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background: Hematopoietic growth factors (HGFs) are mostly used as supportive measures to reduce infectious complications asso-
ciated with neutropenia. Over the past decade, the use of HGFs became a common method for mobilizing human CD34+ stem cells, either
for autologous or allogeneic transplantation. However, since their introduction the long-term safety of the procedure has become a major
focus of discussion and research. Most information refers to healthy normal donors and data concerning pregnant and lactating women are
scarce. The clinical question, which is the core of this review, is whether stem cell donation, preceded by administration of granulocyte-
colony stimulating factor (G-CSF) for mobilization, is a safe procedure for pregnant donors.

methods: Literature searches were performed in Pubmed for English language articles published before the end of May 2012, focusing on
G-CSF administration during pregnancy, lactation and hematopoietic stem cell donation. Searches included animal and human studies.

results: Data from animals (n ¼ 15 studies) and women (n ¼ 46 studies) indicate that G-CSF crosses the placenta, stimulates fetal gran-
ulopoiesis, improves neonatal survival mostly for very immature infants, promotes trophoblast growth and placental metabolism and has an
anti-abortive role. Granulocyte macrophage-CSF is a key cytokine in the maternal immune tolerance towards the implanted embryo
and exerts protective long-term programming effects to preimplantation embryos. The available data suggest that probably CSFs should not
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be administered during the time of most active organogenesis (first trimester), except perhaps for the first week during which implantation
takes place. Provided CSF is administered during the second and third trimesters, it appears to be safe, and pregnant women receiving the
CSF treatment can become hematopoietic stem cell donors. There are also risks related to the anesthesia, which is required for the bone
marrow aspiration. During lactation, there should be a period of at least 3 days to allow for clearance of CSF from milk before resuming
breast feeding. With regard to teratogenicity or leukaemogenity, in non-pregnant or non-lactating women reports show that CSF adminis-
tration is associated with a risk for leukemia; however, this risk is not higher compared with the control population.

conclusions: The information available to date indicates that administration of CSF in general, and G-CSF in particular, is safe and
healthy pregnant women can serve as donors of either bone marrow or peripheral blood stem cells. However, the clinical experience is
rather limited and therefore until more data become available, G-CSF should not be used during pregnancy and lactation when other thera-
peutic options, instead of stem cell transplantation, are available.

Key words: granulocyte-colony stimulating factor / pregnancy / lactation / stem cell transplantation

Introduction
Granulocyte-colony stimulating factor (G-CSF) and granulocyte
macrophage-colony stimulating factor (GM-CSF) are proteins known
as hematopoietic growth factors (HGFs) or colony-stimulating
factors (CSFs). They are secreted glycoproteins that bind to receptor
proteins on the surface of hemopoietic stem cells, thereby activating
intracellular signaling pathways and regulating the proliferation and dif-
ferentiation of hematopoietic progenitor cells of the neutrophilic
series, as well as enhancing the function of mature neutrophils
(Cohen et al., 1987; Ulich et al., 1988). HGFs are mostly used in clin-
ical practice as supportive measures to reduce infectious complica-
tions associated with congenital or acquired neutropenia.

The most commonly clinically used CSF is filgrastim. Filgrastim is a
water-soluble 175 amino acid protein with a molecular weight of
�19 kD. It is obtained from the bacterial fermentation of a strain of
Escherichia coli transformed with a genetically engineered plasmid con-
taining the human G-CSF gene. It has an amino acid sequence that is
identical to the natural sequence predicted from human DNA se-
quence analysis, except for the addition of an N-terminal methionine
necessary for the expression in E. coli (Zsebo et al., 1986). There is a
positive linear correlation between the dose and the serum concentra-
tion of filgrastim, whether administered intravenously or subcutane-
ously (Kotto-Kome et al., 2004).

Over the past decade, the use of CSFs and especially G-CSF
became a common and reproducible way for mobilizing human
CD34+ stem cells, either for autologous or allogeneic transplantation.
However, since their introduction as a way of mobilizing progenitor
cells, the long-term safety of the procedure has become a major
focus of discussion and research. Most information refers to healthy
donors and data concerning pregnant and lactating women are
scarce. Although current information is insufficient to establish guide-
lines and recommendations, considerations related to the administra-
tion of CSFs and G-CSF during pregnancy and lactation include an
unknown risk of spontaneous abortion, and embryonic and fetal mal-
formations, as well as concerns about potential long-term effects, such
as teratogenicity or leukaemogenicity.

