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Abstract

Background—Erythropoietin (Epo) increases and maintains hematocrit using once weekly
dosing in adults with anemia due to end stage renal disease. Epo is used in preterm infants to treat
the anemia of prematurity, but has not been studied using once weekly dosing, a schedule which
might offer neuroprotection in addition to increasing red cell mass. We compared reticulocyte
responses of once weekly Epo dosing with thrice weekly dosing in preterm infants.

Methods—Infants <1,500 grams and =7 days of age were randomized to once weekly Epo, 1,200
units/kg/dose, or thrice weekly Epo, 400 units/kg/dose, subcutaneously for 4 weeks, along with
iron and vitamin supplementation. Complete blood counts, absolute reticulocyte counts (ARC),
transfusions, phlebotomy losses, and adverse events were recorded.

Results—Twenty preterm infants (962+55 grams, 27.9+0.4 weeks, 17+3 days of age) were
enrolled. Groups were similar at baseline. Infants in both groups increased ARC (p<0.01, thrice
weekly Epo group). ARC were similar between treatment groups at the start and end of 4 weeks.
Hematocrit remained stable, and similar numbers of transfusions were administered. No adverse
effects of either dosing schedule were noted.

Conclusions—Preterm infants respond to weekly Epo by increasing ARC and maintaining
hematocrit. We speculate that once weekly Epo dosing might be beneficial to preterm infants
requiring increased erythropoiesis.
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Introduction

Erythropoietin (Epo) has been shown to be effective in increasing and maintaining
hematocrit using once weekly dosing in adults with anemia due to end stage renal disease,
and in adults with cancer. Dosing schedules in adults have progressed from three times a
week dosing 2 decades ago, to once a week dosing (1, 2). Epo has been used in preterm
infants to prevent and treat the anemia of prematurity, and is usually given three times a
week as a subcutaneous injection (3). Alternatively, Epo can also be given intravenously by
adding it daily to parenteral nutrition solution (4). While the pharmacokinetics of Epo in
preterm infants would suggest more frequent dosing (4-6), the erythrokinetics of Epo--the
response of red cell precursors to Epo--may allow for less frequent dosing. In addition,
recent studies evaluating non-hematopoietic, neuroprotective effects of Epo have used
higher doses to achieve elevated serum and presumably CSF concentrations (7, 8). Once a
week dosing of Epo might also achieve increased serum concentrations, thus potentially
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providing neuroprotection in addition to erythropoietic stimulus. We investigated whether
weekly Epo would result in a similar reticulocyte response to three times a week dosing in
preterm infants.

Materials and methods

Subjects

Infants were eligible for study if they met the following entry criteria: birth weight <1,500
grams, gestational age <32 weeks, hematocrit <48%, =7 days of age, and informed consent
obtained from a parent or guardian. Infants were ineligible for study if they were already
receiving Epo or were enrolled in an Epo study, if they were not expected to survive, if they
had Coombs positive hemolytic disease, if clinical seizures were present, if they had known
thromboses, if they had a major congenital malformation (such as trisomy 21, 18 or 13, or
complex cyanotic congenital heart disease), or if they had systolic blood pressures >100 mm
Hg while not on pressor support. The study was approved by the Human Research Review
Committee at the University of New Mexico.

Randomization

Epo Dosing

Infants were randomized using a random number table generated by a statistical program
(SysStat) to one of two treatment groups: Epo (Amgen, Thousand Oaks, CA) 1,200 units/kg
once a week subcutaneously (SC), or Epo 400 units/kg/dose three times a week SC (our
current clinical dosing schedule). All providers aside from the research nurse were masked
to the treatment group. Infants in the once a week dosing group received sham subcutaneous
injections for the other two dosing periods each week. An adhesive bandage covered the true
and sham injection sites. The study drug was brought to the bedside in a closed container,
and injections were shielded from the caregivers by screens. Twins were randomized to the
same treatment group.

