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Abstract

Background Darbepoetin alfa (DA) is an attractive
alternative to recombinant human erythropoietin (rHuEPO)
in managing renal anemia. Since DA has not been
approved by the appropriate Japanese drug regulatory
agencies for the indication of renal anemia in children in
Japan, we have conducted a multicenter prospective study
to determine the efficacy and safety of DA in Japanese
children undergoing peritoneal dialysis (PD).

Methods Pediatric patients subcutaneously receiving
rHuEPO were switched to DA treatment for a period of
28 weeks. The conversion to the initial dose of DA was
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calculated as 1 pg DA for 200 IU rHuEPO, and DA was
administered intravenously once every 2 weeks. The target
hemoglobin (Hb) concentration was defined as 11.0 to
<13.0 g/dL. In some patients, the dose of DA was adjusted
appropriately to achieve this target level, and/or the dosing
frequency changed to once every 4 weeks.

Results In the 25 patients switched from rHUEPO to DA
the mean Hb concentration increased from 9.9 & 1.0 to
11.1 £ 1.0 g/dL at 8 weeks following commencement of
the DA treatment. The target Hb concentration was
achieved in 88 % of these patients, and 60 % maintained
this target value on completion of the study. The dosing
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frequency was extended to once every 4 weeks in 60 % of
patients. Twenty-four adverse events were noted in 11 of
25 patients (44 %); however, there was no causality
between DA and adverse events.

Conclusions The results of this study suggest that intra-
venous administration of DA once every 2 or 4 weeks is an
effective and safe treatment for renal anemia in Japanese
children undergoing PD.

Keywords Anemia - Children - Peritoneal dialysis -
Darbepoetin alfa

Introduction

Anemia is a prevalent and serious problem among children
with chronic kidney disease (CKD). At all stages of CKD,
low hemoglobin (Hb) levels have been associated with an
increased risk of hospitalization and death, lower cognitive
function, increased left ventricular hypertrophy, and
decreased left ventricular compliance [1]. Recombinant
human erythropoietin (rHuEPO) has become the standard
treatment for renal anemia in children [1]; however, to
maintain the target Hb concentration (>11 g/dL) conven-
tional rHUEPO requires two to three injections per week
[1]. In contrast, darbepoetin alpha (DA), which has an
increased sialic acid carbohydrate content, promotes
decreased clearance and has a longer serum half-life than
rHuEPO, allowing extended dosing intervals [2]. A number
of clinical studies have proven that DA is an effective and
safe alternative to rHUEPO for the treatment of renal
anemia in adults [3-6]. DA has been also shown to be an
attractive alternative to rHuEPO in managing anemia in
pediatric patients with CKD because of its comparable
efficacy and safety profile, as well as its ability to be
administered at extended dosing intervals [7-10]. How-
ever, since DA has yet to be approved for the indication of
renal anemia in children in Japan, there are no data
describing its efficacy and safety profile in Japanese pedi-
atric patients with CKD. A multicenter prospective study
was therefore conducted at nine institutions in Japan with
the aim to determine the efficacy and safety of intravenous
administration of DA in pediatric patients undergoing
peritoneal dialysis (PD).

Patients and methods
Study design
This was a multicenter, prospective, single-arm study that

enrolled pediatric patients undergoing PD at nine institu-
tions in Japan from January 2009 to December 2011. After

an initial 8-week baseline period to determine eligibility,
patients receiving rHuEPO subcutaneously once every
2 weeks were switched to DA treatment for a period of
28 weeks. DA was administered intravenously once every
2 weeks. For routine blood sampling, scalp veins were
punctured using an infusion scalp vein set; patients also
received DA intravenously using the same vein set
immediately after the completion of the blood sampling.
The initial dose was calculated from the prior dose of
rHuEPO according to the following conversion index: 1 pg
DA for 200 IU rHuEPO. The target Hb was defined as 11.0
to <13.0 g/dL based on the Japanese anemia therapy
guideline [11]. To achieve this target Hb level, the DA
dosage was appropriately increased when the target Hb was
not reached by 8 weeks following commencement of DA
treatment. The dosing frequency was changed from once
every 2 weeks to once every 4 weeks for some patients
whose Hb was assayed at between 11.0 and 13.0 g/dL and,
accordingly, the DA dosage was doubled in these patients.
The study protocol was approved by the institutional
review board of each participating institution. Written
informed consent was obtained from patients or their par-
ents before the study-related procedures were performed.