The current review aims to provide a better understanding of the
biology and the potential direct and indirect effects of the administra-
tion of G-CSF growth factor during pregnancy and lactation, in order
to initiate consensus and formulation of guidelines and recommenda-
tions. The review deals with the most relevant clinical aspects of

G-CSF use, bringing together findings about how this growth factor
administered in selective instances during pregnancy can have benefi-
cial effects and, more importantly, the specific clinical indications for
doing so. Furthermore, the conclusions and recommendations of
the review are based on an extensive literature search of various
types of journals, from hematology to pediatrics and to obstetrics
and gynecology, and therefore are applicable to a broad array of prac-
titioners and researchers who we believe would benefit from a
summary of the information on this specific topic.

The first part of the review presents the data related to the physio-
logical background of G-CSF administration and pregnancy, and dis-
cusses pregnancy outcomes as well as the challenging issues of
miscarriage risk and modulation of implantation competence and post-
implantation development (gestational regulation). The second part of
the review focuses on the G-CSF administration for hematopoietic
stem cell donation during pregnancy and lactation, summarizing and
discussing available data on peripheral blood stem cell (PBSC) and
bone marrow normal pregnant donors (few reports), lactation, long-
term effects and leukemogenity risk.

Methods
We compiled relevant English language articles that were published before
the end of May 2012 and were accessed through a Pubmed database
search. The selection criteria aimed at covering a wide range of issues
related to G-CSF administration in pregnancy.

For the first part of the review on the physiological background of
G-CSF administration and pregnancy, combinations of the following
search terms were used: HGFs, CSFs, G-CSF, GM-CSF, pregnancy, neu-
tropenia, granulopoiesis, miscarriage, gestation. For the second part, on
G-CSF administration and hematopoietic stem cell donation during preg-
nancy and lactation, combinations of the following search terms were
used: HGFs, CSFs, G-CSF, GM-CSF, stem cell donation, peripheral
blood stem cell mobilization, bone marrow harvesting, pregnancy, lacta-
tion, teratogenicity, leukemogenity. In addition, references cited in the
retrieved articles were also searched.

Initially, more than 500 articles were retrieved from Pubmed. Studies
focusing on possible short-term side effects or any other actions of CSF
administration that were not relevant to pregnancy, lactation or hemato-
poietic stem cell donation were excluded (450 articles). Eventually 63 arti-
cles (RCTs, cohort studies and case reports) cited in journals with a good
impact factor, independent of the number of subjects involved, with either
animal (15 articles) or human (46 articles) subjects, and on the basis of
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G-CSF or GM-CSF administration for any reason during pregnancy, lacta-
tion and/or bone marrow or PBSC donation, were eligible for inclusion in
this review. A further two articles provided data on GCSF
pharmacokinetics.

The review was designed to bring together a body of literature on GCSF
and pregnancy that has been scattered throughout many different types of
journal and therefore perhaps not reached all practitioners and
researchers.

Physiological background
of G-CSF administration and
pregnancy

G-CSF in rat models of pregnancy
We first addressed the available animal models. In 1993, Medolock et al.,
showed in two cohort studies that G-CSF can cross the placenta of rats,
stimulate fetal granulopoiesis and improve neonatal survival after a group
B streptococcal infection (Medlock et al., 1993; Novales et al., 1993). In
more detail, maternal and fetal serum G-CSF levels were determined
before and after G-CSF administration to the mother. Native serum
G-CSF levels were undetectable. After a single pulse of G-CSF adminis-
tration to 20-day gestation rats, rapid appearance of G-CSF was
detected both in the serum of the mother and the full-term fetuses
(Medlock et al., 1993; Novales et al., 1993). Daily treatment with ex-
tremely low concentrations of G-CSF followed, up to 6 days before par-
turition (15–21 gestation days). As a result the myelopoietic status of
the fetuses was affected by induction of neutrophilia in the blood and
an increase in the storage pool of neutrophils in the marrow, suggesting
possible enhancement of the defense mechanism of the neonates
against bacterial infections (Medlock et al., 1993). In a complementary
report the same team demonstrated that neonatal rats which had
been treated with G-CSF in utero (6 days before parturition) were
indeed protected against an otherwise lethal challenge of group B
streptococcal infection (Novales et al., 1993).

G-CSF administration during pregnancy in
order to improve congenital and/or cyclic
neutropenia
G-CSF and GM-CSF enhance effectively both the number and the
function of mature neutrophils. Therefore, a logical clinical application
is in pregnant women and an attempt to improve congenital and/or
cyclic neutropenia. Indeed, several reports were published on this
subject. Calhoun and Christensen administered during a cohort
study a single IV dose of G-CSF (25 mg/kg) to 26 women before
pre-term delivery (,or ¼ 30 weeks gestation). They reported that
G-CSF maternal administration could increase fetal neutrophil produc-
tion and improve neonatal outcome without significant immediate
adverse effects on mother or infant (Calhoun and Christensen,
1998). Kaufmann et al. reported the first successful G-CSF daily ad-
ministration to a term delivery woman with severe congenital neutro-
penia. G-CSF was injected from Week 37 of gestation. The pregnancy
progressed uneventfully and at Week 38 a healthy boy with a normal
cell count was delivered (Kaufmann et al., 1998). In another case
report, Abe et al. administered G-CSF at 39 weeks of pregnancy to
a 24-year-old pregnant woman with cyclic neutropenia who also

delivered a healthy baby without complications (Abe et al., 2000).
Similarly, Sangalli et al. administered G-CSF at 37 weeks of gestation
to a 30-year-old pregnant woman with chronic severe acquired neu-
tropenia. A healthy boy who was breastfeeding was discharged after
4 days and the birth was an uncomplicated vaginal term delivery
without puerperal complications or side effects (Sangalli et al., 2001).

