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ABSTRACT
Introduction: Little is known about the effects stem cell mobilizers (GCSF) such as neulasta (pegfilgrastim) or neupogen (filgrastim) during pregnancy, and these are often withheld from women undergoing chemotherapy during pregnancy. Materials and Methods: Women receiving chemotherapy during pregnancy were identified from the Cancer
and Pregnancy Registry maintained at Cooper University Hospital, Cooper Medical School at Rowan. 176 pregnant
women who received chemotherapy were identified. Their oncologists were asked if neupogen or neulasta were “prescribed when necessary;” “were not necessary;” or “were held due to pregnancy.” Birth outcomes, white blood count at
birth and pediatric health were compared between the group receiving Neupogen/Neulasta (exposed) and a control
group (unexposed), i.e. chemotherapy without neupogen/neulasta). Independent T Test or Pearson Chi Square were
implemented for statistical comparisons. Results: The mean gestational age at delivery was not significantly different
between the exposed (35.4 ± 2.8 weeks) and unexposed groups (35.9 ± 2.8 weeks) p = 0.465. The mean birth weights
were not significantly different, 2433 ± 567 g (exposed) compared with 2673 ± 723 g in unexposed group, p = 0.07. Nor
was there a difference in congenital malformations: 11.7% versus 4.8%. p = 0.22. The incidence of non-iatrogenic preterm births or complications was not statistically different between groups. Mean WBC count in the exposed group was
13.04 ± 5.0 cells per cubic millimeter of blood and in the unexposed group was 14.6 ± 7.2, p = 0.24. Conclusion: We
did not find a statistically significant difference in gestational age at birth, congenital anomalies, or birth weight, incidence of long term medical issues, mean WBC or neutropenia at birth between the newborns exposed to Neupogen/
Neulasta with chemotherapy and newborns exposed to chemotherapy alone.
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1. Introduction
Women diagnosed with cancer during pregnancy may
receive chemotherapy [1-4]. Granulocyte-Stimulating
Colony Factor, or G-CSF, also known as stem cell mobilizers such as neulasta (pegfilgrastim) or neupogen (filgrastim) are routinely administered to non-pregnant patients undergoing chemotherapy to bolster immunity and
reduce the risk of infection. Little is known about the
effects of such agents during pregnancy. Filgrastim and
neupogen are recombinant human colony stimulating
factors which regulate the proliferation and differentiation of hematopoietic stem cells and selectively support
the clonal growth of progenitors of neutrophils. Filgrastim/peg-filgrastim have been used to prime neutrophils to
increase expression of chemotactic factors and bactericidal phagocytic activity. Often, neuopgen/neulasta are
withheld with chemotherapy in pregnancy due to lack of
Copyright © 2012 SciRes.

studies of safety. Neutropenia could expose the pregnant
patient to superimposed infections such as cytomegalovirus which can be harmful to the developing fetus. If
pregnant women do develop neutropenia, can Neupogen
or Neulasta be prescribed? In this paper we report its use
during pregnancy with chemotherapy in a cohort study.

2. Materials and Methods
Women receiving chemotherapy during pregnancy were
identified from the Cancer and Pregnancy Registry
maintained at Cooper University Hospital, Cooper Medical School at Rowan. The Cancer and Pregnancy Registry was established in 1997 to monitor the diagnosis,
clinical course, treatment and pregnancy and survival
outcomes of women diagnosed with cancer during pregnancy. Establishment of the Cancer and Pregnancy Registry has been approved by the Institutional Review
JCT
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Board and enrollment is voluntary. Two hundred fifty
five women have enrolled from North America, Europe,
Africa and Australia. Details of chemotherapy administration during pregnancy including the decision to use or
withhold stem cell mobilizers was collected. The obstetrician provided details of any pregnancy or delivery related complications and the pediatrician caring for the
neonate was asked to provide results of the umbilical
cord and/or neonatal complete blood count with differential collected at birth. Oncologists were asked if neupogen or neulasta were “prescribed when necessary;” “were
not necessary;” or “were held due to pregnancy.” Yearly
neonatal follow-up is requested from each child’s pediatrician. Patients not receiving neupogen/neulasta will be
referred to as the “unexposed group.” Outcomes were
compared between the exposed and unexposed groups.
Independent T Test or Pearson Chi Square was implemented for statistical comparisons.