Epo was dispensed from the pharmacy in 29% gauge, 0.3 mL syringes for SC dosing. Infants
weighing <1,000 grams at any time during the study received the following dose: using a
concentration of 2,000 units/mL, the thrice weekly dosing volume was 0.2 mL/kg body
weight. Using a concentration of 4,000 units/mL, the once weekly dosing volume was 0.3
mL/kg body weight. Infants weighing >1,000 grams at any time during the study received
the following dose: using a concentration of 4,000 units/mL, the thrice weekly dosing
volume was 0.1 mL/kg body weight. Using a concentration of 10,000 units/mL, the once
weekly dosing volume was 0.12 mL/kg body weight. The rationale for using different
concentrations of Epo was to maintain the total dosing volume between 0.1 mL and 0.3 mL.
Administering a dose less than 0.1 mL is technically difficult, and administering a dose
greater than 0.3 mL in a small infant increases discomfort. The dose was initially based on
study entry weight, and was adjusted weekly for changes in weight. The dosing continued
until the infant reached study day 28, was discharged from the hospital, or was transferred to
another hospital. Only the research pharmacist and the research nurse giving the SC
injection knew what the infant was receiving.

Supplemental iron and vitamins

All infants received 6 mg/kg/day elemental iron while on at least 60 mL/kg/day of enteral
feedings. For infants who were on less than 60 mL/kg/day enteral feeds and had total
parenteral nutrition (TPN) ordered, parenteral iron in the form of iron dextran was
administered once a week in the TPN. A baseline ferritin was measured, and parenteral iron
dosing was based on the results (dosing was determined by the research nurse) (3). For
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infants with a baseline ferritin between 100 and 400 ng/mL, parenteral iron dosing was
given at a dose of 3 mg/kg once a week in TPN, for up to 2 doses. For infants with a
baseline ferritin less than 100, a third parenteral iron dose was given if the infant was still on
TPN. For infants with a baseline ferritin greater than 400, no parenteral iron was given. All
infants on any enteral feeds received 15 1U of oral Vitamin E each day, and 50 micrograms
of oral folate each day.

Laboratory evaluation

Each infant had a complete blood count with differential (CBC) and reticulocyte count
performed at baseline (drawn prior to study drug), day 14 and day 28 of study (labs were not
redrawn if sufficient blood could not be obtained, or if the sample clotted). Absolute
reticulocyte counts (ARC) were determined based on the percent reticulocyte count x red
blood cell count (106 cells/mL). Circulating erythrocyte volume (mL) was calculated based
on an estimated blood volume of 85 mL/Kkg, the weight of the infant on the day the CBC was
drawn, and the hematocrit, in order to evaluate the effect of Epo on erythropoiesis. In
addition, each subject had a serum ferritin measured at the beginning and end of study.
During the study period the standard NICU transfusion protocol implemented in 2004 at the
University of New Mexico was used to administer PRBC transfusions (Table 1).
Transfusions were considered (but not mandated) when infants reached the hematocrit levels
listed.

Data analysis and power analysis

Results

Statistical analyses were performed using R (4a). Differences in hematocrit, reticulocyte
count, and transfusion number and volumes were compared using paired and unpaired t-tests
or ANOVA. For this study, the primary outcome variable was change in reticulocyte count
from baseline. Previous studies in preterm infants receiving Epo (compared to placebo) have
shown a difference in reticulocyte counts of 15070 x102 cells/ul during a two to four week
period (3). We previously evaluated two dosing schedules and reported a difference in
reticulocyte response of 75 x102 cells/ul (4). Based on a difference in the means of 75 x103
cells/l and a standard deviation of 50 x103 cells/pl, a total of 8 infants in each group were
required to obtain an a of 0.05 with 80% power. As this was a pilot study, we did not
determine a sample size based on equivalence between the two dosing schedules. An
equivalence study would require 223 infants in each arm to determine if the two dosing
schedules were similar, using an equivalence interval for mean differences of +25 x103
cells/l and observed standard deviation of approximately 90 x103 cells/ul for differences
between baseline and endpoint values. For this pilot study we planned to enroll 10 infants in
each group to allow for patient drop out.

