Human Granulocyte Colony-stimulating Factor May Improve Outcome
Attributable to Neonatal Sepsis Complicated by Neutropenia
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ABSTRACT. Objectives. To determine whether ad-
junctive therapy with recombinant human granulocyte
colony-stimulating factor (rhG-CSF) could reverse sep-
sis-associated neonatal neutropenia and improve neona-
tal survival compared with conventional therapy in a
phase I/II-type trial.

Study Design. An intravenous infusion of rhG-CSF
(10 pg/kg/d x 3 d) was administered to 14 septic neutro-
penic neonates. Neutrophilic responses and outcome of
these neonates were compared with 11 concurrently
treated, retrospectively selected, case-matched control
septic patients identified by using a search of medical
records coded for sepsis with neutropenia (24 hours).

Results. Seven neonates with early-onset sepsis with
neutropenia at birth and seven neonates with late-onset
sepsis plus neutropenia (all with necrotizing enterocoli-
tis) were entered in the rhG-CSF treatment group. Re-
sults were compared with a conventional therapy control
group (five early onset, six late onset). No significant
differences existed in the birth weight, gestational age,
use of antibiotic therapy, magnitude of respiratory sup-
port, severity of metabolic acidosis, use of vasopressors,
or other supportive therapy between the two groups. In
the rhG-CSF-treated group and in the conventionally
treated control group, the absolute neutrophil count
(ANC) (mean = SEM) was 585 *+ 138 and 438 =+ 152,
respectively. The ANC increased to more than baseline in
the rhG-CSF-treated group by 10-fold versus 2-fold at 24
hours, 18-fold versus 4-fold at 48 hours, 24-fold versus
5-fold at 72 hours (significant by one-way analysis of
variance in the rhG-CSF group only), and 29-fold versus
16-fold at 7 to 10 days when compared with the conven-
tional therapy group. There were no nonresponders in
the rhG-CSF group by 24 hours after the first dose of
study drug. Monocyte cell counts also increased signifi-
cantly in both groups by 7 days after entry into this
protocol but remained within normal range for age. No
clinically significant effect on lymphocytes, erythrocytes,
or platelet counts was noted. Thirteen patients in the
rhG-CSF-treated group (92%; 13 out of 14) and five in the
conventionally treated group (55%; 5 out of 11) survived
to 28 days after the onset of the signs of sepsis. No
adverse effects were noted in the rhG-CSF-treated group.

Conclusions. rhG-CSF can increase the neutrophil
count in critically ill septic neutropenic neonates. This
finding suggests that thG-CSF may be effective in a
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therapeutically useful time frame to treat septic neonates
with neonatal neutropenia attributable to bone marrow
suppression or neutrophil consumption. Future random-
ized trials are needed to validate the beneficial effects of
rhG-CSF and to determine whether any significant side
effects of therapy exist. Pediatrics 1997;100(1). URL: http:
/lwww.pediatrics.org/cgi/content/full/100/1/e6; neonatal
sepsis, recombinant human granulocyte colony stimulat-
ing factor, bacteremia, cytokines, very low birth weight,
neutropenia.

ABBREVIATIONS. rhG-CSF, recombinant human granulocyte
colony-stimulating factor; NEC, necrotizing enterocolitis; ANC,
absolute neutrophil count.

increased morbidity and mortality in neonates.

Bacterial sepsis occurs in .1 to 1% of term new-
borns,! and is up to 50 times more common in ex-
tremely low birth weight infants (neonates below
800 g at birth).? Four percent of deaths in the first 3
days of postnatal life and 45% of deaths after 2 weeks
are related to infections, with no change in this pat-
tern for the past 15 years.’>* Mortality from neonatal
sepsis depends upon the virulence of the organism,
the gestational age of the neonate, and the particular
combination and severity of the patient’s concomi-
tant illnesses.'>”