HGF administration during pregnancy in
order to stimulate neonatal granulopoiesis
The next clinically important indication is stimulating neonatal granulo-
poiesis. Not surprisingly, G-CSF administration was reported by
Ahmad et al. to improve neutrophil count in critically ill premature neo-
nates, faster than their endogenous cytokine production, and much
faster than GM-CSF administration (Ahmad et al., 2002). Out of the
28 patients, 10 received G-CSF (5 mg/kg/dose iv twice a day), 10
received GM-CSF (4 mg/kg/dose iv twice a day) and 8 received
placebo, all for a maximum of 7 days or until an absolute neutrophil
count (ANC) of 10 000 cells/mm3 was reached. A significant increase
in the ANC above the baseline was present on Day 2 in the G-CSF
group and on Day 5 in the GM-SCF and placebo groups. No signs of
acute toxicity related to the growth factor administration were reported;
however, mortality and morbidity were unchanged (Ahmad et al., 2002).
G-CSF increased neonatal neutrophil survival by delaying apoptosis but
did not significantly alter neutrophil function. On the other hand,
GM-CSF did not significantly delay apoptosis but enhanced this by
up-regulating both CD11b expression and the activity of the reactive
oxygen intermediates, according to Molloy et al. (2005).

An additional potential indication is prophylactic treatment of neu-
tropenic premature neonates with G-CSF, for incidence of nosocomial
infections. Kuhn et al. on a multicenter, randomized, placebo-
controlled trial reported that the administration of G-CSF (10 mg/
kg/day) for 3 days to premature neonates had a significant prophylac-
tic effect during the first 2 weeks of post-treatment but had no signifi-
cant effect after 4 weeks (Kuhn et al., 2009). It was also reported that
less mature infants benefit from the treatment more than the older
ones, thus confirming the conclusions of Funke et al. who emphasized
that G-CSF could help the youngest and the smallest infants (Funke
et al., 2000).

G-CSF and miscarriage
As shown above, G-CSF is indicated and effective in several clinical
indications, including during pregnancy. However, what about safety?
Safety concerns were always raised and first of all the risk of miscar-
riage. On the other hand, a positive effect of G-CSF on trophoblast
growth and placenta metabolism has been reported (McCracken
et al., 1996, 1999). The regulated development of the placenta is crit-
ical for fetal growth and maturation, and normal placental develop-
ment relies upon the controlled invasion of fetal trophoblast into
the spiral arteries in the maternal decidual tissue during the early
stages of placentation (Lewis et al., 2012). In early reports, the expres-
sion of G-CSF has been found on trophoblast and also in decidual cells
of placenta in several mammals, including human. The G-CSF receptor
was indeed localized only on the trophoblast cell surface (McCracken
et al., 1996). In animals, an anti-abortive role was found for G-CSF
(Litwin et al., 2005). In accordance, trophoblast of human early mis-
carriage failed to express G-CSF (Litwin et al., 2005).
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Of notice were reports in experimental animals indicating G-CSF as
causing placental embolism and consequent abortions caused by per-
ipheral leukocytosis (Keller and Smalling, 1993). This was noticed,
however, only in rabbits who received a very high dose (200 mg/
kg/day) of G-CSF (Kato et al., 2001), whereas in rats, mice and
monkeys no adverse effects were observed (Okasaki et al., 2002).
Reports on humans (Table I) from the Severe Chronic Neutropenia
International Registry (SCNIR), one in 2002 (Cottle et al., 2002) and
the other in 2003 (Dale et al., 2003), discuss the outcomes of 23 preg-
nancies of women who were treated with G-CSF. During clinical trials,
three women became pregnant and although they were excluded from
the study, continued to receive commercially available G-CSF (Cottle
et al., 2002). Of these three women, two with cyclic neutropenia had
normal infants and the third with idiopathic neutropenia had an elect-
ive abortion because of abnormal bleeding but she subsequently died
of a thrombotic event, probably related to the pregnancy itself and not
G-CSF administration (Cottle et al., 2002). The SCNIR also collected
data on 20 pregnancies of women who had been exposed to G-CSF
and 105 pregnancies of women who were not exposed to the agent
(historical controls) (Cottle et al., 2002; Dale et al., 2003). The out-
comes of the G-CSF-exposed group, treated for an average of two tri-
mesters (range one to three) at an average dose of 2.7 mg/kg/day
(range: 0.2–12), were 13 normal infants, 3 spontaneous abortions
and 4 elective abortions. Among the 105 historical controls, there
were 77 live births, 24 spontaneous abortions and 8 elective abor-
tions, which did not differ significantly from the exposed group
(Cottle et al., 2002; Dale et al., 2003). Thus, the overall rate of preg-
nancy termination among G-CSF-treated women versus non-treated
women was similar.