Patients

Patients receiving PD and aged between 1 and 18 years
were eligible for enrolment in this study. Patients were
excluded if they had undergone major surgery within
4 weeks before providing signed informed consent, were
scheduled for a living donor kidney transplant within
16 weeks following consent, or received a red blood cell
transfusion within 4 weeks prior to providing signed
informed consent. Patients with uncontrolled hypertension,
cardiac failure, malignancy and/or hematological disease,
and known resistance to rHuEPO were also excluded.

Patients were required to have been receiving stable
rHuEPO therapy administered subcutaneously for at least
8 weeks prior to the switch to DA therapy. They were also
required to have a baseline Hb concentration of <11.0 g/dL
before starting DA treatment, a baseline transferrin satu-
ration (TSAT) >20 %, and/or a serum ferritin level of
>100 ng/mL.

Endpoints

The primary endpoints were the Hb profiles, which com-
prised changes in Hb concentration, the rate of increase in
Hb concentration, the percentage and time taken to reach
the target Hb concentration, and the percentage of patients
who maintained the target Hb concentration. Additionally,
changes in Hb and changes in DA dose per week were also
analyzed in some patients who underwent a change in the
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initial dosing frequency to once every 4 weeks. Safety was
assessed by monitoring adverse events (both treatment-
related and unrelated), laboratory parameters, and vital
signs.

Statistical analysis

For continuous variables, descriptive statistics were com-
puted, namely, the mean, median, range, and standard
deviation (SD). Percentages and sample sizes were used to
summarize categorical variables. The Kaplan—Meier
method was employed to assess the percentage and time
taken to reach the target Hb. For safety analyses, counts
and percentages were calculated for adverse events.

Results
Patient disposition

A patient flowchart is shown in Fig. 1. Of the 28 patients
who were enrolled in this study, 25 were eligible for the
switch to DA therapy. The remaining three were judged to
be ineligible because of unstable rHUEPO therapy during
the 8 weeks prior to conversion. Of those who successfully
underwent conversion to DA treatment, 23 completed
the study; the remaining two withdrew due to kidney
transplantation.

Patient demographics and baseline characteristics

Patient demographics and baseline characteristics are
summarized in Table 1. Males represented 68 % of the
patient population, and the mean age at the start of DA
therapy was 11.2 4 5.7 years. The most common etiology
among the study patients was hypoplastic/dysplastic kid-
neys (12 patients, 48 %). The mean duration of PD before
the switch to DA was 18.9 £+ 16.6 months. At baseline,
the mean weekly rHUEPO dose (IU/kg per week) was
140.6 £ 116.0, the mean Hb concentration (g/dL) was
9.9 £ 1.0, and the mean values of ferritin and TSAT were
192.4 4+ 123.6 ng/mL and 42.2 £ 16.4 %, respectively.

@ Springer

Table 1 Patient characteristics (n = 25)

Demographic and other baseline characteristics Values
Gender, n (%)

Male 17 (68.0)

Female 8 (32.0)
Age (years)

Mean + SD 112 £ 5.7

Median (range) 12 (2-18)
Underlying disease, n (%)

Hypoplastic/dysplastic kidney 12 (48.0)

Focal segmental glomerulosclerosis 3 (12.0)

Congenital nephrotic syndrome 2 (8.0)

Others 8 (32.0)
Peritoneal dialysis (months)

Mean 18.9 £+ 16.6

SD 16.6

Median (range) 14 (1-55)
Weekly rHuEPO dose (IU/kg/week) at baseline

Mean 140.6

SD 116.0

Median (range) 97.7 (21.1-583.3)
Hb concentration (g/dL) at baseline

Mean 9.9

SD 1.0

Median (range) 10.1 (7.6-10.9)
Ferritin (ng/mL) at baseline
192.4
SD 123.6

181.0 (36.0-455.0)

Mean

Median (range)

TSAT (%) at baseline (mean)
Mean 422
SD 16.4

Median (range) 41.3 (18.9-85.0)

SD Standard deviation, rHUEPO recombinant human erythropoietin,
Hb hemoglobin, TSAT transferrin saturation

Efficacy

Hemoglobin profiles are shown in Fig. 2. At the start of DA
treatment, Hb was 9.9 £+ 1.0 g/dL (mean £ SD), while at
week 8 it was 11.1 &+ 1.0 g/dL, which was above the lower
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Fig. 2 Hemoglobin (Hb) profiles. The shaded area shows the target
Hb concentration
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limit of the target Hb (11.0 g/dL). Thereafter, the mean Hb
remained above this lower limit, reaching 11.3 £ 0.9 g/dL
at the end of treatment.

