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Abstract

Objective—To report outcomes associated with the administration of granulocyte colony–

stimulating factor (G-CSF) to women with chronic neutropenia during pregnancy.

Methods—We conducted an observational study of women of child-bearing potential with 

congenital, cyclic, idiopathic, or autoimmune neutropenia enrolled in the Severe Chronic 

Neutropenia International Registry to determine outcomes of pregnancies, without and with 

chronic G-CSF therapy, 1999–2014. Treatment decisions were made by the patients’ personal 

physicians. A research nurse conducted telephone interviews of all enrolled U.S. women of child-

bearing potential using a standard questionnaire. Comparisons utilized Fisher’s exact test analysis 

and Student’s t-test.

Results—One-hundred seven women reported 224 pregnancies, 124 without G-CSF therapy and 

100 on chronic G-CSF therapy (median dose: 1.0 mcg/kg/day, range 0.02–8.6 mcg/kg/day). There 

were no significant differences in adverse events between the groups considering all pregnancies 

or individual mothers, e.g., spontaneous terminations (all pregnancies: no G-CSF 27/124, G-CSF 

13/100; P=0.11, Fisher’s exact test,), preterm labors (all pregnancies, no G-CSF 9/124, G-CSF 

2/100, P=0.12,). A study with at least 300 per group would be needed to detect a difference in 

these events with 80% statistical power (alpha=0.05). Four newborns of mothers with idiopathic or 

autoimmune neutropenia not on G-CSF (4/101) had life-threatening infections, whereas there were 
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no similar events (0/90) in the treated group, but this difference was also not statistically 

significant. (p=0.124). Adverse events in the neonates were similar for the two groups.

Conclusions—This observational study showed no significant adverse effects of administration 

of G-CSF to women with severe chronic neutropenia during pregnancy.

Introduction

Granulocyte colony–stimulating factor (G-CSF) is now widely used for the prevention of 

infections in patients with neutropenia and for mobilization of hematopoietic stem cells for 

transplantation.(1) Granulocyte colony–stimulating factor is also used on a long-term basis, 

administered daily or several times per week, to prevent infections in patients with cyclic, 

congenital, idiopathic, and autoimmune neutropenia, collectively referred to as severe 

chronic neutropenia.(2) As soon as G-CSF became available, patients and physicians began 

asking about the benefits and safety of its administration during pregnancy, questioning its 

effects on the health of both the mother and the neonate, in part because administered G-

CSF crosses the placenta.(3)

The Severe Chronic Neutropenia International Registry was established in 1994 to study the 

natural history, treatments and outcomes for patients with severe chronic neutropenia, many 

of whom are now treated with G-CSF.(4) We surveyed the women of childbearing potential 

enrolled in SCNIR to determine the outcomes associated with the administration of 

granulocyte colony–stimulating factor (G-CSF) to women with chronic neutropenia during 

pregnancy.

Materials and Methods

The studies were conducted under the informed consent provisions of the institutional 

review board (IRB)/Human Subjects Division at the University of Washington.

Female patients older than 16 years of age living in the United States who were enrolled in 

the SCNIR were the participants in this study. The SCNIR enrolls patients with severe 

chronic neutropenia regardless of gender, ethnicity, social or economic status who have a 

series of at least three complete blood counts (CBC) showing blood neutrophil counts 

(ANC) less than 0.5 × 109/L in a three-month period. Patients are enrolled in four diagnostic 

categories: cyclic, congenital, or idiopathic, or autoimmune neutropenia. The cyclic category 

is confined to patients with serial blood counts showing peaks and nadirs of blood 

neutrophils occurring at approximately 21-day intervals, usually with nadir blood 

neutrophils <0.2 × 109/L for 2–4 days. The congenital category includes patients with 

hereditary neutropenia most frequently attributable to mutations in gene for neutrophil 

elastase, ELANE, as well as patients with congenital neutropenia of other and unknown 

causes. Patients in the idiopathic or autoimmune category have acquired neutropenia of 

unknown cause with or without a positive test for anti-neutrophil antibodies. Patients with 

autoimmune diseases such as lupus erythematosus or rheumatoid arthritis or neutropenia due 

to cancer or cancer chemotherapy are excluded.
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A research nurse experienced in the care of patients with chronic neutropenia interviewed all 

of the participants by telephone. The nurse used an IRB-approved questionnaire to obtain 

the patient's pregnancy history, usually in one session, but with follow-up calls as necessary. 

