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Abstract

Objectives—The primary objective was to
investigate the safety of recombinant
human granulocyte colony stimulating
factor (rhG-CSF) for the treatment of
very low birthweight infants (VLBW) with
sepsis and relative neutropenia, specifi-
cally with regard to worsening of respira-
tory distress and thrombocytopenia and
all cause mortality. Secondary objectives
were to evaluate duration of ventilation,
intensive care, and antibiotic use as mark-
ers of efficacy.

Design—Neonates (< 28 days) in inten-
sive care, with birth weights of 500-1500 g,
absolute neutrophil count (ANC) of < 5 x
10°/1, and clinical evidence of sepsis, were
randomly assigned to receive either rhG-
CSF (10 pg/kg/day) administered intra-
venously (n = 13), or placebo (n = 15) fora
maximum of 14 days, in addition to stand-
ard treatment and antibiotics. All adverse
events, oxygenation index, incidence of
thrombocytopenia, all cause mortality,
duration of ventilation, intensive care and
antibiotic treatment, and ANC recovery
were compared between the two groups.
Results—Adverse events and oxygenation
index were not increased by, and thrombo-
cytopenia was not attributable to, treat-
ment with rhG-CSF. At 6 and 12 months
postmenstrual age, there were signifi-
cantly fewer deaths in the group receiving
rhG-CSF (1/13 v 7/15; p < 0.038). There
was a non-significant trend towards a
reduction in duration of ventilation, inten-
sive care, and antibiotic use in the rhG-
CSF group. There was a significantly more
rapid increase in ANC in the rhG-CSF
treated babies (p < 0.001).
Conclusions—In a small randomised pla-
cebo controlled trial in a highly selected
group of neonates, adjuvant treatment
with rhG-CSF increased ANC rapidly, and
no treatment related adverse events were
identified. Mortality at 6 and 12 months
postmenstrual age was significantly lower
in the treatment group. A large trial
investigating efficacy in a similar group of
neonates is warranted.

(Arch Dis Child Fetal Neonatal Ed 2001;84:F172-F176)
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In spite of significant advances in neonatal
intensive care and the development of broad
spectrum antibiotics, sepsis remains a leading
cause of morbidity and mortality especially
when associated with neutropenia.'” Neutro-
penia has been variably defined in neonates,”*®
but even relative neutropenia (<5 x 10°/1) is
often indicative of infection’ ' and is associated
with a worse outcome.' > This is probably the
consequence of failing to mount an appropriate
neutrophil response to infection. The highest
risk group for sepsis and its sequelae are very
low birthweight infants (< 1500 g),"" in whom
infection results in prolonged ventilation and
hospital stay and increased risk of chronic lung
disease of prematurity, intraventricular haem-
orrhage, and death.”*™*

Antibiotic treatment alone is unreliable in an
immune compromised host, and long term or
recurrent use facilitates antibiotic resistance."
Efforts have therefore been directed at means
of enhancing neonatal host mechanisms, defi-
ciencies in which are thought to contribute to
increased susceptibility to infection.'® Haemo-
poietic growth factors have been investigated
for their capacity to augment neonatal neutro-
phil number and function.'®

Recombinant human granulocyte colony
stimulating factor (rhG-CSF) is a lineage spe-
cific growth factor which acts on neonatal
haemopoietic progenitor cells in vivo to
increase numbers of granulocyte colony form-
ing units."® thG-CSF has been shown to quali-
tatively and quantitatively enhance neonatal
neutrophils in clinical studies of both non-
neutropenic'’ and neutropenic babies®* in all
but one study.**

No study has yet investigated the potential
clinical benefit of rhG-CSF treatment in
neonates who are both infected and neutro-
penic (or relatively neutropenic) in a prospec-
tive randomised controlled study. However,
before the initiation of such a study, which
would necessarily involve many babies, safety
issues need to be addressed. A theoretical
problem that may arise from the use of
rhG-CSF is the development of “sepsis syn-
drome” from overstimulation of the proinflam-
matory cascades.” This could lead to worsen-
ing of respiratory distress syndrome and
chronic lung disease.”**®

rhG-CSF treatment of neutropenic and sep-
tic neonates has also resulted in the develop-
ment of thrombocytopenia, albeit in a small
uncontrolled pilot study.”
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The primary objectives of our study were to
evaluate the safety of rhG-CSF use, with
specific reference to acute respiratory side
effects, platelet count, and mortality.