majority were treated for breast cancer. Other cancer
types include Hodgkin’s Lymphoma, Non Hodgkin’s
Lymphoma, Acute Leukemia, Cervical, Central Nervous
System, Colorectal, Lung, Ovarian, Pancreatic cancer
and Sarcoma. The mean maternal age at diagnosis was
34.2 ± (4.8) years. Thirty four women were given neupogen/neulasta before delivery. One hundred forty two
women receiving chemotherapy during pregnancy did
not receive neupogen/neulasta. Of the 142, 98 oncologists gave no reason, 40 reported the patient “did not
require neupogen or neulasta” and 4 oncologists withheld
stem cell mobilizers “due to pregnancy concerns.”
The mean gestational age at diagnosis was 14.07 ± 7.7
weeks. The mean gestational age at first chemotherapy
treatment was 20.1 ± 6.1 weeks. See Table 1 for details
of cancer diagnoses, use of chemotherapy and G-CSF.
The mean gestational age at delivery for the cohort of
neonates was 35.8 ± 2.8 weeks. This was not significantly different between the exposed (35.4 ± 2.8 weeks)
and unexposed group (35.9 ± 2.8 weeks) p = 0.465. The
mean birth weights were not significantly different, 2433
± 567 g (exposed) compared with 2673 ± 723 g in unexposed group, p = 0.07. See Table 2. The incidence of

3. Results
Two hundred fifty five women with cancer diagnosed
during pregnancy were identified from the Registry. Of
these, 176 received chemotherapy before delivery. The

Table 1. Maternal information.
Cancer type

Total # Chemotherapy

#Neupogen/Neulasta

Breast

122

22

Hodgkin’s Lymphoma

25

4

Non-Hodgkin’s Lymphoma

10

6

Ovarian

7

0

Miscellaneous (Pancreas, CNS, Sarcoma, Rectal, Lung, Cervical, Colon)

9

Acute Leukemia

3

2

Total

Total

176

34

Table 2. Delivery details.
Neupogen/Neulasta-No

Neupogen/Neulasta-Yes

P-value

Gestational Age at Delivery Mean (SD) weeks

35.9 (2.8)

35.4 (2.8)

0.465

Birth Weight Mean (SD) grams

2673 (723)

2433 (567)

0.07

Incidence of spontaneous preterm labor/PPROM/Abruptio N (%)

9/34 (26%)

21/143 (14%)

0.10

Complications at birth

9/34 (26%)

21/143 (14%)

0.10

Congenital malformations N (%)

7 (4.8%)

4 (11.7%)

0.22

White Blood Count: Mean (SD)

14.6 (7.23)

13.04 (5.0)

0.24

Neutropenia

2 (1.3%)

1 (2.9%)