Patients were asked about all pregnancies and terminations as well as their state of health 

and medications both before and after enrollment in the SCNIR. The patients’ general 

health, date of diagnosis of neutropenia, dates and doses for treatments with hematopoietic 

growth factors and other medications were part of the Severe Chronic Neutropenia 

International Registry records. (See the Appendix [Pregnancy Outcome Questionnaire] 

online at http://links.lww.com/xxx.)

Interviews were begun in 1999 in response to interest and concern about the outcomes and 

adverse events for pregnancies in women being treated with G-CSF. The research nurse 

initially interviewed all eligible patients (women of all ages if over 16 at the time the study 

started) over a period of several months. Thereafter, she contacted each new female patient 

older than 16 years to review her history of pregnancy and terminations at the time of 

enrollment. In addition, she contacted the patients annually as part of the regular follow-up 

program if the annual form indicated a pregnancy. The data were verified by a second data 

entry person and then the research nurse. The immunization history of the mothers (e.g., 

Tdap, influenza, etc) and medical records of the neonates (e.g., for extraction of physical 

examinations, vital signs and Apgar scores) were not available.

Student’s t-test (unpaired) was used to compare maternal age and gestational age of the 

neonates for the treated and untreated patients. Welch’s correction for different standard 

deviations did not affect the determination of significance. Normality of data sets was 

examined using the D’Agostino and Pearson omnibus K2 test; results from the non-

parametric Mann Whitney test did not affect the determination of significance. Fisher’s 

exact test was used to compare group data. All statistical tests were two-sided. P values 

<0.05 were considered statistically significant. Computations were made using GraphPad 

Prism 6 and GraphPad StatMate software.

Results

When this study began in 1999, there were 555 patients enrolled in the SCNIR. There were 

268 patients under age 16 (142 males, 126 females) and 287 over age 16 (93 males, 194 

females). To begin the study, 194 women (age 16 and above, without age limit) already 

enrolled were surveyed and followed up annually. As the younger previously enrolled 

patients reached age 16, they were included, as well as new patients entering the Registry. 

At the time of the analysis for this report, there were 1,294 enrolled patients, 469 under age 

16 (239 males, 230 females) and 825 over age 16 (301 males, 524 females). All eligible 

patients were contacted and all disclosed pregnancies included. From this population we 

identified 124 pregnancies of mothers not exposed to G-CSF during pregnancy and 100 

pregnancies of mothers exposed to G-CSF during pregnancy (Table 1). In the G-CSF treated 

group, 82/100 pregnancies were in patients on G-CSF during the first trimester. There were 

20 elective terminations in the two groups; 8 of 20 were known to have occurred between 6–

12 weeks gestational age, median 8 weeks. Data are not available on reasons for the elective 

abortions or the presence or absence of fetal congenital anomalies.
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The cohorts with and without G-CSF treatment were similar, although there were small but 

statistically significant differences in the ages of the mothers, overall and for cyclic 

neutropenia. The age distribution for the no G-CSF cohort did not pass the D’Agostino & 

Pearson omnibus normality test (P=0.008). The mean age of this group (N=124) was 27.1+/

5.78 (SD) years, range 18 to 41 years. For the G-CSF treated group (N=100) the ages were 

normally distributed (P=0.60); mean age was 28.8+/−5.13 years, range 16 to 44 years. 