As clinical efficacy in this population has
been difficult to define, the study secondarily
aimed to explore the feasibility of using surro-
gate markers of morbidity (duration of me-
chanical ventilation, intensive care, and anti-
microbial use) with the intention of using these
as short term end points in a study of efficacy if
appropriate.

Methods

DESIGN

This was a prospective randomised double
blind placebo controlled study in four centres,
designed to test the hypotheses that (a)
treatment related side effects would be seen in
20% or fewer of neonates receiving thG-CSF,
and (b) the number of serious adverse events
observed in neonates receiving rhG-CSF
would be no more than 20% greater than the
number observed in the control group. As a
marker of effect of rhG-CSF, the absolute neu-
trophil count (ANC) was expected to recover
to > 5 x 10°%1 within four days of the start of
rhG-CSF treatment in 90% of the neonates.
The overall mortality in both placebo and
treatment groups was expected to be in the
range 15-35%. Safety was evaluated by docu-
menting all adverse events and serious adverse
events, oxygenation index, and trends in
laboratory values including serial platelet
counts. An adverse event was defined as being
any new undesirable medical experience or
change of an existing condition that occurred
during or after treatment, whether or not con-
sidered to be drug related. The range of
adverse events included many often encoun-
tered in any sick premature infant—for exam-
ple, apnoea, abdominal distension, anaemia,
jaundice, hyponatraemia, and hypoglycaemia
or hyperglycaemia. A serious adverse event was
defined as being any experience that suggested
a significant hazard and included any event that
was fatal, or life threatening, required pro-
longed hospital stay, was permanently dis-
abling, or was a suspected overdose. Oxygena-
tion index was defined as being “worse” if there
was a > 20% increase in oxygenation index
over pretreatment values. If a baby was having
pretreatment with continuous positive airways
pressure, the oxygenation index was said to
increase if ventilation was required after
treatment with the study medication. Thrombo-
cytopenia was defined as being a reduction in
platelet count to > 25% below baseline or
below the lower limit of the reference range of
each neonatal unit.

Thrombocytopenia < 50 x 10°1, intraven-
tricular haemorrhage > grade II, deterioration
in oxygen index in the first three days of enroll-
ment in the study, splenomegaly, necrotising
enterocolitis, rebound neutropenia, and any
allergic symptoms were also specifically docu-
mented and investigated. Survival at 6 and 12
months postmenstrual age was recorded.

Preliminary markers of efficacy were ex-
plored by documenting duration of ventilation,
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together with level 1 neonatal intensive care
stay (British Association of Perinatal Medicine
category 1), and duration of antibiotic
treatment. Neonates were recruited from the
neonatal intensive care units at St George’s
Hospital, London (n = 12), St Mary’s Hospi-
tal, Manchester (n = 12), The Royal Maternity
Hospital, Belfast (n = 3), and The Queen
Mother’s Hospital, Glasgow (n = 1).

PATIENT ELIGIBILITY

Patients were enrolled if they fulfilled all the
following criteria: postnatal age < 28 days with
a minimum gestational age of 25 completed
weeks; birth weight < 1500 g but = 500 g;
requiring intensive care (as defined by the Brit-
ish Association of Perinatal Medicine™); with
clinical signs of sepsis; ANC <5 x 107l
requiring treatment with intravenous antibiot-
ics; written informed parental consent had
been provided. An ANC lower limit of 5 x 10°/1
was chosen because failure to mount a neutro-
phil response to infection is associated with a
higher risk of mortality.' > Neonates were ineli-
gible if they had a known lethal genetic
disorder, a family history of haemopoietic dis-
orders, Down’s syndrome, previously received
a granulocyte transfusion or prior treatment
with cytokines, had received or were receiving
any other investigational drug or had any
known sensitivity to products derived from
Escherichia coli.

