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Background and objectives: Extended-interval dosing of epoetin alfa (EPO) is commonly used to treat anemia in patients
with chronic kidney disease (CKD). This study aimed to demonstrate that EPO dosed every 2 weeks (Q2W) and every 4 weeks
(Q4W) was noninferior to once-weekly (QW) dosing.
Design, setting, participants, & measurements: 430 anemic subjects with stage 3 to 4 CKD receiving a stable QW dose of EPO
were randomized 1:1:2 to QW, Q2W, and Q4W dosing for 36 weeks. Hemoglobin (Hb) was measured weekly, and the dose of
EPO was adjusted to maintain an Hb level of 11.0 to 11.9 g/dl. The primary endpoint was change in Hb from baseline to the
average of the last 12 weeks of treatment.
Results: Both the Q2W and Q4W dosing groups were noninferior to the QW group. The estimated difference of the mean
change in Hb between Q2W and QW was ⴚ0.03 g/dl; and between Q4W and QW was ⴚ0.09 g/dl. From weeks 13 to 37, the mean
percentage of weeks per subject with Hb 10.0 to 11.9 g/dl, inclusive, was 81% for QW, 81% for Q2W, and 75% for Q4W. Death
occurred, respectively, in 4%, 3%, and 4%; thromboembolic vascular events occurred in 3%, 5%, and 3%; and serious adverse
events occurred in 22%, 26%, and 26% of subjects.
Conclusions: Q2W and Q4W EPO dosing maintained Hb levels in subjects with stage 3 to 4 CKD. Deaths, thromboembolic
vascular events, and serious adverse events were comparable across the dosing groups.
Clin J Am Soc Nephrol 5: 598 – 606, 2010. doi: 10.2215/CJN.06770909
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hronic kidney disease (CKD) affects more than 25
million adults in the United States (1), with many
developing anemia due to diminished erythropoietin
production by the kidneys (2). Anemia of CKD is associated
with decreased oxygen delivery and utilization, leading to
weakness, fatigue, and frailty with increases in morbidity, mortality, and hospitalization rates (3,4). Overall, anemia in CKD
patients leads to a poor quality of life, with a decrease in
physical activity (5), congestive heart failure, and decreased
cognition and mental acuity (6 –10). Erythropoiesis-stimulating
agents (ESAs) are considered the standard of care for the treatment of patients with anemia associated with CKD (11–13).
Epoetin alfa (EPO) is an ESA with an amino acid sequence
identical to endogenous human erythropoietin (14).
Previous studies have suggested that extended-interval dosing of EPO could treat anemia in CKD patients not on dialysis
(15–21). In a recent randomized, open-label, multicenter study

(22), we demonstrated that once-weekly (QW) and every 2
weeks (Q2W) regimens of EPO could be used as potential
alternatives to the approved three times weekly dosing for the
treatment of anemia in ESA-naïve subjects with stage 3 to 4
CKD (22). The purpose of this study was to determine whether
Q2W and every 4 weeks (Q4W) extended-interval dosing regimens would be as safe and effective as QW dosing for maintenance of hemoglobin (Hb) levels in subjects with stage 3 to 4
CKD.

Materials and Methods
Study Conduct
This was a randomized, open-label, multicenter study conducted
according to the Declaration of Helsinki, the International Conference
on Harmonisation, and the Guidelines for Good Clinical Practice at 53
sites in the United States between June 2007 and March 2009. The study
protocol and amendments were reviewed and approved by an Institutional Review Board, and subjects provided their written consent to
participate in the study.
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Study Population

This trial has been registered at www.clinicaltrials.gov (identifier NCT00440466).