0.48
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preterm deliveries secondary to spontaneous premature
rupture of membranes, spontaneous preterm labor or
medically indicated conditions such as previa/abrupio/
deteriorating maternal or fetal status (all noniatrogenic
preterm deliveries) was compared between groups. This
was not significantly different between groups: 21/143
(14%) in the unexposed group and 9/34 (26%) in the
exposed group, p = 0.09. Complications during pregnancy, delivery or in the newborn period were compared
between groups. Complications for the newborn at birth:
exposed (9/34) vs. unexposed (21/142) were not significantly different, p = 0.10 Complete blood count with
differential was requested in all patients receiving chemotherapy during pregnancy but was only sent in 31
cases. The blood collection time ranged from time of
birth up to two days postnatally. Of the 34 exposed to
neupogen or neulasta, 20 had a CBC and differential
performed.
Mean WBC count in the exposed group was 13.04 ±
5.0 cells per cubic millimeter of blood and in the unexposed group mean WBC count was 14.6 ± 7.2 cells per
cubic millimeter of blood. This was not statistically different, p = 0.24. See Table 2. Two children in the unexposed group and one child in the exposed group developed neutropenia. The p-value for this comparison is
0.48 (Fisher Exact Test). None of the children in either
group were treated for infections at birth or in the newborn period.
There were 4 children born with major congenital
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malformations in the exposed group, (11.7%), and 7
children in the non-exposed group, (4.8%). Using Fisher
Exact Test, this was not statistically different, p = 0.22.
Birth defects are further detailed in Table 3. Of the 11
major birth defects, 6 were apparent at birth. Five were
identified later at 6 weeks (pyloric stenosis), 4 and 6
months (plagiocephaly), 13 (epibulbar dermoid cyst) and
22 months of age (hemihypertrophy). The incidence of
congenital malformations at birth was 3.4%. By two
years of age, the incidence was 6.2%. One child in the
exposed group was found prenatally to have AV Canal
defect and Down Syndrome. The sonogram and amniocentesis diagnosing and confirming these findings were
performed prior to beginning chemotherapy.
Neonatal follow-up information is requested from pediatricians yearly. Twenty nine of the 34 exposed and
114 of the unexposed group provided follow up to a
mean age of 54.0 ± 37 months. Information requested
includes height, weight, clinical developmental age compared to chronological age (developmental quotient), and
any medical conditions or special services such as speech
therapy ordered. Comparisons were made between
groups for behavioral or speech issues, eczema, and
asthma since these were recurring medical issues in each
group. See Table 4. There were no significant differences between groups: behavioral issues: exposed 0/29)
vs. unexposed (3/114), p = 1.00; Speech (1/29) vs. 2/114
p = 0.50; eczema: exposed 1/29) vs. unexposed (3/114)
=> p = 0.58; and asthma: exposed (3/29) vs. unexposed

Table 3. Congenital Anomalies: Both groups exposed to chemotherapy, with or without supporter medication.
Exposed to chemotherapy with
Neupogen/Neulasta

Age at diagnosis of
anomaly

Chemotherapy without
Neupogen/Neulasta

Age at diagnosis of
anomaly

Syndactyly

Birth

Pyloric stenosis

6 weeks

Spina bifida

Suspected prenatally

Hemihypertrophy

22 months

AV Canal Defect, Down Syndrome

Suspected prenatally

Gastroschisis, miscarriage 1 week
after chemotherapy

19 weeks

Plagiocephaly

6 months

Plagiocephaly

4 months

Renal pelvis dilation

Suspected prenatally

UPJ obstruction requiring pyeloplasty

Suspected prenatally

Epibulbar dermoid cyst

13 months

Table 4. Medical follow up of newborns.
Medical Issue

Exposed to Neupogen/Neulasta

Chemotherapy without NEupogen/NEulasta

P value

Behavioral

0/29 (0%)

3/114 (2.6%)

1.0

Asthma

3/29 (10.3%)

5/114 (4.4%)

0.18

Eczema

1/29 (3.4%)

3/114 (2.6%)

0.58

Speech

1/29 (3.4%)

2/114 (1.7%)

0.50
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(5/114) => p = 0.18.