CLINICAL SEPSIS

This was based on the following in the absence
of an alternative explanation within 24 hours of
randomisation: either fever (axillary/central
temperature of = 38°C on one occasion or
= 37.5°C on two occasions separated by at
least one hour) or two or more of the following
in the absence of an alternative explanation:
poor perfusion; persisting metabolic acidosis
(base excess = —8 mmol/l over four hours in
spite of corrective measures); increasing venti-
lation or supplemental oxygen to maintain
adequate gas exchange over a minimum of four
hours; = 25% reduction in platelet count from
baseline or lower limit of normal; persisting
glucose imbalance (< 2.2/= 10 mmol/l for
four hours in spite of corrective measures);
abdominal signs (abdominal distension, blood
in stool, or bilious aspirates). Assessment of
infection status at time of study entry was made
by day 4 after study entry as microbiological
results and other diagnostic data became avail-
able. Infection was confirmed if at least one
sign of suspected sepsis was accompanied by a
positive blood culture (within 48 hours if
Staphylococcus  epidermidis), positive cerebro-
spinal fluid culture, or growth of pathogenic
organisms from any other site of infection.
Necrotising enterocolitis (confirmed by at least
two of the following clinical features: abdomi-
nal distension, blood in stool, or bilious
aspirates together with pneumatosis intestinalis
on abdominal radiograph and histopathologi-
cal evidence at surgery or autopsy where avail-
able) was included in the “confirmed infec-
tion” category. Probable infection was defined
as signs of infection as described in the
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inclusion criteria but without microbiological
confirmation. This included chest radiographic
changes consistent with pneumonia, with
increased C reactive protein and pathogenic
organisms in the endotracheal secretions.
Doubtful infection was defined as signs of
infection at entry that were not supported by
subsequent results and observations. Recur-
rences of sepsis within the initial 42 day study
period were also defined as above.

EXPERIMENTAL DESIGN
Neonates who fulfilled all the inclusion/
exclusion criteria and for whom written
informed consent was obtained from the
parent or guardian were randomised to receive
either active rhG-CSF (Filgrastim; Amgen Inc,
Thousand Oaks, California, USA) or placebo.

Randomisation and treatment procedure
Treatment was allocated according to a pre-
determined randomisation generated by
Amgen and held in each hospital pharmacy.
Randomisation was stratified by centre and age
at onset of infection/sepsis (< 72 hours or = 72
hours). Each infant was assigned to either the
active or placebo arm of the trial by a predeter-
mined schedule held by the hospital pharmacy.
Placebo and rhG-CSF were both clear colour-
less solutions so that administration was blind.
Study medication (10 pg/kg rhG-CSF or an
equal volume of placebo) was dispensed and
delivered to the neonatal unit for intravenous
administration to the patient over 30 minutes
as soon as possible thereafter. Study medi-
cation was continued daily for a maximum of
14 consecutive days or until discontinuation of
antibiotics. This was because sepsis was a
recruitment criteria, and it was presumed that
if antibiotics were stopped it was because sep-
sis was no longer considered by the attending
neonatologist to be the cause of the symptoms.
Study medication was withheld if ANC = 20 x
10°/1, and was restarted if it fell to < 5 x 10°/1
within the 14 day dosing period, but not
beyond this date.

Antibiotics were prescribed according to
local policy. Investigators could prescribe any
concomitant medications deemed necessary to
provide adequate supportive care, but all were
recorded on case report forms.

Evaluations

All basic details and information on perinatal
and maternal obstetric history, neonatal exam-
ination, vital signs, ventilation status (including
oxygenation index), radiology, biochemical and
haematological laboratory investigations (in-
cluding full blood count and blood film,
coagulation profile, C reactive protein, blood
glucose, serum urea and electrolytes, creati-
nine, liver enzymes, and bilirubin), and cat-
egory of neonatal care were recorded on the
case report form before the first administration
of the study medication and for 42 days there-
after. Clinical, laboratory, and radiological
reassessments were obtained during the 42
days after recruitment and on the day of
discharge from the neonatal unit. Specifically,
full blood counts were obtained daily during
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the 14 day administration period, for the first
three days immediately thereafter, and at least
twice a week until day 42. The occurrence of
any relapses or new episodes of infection
throughout the study period was also docu-
mented.