The study population was composed of subjects ⬎18 years of age
with anemia associated with CKD (defined as GFR ⱖ15 ml/min per
1.73 m2 and ⬍60 ml/min per 1.73 m2) who had an Hb level 10.0 to 11.9
g/dl, inclusive, on two measurements in the 4 weeks before random-
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ization and confirmed at the randomization visit, while on a stable QW
dose of EPO.
Key exclusion criteria included: iron deficiency, with serum ferritin
concentration ⬍50 ng/ml and transferrin saturation ⬍20%; poorly controlled hypertension; severe congestive heart failure or coronary artery
disease; deep venous thrombosis or pulmonary embolus within the
prior 12 months; stroke, transient ischemic attack, acute coronary syndrome, or other arterial thrombosis within the prior 6 months; and
dialysis or anticipated to require dialysis during the study.

Study Design
The study consisted of three phases: a 2-week screening phase, a
36-week, open-label treatment phase (which consisted of conversion
and maintenance treatment), and a 4-week post-treatment phase
(which consisted of a completion (or early withdrawal) visit and a
follow-up contact). Subjects who were already maintained on a stable
QW dose of EPO were randomly assigned in a 1:1:2 ratio to receive
subcutaneously EPO (Procrit®; Ortho Biotech Products LP, Raritan, NJ)
QW, Q2W, or Q4W. For the QW group, the starting dose was the same
as the last prerandomization dose of EPO therapy. For Q2W, the
starting dose was two times the last QW prerandomization dose,
rounded up to the nearest 10,000 IU. For Q4W, the starting dose was
four times the last prerandomization QW dose, rounded up to the
nearest 20,000 IU. To be eligible for randomization, subjects were
required to have two Hb concentrations between 10.0 and 11.9 g/dl,
inclusive, taken at least 1 week apart during the 4 weeks before randomization, and confirmed at the week 1 (randomization) visit, while
on a stable weekly dose of EPO.
Sites were provided with a HemoCue® point of care device to
measure Hb, and doses were administered within 24 hours of Hb
determination. For consistency of analysis, the baseline Hb value at the
week 1 randomization visit and all subsequent weekly Hb values were
obtained at the site using the HemoCue® System. These measurements
were used for all Hb analyses and prevented any bias that might have
been introduced by the use of different laboratories.
This study was designed as an open-label study, in part because a
double-blind design would have required that all subjects enrolled in
the study receive injections every week, causing undue hardship. Any
potential for bias was eliminated by the design of the study: the
primary and secondary endpoints were calculated on the basis of
laboratory values (Hb), and all doses were generated by a dosing
algorithm that was programmed into the interactive voice response
system to target an Hb level 11.0 to 11.9 g/dl, inclusive. The investigators did not calculate any doses. The endpoints were not influenced
by open-label treatment.
Study drug was withheld if the Hb levels exceeded 11.9 g/dl or if the
Hb rate of rise was ⱖ1.5 g/dl in the prior 2 weeks. The dose was
reduced if the Hb rate of rise was ⱖ1.0 but ⬍1.5 g/dl in the prior 2
weeks, and the dose was increased if the Hb level was ⱕ10.5 g/dl with
an Hb rate of rise of ⬍0.5 g/dl in the prior 2 weeks. Study drug dose
was increased or decreased by 25% of the subject’s initial dose no more
frequently than every 4 weeks. The protocol-specified maximum dose
was 20,000 IU for QW, 40,000 IU for Q2W, and 80,000 IU for Q4W.
Subjects were to be withdrawn from the study if Hb was ⬍10.0 g/dl for
two consecutive weeks at least 4 weeks after receiving the maximum
dose. Any subject who started renal replacement therapy continued in
the study but was withdrawn from treatment. Data collected after the
start of renal replacement therapy were not included in the primary
analyses.
Iron therapy was strongly recommended to keep the transferrin
saturation (TSAT) ⬎20%. The TSAT and serum ferritin were measured
at screening and every 4 weeks while on study. Oral iron supplements

Extended-Interval EPO Dosing for Anemia of CKD

599

were provided to the investigators for distribution to the subjects.
Treatment with parenteral iron was permitted.