The mean DA dose at the time of the switch to DA
therapy and at the end of treatment (withdrawal) was
0.93 £ 0.99 (median 0.54, range 0.15—4.20) and 0.99 +
0.87 (median 0.69, range 0.18-3.22) ng/kg per week,
respectively. Figure 3 shows the dose of DA/kg per
injection at the end of treatment (withdrawal) for each
patient plotted by individual. The dose per injection varied
largely, with nine patients (36 %) needing >3 pg/kg of DA
per injection.

Figure 4 shows the rate of increase in Hb concentration
during the 8 weeks following commencement of DA
therapy for each patient plotted by individual. Although
one patient showed a rate of increase of >0.5 g/dL per
week, the mean rate of increase was 0.12 £ 0.13 g/dL per
week.
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Fig. 5 Cumulative proportion reaching target Hb concentration

As shown in Fig. 5, the cumulative proportion who
reached the target Hb concentration, as determined by the
Kaplan—Meier method, was 88 %. At week 8, 68 % of
patients had reached the lower limit of the target concen-
tration (11.0 g/dL). The point at which 25, 50, and 75 %
reached the lower limit was 2, 6, and 12 weeks,
respectively.

Figure 6 shows the profiles of the percentage of patients
who maintained the target Hb concentration. The propor-
tion of these patients increased after commencement of DA
treatment. Eight weeks after the start of DA therapy,
>50 % maintained the target Hb. At the end of treatment,
60 % of patients were within the target Hb range, 40 %
were below it, and none were above it.

Fifteen patients (60 %) underwent a change in dosing
frequency from once every 2 weeks to once every 4 weeks.
Figure 7 shows the change in Hb and change in DA dose in
these 15 patients. The mean Hb value when treatment was
switched to once every 4 weeks was 12.2 4 0.60 g/dL.
After the switch, Hb remained within the target range,
being 11.3 £ 0.5 g/dL at the end of the treatment. The
mean weekly doses at the time of the switch and at the end
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of treatment (withdrawal) were 0.89 + 0.87 (median 0.63,
range 0.12-3.05) and 0.63 % 0.33 (median 0.75, range
0.25-0.88) ng/kg per week, respectively.

Safety

Twenty-four adverse events were noted in 11 (44 %) of 25
patients. All those that occurred in patients receiving DA are
listed in Table 2. Among the adverse events, no adverse drug
reactions indicating causality with DA treatment were
observed. In addition, no clear correlation was found
between the incidence of adverse events and Hb values at the
time they occurred. There were no adverse events that led to
death in this study. No changes in laboratory findings were
noted other than in parameters related to erythropoiesis.

Discussion
The objective of this study was to determine the efficacy

and safety of intravenous administration of DA in Japanese
pediatric patients undergoing PD. Since DA has yet to be

@ Springer

Table 2 Summary of adverse events

Adverse events Patients, n (%)

Fever 3 (10.7)
Influenza 3 (10.7)
Upper respiratory tract infection 3 (10.7)
Exit-site infection 2(7.1)
Peritonitis 2(7.1)
Acute gastroenteritis 1 (3.6)
Hyperkalemia 1 (3.6)
Hypertension 1 (3.6)
Headache 1(3.6)
Ultrafiltration failure 1 (3.6)
Recurrence of glomerulonephritis 1 (3.6)
Dehydration 1(3.6)
Overhydration 1(3.6)
Sepsis 1 (3.6)
Acute pancreatitis 1 (3.6)
Catheter displacement 1 (3.6)

approved by Japanese regulatory agencies for the indica-
tion of renal anemia in children in Japan, the study protocol
was approved by the institutional review board of each
participating institution. This multicenter prospective study
was conducted at nine medical institutions, and a total of
28 pediatric PD patients were enrolled. Although the
number of patients enrolled was too small to allow definite
conclusions, given the annual report from the Japanese
Society for Dialysis Therapy indicating that the number of
dialysis patients aged <15 years was 103 at the end of 2008
[12], our analysis of the efficacy and safety of DA treat-
ment in Japanese children undergoing PD was deemed
possible.