Twenty preterm infants (10 in each treatment group; one set of twins in the once weekly
treatment group) were enrolled at the University of New Mexico between April 2006 and
March 2009. One infant in each of the treatment groups died from necrotizing enterocolitis
(NEC). Infant characteristics (birth weight, gestational age, age upon entry into study when
first dose of study drug was administered, hematologic parameters) were similar between the
two groups at baseline (Table 2). Four of 10 infants in each group were still receiving TPN.
All surviving infants were fed breast milk plus fortifier (6/9 in each group) or premature
formula, enriched to 24-26 calories per ounce.

Absolute reticulocyte counts (ARC, Figure 1) increased during the study period (NS for
baseline versus week 2 in both groups; NS for baseline vs. week 4 in once weekly group;
p<0.01, baseline versus week 4 in thrice weekly group). ARC were similar between groups
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at baseline, two weeks and four weeks of the study. Because of a lack of data points due to
insufficient blood samples provided, the difference between baseline ARC and ARC at 4
weeks was not significant in the weekly Epo group.

There were no significant differences between groups in hematocrit during the 4 week study
period, and no significant differences within groups over the four weeks of study (Figure 2).
Circulating erythrocyte volumes (CEV) were calculated by multiplying study hematocrit
with an estimated blood volume of 85 mL/kg and an estimated weight increase of 2% per
day. CEV in both treatment groups increased significantly from baseline over the 4 week
study period (Figure 3).

There were no statistical differences in absolute neutrophil counts between groups
throughout the study. For all subjects, there was an overall decrease in ANC from baseline
to week 4 of study (p<0.05, data not shown). There were no differences in platelet counts
between groups or within groups throughout the study.

Infants had similar number and volume of transfusions (Table 3). Phlebotomy losses were
similar between groups (296 mL/kg once weekly, 33£10 mL/kg thrice weekly). A total of
9 transfusions were administered during the 4 week study period, for an average of 0.6
transfusions per patient in the once weekly group and 0.4 transfusions in the thrice weekly
group (p=NS). Ferritin concentrations were similar at the beginning of study, and decreased
significantly in both treatment groups despite iron supplementation (p<0.05, day 1 versus
day 28).

Morbidities associated with prematurity were similar in both groups (Table 4), and were
similar to previous studies of the same weight and gestation (10). No infant was diagnosed
with thromboses or hypertension (defined as systolic blood pressure consistently greater
than 100 mm Hg) in either treatment group during the study. One infant in the once weekly
dosing group and three infants in the thrice weekly dosing group had grade 3-4
intraventricular hemorrhage (IVH), all diagnosed prior to study entry. The incidence of
retinopathy of prematurity (ROP) was low: 5 infants with stage 1 ROP and 1 infant with
stage 2 ROP in the thrice weekly group. In the once weekly group, 5 infants had stage 1
ROP. None of the infants enrolled required surgical intervention, and all ROP had resolved
by 36 weeks corrected gestation. A similar number of infants in each treatment group had
bronchopulmonary dysplasia (oxygen requirement at 36 weeks corrected age).

Discussion

Numerous studies evaluating the use of Epo to prevent and treat the anemia of prematurity
have shown that Epo is successful in preterm infants in stimulating erythropoiesis, and
transfusion requirements are decreased (3). Success rates in decreasing and preventing
transfusions in preterm infants are dependent in part on starting hematocrit, transfusion
criteria and the frequency of phlebotomy (11). A variety of doses and dosing schedules have
been evaluated. Similar to adults, a weekly dosing schedule, if shown to be effective, would
be beneficial to preterm infants, in that the number of total doses with be significantly
decreased. We designed a randomized, masked study to evaluate the response of preterm
infants receiving once a week Epo dosing, compared to three times a week dosing.

Erythroid progenitor responsiveness appeared similar between once weekly and thrice
weekly dosing. Hematocrits in both treatment groups were maintained during the four week
study due to active erythropoiesis, resulting in an approximate 60% increase in CEV. No
adverse effects were noted with a higher dose given once a week, and morbidities were
similar between the two dosing groups. Although the study was not powered to identify
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differences in infrequent side effects or morbidities, including ROP (12), the incidence of
ROP was similar to other infants in our NICU not receiving Epo.