Assessments
Venous blood samples were collected at the study site at screening
and weekly thereafter through week 36 in all groups. The Hb values
were measured by the HemoCue® Hb 201⫹ System. Transfusion information was recorded from screening through week 36.
The following safety parameters were assessed weekly: adverse
events (AEs), including serious AEs (SAEs), thromboembolic vascular
events (TVEs), and new onset or worsening of hypertension, and vital
sign measurements. Physical examinations were conducted, and serum
erythropoietin antibodies were measured at screening, completion/
early withdrawal, predialysis, and in the evaluation of an unexpected
decrease in Hb levels. Clinical laboratory parameters were measured
every 4 weeks.

Study Endpoints
The primary objective of this study was to demonstrate that Q2W
and Q4W treatment with EPO in subjects with anemia associated with
CKD was noninferior to QW treatment with respect to the mean change
in Hb from baseline to the average of the last 12 weeks of treatment.
The secondary efficacy endpoint was the proportion of weeks per
subject in which the Hb concentration was between 10.0 and 11.9 g/dl,
inclusive, during weeks 13 to 37. Safety parameters included Hbrelated endpoints (Hb ⬎11.9 g/dl and rapid rate of Hb rise over any
2-week period) and clinical safety endpoints.

Statistical Analyses
For comparisons of the mean change in Hb from baseline to the
average of the last 12 weeks of treatment between QW and Q2W and
between QW and Q4W, an estimate of the difference in means (Q2W
minus QW, and Q4W minus QW) was computed along with the twosided 95% confidence interval (95% CI) for the difference. The estimate
of the difference and the CI were calculated using an analysis of
covariance (ANCOVA) model, with baseline Hb as a covariate. The two
comparisons were tested in a stepdown manner. First, Q2W dosing was
declared noninferior to QW dosing if the lower limit of the CI for the
difference was more than ⫺1 g/dl. If Q2W was found to be noninferior
to QW, Q4W was tested against QW. If the lower limit of the CI for the
difference for the Q4W minus the QW was more than ⫺1 g/dl, Q4W
was declared noninferior to QW.
Primary and secondary efficacy endpoints were analyzed using the
modified intention to treat population (defined as all randomized subjects who had one or more postrandomization Hb measurements);
safety endpoints were analyzed using the safety population (defined as
all randomized subjects who received at least one injection of study
drug). The per-protocol population was defined as all randomized
subjects who received ⱖ75% of the intended doses before withdrawal
from the study or initiation of dialysis, whichever occurred earliest, and
who had no major protocol violations. The per-protocol population was
used in a sensitivity analysis for all efficacy and the Hb-related safety
endpoints.
Summary statistics for the proportion of weeks per subject in which
the Hb concentration was between 10.0 and 11.9 g/dl, inclusive, during
weeks 13 to 37 were generated for each treatment group.
Safety data, including AEs, clinical laboratory test results, vital sign
measurements, and results of serum erythropoietin antibody testing,
were summarized.

600

Clinical Journal of the American Society of Nephrology

Clin J Am Soc Nephrol 5: 598 – 606, 2010

Mean Change in Hb from Baseline

Results
Baseline Demographics and Clinical Characteristics
430 subjects were randomized to one of three treatment
groups: QW, Q2W, and Q4W, (n ⫽ 108, 107, and 215, respectively) (Figure 1). Demographic and baseline characteristics
were generally well balanced among the three treatment
groups (Table 1). The median age was 72.0 years, the median
GFR was 26.0 ml/min per 1.73 m2, and 62% were women. The
mean Hb concentrations at baseline were 11.0, 11.1, and 11.2
g/dl for the QW, Q2W, and Q4W groups, respectively. The
prestudy mean weekly EPO doses were 5503 IU in QW, 6348 IU
in Q2W, and 5991 IU in the Q4W groups.

EPO Dose
The median weekly dose over the study treatment period
was 2967 IU in the QW, 4529 IU in the Q2W, and 5423 IU in the
Q4W groups. The median weekly dose increased substantially
as the dosing interval increased, but it remained moderate even
for the most extended dosing interval. The frequencies of dose
increases and decreases were low and comparable across the
three treatment groups. For the QW, Q2W, and Q4W groups,
the median number of dose increases was two, one, and one;
the median number of dose decreases was two, two, and two,
respectively.