As CSFs and G-CSF are important for placental growth and develop-
ment, their therapeutic role against miscarriage was recently evaluated
Scarpellini et al. examined the therapeutic benefit of G-CSF administra-
tion to women with unexplained primary recurrent miscarriage (Table I).
Out of 68 selected women with unexplained primary recurrent miscar-
riage, 35 received G-CSF starting on the sixth day after ovulation, while
33 women did not receive. In the group treated with G-CSF, 29 out of 35
women delivered a healthy baby (82.8%), whereas in the placebo group
only 16 out of 33 did (48.5%) (P: 0.0061 by two-tailed Student’s t-test,
Fisher’s exact test and x2), indicating that G-CSF is a promising treat-
ment in women with unexplained recurrent miscarriage (Scarpellini
and Sbracia, 2009). Also, significantly higher b-HCG levels were found
in the 5th–9th weeks of gestation in women treated with G-CSF
versus placebo (P , 0.001 by two-tailed Student’s t-test, Fisher’s
exact test and x2) suggesting a direct trophic effect of G-CSF on the

trophoblast cell, probably mediated by its natural receptor c-fms
expressed in the trophoblast (Uzumaki et al., 1989). Once more, no
major side effects were observed except for a mild local skin rash
which cleared in a few days and two cases of leukocyte count higher
than 25 000/ml.

GM-CSF and gestational regulation
Another important and challenging issue is gestational regulation. As
the preimplantation embryo traverses the female reproductive tract
and develops from the zygote to blastocyst stage, it experiences fluc-
tuations in the physiochemical composition of its extracellular environ-
ment, including the availability of nutrients, growth factors and
cytokines. Growth factors and cytokines, such as GM-CSF, mediate
signalling between the maternal tissues and the embryo and act in
the embryo to modulate implantation competence and post– implant-
ation development (O’Neill, 2008).

GM-CSF is secreted by epithelial cells lining the oviduct and the
uterus (Robertson et al., 1992) and is a key cytokine in the uterus, in-
fluencing the immune response to pregnancy. That is so because
GM-CSF expression is strongly induced during the controlled inflam-
matory response elicited by male seminal fluid at coitus (Robertson
et al., 1996). As a result, activation of T cells, reactive with paternal
antigens, occurs within 72 h (Moldenhauer et al., 2009) and is asso-
ciated with the expansion of the T regulatory (Treg) cell pool that
confers immune tolerance to the implanted embryo 4 days following
implantation (Robertson et al., 2009). Disruption of the immune adap-
tation initiated during this period causes failure of ‘allogeneic’ preg-
nancy (Aluvihare et al., 2004).

In vitro studies also indicate that GM-CSF is a potent embryotrophic
factor with survival- and development-promoting effects on both
mouse and human embryos (Sjoblom et al., 1999; Robertson et al.,
2001). The most obvious effect of GM-CSF on human and mouse
blastocysts in vitro is the induction of an increased number of blasto-
meres, as well as the increased glucose uptake (Robertson et al.,
2001).

Finally, embryo-transfer experiments in mice show that GM-CSF
exerts long-term programming effects on preimplantation embryos.
The addition of GM-CSF to the culture medium protected mice
embryos from later adverse effects of in vitro culture, including restric-
tion of fetal growth and incidence of metabolic disorders in adult
progeny (Sjoblom et al., 2005).

............................................................................................................................................................................................

Table I G-CSF administration in women and miscarriage.

Study Subjects GCSF
given

Pregnancy
outcome

Control
group

Pregnancy
outcome

Women with severe chronic neutropenia.
SCNIR (2002 and 2003)

128 23 15 live births
3 spont. abortions
5 elect. abortions

105 77 live births
24 spont. abortions
8 elect. abortions

Women with recurrent Miscarriage Scarpellini
and Sbracia (2009)

68 35 29 live births
6 spont. abortions

33 16 live births
17 spont. abortions

SCNIR, Severe Chronic Neutropenia International Registry; spont. abortion, spontaneous abortion; elect. abortion, elective abortion.
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G-CSF administration and
hematopoietic stem cell
donation during pregnancy and
lactation

Reports of G-CSF administration to healthy
pregnant PBSC donors
Following the presentation of the physiological background and the ex-
tensive animal work we are now ready to pose the clinical question
which is the core of this review. Namely, is stem cell donation, pre-
ceded by administration of G-CSF for mobilization, a safe procedure
for pregnant donors? Reports on administration of G-CSF to PBSC
normal pregnant donors are sparse.