Despite this, the test to compare unpaired Student’s t-test yielded the most conservative 

results (largest P values) in comparing maternal and gestational ages of the two groups. As 

noted in Table 1, the dose of G-CSF used to treat severe chronic neutropenia is relatively 

low in these patients and most patients with chronic neutropenia, compared to that used 

routinely to promote marrow recovery after chemotherapy, i.e., approximately 5 mcg/kg/

day.

Most of the women were Caucasian. The ethnicity of the two groups were: Not on G-CSF: 

Caucasian 98%, African-American-none, Hispanic-none, Asian-none, Native American 2%, 

Other-none; On G-CSF: Caucasian 92%, African-American 1.5%, Hispanic 5 %, Asian 

1.5%, Other-none. Compared with the overall SCNIR population, there were relatively few 

patients with congenital neutropenia, and relatively few congenital patients not on G-CSF 

treatment, probably because the congenital group has the most severe problems with 

infections and are often treated with G-CSF beginning earlier in life.

Table 2 shows maternal complications with and without G-CSF analyzed for all pregnancies 

and by individual mother. During the observational period there were minor infections (e.g., 

cellulitis, mastitis, perirectal infections and pneumonia) and one life-threatening infection in 

each group (e.g., bacteremia, sepsis). There was no statistically significant difference 

between patient-reported preterm labor, preterm delivery, spontaneous abortions or the other 

complications listed in Table 2. Power analysis suggests that at least 300 patients per group 

would be needed to show a significant difference with 80% statistical power for alpha=0.05 

for preterm labor or spontaneous abortions, based on these data. As expected, the 

spontaneous termination events occurred primarily in the first trimester in both groups 

(26/27, 96% no G-CSF, 11/12, 92% G-CSF treated). For the 11 women reporting preterm 

labor, five patients delivered before 34 weeks, all in patients not on G-CSF treatment. For 

the women delivering at 34 to 37 weeks, one patient was not on G-CSF and two were on 

treatment. The other three patients delivered at term. In the subanalyses we also examined 

treatment by trimesters. In the treated group, 18 patients were exposed to G-CSF only in the 

second or third trimester, not in the first trimester. The first-trimester data (124 patients not 

receiving any G-CSF during the pregnancy plus 18 not treated with G-CSF in the first 

trimester) showed that there was no difference in spontaneous terminations with or without 

G-CSF exposure (off G-CSF 27/142 vs. on G-CSF 13/82, p=0.59). For the women who 

reached the third trimester, there was also no difference in preterm labor with or without G-

CSF (off G-CSF 9/97 vs. on G-CSF 2/87, p=0.06). If the analysis of outcomes is limited to 

11 women with information for pregnancies both on and off G-CSF, there were a total of 

seven events, two spontaneous terminations and one preterm labor in women not on G-CSF, 

and three spontaneous terminations and one placenta previa in women on G-CSF.
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Gestational ages were available for 96 neonates born to mothers not on G-CSF and 82 on G-

CSF treatment (overall mean 37.7+/−0.47 weeks). The ages were not distributed normally in 

either group (omnibus normally test, p<0.05). There was a statistically significant difference 

in gestational ages (not on G-CSF: median 40 weeks, mean 38.6 +/− 4.7 (SD) weeks, on G-

CSF: median 39 weeks, mean 36.6 +/−8.0 weeks, P<0.05). The gestational ages of the 

neonates born to women with idiopathic neutropenia were also significantly different, and, 

because this was the largest subgroup, account for most of the overall difference. (See Table 

1) Birth weights were normally distributed for the patients not exposed to G-CSF (P=0.11) 

but not normally distributed for those exposed to G-CSF (P=0.04, omnibus normality test). 

There was no significant difference in the birth weights (no G-CSF 3.2+/−0.6 (SD) kg, G-

CSF treated 3.3+/−0.7 kg, P=0.514). The data for preterm deliveries, i.e., before 37 weeks, is 

shown in Table 3, including listings of the preterm deliveries associated with neonatal 

neutropenia. Overall there were 15 cases of neonatal neutropenia, and only 4 of these cases 

were associated with preterm delivery. There was no statistical association of neonatal 

neutropenia with preterm delivery (P=0.76, Fisher’s exact test).