For most intensive care patients, neonatal through adult, the number of transfusions and
donors has decreased over the past twenty years. The decrease is due to a combination of
factors, including newer blood banking practices, instituting more restrictive transfusion
guidelines, an improved understanding of the pathophysiology of anemia, and a greater
perception of the risks versus benefits of red cell transfusions, especially risks associated
with prematurity, such as NEC and IVH (13, 14).

Despite these changes, the number of transfusions given to preterm infants remains
significant (15, 16). The largest randomized study performed in Canadian centers (Preterm
Infants in Need of Transfusion, or PINT Study) evaluating restrictive transfusion guidelines
in over 400 ELBW infants showed no difference between restrictive and liberal transfusion
guidelines in the primary outcome of death or morbidity (17). Concerns were initially raised
about possible negative effects of restrictive transfusion practices in the lowa transfusion
study (18), however long term follow up of those infants revealed lower performance scores
on measures of associative verbal fluency, visual memory, and reading in the liberally-
transfused group compared to the restrictively-transfused group (19, 20), bringing into
question the benefit of liberal transfusion guidelines. In a follow up study of infants enrolled
in the original PINT study, there were no differences in neurodevelopmental outcomes
between the restrictive and liberal transfusion groups (21), however post hoc analyses
revealed an increased number of infants with a mental developmental index score <85 in the
restrictive transfusion group. The transfusion guidelines reported here have been used
clinically at the University of New Mexico since 2004, and are being evaluated in a
randomized, masked study of weekly darbepoetin in preterm infants enrolled at high-altitude
(>5000 ft) NICUs (NCT00334737). Further study is required to determine the most
appropriate transfusion guidelines for preterm infants, and the role erythropoiesis
stimulating agents will play in increasing the red cell mass.

Interest has grown regarding the non-erythropoietic effects of Epo in term and preterm
infants. In addition to stimulating erythropoiesis, Epo has been shown to be protective in the
developing brain in animal models (22-26), making it possibly beneficial for very premature
infants who are at risk for I\VVH, hypoxic-ischemic injury, and developmental delay. The
neuroprotective mechanisms of Epo include increased neurogenesis (27), decreased
neuronal susceptibility to glutamate toxicity (28, 29), decreased neuronal apoptosis (30-34),
decreased inflammation (35, 36), decreased nitric oxide-mediated injury (37-39), and
increased protective effects on glia (40-42).

A small number of studies evaluating Epo in neonates have shown improved recovery from
HIE in term infants (43), decreased nitric oxide-mediated injury (8), and long term
neurodevelopmental improvement in preterm infants with 1\VH (44). Although we did not
measure peak Epo concentrations in these infants, based on our previous study evaluating
Epo concentrations in preterm infants receiving 400 units/kg three times a week SC (45),
peak Epo concentrations in preterm infants receiving once weekly dosing would be in the
range of 4,000 to 6,000 mU/mL. This range might be high enough to provide
neuroprotection in preterm infants (46). Evaluation of long term development (4 and 6
years) of preterm infants 500-1,250 grams randomized to Epo, darbepoetin (a long acting
biologically modified version of Epo) or placebo is currently underway (NCT01207778).

This pilot study was designed to determine if further investigation of weekly Epo
administration is warranted, with respect to reducing transfusion requirements, and with the
possibility of generating higher Epo concentrations that might provide neuroprotection. The
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study is limited in the number of infants enrolled, and in the somewhat limited time course
(4 weeks) of Epo treatment. We speculate that the significant increase in reticulocyte counts
and CEV seen in our study might also occur when Epo is administered earlier during the
hospital course, and for a longer duration. Further study is required to identify what, if any
neuroprotective affects this Epo dosing schedule might have in preterm infants, and to
perform equivalency studies (accompanied by measurement of peak Epo concentrations) in
a larger prospective study.
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Figure 1.

Absolute reticulocyte counts in infants receiving once weekly Epo, 1,200 units/kg/dose (left
panel) or thrice weekly Epo, 400 units/kg/dose. There were no significant differences
between groups in ARC at the beginning or end of the study. ARC increased with both
dosing schedules, achieving significance in the three times weekly dosing (p<0.01).
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Figure 2.
Hematocrit in infants receiving once weekly dosing (left panel) and thrice weekly dosing

(right panel). Hematocrit remained stable in both treatment groups, and no significant
differences were noted in hematocrit between groups during the four week study.
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Figure 3.