Assessed for Eligibility
(N = 706)
Screen failure
(N = 276)
Randomize ITT Population
(N = 430)

Both the Q2W and Q4W EPO dosing regimens were noninferior to the QW dosing regimen in terms of the mean change
in Hb concentration from baseline to the average of the last 12
weeks of treatment. The estimated difference between the Q2W
and QW groups was ⫺0.03 g/dl (95% CI: ⫺0.21, 0.15) and
between the Q4W and QW groups was ⫺0.09 g/dl (95% CI:
⫺0.25, 0.06) (Table 2). The lower limit of the 95% CI for the
estimated treatment difference for both comparisons, Q2W versus QW, and Q4W versus QW, was above the prespecified
noninferiority margin of ⫺1 g/dl. These analyses were adjusted
for the baseline Hb level.
These results appear robust because sensitivity analyses on
the basis of the per-protocol population and ANCOVA models
adjusted for both baseline Hb level and study center demonstrated similar findings.

Hb Maintenance
Hb levels over time are shown in Figure 2. The early increases in Hb in the Q2W and Q4W groups are likely due to the
rounding up of the initial dose in these two groups. Mean final
Hb levels (average of Hb in last 12 weeks) were 11.0 g/dl in all
three treatment groups. A total of 11 subjects met the Hb
withdrawal criteria: 0 (0%) in QW, 4 (3.7%) in Q2W, and 7
(3.3%) in the Q4W groups. Hb concentrations were maintained
between 10.0 and 11.9 g/dl, inclusive, for a substantial (75% or
greater) proportion of weeks per subject for all three treatment
groups during weeks 13 to 37, with a slightly smaller proportion seen in the Q4W group (Table 3). From weeks 13 to 37, the
mean percentage of weeks per subject with Hb level 10.0 to 11.9
g/dl, inclusive, was 81% for QW, 81% for Q2W, and 75% for
Q4W.

Red Blood Cell Transfusions
QW
(n=108)

Q2W
(n=107)

Q4W
(n=215)

Safety Population
(n=108)

Safety Population
(n=107)

Safety Population
(n=215)

Did not have at least 1
postrandomization
hemoglobin assessment
(n=1)

Did not have at least 1
postrandomization
hemoglobin assessment
(n=1)

Did not have at least 1
postrandomization
hemoglobin assessment
(n=0)

mITT Populationa
(n=107)

mITT Populationa
(n=106)

mITT Populationa
(n=215)

Per-Protocol Populationb
(n=89)

Per-Protocol Populationb
(n=88)

Per-Protocol Populationb
(n=166)

Figure 1. Subject disposition. ITT, intent to treat; mITT, modified ITT; mITT populationa, subjects who were randomized and
had at least one postrandomization Hb value; Per-protocol
populationb, subjects who received at least 75% of the intended
doses before withdrawal from the study or initiation of dialysis,
whichever occurred earlier, and who had no major protocol
deviations.

A total of 24 subjects (5.6%) received transfusions (3.7% in the
QW group, 5.7% in the Q2W group, and 6.5% in the Q4W
group). The majority (20 subjects) received transfusions for an
acute decrease in Hb associated with hospitalization for an
intercurrent medical illness or surgical procedure.
The number of subjects who received iron supplementation
was comparable in the three treatment groups, as well as serum
ferritin and TSAT at screening and at the completion of the
treatment. The mean TSAT at screening was 24.7% for QW,
25.4% for Q2W, and 24.8% for Q4W. At the end of trial visit, the
TSAT was 25.4% in QW, 26.9% in Q2W, and 30.9% in Q4W. The
mean ferritin level at screening was 514 ng/ml for QW, 519
ng/ml for Q2W, and 559 ng/ml for Q4W. At the end of trial
visit, the values were 639 ng/ml for QW, 657 ng/ml for Q2W,
and 743 ng/ml for Q4W. These values are in concordance with
the National Kidney Foundation-Kidney Disease Outcomes
Quality Initiative Practice Guidelines that recommend maintaining ferritin ⱖ100 ng/ml and TSAT ⱖ20% to ensure adequate availability of iron for erythropoiesis among patients
with CKD.