One report is on a 29-year-old woman who underwent a 4-day
course of G-CSF subcutaneous administration (10 mg/kg/day) in
order to donate PBSCs to her 23-year old brother suffering from non-
Hodgkin lymphoma. At a control examination, 3 months after PBSC
donation, it was found that she had been pregnant without knowing
at the time of mobilization. The gestation age was calculated to be
8 weeks when the G-CSF administration was started. The pregnancy
progressed uneventfully and after 40 weeks of gestation, a healthy
male baby was delivered at term. Repeat pediatric examinations
until the age of 18 months showed no evidence of haematological
alterations (Leitner et al., 2001).

In another case report, a 37-year-old woman at 21 weeks gestation
was diagnosed with acute myeloid leukemia. She decided to maintain
the pregnancy and underwent induction therapy. On Day 14 of the
consolidation therapy, while in the 29 week of gestation, she received
a 6-day course of G-CSF subcutaneous administration (16 mg/kg/day)
to enhance stem cell mobilization. At 37 weeks of gestation a viable
female infant was delivered (Niedermeier et al., 2005).

During which trimester should administration of G-CSF be safest?
During the first trimester, is when most of the internal and external
structures of the fetus are formed and the cells are growing quickly
(organogenesis period). Therefore, administration of drugs at that
period carries a higher risk of fetal malformation and fetal loss
(Brewer et al., 2011; Pollheimer and Knöfler, 2012). With a few
exceptions (such as the brain and the reproductive system) most of
the fetal organ system development is complete by the beginning of
the second trimester. However, exposure to several chemotherapeu-
tic drugs in the second and third trimesters has been associated with a
greater risk for premature birth, low birthweight and a temporary re-
duction in some of the baby’s blood cells (Brewer et al., 2011). In view
of the above information and because of the lack of extensive data, it
seems safer to avoid G-CSF during first trimester.

Bone Marrow harvesting from pregnant
normal stem cell donors
What about bone marrow harvesting? Calder et al. reported three
cases of normal donors who underwent successful bone marrow
harvest while pregnant. The first was 21 years old in the 8th week
of gestation, the second was 20 years old in the 28th week of gestation
and the third was 24 years old, also in 28th week of gestation: the
amount of bone marrow harvested was 125, 260 and 350 ml,

respectively. The harvesting was performed via multiple bilateral iliac
crest aspirations, under epidural or spinal anesthesia and in prone
or left lateral decubitus position. In all these cases, pregnancy pro-
gressed uneventfully and all donors delivered healthy babies at term
(Calder et al., 2005). What stands out from these three rare cases
is the fact that in bone marrow harvesting during pregnancy: (i)
general anaesthesia should be avoided given the increased risk for pul-
monary aspiration of gastric contents, (ii) risk of fetal distress should
be decreased via adequate intravenous fluid administration and by
minimizing harvest volume, (iii) harvest should be delayed until �28
weeks of gestation to improve the likelihood of neonatal survival in
the event of premature delivery. Provided all the above are accom-
plished, a successful bone marrow harvest during pregnancy is possible
(Calder et al., 2005).

G-CSF and lactation
The next relevant question is what about G-CSF and lactation? This is
particularly important as breast feeding has become more popular in
recent years owing to its vast importance to the health and develop-
ment of the newborn, boosting the developing immune system and
the defences for combating infection episodes. When a nursing
woman is treated with G-CSF it could be excreted in her milk and
thus affects her infant. To our knowledge, there are only two
reports on G-CSF kinetics in the milk of nursing women who received
G-CSF treatment for harvesting PBSCs (Shibata et al., 2003; Kaida
et al., 2007). In the first report, the G-CSF level in the human milk
was measured at three time points (on Days 4, 5 and 6) in a donor
receiving a 5-day administration of G-CSF. The authors reported
that G-CSF was still detectable even 24 h after the end of the admin-
istration (Shibata et al., 2003). The second report went a step further.
G-CSF was administered subcutaneously to a 25-year-old nursing
donor for 6 days and G-CSF levels in milk were measured frequently.
The level increased gradually, then decreased slowly after 43 h and
became undetectable 70 h after the end of the G-CSF administration
(Leitner et al., 2001). As the effects of G-CSF in human milk on neo-
nates are not known, the offering of human milk during maternal
receipt of G-CSF was proposed to be deferred until at least 3 days
after the end of the G-CSF treatment (Kaida et al., 2007).