It has been suggested that the psychological stress
imposed by repeated painful injections in chronically ill
children may result in reduced medical adherence [13]. It
has been reported that subcutaneous injections of DA are
more painful than those of rHuEPO in the majority of
pediatric patients [8, 14] and, therefore, an intravenous
route of administration is commonly chosen to reduce
stress among both the children and medical staff. Addi-
tionally, the plasma disappearance half-life of DA has been
found to increase by two- to threefold relative to rHuEPO
after both subcutaneous and intravenous administration in
both adults [15] and children [2]. It has also been reported
that there are no differences in patient responses to DA
administered intravenously or subcutaneously [8]. Taking
these results into account, we chose the intravenous route
of DA administration in our study.

The findings of our study indicate that in many
cases tTHUEPO treatment at the level covered by health-
care insurance in Japan (subcutaneous administration of
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100-200 IU/kg once every 2 weeks) is inadequate for
improvements in anemia to a target Hb level of >11.0 g/dL.
The same worrying findings were also found in adult PD
patients in Japan [16]. Furthermore, the North American
Pediatric Renal Transplant Cooperative Study (NAPRTCS)
reported that two to three injections of rHUEPO per week
were required to maintain target Hb levels (=11 g/dL) in
pediatric PD patients [17]. Compared to patients under-
going hemodialysis, PD patients have the advantage that
fewer hospital visits are needed for their therapy. DA is
therefore an attractive alternative to rHuEPO in managing
renal anemia of patients undergoing PD.

A number of clinical studies have proven DA to be
effective and safe in treatment of renal anemia in adults
[3-6]. Additionally, several publications on the adminis-
tration of DA in children with CKD have found it to be an
effective agent in controlling renal anemia [7-10]. In our
study, pediatric PD patients receiving rHuEPO subcutane-
ously once every 2 weeks were switched to DA therapy,
with the initial dose of DA being based on the prior dose of
rHuEPO according to the conversion index: 1 pg DA for
200 IU rHuEPO. DA was administered intravenously once
every 2 weeks, followed by an extension of the dosing
interval with concomitant dose adjustment.

In our study, the mean Hb concentration increased from
9.9 £ 1.0 g/dL. at the start of DA treatment to 11.1 &+
1.0 g/dL. at 8 weeks following commencement. The
weekly rate of increase in Hb after treatment at the initial
dose for 8 weeks was 0.12 + 0.13 g/dL per week. This rate
of increase meets the Japanese anemia therapy guideline
[11], which recommends erythropoiesis-stimulating agent
(ESA) therapy that achieves an increase rate of <0.5 g Hb/dL
per week. Thus, the conversion index of 1 pug DA for 200 IU
rHuEPO appears to have been satisfactory in our pediatric
patients undergoing PD.

During the maintenance period, the mean Hb concen-
tration remained above the lower limit of the target Hb
(11.0 g/dL) and was 11.3 £ 0.9 g/dL at the end of treat-
ment. The target Hb concentration was achieved in 88 % of
patients, with 60 % maintaining this level upon completion
of this study. The dosing frequency was extended to once
every 4 weeks in 60 % of patients, in line with a report on
adult PD patients [6]. The median DA dose at the end of
treatment (withdrawal) was 0.69 pg/kg per week and was
similar to the dose reported in another study on children
undergoing PD [18]. Notably, the dose of DA largely
varied among the patients in our study, and nine patients
(36 %) needed >3 pg/kg of DA per injection to maintain
the target Hb concentration. Thus, it is essential that the
dose of DA is adjusted on an individual basis, as reported
previously [19].

The tolerance to DA was excellent among the patients in
our study, and none discontinued treatment due to adverse

events. One patient complained of headache and another
developed hypertension; however, no clear correlation was
found between the incidence of adverse events and Hb
concentration at the time they occurred. Since hypertension
and headache are common in patients undergoing treatment
with ESA and can develop after a rapid rise in the Hb
concentration [11], it is essential that DA be administered
carefully to prevent such a rapid increase.

Pain perception is known to be higher in children than in
adults [14]. In fact, it has been reported that the most
prevalent treatment-related adverse event in children
administered DA subcutaneously is the injection-site pain
[8, 9]. In contrast, there were no adverse events related to
injection-site pain in our study. Therefore, the intravenous
administration of DA, which helps prevent stress in both
children and the medical staff compared with pain related
to subcutaneous administration, seems to be the suitable
administration route for pediatric patients.

In conclusion, the results of this study suggest that the
intravenous administration of DA once every 2 weeks or
once every 4 weeks is an effective and safe treatment
option for renal anemia in Japanese children undergoing
PD.
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