At 6 and 12 months corrected age, infants
underwent full physical examination and as-
sessment of wellbeing, which included detail-
ing any hospital admissions for respiratory tract
infections or other respiratory and non-
respiratory complications in the interim pe-
riod. Full blood count, blood film, and blood
chemistry profiles were also obtained. Cause
and date of death were recorded for any
non-survivors. Adverse events were monitored
continuously throughout the study period, and
any serious ones were reported within 24 hours
of discovery to the sponsoring company
(Amgen) and the local research ethics commit-
tees. Treatment related side effects had to be
documented before unblinding. Safety aspects
were monitored by the safety monitoring
group, which comprised two independent neo-
natal consultants, a statistician, and a represen-
tative of Amgen Ltd.

STATISTICAL ANALYSIS

All analyses were based on intention to treat
principles. Study groups were unblinded only
after all data had been collected and the
database “locked”. The statistical hypothesis
was tested against a two sided alternative at the
5% level of significance. The treatment groups
were compared with respect to mortality using
Fisher’s exact test. Kaplan-Meier plots were
produced for the duration of mechanical venti-
lation, antibiotic treatment, and hospital stay.
These values and the time to ANC recovery
were compared between the treatment groups
using the log rank test.

ETHICS
This study was approved by each hospital’s
local research ethics committee.

Results

Twenty eight babies were recruited and ran-
domised to receive either rhG-CSF (n = 13) or
placebo (n = 15). Table 1 summarises the basic
details of this population. There were no
significant differences, although median birth
weight in the placebo and treatment groups
were just below and just above 1000 g respec-
tively. Similarly there were no significant differ-
ences in maternal and peripartum characteris-
tics between the two groups. No infant received
any granulocyte transfusion or other cytokines.

INFECTION STATUS

Of the babies receiving rhG-CSF, infection was
confirmed in six, was probable in five, and
doubtful in two (table 1). Confirmed infections
were group B swreprococcus (n=2), E coli
(n = 1), Enterobacter cloacae (n = 1), Enterococ-
cus and Staphylococcus aureus (n =1), and
necrotising enterocolitis (n = 1). This com-
pared with eight babies with confirmed infec-
tion in the group receiving placebo, six with
probable infection, and one with doubtful
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Table 1 Characteristics of study infants by treatment
group

Variable rhG-CSF (n=13) Placebo (n=15)
Gestation (weeks) 28 (25-33) 28 (25-32)
Birth weight (g) 1030 (679-1380) 980 (650-1350)
Sex Males 3 4

Females 10 11
Age at recruitment (hours) 86 (39-670) 124 (29-652)
Confirmed infection 6 8
Culture negative infection 5 6
Doubtful infection 2 1

Where applicable, results are presented as median (range).
rhG-CSF, recombinant human granulocyte colony stimulating
factor.

infection. Confirmed infections were S epider-
midis (n = 3), group B streprococcus (n = 1), and
necrotising enterocolitis (n = 4); one of the lat-
ter also had E coli bacteraemia and another
concurrent S epidermidis.

ADVERSE EVENTS
All babies suffered at least one of 122
documented adverse events according to crite-
ria in the study protocol. Treatment related
adverse events (peripheral oedema, bradycar-
dia, anaemia, thrombocytopenia, and hypo-
natraemia) occurred in five placebo treated
infants and two infants receiving rhG-CSF.
Seven babies in the placebo group developed
thrombocytopenia compared with four in the
rhG-CSF group. There were no statistically
significant differences. Similarly the oxygena-
tion index was not increased by rhG-CSF (it
worsened in 4/13 infants given rhG-CSF com-
pared with 10/15 receiving placebo). The
difference in mortality in the initial 42 day
study period was not significant (table 2).
However, there were three further deaths in the
control group by 6 months of age (two as a
result of worsening chronic lung disease and
one as a result of hepatic and renal failure in a
baby who had suffered from necrotising
enterocolitis). The difference in mortality at 6
months was significant (p < 0.038; table 2)
and this result remained unchanged at 12
months postmenstrual age.

The ANC recovered significantly more
quickly in the rhG-CSF treated infants (table
2), suggesting that it had a biological effect.