As data on the issue of oral bioavailability of G-CSF from mother to
lactating neonate are scarce, some additional information can be found
from pegylated bovine G-CSF administration in the bovine model from
the European Public Maximum Residue Limit assessment report for
reducing the incidence of clinical mastitis in periparturient cows [Euro-
pean public MRL assessment report (EPMAR), 2012]. As a result
bovine G-CSF is a constituent of the normal human diet of those
who eat meat.

However, substances like bovine G-CSF can be expected, even
when pegylated, not to be orally bioavailable and to be degraded
into their constituent peptides/amino acids through the normal
process of digestion, in which case no consumer safety concerns
would arise. Therefore, the risk assessment of pegylated bovine gran-
ulocyte (PEGbG)-CSF was primarily based on data gained from an oral
bioavailability study in rats. Groups of three male and three female rats
received PEGbG-CSF as a single dose, either subcutaneously or orally.
A control group treated subcutaneously with formulation buffer was
included. For all groups, blood samples were collected prior to
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dosing and at 0.25, 1, 2, 4, 12, 24, 48, 72, 96 and 120 h after admin-
istration. The quantitative analysis via electrochemiluminescent im-
munoassay showed that PEGbG-CSF levels at the pre-dose time
point were consistently below the lower limit of quantification, or
below 46.9 ng/ml, for all animals regardless of the treatment group.
Over the 120-h course of the study, it became apparent that rats
accumulated up to �20 000 ng/ml PEGbG-CSF in serum following
subcutaneous treatment, whereas rats treated with control article
and orally with PEGbGCSF showed no measurable levels of
PEGbG-CSF in serum. A comparison of the subcutaneous AUC
(area under the curve) of �42 0000 ng.hour/ml (calculated for 0–
72 h) and the worst-case scenario for the AUC for the oral dose
(i.e. assuming that all values are at the limit of quantification of
46.9 ng/ml) indicated that the relative oral bioavailability was 0.08%.
From this it was concluded that the oral bioavailability of PEGbG-CSF
is negligible [European public MRL assessment report (EPMAR),
2012].

G-CSF administration in pregnancy and
long-term effects
Until recently, pregnancy was considered a relative contraindication
for G-CSF-induced PBSC donation. Considerations against the admin-
istration of G-CSF include an unknown risk of spontaneous abortion,
and of embryonic or fetal malformations, as well as concerns about
potential long-term effects, such as teratogenicity or leukaemogenity.
Nevertheless, we were able to find in the literature quite a few
reports describing pregnant women who were affected with hemato-
logic malignancies and receiving G-CSF, mainly as a supportive
measure but also for the autologous mobilization of stem cells,
while receiving chemotherapy in the second or third trimester
(Reynoso et al., 1987, Reynoso and Huerta, 1994; Cavenagh et al.,
1995; Lin et al., 1996; Claahsen et al., 1998; Achtari and Hohlfeld,
2000; Aviles and Neri, 2001; Siu et al., 2002). With the exceptions
of the death of one fetus attributed to idarubicin (Reynoso and
Huerta, 1994) and one child found to have a low intelligence quotient
and malignancy (Reynoso et al., 1987), all the others had normal de-
liveries and healthy newborns (Table II). These reports are generally
encouraging as no congenital malformations or other toxicities

attributable to the CSFs, and mainly to G-CSF, have been observed;
however, the data are still limited.

G-CSF administration to healthy donors and
leukemogenicity risk
The association of G-CSF administration with an increase in myeloid
leukemia and/or myelodysplasia risk in patients with congenital neu-
tropenia (Donadieu et al., 2005; Rosenberg et al., 2006), along with
anecdotal reports of myeloid leukemia occurring in related PBSC
donors (Bennett et al., 2006), has raised concerns about long-term
risks of G-CSF administration to healthy donors (Table III). Small
studies by Cavallaro et al. and Anderlini et al. in which normal stem
cell donors were actively contacted after donation of PBSC (overall
about 400 donors) have shown no late effects associated with short-
term G-CSF therapy, with 3–6 years of follow-up (Cavallaro et al.,
2000; Anderlini et al., 2002). Annual attempts at follow-up were
also made for 2408 donors (median follow-up, 49 months; range, 2
days to 99 months) by the National Marrow Donor Program registry
(Pulsipher et al., 2009). No cases of acute myelogenous leukemia or

.............................................................................................................................................................................................

Table II G-CSF administration during pregnancy in women and fetal outcome.