Safety

The proportion of subjects with Hb ⱖ11.9 g/dl (the threshold
for withholding a dose) was 74%, 85%, and 75% in the QW,
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Table 1. Demographic and baseline characteristics (modified intent-to-treat analysis set)
QW (n ⫽ 107)

Q2W (n ⫽ 106)

Q4W (n ⫽ 215)

Total (n ⫽ 428)

Sex, n (%)
N
male
female

107
40 (37.4)
67 (62.6)

106
34 (32.1)
72 (67.9)

215
89 (41.4)
126 (58.6)

428
163 (38.1)
265 (61.9)

Race, n (%)
N
white
black
Asian
other

107
57 (53.3)
43 (40.2)
4 (3.7)
3 (2.8)

106
63 (59.4)
35 (33.0)
2 (1.9)
6 (5.7)

215
125 (58.1)
72 (33.5)
7 (3.3)
11 (5.1)

428
245 (57.2)
150 (35.0)
13 (3.0)
20 (4.7)

Age
N
ⱕ65 yrs, n (%)
⬎65 yrs, n (%)
mean (SD), yrs
median, yrs
range, yrs

107
36 (33.6)
71 (66.4)
70.4 (13.04)
71.0
(23; 93)

106
29 (27.4)
77 (72.6)
71.7 (10.68)
72.0
(45; 96)

215
63 (29.3)
152 (70.7)
71.1 (12.48)
72.0
(33; 96)

428
128 (29.9)
300 (70.1)
71.1 (12.18)
72.0
(23; 96)

Weight, kg
N
mean (SD)
median
range

106
82.8 (18.25)
79.4
(49; 141)

106
84.2 (20.58)
81.9
(43; 149)

212
87.2 (22.43)
83.8
(38; 188)

424
85.3 (21.04)
82.5
(38; 188)

106
39 (36.8)
32 (30.2)
35 (33.0)

212
64 (30.2)
73 (34.4)
75 (35.4)

424
143 (33.7)
140 (33.0)
141 (33.3)

Baseline weight tertiles for mITT, n (%)
N
106
ⱕ74.0 kg
40 (37.7)
⬎74.0 to ⱕ91.0 kg
35 (33.0)
⬎91.0 kg
31 (29.2)
Height, cm
N
107
mean (SD)
164.0 (10.32)
median
163.0
range
(136; 185)

106
163.3 (11.12)
162.6
(125; 195)

213
165.0 (10.55)
165.1
(127; 193)

426
164.3 (10.64)
163.8
(125; 195)

Baseline GFR, ml/min per 1.73 m2
N
mean (SD)
median
range

107
27.83 (10.742)
24.00
(15.0; 76.0)

106
28.75 (9.855)
29.50
(14.0; 59.0)

215
27.90 (9.698)
26.00
(15.0; 57.0)

428
28.09 (9.990)
26.00
(14.0; 76.0)

Baseline GFR category, n (%)
N
⬍15 ml/min per 1.73 m2
ⱖ15 to ⬍30 ml/min per 1.73 m2
ⱖ30 to ⬍60 ml/min per 1.73 m2
ⱖ60 ml/min per 1.73 m2

107
0
72 (67.3)
34 (31.8)
1 (0.9)

106
1 (0.9)
52 (49.1)
53 (50.0)
0

215
0
136 (63.3)
79 (36.7)
0

428
1 (0.2)
260 (60.7)
166 (38.8)
1 (0.2)

Baseline hemoglobin, g/dl
N
mean (SD)
median
range

107
11.03 (0.602)
11.00
(10.0; 11.9)

106
11.12 (0.586)
11.20
(10.0; 11.9)

215
11.17 (0.558)
11.20
(10.0; 11.9)