Neonatal sepsis is also commonly associated with
neutropenia®® as a result of a shortened neutrophil
half-life from 6.3 hours to less than 4 hours,° a lim-
ited ability to augment production of the neutrophil
proliferative pool, defective production of cytokines,
and a rapid depletion of the infant’s neutrophil stor-
age pool during bacteremia.’"'* The resulting neu-
tropenia serves as an ominous marker for an exag-
gerated additional risk of mortality attributable to
sepsis which rises to as high as 90%.%51415

Although the immature immune system is limited
in a variety of ways,'® quantitative deficiencies of the
myeloid and phagocytic system in general, and im-
maturity of neutrophil function in particular, are
thought to contribute significantly to the high mor-
bidity and mortality from bacterial sepsis in this
population.!1¢-* Furthermore, as nosocomial infec-
tions are the most common cause of late-onset mor-
tality?* and because this patient group contributes up
to 70% of all in-hospital patient days (University
Medical Center at Stony Brook, 1995), better methods
of reducing morbidity and mortality attributable to
late-onset nosocomial infections (=4 days) as well as
early-onset infections (<1 day) are desirable.

f ; epsis continues to remain a major reason for an
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rhG-CSF has been considered to enhance stochas-
tic entry into the granulocytic pathway, increase
rapid egress of immature neutrophils into the pe-
ripheral circulation,®?! and also, improve the killing
capacity of mature neutrophils.?? In addition, septic
neonates show reduced expression of granulocyte
colony-stimulating factor yet the myeloid lineage
from premature infants expresses receptors for this
cytokine at adult levels.?* Taken together, these
observations suggest that thG-CSF replacement ther-
apy may be beneficial in this population.

Recently, several case reports argue that adminis-
tration of rthG-CSF contributed significantly to im-
proved outcome attributable to neonatal septicemia
even without neutropenia.”®>? In addition, we and
others have found that persistent preeclampsia-asso-
ciated neutropenia (>3 consecutive days) could be
reversed with rhG-CSF in severely affected neonates
suggesting that the immature neonate’s bone mar-
row had a substantial and unanticipated reserve ca-
pacity in these two clinical conditions.??° The objec-
tive of this study is to determine whether rhG-CSF
might prove helpful in the treatment of neonatal
sepsis-associated neutropenia in a therapeutically
useful time frame. We examined the effects of rhG-
CSF on the peripheral white cell responses and sur-
vival of fourteen neutropenic and septic neonates
and compared this with eleven neutropenic and sep-
tic neonates concurrently treated using only conven-
tional therapy.

MATERIALS AND METHODS

Patient Selection

The study was conducted in the Neonatal Intensive Care Unit
of the University Hospital of the State University of New York at
Stony Brook from August 1994 to August 1996. Neonates treated
with thG-CSF were selected as potential candidates for therapy if
they were considered to be septic (ie, systemic signs of infection)
and were neutropenic for =24 hours (see below). Patients were
enrolled into this Phase I/II-type toxicity trial after obtaining
written informed consent from a parent. The protocol was ap-
proved by our Institutional Research Board and is registered with
the Food and Drug Administration (IND #5616). Concurrently
treated and conventionally-treated control patients were identi-
fied retrospectively from a review of hospital records identified
for neonatal sepsis with associated neutropenia for =24 hours
using the same study entry criteria.

Definitions

Neutropenia was defined as a total neutrophil count less than
1500 cells/mm?® using a minor modification of the criteria of
Manroe, et al3! Neutropenia was identified in two separate pe-
ripheral blood samples taken >12 hours apart and obtained
within 24 hours of the onset of clinical symptoms. The absolute
neutrophil count was determined by multiplying the total leuko-
cyte count (corrected for nucleated red blood cells and obtained by
a Coulter Counter, model #STKS, Coulter Technologies, Miami,
FL) by the percentage of polymorphonuclear leukocytes and band
forms identified manually in peripheral venous or arterial blood.
Metamyelocytes and myelocytes were not included because they
may not be functionally active as a phagocytic defense system and
contribute minimally to the total count.®