4. Discussion
Information about the use of neupogen/neulasta/GCSF
during pregnancy is limited to case reports. When chemotherapy is required during pregnancy, the risk of neutropenia could risk opportunistic infections which could
affect the fetus. Calhoun et al. demonstrated that giving
recombinant G-CSF to pregnant women may result in the
transplacental passage of a measurable quantity of granulocyte colony-stimulating factor that can have a biologic effect on the fetus, especially if administered at
least 30 hours before delivery [5]. Several authors reported normal newborn outcomes at birth after late trimester exposure to neupogen/neulasta by [6-11]. Two
cases reported normal white blood cell indices for the
infants, a third reported WBC 3.1 × 109/L with a left shift
[7,8,10].
In 2005, Niedermeier reported a woman diagnosed
with acute myeloid leukemia at 21weeks treated with
cytarabine and idarubicin [12]. Piperacillintazobactam
and clindamycin therapy were given for sepsis. Filgrastim 16 mug/kg was added at 29 weeks to improve stem
cell mobilization. At term, she delivered a viable but
growth restricted female infant with congenital abnormalities. Complete blood count of the infant was normal.
Anomalies included a shallow sacral dimple, short digits
and limbs, prominent frontal skull with mild macrognathia and a membranous ventricular septal defect which
required surgical repair at 5 months. The underlying maternal leukemia is a known risk factor for intrauterine
growth restriction. Both chemotherapy was started and
filgrastim added after organogenesis was completed. Detailed sonogram performed prior to beginning chemotherapy was not mentioned aside form a normal left ventricular function of the fetal heart. In the case report by
Leitner no gross anomalies were reported after first trimester exposure to Filgrastim during organogenesis,
without chemotherapy.
There are case reports with exposures earlier in pregnancy. Ohba treated a pregnant patient with aplastic
anemia with G-CSF throughout pregnancy. She delivered
a normal infant with growth restriction at term however
the pregnancy was complicated by hypertension which
can affect birth weight. The infant’s WBC was normal
[13]. Leitner reported a patient receiving G-CSF preconceptually until 8 weeks gestation. At birth and up until
the age of 18 months of age there was no evidence of
hematological or immunological alterations [14].
The Severe Chronic Neutropenia International Registry (SCNIR) collected data on 16 pregnancies in 48
women who received Filgrastim (average dose 2.7
Copyright © 2012 SciRes.

ug/kg/d) for an average of 2 trimesters. Filgastrim exposure did not lead to higher rates of fetal death or congenital anomalies compared to the outcomes of 105 identified pregnancies without filgrastim exposure. Authors
found a higher rate of spontaneous miscarriage and
newborns requiring prolonged hospitalizations among
women who did not receive filgrastim during pregnancy.
There is safety data for use during childhood as well.
(SCNIR) data shows no adverse effect of filgrastim on
childhood growth or development after use as a treatment
for severe chronic neutropenia [15]. In post-marketing
retrospective reports of pregnancies reported to the drug
company, of 9 pregnant women taking filgrastim 4 reported congenital anomalies (renal,cardiac), 4 reported
normal pregnancy outcomes, and 1 reported a spontaneous miscarriage. Women with a child born with a congenital anomaly are more likely to report their drug exposure during pregnancy. Similar outcomes have not
been found among prospectively collected cases of isolated filgrastrim exposure [15].
In our retrospective analysis of women exposed to
chemotherapy, we did not find a statistically significant
difference in gestational age at birth, congenital anomalies, or birth weight, mean WBC or neutropenia at birth
or incidence of long term medical issues between groups
exposed and unexposed to Neupogen (filgrastim) or
Neulasta (pegfilgrastim). All newborns undergo physical
exam after birth, pediatricians did not report splenomegaly in any newborns. On yearly follow up pediatricians did not report any neonates succumbing to opportunistic infections.
Limitations of this analysis include the small number
of women exposed to Neupogen (filgrastim) or Neulasta
(pegfilgrastim) during pregnancy. Although more data
needs to be collected, if one is considering an iatrogenic
preterm delivery close to administration of chemotherapy,
one may consider filgrastim/peg-filgastim to protect the
preterm infant. A second consideration for use during
pregnancy would be to protect the unborn fetus from
CMV and other opportunistic infections if pregnant
women develop neutropenia during chemotherapy.
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