428
11.12 (0.577)
11.20
(10.0; 11.9)
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Table 1. (Cont.)
QW (n ⫽ 107)

Q2W (n ⫽ 106)

Q4W (n ⫽ 215)

Total (n ⫽ 428)

Baseline Hb tertiles for mITT, n (%)
N
107
ⱕ10.9 g/dl
49 (45.8)
⬎10.9 to ⱕ11.5 g/dl
29 (27.1)
⬎11.5 g/dl
29 (27.1)

106
36 (34.0)
39 (36.8)
31 (29.2)

215
70 (32.6)
76 (35.3)
69 (32.1)

428
155 (36.2)
144 (33.6)
129 (30.1)

Baseline ferritin level, pmol/L
N
107
mean (SD)
513.97 (486.054)
median
352.00
range
(29.0; 2136)

106
518.60 (388.698)
412.50
(35.0; 1571)

215
558.97 (434.965)
436.00
(15.0; 2387)

428
537.72 (437.124)
402.50
(15.0; 2387)

Baseline ferritin tertiles/mITT, n (%)
N
107
ⱕ264 pmol/L
42 (39.3)
⬎264 to ⱕ605 pmol/L
32 (29.9)
⬎605 pmol/L
33 (30.8)

106
33 (31.1)
44 (41.5)
29 (27.4)

215
68 (31.6)
68 (31.6)
79 (36.7)

428
143 (33.4)
144 (33.6)
141 (32.9)

mITT, modified intent to treat.

Table 2. Change in Hb (g/dl) from baseline to the average of the last 12 weeks of treatment, excluding data
collected after dialysis (modified intent-to-treat analysis set)

N
Mean baseline
Mean change (SD)
difference of LS means (SE)
95% CI

QW (n ⫽ 107)

Q2W (n ⫽ 106)

Q4W (n ⫽ 215)

107
11.03
⫺0.02 (0.728)

105
11.13
⫺0.10 (0.774)
⫺0.03 (0.092)
⫺0.208; 0.153

215
11.17
⫺0.19 (0.738)
⫺0.09 (0.079)
⫺0.249; 0.063

Note: ANCOVA model with baseline Hb alone as a covariate.

Mean Hb (g/dL) +/- SD

13

12

11

10

9
1 2 3 4 5 6 7 8 9 1 1 1
0 1 2

1 1
3 4

1 1
5 6

1 1 1
7 8 9

2 2 2 2 2 2 2
0 1 2 3 4 5 6

Weeks

Treatment Group/Abbreviated

QW

Q2W

Q4W

Figure 2. Mean Hb during weeks 1 to 37 of treatment by EPO treatment groups.

2 2
7 8

2 3
9 0

3 3
1 2

3 3
3 4

3 3
5 6

3
7
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Table 3. Proportion of weeks per subject with Hb concentration between 10.0 and 11.9 g/dl, inclusive, during
weeks 13 to 37, excluding data collected after dialysis (modified intent-to-treat analysis set)

a

Proportion of Weeks/
Weeks 13 to 37

QW (n ⫽ 107)

Q2W (n ⫽ 106)

Q4W (n ⫽ 215)

Total (n ⫽ 428)

N
Mean (SD)
Median
Range

97
0.81 (0.158)
0.87
(0.3; 1.0)

100
0.81 (0.202)
0.88
(0.0; 1.0)

200
0.75 (0.256)
0.83
(0.0; 1.0)

397a
0.78 (0.224)
0.87
(0.0; 1.0)

The number of subjects who were still in the study at week 13.