Study Women with hematological
malignancies, who received
chemotherapy and G-CSF

Fetal outcome Complications

Cavenagh et al. (1995) 1 Healthy newborn No late complications

Lin et al. (1996) 1 Healthy newborn No late complications

Claahsen et al. (1998) 1 Healthy newborn No late complications

Reynoso and Huerta (1994) 1 Fetal death After exposure to high dose
Idarubicin & Cytosine Arabinose

Achtari and Hohlfeld (2000) 1 Healthy newborn No late complications

Siu et al. (2002) 1 Healthy newborn No late complications

Reynoso et al. (1987) 6 Healthy newborns 1 with thyroid cancer at age 11 and
neuroblastoma at age 14, but alive and healthy

Aviles and Neri (2001) 84 Healthy newborns No late complications

........................................................................................

Table III G-CSF administration and leukemogenity
risk.

Study Donors (pregnant women)
who received G-CSF

Leukemogenity

Cavallaro et al.
(2000)

101 No evidence
of increased risk

Anderlini et al.
(2002)

281 (PBSC) No evidence
of increased risk

Pulsipher et al.
(2009)

2408 No evidence
of increased risk

Halter et al.
(2009)

27 770 (BM harvest) No evidence
of increased risk

Halter et al.
(2009)

23 254 (PBSC) No evidence
of increased risk

PBSC, peripheral blood stem cells; BM, bone marrow.
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myelodysplasia were reported. Twenty-five non-hematologic cancers
of various types occurred along with one case of chronic lymphocytic
leukemia. Comparisons of the incidence of these cancers with the
expected rates according to the Surveillance, Epidemiology and End
Results database showed no evidence of increased cancer risk in the
donor cohort.

However, a word of caution comes out of publications from Nagler
et al., Shapira et al. and Kaplinsky et al., indicating that G-CSF admin-
istration to normal healthy donors results in temporary alterations in
replication timing and DNA stability, which can result in chromosomal
alterations and aneuploidy. These epigenetic and genetic alterations
were observed in lymphocytes and other mature white blood cell
subsets but not in purified CD34+ stem/progenitor cells (Nagler
et al., 1999, 2004; Kaplinsky et al., 2003; Shapira et al., 2003). Al-
though these laboratory observations may be a cause for concern,
they did not demonstrate a definite link between G-CSF and leukemo-
genesis, and their significance is uncertain.

In addition to all the above, Halter et al. reported the development
of hematologic malignancies in 8 among 27 770 healthy bone marrow,
l stem cell donors and in 12 among 23 254 PBSC donors: the higher
incidence rate in peripheral blood donors is most likely explained by
the fact that they were older than the bone marrow donors (Halter
et al., 2009). In that report, although it was demonstrated that hema-
tologic malignancies do occur in healthy donors, it was also empha-
sized that in both groups (healthy bone marrow and PBSC donors)
the observed incidence rates of hematologic malignancies were
below the age-specific crude incidence rates for a normal population
(Halter et al., 2009). Nevertheless, a risk of promotion of a malignant
myeloid clone cannot be excluded. Therefore, careful prospective
tracking of both short- and long-term adverse events should be part
of all studies involving G-CSF administration to normal donors and es-
pecially pregnant and lactating women. The safety and other issues
related to G-CSF administration to healthy donors are beyond the
scope of our current review and are extensively discussed in previous
reviews (Pulsipher et al., 2006; Shaw et al., 2011).

Conclusions
Animal and human data on administration of G-CSF and GM-CSF
during pregnancy suggest that there is no major risk for the embryo
or fetus with regard to long-term effects, such as teratogenicity or leu-
kemogenity. Administration of CSFs should probably not be per-
formed during the time of most active organogenesis (first
trimester). After delivery and during lactation, there should be a
delay of at least 3 days before breast feeding to allow for clearance
of CSF from the mother’s milk.

To conclude, administration of CSFs to women during the second
and third trimesters appears to be safe based on available data but
the clinical experience is rather limited. Therefore, for both bone
marrow and PBSC transplants, administration of CSF during pregnancy
should not be used if other alternatives are available.
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Pollheimer J, Knöfler M. The role of the invasive, placental trophoblast in human
pregnancy. Wien Med Wochenschr 2012;162:187–190.

Pulsipher MA, Nagler A, Iannone R, Nelson RM. Weighing the risks of G-CSF
administration, leukopheresis, and standard marrow harvest: ethical and safety
considerations for normal pediatric hematopoietic cell donors. Pediatr Blood
Cancer 2006;46:422–433.

Pulsipher MA, Chitphakdithai P, Miller JP, Logan BR, King RJ, Rizzo JD, Leitman SF,
Anderlini P, Haagenson MD, Kurian S et al. Adverse events among 2408 unrelated
donors of peripheral blood stem cells: results of a prospective trial from the
National Marrow Donor Program. Blood 2009;113:3604–3611.

Reynoso EE, Huerta F. Acute leukemia and pregnancy: fatal fetal outcome
after exposure to idarubicin during the second trimester. Acta Oncol 1994;
33:703–716.