Sepsis was suspected when a newly symptomatic (respiratory
distress, apnea, temperature instability, and other well-accepted
clinical signs of sepsis®) and neutropenic (=24 hours) neonate,
had both an unexplained metabolic acidosis (>5 meq/L) and
hypotension (below age-appropriate normative data®). Culture-
positive sepsis was diagnosed when a positive blood culture was
obtained in association with any of these signs. Culture-negative
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sepsis was defined as neutropenia for 24 hours in association with
metabolic acidosis and hypotension.

Necrotizing enterocolitis was diagnosed when neutropenia ex-
isted in association with both clinical (ileus, bloody stools, and
bilious drainage) and radiographic (pneumatosis intestinalis)
signs of the disorder.* Patients were followed by serial radiogra-
phy every 8 hours until their condition improved, stabilized, or
they perforated.

Treatment Protocol

Both the study population and the control population were
treated with appropriate conventional therapeutic interventions
including antibiotics, oxygen and mechanical ventilatory support,
intravenous fluids, vasopressor drugs (dopamine or dobutamine),
and other standard interventions deemed necessary by the attend-
ing neonatologist responsible for the clinical treatment of the
neonate independent of study drug usage. In addition, neonates in
the study group received intravenous rhG-CSF (Filgrastin; Am-
gen, Thousand Oaks, CA) at a dose of 10 ug/kg/d in 5% dextrose
(final concentration, 15 ug/mL) for 1 hour® daily for a maxi-
mum of 3 days administered via microbore tubing (0.8 mL dead
space to limit drug loss on tubing). During and up to 72 hours
after the administration of rhG-CSF, continuous cardiorespiratory
monitoring, as well as frequent fluid and electrolyte measure-
ments, were performed. Daily monitoring of complete peripheral
white blood cell counts and manual differential counts were per-
formed until they remained within the normal range in all neo-
nates for a period of up to 2 weeks as is the current hospital
routine in patients with this severity of infectious illness.

Statistics

Statistical analysis was performed using a one way analysis of
variance with repeated measures followed by the Dunnet’s mul-
tirange test for multiple comparisons between the baseline value
cell count and counts from subsequent time points for both patient
groups. A x? test was used to determine significance of difference
in proportional data. All nominal data are reported as mean *
SEM (a P value <.05 was considered significant with a power >.8).

RESULTS
Infectious Course

Fourteen neonates were entered in the rhG-CSF
plus conventional treatment group and 11 concur-
rently-treated neonates received only conventional
medical treatment. The demographic clinical charac-
teristics of both groups (Table 1) showed no signifi-
cant differences. Seven patients from the rhG-CSF
group and five from the conventionally-treated
group had early-onset sepsis (<1 day postnatal age)
and were clinically symptomatic and neutropenic
from birth. Seven neonates from the rhG-CSF group
and six from the conventionally-treated group had
late-onset sepsis (onset >4 days postnatal age) with a
median age of onset of 14 days in both the conven-
tional and rthG-CSF-treated groups. All patients with
late-onset sepsis had a normal ANC from birth but
subsequently became neutropenic (<1500 cells/mm?
X 24 h) after the diagnosis of necrotizing enterocoli-
tis.

Three symptomatic infants from each of the two
treatment groups with early-onset sepsis (thG-CSF
and conventional) were bacteremic with Group B
B-hemolytic Streptococcus. In addition, one neonate
from rhG-CSF group and two neonates from the
conventional treatment group grew gram-negative
bacteria from their blood. Culture-negative sepsis
was diagnosed in three neutropenic infants in the
rhG-CSF treatment group who also had an unex-
plained metabolic acidosis (>5 meq/L), hypoten-
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TABLE 1. Demographic Characteristics of Study Patients

RhG-CSF Group Conventional Group

(n = 14) (n =11)