Circulating erythrocyte volume (CEV in infants receiving once weekly dosing (left panel)
and thrice weekly dosing (right panel). CEV is expressed as percent of baseline. CEV
increased significantly in both treatment groups to a similar extent (p<0.001, baseline versus

week 4 for both groups).
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Transfusion Guidelines
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1) Infants requiring moderate or significant mechanical ventilation (conventional: mean airway pressure [MAP]
>8 cm H,O AND FiO, >0.40; high frequency: MAP >14 AND FiO, >0.40)

hematocrit <30%
hemoglobin <10 gm/dL

2) Infants requiring minimal mechanical ventilation (conventional: MAP <8 cm H,0 and/or FiO, <0.40; high
frequency: MAP <14 and/or FiO, <0.40)

hematocrit <25%
hemoglobins 8 gm/dL

3) Infants on supplemental oxygen who are not requiring mechanical ventilation, and one or more of the
following is present:

. 224 hours of tachycardia (heart rate >180) or tachypnea (RR >80);

. an increased oxygen requirement from the previous 48 hours, defined as >four-fold increase in nasal
canula flow (i.e. 1/4 L/min to 1 L/min) or an increase in nasal CPAP >20% from the previous 48 hours
(i.e. 5cmto 6 cm H,0);

. weight gain <10 grams/kg/day over the previous 4 days while receiving =100 kcal/kg/day; multiple
episodes of apnea and bradycardia (=10 episodes in a 24 hour period or =2 episodes in a 24 hour period
requiring bag-mask ventilation) while receiving therapeutic doses of methylxanthines,

. undergoing major surgery within 72 hours.

hematocrit <21%
hemoglobin <7 gm/dL

4) Infants without any symptoms, and the absolute reticulocyte count is <100,000 cells/uL (<2%)

hematocrit <18%
hemoglobin <6 gm/dL
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Subject Characteristics at Study Entry

Table 2

Once/Week (n=10)

Three Times/Week (n=10)

Birth Weight (grams) 922+75 1045483
Gestation (weeks) 27.9+0.6 27.8+0.6
Age on day 1 of study drug (days) 18+3 15+4

Hematocrit (%) 29.9+15 31.7+1.9
ARC (x103/uL) 122+12 140+24
ANC (x10%/L) 10.8+3.6 10.1+3.8
Platelets (x10%/p.L) 403+49 291+45
Ferritin (ng/mL) 119+18 276199
Transfusions prior to study (#/pt) 0.8+0.4 0.8+0.4
Transfusion volume prior to study (mL/kg) 1046 15+8

Phlebotomy losses prior to study (mL/kg) 18+3 26%9

ARC: absolute reticulocyte count; ANC: absolute neutrophil count. VValues represent mean+SE
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Transfusions and phlebotomy losses

Table 3

Once/Week | Three Times/Week
Un-transfused infants day 1 6/10 6/10
Un-transfused infants day 28 5/10 6/10
Number of infants transfused during study 3/10 2/10
Transfusions during study (per pt) 0.6+0.3 0.4+0.3
Transfusions during hospitalization (per pt) 1.5+0.6 1.4+0.7
Transfusion volume during study (mL/kg) 916 816
Total transfusion volume (mL/kg) 1349 20+12
Phlebotomy during study (mL/kg) 10+3 13+4
Total phlebotomy (mL/kg) 29+6 33+10

Values represent mean+SE

J Pedliatr. Author manuscript; available in PMC 2013 March 15.

Page 15



duosnuely Joyiny vd-HIN duosnuely Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Ohls et al.

Table 4

Morbidities and Mortality

Once/Week | Three Times/Week
ROP = stage 3 0/9 0/9
IVH = grade 3 1/10 3/10
Hypertension 0 0
BPD 5/9 6/9
Death 1/10 1/10

ROP: retinopathy of prematurity; IVH: intraventricular hemorrhage; BPD: bronchopulmonary dysplasia
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