Q2W, and Q4W groups, respectively. The median per-subject
frequency of Hb ⱖ11.9 g/dl was two times for the QW group
compared with three times for the Q2W and Q4W groups. The
mean maximum Hb was comparable across the three treatment
groups: 12.4, 12.5, and 12.5, respectively, in the QW, Q2W, and
Q4W groups. The proportion of subjects who experienced an
Hb rate of rise ⱖ2 g/dl in any 2-week period was 34.6%, 31.4%,
and 31.6%, respectively, in the QW, Q2W, and Q4W groups.
The mean maximum Hb rate of rise was 1.8, 1.7, and 1.8 g/dl in
the QW, Q2W, and Q4W groups, respectively.
A summary of clinical safety events is provided in Table 4.
The incidence of AEs was comparable among the three treatment groups. Discontinuation from the study because of an AE
was low for all three treatment groups, with no single AE
leading to study discontinuation for more than 1% of subjects in
any treatment group. The most commonly reported treatmentemergent AEs during the study were hypertension (11% of
subjects), urinary tract infection (8% of subjects), edema (8% of
subjects), and hyperkalemia (8% of subjects), which are typical
events for patients with CKD. There was no consistent pattern
emerging across the dosing groups with respect to the rates of
adverse events.
SAEs occurred in 22%, 26%, and 26% of subjects in the QW,
Q2W, and Q4W groups, respectively. The most commonly
reported SAEs were congestive heart failure (4% of subjects),
acute renal failure (3% of subjects), chest pain (2% of subjects),
and anemia (2% of subjects). No clear relationship was observed between mean weekly Hb level and number of SAEs for
any of the three treatment groups.

Initiation of dialysis was low and comparable across dosing
groups (2% of subjects in each of the three treatment groups).
The proportion of subjects with investigator-confirmed TVEs
was low across the three treatment groups (3% in QW, 5% in
Q2W, and 3% in the Q4W groups). No clear relationship was
observed between mean weekly Hb level and number of TVEs
for any of the three treatment groups.
The incidence of treatment-emergent hypertension was low
and comparable across the three treatment groups: 12%, 13%,
and 12% of subjects in the QW, Q2W, and Q4W groups, respectively.
Approximately 4% of subjects died during the study: 4% in
QW, 3% in Q2W, and 4% in the Q4W groups. The individual
subject causes of death are listed in Table 5.
Over the entire study, no subject had a positive test for
epoetin antibody, and no subject underwent a renal transplantation.

Discussion
The results of this randomized, controlled study demonstrate
that both the Q2W and Q4W extended-interval dosing regimens of EPO were not inferior to the QW dosing regimen with
respect to the mean change in Hb from baseline to the final Hb,
and they confirm the results of previous studies of extendedinterval dosing of EPO for correction of anemia and maintenance of Hb in the CKD patient population (15,17,19 –21). The
Hb concentrations were maintained between 10.0 and 11.9
g/dl, inclusive, for a substantial (75% or greater) proportion of
weeks per subject for all three treatment groups during weeks

Table 4. Summary of safety events (modified intent-to-treat analysis set)
Event

QW (n ⫽ 108),
n (%)

Q2W (n ⫽ 107),
n (%)

Q4W (n ⫽ 215),
n (%)

Deaths
Thromboembolic vascular events
Serious adverse events
Treatment-emergent adverse events
Discontinuations
Discontinued for adverse events
Transfusions
Hypertension (new onset/worsening)
Dialysis

4 (4)
3 (3)
24 (22)
84 (78)
13 (12)
3 (3)
4 (3.7)
13 (12)
2 (2)

3 (3)
5 (5)
28 (26)
77 (72)
15 (14)
4 (4)
6 (5.7)
14 (13)
2 (2)

9 (4)
7 (3)
56 (26)
170 (79)
41 (19)
11 (5)
14 (6.5)
26 (12)
4 (2)
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Table 5. Incidence and causes of mortality
Cause of Death

Total no. of subjects who died
Pulmonary edema
Cardiac arrest
Cardiopulmonary arrest; etiology
unknown
Cardiorespiratory arrest
Intracerebral hemorrhage
Liver complications
Myocardial infarction
Pneumonia
Pulmonary edema
Respiratory failure
Ruptured colon
Severe calcific atherosclerotic heart
disease with cardiomegaly
Severe sepsis syndrome
Sudden cardiac death
Urosepsis