Birth weight, g

Mean += SEM 1744 + 319 1547 + 219

Median 1430 1240

Range 593-4100 536-2180
Gestational age, wk

Mean = SEM 301 301

Median 29 31

Range 24-41 24-36
Male, n 11 7
Base deficit >5 mEq/L, n 11 9
Low blood pressure, n 7 7
Vasopressors, n 7 7
Ventilatory support, n 14 11
Neutropenia, h

Mean = SEM 42 =8 48 £ 7

Median 24 48

Range 24-120 24-96
Number with

Early sepsis 7 5

Late sepsis (NEC) 7 6
Age at NEC, d

Mean = SEM 3211 12 £3

Median 14 14

Range 4-77 4-26
Bacteria of sepsis

Group B, B-hemolytic 3 3

streptococcus

E coli 3 4

Pseudomonas 3 0

Serratia 0 1

Morganella 0 1

sion* (treated with pressors), oxygen and ventilator
dependence, plus other clinical and laboratory signs
of sepsis.®® These three patients also had an obstetri-
cal history and histopathological evidence (placenta)
of maternal chorioamnionitis in which antepartum
antibiotics were given to the mother less than 4 hours
before delivery.

In the late-onset sepsis group, all infants with NEC
(n = 13) had pneumatosis intestinalis and six of these
patients had perforated their viscus (3 out of 7 pa-
tients in the rhG-CSF treatment group and 3 out of 6
in the conventional-treatment group, P = ns) as doc-
umented radiographically. Each infant with a perfo-
rated viscus required surgical resection and reanas-
tomosis. Nine of these infants (5 out of 7 vs 4 out of
6, thG-CSF vs conventional; P = ns) grew gram-
negative organisms from their blood cultures (Table

1).

Clinical Hospital Course

All neonates tolerated rhG-CSF well and in each
case no adverse reactions were identified with regard
to cardiovascular performance, electrolyte balance,
skin reaction, irritability or worsening of respiratory
function. One 930-g patient in the early sepsis group
received surfactant for hyaline membrane disease
and developed a pulmonary hemorrhage on day 3
postnatal age. This patient’s hospital course had been
complicated by neutropenia, metabolic acidosis, hy-
potension (treated with pressors), and apnea (<24
hours postnatal age) all before thG-CSF therapy. He
went on to develop pulmonary hemorrhage again on
day 10 postnatal age after a routine tracheal toileting
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(suctioning) procedure. This adverse event was con-
sidered to be unrelated to use of study drug. Patients
in both groups also received conventional neonatal
intensive care unit treatment for severe sepsis which
included antibiotics for 10 days or more, ventilatory
support of respiration (13 out of 14 vs 11 out of 11,
P = ns), and vasopressors (dopamine and/or dobut-
amine: 7 out of 14 vs 7 out of 11, P = ns; Table 1) in
the conventional and rhG-CSF treatment groups, re-
spectively. Hematocrits were routinely maintained at
or around 40% by transfusions with packed red
blood cells.

Mortality

Thirteen neonates in the rhG-CSF group and five
in the conventionally-treated group were alive at 28
days after the onset of their presenting illness (P <
.03, power .8) and 12 neonates in rhG-CSF group and
4 in conventionally-treated group survived to dis-
charge. In the 11 conventionally-treated patients, 3 of
5 neonates with early-onset sepsis died within 24
hours of treatment with only antibiotics plus sup-
portive therapy and one additional neonate died 48
hours after initiating conventional treatment. None
of the rhG-CSF-treated neonates died in the early-
onset sepsis group.

Late-onset mortalities included one neonate in the
rhG-CSF group who had NEC with severe hypoten-
sion, renal failure, and extensive necrosis of the in-
testine before study drug administration. This pa-
tient died before the administration of the second
dose of rhG-CSF. A second patient died after a diag-
nosis of NEC associated with extensive necrosis of
the small intestine that required ileal resection and
ileostomy. This patient died of morbidity derivative
of the initial diagnosis of NEC 7 months later attrib-
utable to short-gut syndrome, severe bronchopulmo-
nary dysplasia, and corpulmonale after an acute ep-
isode of aspiration pneumonia.