SECONDARY END POINTS
Babies treated with rhG-CSF spent fewer days
on mechanical ventilation, fewer days in inten-
sive care, and fewer days receiving antibiotics
during the initial 42 day study period (table 2).
However, these results did not reach statistical
significance. At 6 and 12 months postmen-
strual age, there were no differences in growth

Table 2 Time to absolute neutrophil count (ANC) recovery, duration of antibiotic use,
mechanical ventilation, and intensive care, and mortality

rhG-CSF Placebo

m=13) (n=15) p Value
Time to ANC recovery to >5 x 10%1 (days) 2 (1-3) 5 (4-7) <0.001
Duration of antibiotics (days) 8 (6-16) 16 (13-35) 0.14
Duration of mechanical ventilation (days) 5 (3-13) 12 (6-34) 0.23
Duration of intensive care (days) 8 (3-17) 12 (8-34)
Deaths during 42 day study period 1 4 0.33
Total deaths at 6 and 12 months postmenstrual age 1 7 0.038

Where applicable, results are presented as median (interquartile range).
rhG-CSF, recombinant human granulocyte colony stimulating factor.
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measurements or laboratory variables in sur-
viving babies.

Discussion

The primary objective of this study was to
evaluate the safety of rhG-CSF as adjunctive
treatment in VLBW infants with moderate
neutropenia and sepsis. Treatment with rhG-
CSF resulted in a significantly more rapid
recovery of the ANC. The reduction in
mortality at 6 months should be interpreted
with caution as this study did not have
adequate power to investigate efficacy. No
treatment related side effects were detected.
Specifically there was no evidence of thG-CSF
related thrombocytopenia as previously re-
ported in our uncontrolled pilot study.” Theo-
retical concerns that respiratory distress syn-
drome and chronic lung disease of prematurity
may be exacerbated by rhG-CSF were also not
substantiated. It is physiologically feasible that
lung disease is not exacerbated because rhG-
CSF downregulates activity of the proinflam-
matory cytokines, tumour necrosis factor o and
interleukin 1B, *'which have been implicated
in the pathogenesis and severity of respiratory
distress syndrome and chronic lung disease.**?

Similarly, clinical consequences of overacti-
vation of the systemic inflammatory response
to infection with rhG-CSF were not detected.
Specifically the requirement for intensive care
and mortality were lower in babies receiving
active treatment. This is consistent with
rhG-CSF having anti-inflammatory effects
during sepsis.”

In the previously published treatment inter-
vention studies,”* *** rhG-CSF induced a
significant increase in ANC in all but one
study.” The latter was in a heterogeneous
gestational age population of 20 neonates, only
six of whom had culture proven sepsis. The
studies varied with respect to design and
patient population but no adverse events were
reported, other than thrombocytopenia in our
pilot study. Only one other case-control study
of rhG-CSF, in septic neutropenic low birth-
weight infants, has shown a potential treatment
benefit.”’ No previous randomised placebo
controlled study has specifically addressed
safety or clinical efficacy in VLBW neonates
who are both neutropenic (or relatively neutro-
penic) and who also have evidence of infection.

In summary, this was a small study in a
highly selected “at-risk” population of infected
and relatively neutropenic VLBW neonates.
No treatment related adverse events were
encountered, specifically no worsening of lung
disease or thrombocytopenia. Mortality by 6
months postmenstrual age was significantly
lower in the rhG-CSF treated group, and
remained so at 12 months corrected age. The
surrogate markers of efficacy—duration of
mechanical ventilation, intensive care, and
antibiotic use—may be appropriate short term
end points in a similar population of neonates.
In the long term, survival and neurodevelop-
mental status at school age are the more
important outcome measures. We conclude
that a trial of efficacy in a similar population is
now warranted, ideally with international
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Key messages
® rhG-CSF increases the absolute neutro-

® Thrombocytopenia is not an effect of

® DPotential beneficial effects on long term

phil count in very low birthweight infants
with neutropenia and sepsis

rhG-CSF treatment

survival require further investigation

collaboration between those with a specific
interest in neonatal infection. To achieve a 90%
chance of detecting a difference in mortality of
20% (10% in the treatment group and 30% in
the placebo group) as being significant at the
5% level, about 100 babies per group would be
needed.
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