariates including sex, age, baseline eGFR, baseline Hb,
systolic blood pressure and proteinuria. Secondary out-
comes measured as time-to-event data will be analyzed
using the same methods as for the primary outcome.

The linear mixed effect model, including study drugs,
measurement times and other covariates selected after the
blind data review, will be used for comparing the trends in
the percent change in proteinuria and the reciprocal of the
serum creatinine level between treatment groups. Similar
analyses for each endpoint will also be applied for the
subgroup of each prognostic factor.

Adverse events will be summarized for each treatment
group. The cumulative rate of occurrence of all adverse
events and drug-related adverse events in each treatment
group will be analyzed by Fisher’s exact test. Contingency
tables showing the number and percentage of patients
within each category of adverse events will also be
presented.

Results

We will confirm the effects of targeting an Hb level of
11-13 g/dL. using darbepoetin alfa with reference to a
control group with a low Hb target of 9-11 g/dL in a
randomized control trial, PREDICT. The study has a tar-
geted enrollment of non-diabetic Japanese CKD patients
with an eGFR of 8-20 mL/min/1.73 m®. The primary
outcome is a composite renal (starting chronic dialysis,
transplantation, eGFR 6 mL/min/1.73 m? or less, 50 %
decrease in eGFR).

We planned to enroll 440 patients. In October 2013,
when the total number of patients enrolled reached 359, we
performed an interim assessment to re-estimate the sample
size. Using the association between the difference in
maintained Hb levels and the hazard ratio for composite
renal events that was found in our previous study, and by
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measuring the difference in mean Hb levels between both
groups at 16 weeks, we estimated the predicted hazard
ratio in this study to be 0.733. The result suggested we
needed to increase the sample size to 476 patients because
a sample of 440 gave 1—=0.768 with a minimum 2 years
of observation. The period for registration was therefore
extended to June 2014.

The current study includes 521 patients from 87 par-
ticipating institutions, enrolled from February 16, 2012 to
June 30, 2014. After randomization, 23 patients were
ineligible, reducing the total number of eligible patients to
498. The average follow-up period is 2 years and the study
ends in June 2016.

Discussion

The PREDICT study asks whether renal outcome will be
reduced in non-diabetic patients with advanced CKD by
treatment with darbepoetin alfa targeting moderate Hb
levels of 11.0-13.0 g/dL, compared with reference control
grope with a low Hb target of 9.0-11.0 g/dL. The rationale
of PREDICT is as follows.

Effects of diabetes on renal and CV outcome

Patients with diabetes have a higher incidence of CVD than
those without, because diabetes is associated with
atherosclerosis as well as arteriosclerosis [18, 19]. CV risk
is also increased in CKD patients with diabetes. A land-
mark study, TREAT, asked whether targeting an Hb level
of 13.0 g/dL improved CV outcome in diabetic patients
with renal anemia [12]. It clearly demonstrated that in
diabetic patients with moderately decreased GFR
(20-60 mL/min/1.73 mz), a target Hb of 13.0 g/dL and
achieved 12.5 g/dL failed to improve CV or renal out-
comes. The higher Hb group had significantly fewer CV
revascularization events but had significantly higher risk
for non-hemorrhagic stroke. In the CHOIR study, approx-
imately 50 % of participants had diabetes (DM), and
patients with DM had a greater risk of experiencing a
primary endpoint than those without DM (HR 1.30,
p = 0.067) [10]. However, the level of Hb did not affect
the hazard ratio for the primary CV endpoint in patients
with diabetes [20].

Kuriyama et al. demonstrated that patients with CKD
treated with epoetinalfa had slower progression of renal
failure compared with untreated patients (cumulative sur-
vival rates were 48 and 16 %, respectively, p = 0.003)
[13]. However, the cumulative survival rate was signifi-
cantly lower in diabetic than in non-diabetic patients [13].
Tsubakihara et al. reported that the incidence of a com-
posite endpoint consisting of death, end-stage renal disease

(ESRD), and doubling of serum creatinine was 39.9 and
32.4 % in the high and low Hb groups, respectively, with
no significant difference between the two groups. However,
the hazard ratio for the composite renal endpoint in the
high Hb group was 0.71 (95 % CI 0.52-0.98, p = 0.035)
with reference to the low Hb group, suggesting that
maintaining Hb levels at 11.0-13.0 g/dL. was beneficial
[21]. In a sub-analysis, the benefits of maintaining high Hb
were not seen in patients with diabetes.

Overall, the beneficial effects of maintaining high Hb at
11.0-13. 0 g/dL seem to be confined to non-diabetic
patients. We therefore excluded patients with diabetes from
PREDICT.

Effects of baseline renal function on renal and CV
outcome

The large randomized controlled trials, TREAT, CHOIR,
and CREATE, enrolled patients with stage 3—4 CKD. In
contrast, two Japanese studies that showed beneficial
effects of high Hb both included stage 5 patients [13, 15].

In the sub-analysis of a previous study, cumulative renal
survival of patients with stage 5 CKD was significantly
higher in the high Hb group than in the low Hb group, but
there was no difference between the two groups at CKD
stage 4 [21].

We therefore enrolled patients with eGFR 8-20 mL/
min/1.73 m* in PREDICT.

Effects of ESA dose on renal and CV outcome

The dosage of ESA used varies among studies. Patients in
the high Hb group of CREATE and CHOIR were treated
with 5000 U/week and 11,215 U/week of epoetin, respec-
tively [10, 11]. In TREAT, patients in the high Hb group
received 176 pg/month of darbepoetin [22].

In a previous study [21], mean weekly doses in the high
and low Hb groups were 25-35 pg/week darbepoetin alfa
and 3500-4500 IU/week epoetin alfa, respectively; these
were relatively small dosages compared to previous ran-
domized controlled trials [10, 11]. We limit the amount of
darbepoetin alfa administered to 240 pg/month in
PREDICT.

Exception of adverse events in PREDICT

ESA causes several adverse events including hypertension,
thrombosis, and malignancy. A meta-analysis revealed a
significant increase in the risk of stroke, vascular access
thrombosis, and hypertension [8]. In addition, it showed a
probable increase in the risk of all-cause death, serious CV
events, and end-stage renal disease. In contrast to reports
from Western countries, Japanese studies did not find an

@ Springer



76

Clin Exp Nephrol (2016) 20:71-76

increase in the risk of severe adverse events [13, 15]. In
addition, an observational study, SEASCAN, did not show
a difference in incidence of stroke and malignancy in
Japanese patients treated with epoetin [23].

Investigation of the safety of ESA in participants is
another important objective of PREDICT.
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