In the conventional-treatment patients with late-
onset sepsis, two neonates died from NEC as well.
One neonate had septic shock, grew Escherichia coli
from a blood culture and died before surgery at 14
days postnatal age (2 days after the diagnosis of
NEC). The second neonate with NEC died on the
third postoperative day with hypotensive shock pre-
sumed to be attributable to overwhelming sepsis.

rhG-CSF Effects on Peripheral White Blood Cell
Counts and Differential Counts

The absolute neutrophil count at the time of entry
into this protocol in the rhG-CSF treatment group
was 585 * 138/mm?® (mean = SEM) and 438 =+
152/mm?® (P = ns) in the conventionally-treated
group (Table 2). The neutropenia in all patients was
present from 24 hours or more to 120 hours before
the institution of rhG-CSF therapy.

The ANC increased by 7-fold versus 2-fold at 24
hours after entry into the study protocol in the rhG-
CSF- and conventional-treatment groups, respec-
tively. Subsequently, the ANC was increased by 13-
fold vs 4-fold at 48 hours, 21-fold vs 5-fold at 72
hours (P < .05 vs day 0 in the rhG-CSF group only),
and 27-fold vs 16-fold at 7 to 10 days after entry (P <
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ther group (eg, 199 = 73 and 101 * 19/mm? at entry
and 219 = 55 and 172 = 57/mm? at day 7 to 10 for
rhG-CSF and conventional groups, respectively), and
no patients were transfused with platelets.

DISCUSSION

We identified two groups of septic and neutropenic
neonates who presented either at birth (<1 day post-
natal age) or after the fourth day of postnatal life with
systemic symptoms of sepsis including hypotension
and metabolic acidosis. In either the early- or late-onset
groups, the absolute neutrophil count increased in 24
hours or less after intravenous administration of rthG-
CSF well before changes observed in a similar popula-
tion of retrospectively selected case-matched, conven-
tionally-treated control patients. The increase in the
white blood cells in the rhG-CSF-treatment group was
statistically significantly higher at 24 hours than that of
the conventionally-treated control group in which the
increase only achieved significance at 7 to 10 days after
entry. The neonatal response followed a predictable
pattern of timing similar to observations made in adult
patients with sepsis or pneumonia.*8

We used a single daily dose of rhG-CSF (10 ug/kg/
d X 3 daily intravenous infusions) to evaluate white
cell counts and clinical responses. This dosing protocol
was adapted from a report by Gillian, Cairo and their
colleagues® which showed a rapid rise in the ANC of
nonneutropenic neonates with presumed sepsis, at 10
ug/kg/d and an increase in the bone marrow neutro-
phil storage pool by 72 hours after treatment. In addi-
tion, Makhlouf et al*® showed that neutrophil counts
could rise within 6 hours of administration and others
showed a dose-dependent increase in neutrophils that
plateaus around this level’*® followed by a sustained
elevation for up to 2 weeks in newborns.?” This sus-
tained rise follows presumably, from the stochastic the-
ory of entry of more progenitor cells into the myelo-
proliferative pathway.? We chose to discontinue the
rhG-CSF therapy after three daily doses because the
magnitude of the ANC response begins to plateau in
adults after 4 days of treatment and we found that
neonatal cell counts had entered into the normal range
by then.

We also examined the effects of thG-CSF on other
peripheral cell types and found a statistically signifi-
cant elevation in the absolute monocyte and lympho-
cyte counts but no significant change in platelet num-
ber or hematocrit. The failure to identify a change in the
hematocrit is likely a result of our practice of adminis-
tering booster-packed red-cell transfusions to all oxy-
gen requiring ventilated patients to maintain their he-
matocrits at or approximately 40%.*4! Although, the
changes in the absolute monocyte and lymphocyte
counts were statistically significant at the 7- to 10-day
point, they always remained within the range of pub-
lished normal values.* No adverse effects could be
attributed to these unintended study drug responses. A
similar trend in all cell count results was evident in the
conventionally-treated patients as well (Table 2 and Fig
1).