QW (n ⫽ 108),
n (%)

Q2W (n ⫽ 107),
n (%)

Q4W (n ⫽ 215),
n (%)

Total (n ⫽ 430),
n (%)

4 (4)
1 (1)
0
0

3 (3)
0
0
0

9 (4)
0
1 (⬍1)
1 (⬍1)

16 (4)
1 (⬍1)
1 (⬍1)
1 (⬍1)

0
0
1 (1)
0
0
0
0
0
0

1 (1)
0
0
0
1 (1)
0
0
0
0

0
1 (⬍1)
0
1 (⬍1)
0
1 (⬍1)
1 (⬍1)
1 (⬍1)
1 (⬍1)

1 (⬍1)
1 (⬍1)
1 (⬍1)
1 (⬍1)
1 (⬍1)
1 (⬍1)
1 (⬍1)
1 (⬍1)
1 (⬍1)

0
2 (2)
0

0
0
1 (1)

1 (⬍1)
0
0

1 (⬍1)
2 (⬍1)
1 (⬍1)

Percentages were calculated with the number of subjects in each group as denominator. The serious adverse events that
occurred within 30 days of the last exposure date of study drug and resulted in death were included.

13 to 37. The need for transfusion was low overall, and most
transfusions were administered for an acute decrease in Hb that
developed while subjects were hospitalized for an intercurrent
medical illness or surgical procedure.
The incidence of treatment-emergent AEs, discontinuation
from the study because of AEs, and death were generally
comparable among treatment groups. Most deaths were likely
due to comorbidities typical of the elderly CKD population
under study (Table 5). No additional subjects died during the
follow-up period after commencement of dialysis. The incidence of treatment-emergent SAEs was slightly higher in the
Q2W and Q4W groups compared with the QW group. However, the frequency and types of SAEs did not suggest a pattern
related to extended-interval dosing.
There has been concern that ESAs may cause an increase in
BP. However, in this study there were no clinically meaningful
changes observed in mean systolic or diastolic BP over time in
any of the treatment groups. The incidence of treatment-emergent hypertension was infrequent and virtually identical across
the three treatment groups.
An increased risk of TVEs has been reported in some
patient populations treated with ESAs (23,24). In this study,
the incidence of TVEs was low, despite the fact that many
subjects had multiple preexisting risk factors (age, diabetes
mellitus, hypertension, hypercholesterolemia, obesity, and
prior history of vascular events). The incidence of TVEs was
distributed across the dosing groups and did not appear to
be related to Hb level, Hb rate of rise, EPO dose, or dosing
interval.
The number of dose increases and dose decreases was low
and comparable across the three treatment groups. The QW

group experienced a greater number of doses withheld compared with the Q2W and Q4W groups. This difference is
largely explained by the greater frequency of dosing in the
QW group, and also by the dosing algorithm, which permitted dose increases and decreases only every 4 weeks but dose
withholds at every dose administration. The median weekly
dose for the Q4W group was higher than in the QW and
Q2W groups. Because the pharmacodynamic effect of an ESA
is more related to the half-life of the circulating red cell than
to the pharmacokinetic properties of the drug, one would not
necessarily expect the dose to increase by 2- or 4-fold when
one increases the dosing interval. This finding suggests that
as the dosing interval is extended, a higher dose of EPO is
required to achieve the same Hb effect, and this is consistent
with prior studies of EPO administered at extended dosing
intervals (15,19,20). In sum, this study supports Q2W and
Q4W dosing of EPO to maintain Hb levels within the therapeutic range.

Conclusion
In conclusion, these results extend the findings of the companion study (22) that compared QW and Q2W to three times
weekly dosing of EPO for correction of anemia and maintenance of Hb in subjects with stage 3 to 4 CKD. As the dosing
interval is extended beyond QW, the dose requirements increase and a small proportion of subjects do not maintain
adequate Hb levels. However, for a substantial majority of
subjects, the Hb was adequately maintained when dosing was
extended from QW to Q2W and Q4W.
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