Reynoso EE, Shepherd FA, Messner HA, Farquharson HA, Garvey MB, Baker MA.
Acute leukemia during pregnancy: the Toronto leukemia study group experience
with long-term follow-up of children exposed to in utero chemotherapeutic
agents. J Clin Oncol 1987;5:1098–1106.

Robertson SA, Mayrhofer G, Seamark RF. Uterine epithelial cells synthesize
granulocyte-macrophage colony-stimulating factor and interleukin-6 in pregnant
and nonpregnant mice. Biol Reprod 1992;46:1069–1079.

Robertson SA, Mau VJ, Tremellen KP, Seamark RF. Role of high molecular weight
seminal vesicle proteins in eliciting the uterine inflammatory response to semen
in mice. J Reprod Fertil 1996;107:265–277.

Robertson SA, Sjoblom C, Jasper MJ, Norman RJ, Seamark RF.
Granulocyte-macrophage colony-stimulating factor promotes glucose transport
and blastomere viability in murine preimplantation embryos. Biol Reprod 2001;
64:1206–1215.

Robertson SA, Guerin LR, Bromfield JJ, Branson KM, Ahlström AC, Care SA.
Seminal fluid drives expansion of the CD4+CD25+ T regulatory cell pool and
induces tolerance to paternal alloantigens in mice. Biol Reprod 2009;
80:1036–1045.

Rosenberg PS, Alter BP, Bolyard AA, Bonilla MA, Boxer LA, Cham B, Fier C,
Freedman M, Kannourakis G, Kinsey S et al. The incidence of leukemia and
mortality from sepsis in patients with severe congenital neutropenia receiving
long-term G-CSF therapy. Blood 2006;07:4628–4635.

Sangalli MR, Peek M, McDonald A. Prophylactic granulocyte colony—stimulating
factor treatment for acquired chronic severe neutropenia in pregnancy. Aust
NZJ Obstet Gynaecol2001;41:470–471.

Scarpellini F, Sbracia F. Use of colony-stimulating factor for the treatment of
unexplained recurrent miscarriage: a randomised controlled trial. Hum Reprod
2009;11:2703–2708.

Shapira MY, Kaspler P, Samuel S, Shoshan S, Or R. Granulocyte colony stimulating
factor does not induce long-term DNA instability in healthy peripheral blood
stem cell donors. Am J Hematol 2003;73:33–36.

266 Pessach et al.

 by guest on O
ctober 24, 2015

http://hum
upd.oxfordjournals.org/

D
ow

nloaded from
 

http://humupd.oxfordjournals.org/


Shaw BE, Confer DL, Hwang WY, Pamphilon DH, Pulsipher MA. Concerns about
the use of biosimilar granulocyte colony-stimulating factors for the mobilization
of stem cells in normal donors: position of the World Marrow Donor
Association. Haematologica 2011;96:942–947.

Shibata H, Yamane T, Aoyama Y, Nakamae H, Hasegawa T, Sakamoto C, Terada Y,
Koh G, Hino M. Excretion of granulocyte colony-stimulating factor into human
breast milk. Acta Haematol 2003;110:200–201.

Siu BL, Alonzo MR, Vargo TA, Fenrich AL. Transient dilated cardiomyopathy in a
newborn exposed to idarubicin and alltrans-retinoic acid (ATRA) early in the
second trimester of pregnancy. Int J Gynecol Cancer 2002;12:399–402.

Sjoblom C, Wikland M, Robertson SA. Granulocyte-macrophage colony-stimulating
factor promotes human blastocyst development in vitro. Hum Reprod 1999;
14:3069–3076.

Sjoblom C, Roberts CT, Wikland M, Robertson SA. Granulocyte-macrophage
colony-stimulating factor alleviates adverse consequences of embryo culture on fetal
growth trajectory and placental morphogenesis. Endocrinology 2005;146:2142–2153.

Ulich TR, Del Castillo J, Guo K, Souza L. Kinetics and mechanisms of recombinant
human granulocyte colony—stimulating factor induced neutrophilia. Am J Pathol
1988;133:638.

Uzumaki H, Okabe T, Sasaki N, Hagiwara K, Takaku F, Tobita M, Yasukawa K, Ito S,
Umezawa Y. Identification and characterization of receptors for granulocyte
colony-stimulating factor on human placenta and trophoblastic cells. Proc Natl
Acad Sci USA 1989;86:9323–9326.

Zsebo KM, Cohen AM, Murdock DC, Boone TC, Inoue H, Chazin VR, Hines D,
Souza LM. Recombinant human granulocyte colony stimulating factor:
molecular and biological characterization. Immunobiology 1986;172:175–184.

Colony-stimulating factors in pregnant stem cell donors 267

 by guest on O
ctober 24, 2015

http://hum
upd.oxfordjournals.org/

D
ow

nloaded from
 

http://humupd.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