The 10% mortality in our rhG-CSF treatment group
was lower than in the matched conventionally-treated
control patients (55%, P < .03, power = .8) or to mor-
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tality in septic and neutropenic patients described in
previous reports in which it was nearly 90%.'* Based on
animal literature and adult studies, this effect would be
anticipated. In rodents, administration of rhG-CSF at
the onset of the inoculum lowers mortality in experi-
mental group B B-hemolytic streptococcus sepsis com-
pared with antibiotics alone.* Similarly, administration
of rhG-CSF with antibiotics in a rabbit model of gram-
negative sepsis and neutropenia improves survival
compared with antibiotics alone.** Because a survival
benefit is also detected in adult humans with severe
sepsis and multiorgan failure,® it is plausible that the
improved survival we observed in neonates may even-
tually prove valid in a larger blinded randomized sam-
ple of patients. This putative improvement in survival
may arise from the ability of thG-CSF to augment
neutrophil chemotaxis, enhance phagocytosis, increase
superoxide production, accelerate antibody dependent
cellular cytotoxicity, increase neutrophil FcyRI and
C3bi expression, and increase respiratory burst activi-
ty.2 Treating extremely low birth weight neonates with
a cytokine that can rapidly (<24 hours) augment the
cellular immune responses has extraordinary potential
for benefit in a population of patients with a more than
30% underlying incidence of bacterial sepsis at baseline
risk that carries up to a 50% mortality>® or even more
with neutropenia.?**415 Although a good reason for
cautious optimism, current thinking suggests that
reperfusion injury (after hypoxia or reduced blood flow
or both) may involve a significant activation of macro-
phages and local invasion of peripheral blood neutro-
phils, that could be detrimental to recovery.*** Thus, it
is conceivable that bronchopulmonary dysplasia, NEC,
retinopathy of prematurity, or even intraventricular
hemorrhage may be considerably worsened by adjunc-
tive treatment with this drug.

In the current series of 14 neonates and in 24 addi-
tional patients we have studied (IND #5616), as well as
in the published neonatal literature where 77 neonatal
patients are reported, there is no evidence of any clin-
ically significant adverse effects attributed to thG-CSF
therapy »#230%4 In only one neonatal report in
which thrombocytopenia existed before rhG-CSF was
given was there an associated decrease in the platelet
count.” In adult patients treated with rhG-CSF and
antibiotics for community acquired pneumonia, pul-
monary complications were reduced.¥ Moreover, in
transplanted organs (liver) where reperfusion injury
would be expected to be exaggerated, a lower inci-
dence of graft rejection and postoperative infections
was identified when patients were treated with rhG-
CSE.# Therefore, at present, there does not seem to be
any clinically significant adverse effects recognized or
attributable to rhG-CSF cytokine therapy in septic and
neutropenic neonates regardless of their underlying
risk for hypoxia or reperfusion injury. Nevertheless, a
larger series of similarly treated patients would be nec-
essary to identify any potential, or more subtle adverse
effects.

In conclusion, based upon the high mortality re-
ported in the medical literature and the results of this
and other anecdotal reports,'*>!* it seems reasonable
to consider rhG-CSF therapy in septic neonates with
persistent neutropenia (>24 hours) in an attempt to
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improve their overall chances for survival. However,
this therapy must still be viewed as experimental
until a randomized, placebo-controlled, double-
blinded trial can be coordinated to validate the pu-
tative beneficial effects on outcome in neonates. Two
multicenter trials are already in progress in the
United States (late-onset sepsis) and in Europe (ear-
ly-onset sepsis) to define these issues further.
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