The treatments and schedule for treatments were determined by the patients’ physicians, not 

directed by the SCNIR. The schedule of G-CSF varied: daily 78%, alternate-day 5%, three 

days per week 8%, other 9%. The median dose of G-CSF was 1.0 mcg/kg/day (range 0.02 to 

8.6 mcg/kg/day) and varied by diagnostic group, highest for congenital neutropenia (median 

2.13 mcg/kg/day), lowest for autoimmune neutropenia (median 0.11 mcg/kg/day). In the 

treated group, the G-CSF dose for 13 patients with spontaneous terminations was median 0.4 

mcg/kg/day, mean 0.98 mcg/kg/day (range 0.02 to 4.3 mcg/kg/day). For the other obstetric 

complications in 4 patients (preterm labor-2, abruption placenta-1, and placenta previa-1) G-

CSF dose was median 2.2 mcg/kg/day, mean 2.6 mcg/kg/day and range 0.1 to 5.9 mcg/kg/

day. The G-CSF dose for these patients was not significantly different from the G-CSF 

treated patients without these complications (p=0.16 and 0.56, respectively).

There were 101 live births resulting from the 124 pregnancies not exposed to G-CSF. (Table 

4) Fifteen of these neonates, of which there were two sets of twins, had neonatal neutropenia 

(mothers’ diagnoses were: congenital [2], cyclic [5], idiopathic [2], or autoimmune [2]). 

There were four serious infections in the neonates born to the mothers not on G-CSF 

(meningitis [1] and septicemia [3]). In addition, mothers not on G-CSF had neonates with 

other complications: cerebral palsy associated with prematurity (1), born with a collapsed 

lung (1) and a full-term neonate with respiratory distress, requiring intensive hospital care.

(1). In the G-CSF treated group there were 90 live births in 100 pregnancies. Eighteen of 

these neonates, all single births, had neonatal neutropenia (mother’s diagnoses: congenital 

[4], cyclic [5], idiopathic [4], and autoimmune [2]). Two of these neonates had minor 

infections, one neonate born at full term had respiratory distress syndrome associated with 

infection requiring intensive care, and two had congenital abnormalities (one esophageal 

fistula and one hydronephrosis). There was also one neonatal apnea associated with abruptio 

placentae at 36 weeks. The Apgar scores for the neonates and their medical records were not 

available. Five neonates had respiratory distress syndrome associated with prematurity, 

including one set of triplets, a clinical circumstance associated with respiratory distress 

syndrome delivered at 29 weeks. Two other neonates, all delivered early, i.e., 26 and 31 

weeks due to mothers’ idiopathic hypertension, also had respiratory distress. The triplets 
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made uneventful recoveries; the other two neonates recovered after prolonged intensive 

care. There were four life-threatening infections (4/101) without G-CSF, but no life-

threatening infections (0/90) with G-CSF treatment (p=0.124), (See Table 4). For the four 

mothers of neonates with respiratory distress (respiratory distress with prematurity and at 

full term) G-CSF doses were 0.9, 1.7, 1.7 and 5.8 mcg/kg/day, median 1.7 mcg/kg/day, 

mean 2.53 mcg/kg/day, range 0.9 to 5.8 mcg/kg/day, doses not significantly different from 

those for mothers whose babies did not have these complications (p=0.55).

All of the mothers had at least three blood neutrophil counts before G-CSF that were less 

than 0.5 × 109/L, as required for enrollment in the Severe Chronic Neutropenia International 

Registry. These ANC values were: median 0.210 × 109/L, mean 0.237 +/− 0.018 [SEM] × 

109/L. On G-CSF the ANCs were median ANC 2.497 × 109/L, mean ANC 3.646 +/− 0.242 

[SEM] × 109/L. Hematological data for the neonates were not available.

Discussion

Granulocyte colony–stimulating factor is a natural cytokine regulating neutrophil production 

and deployment, and recombinant G-CSF is widely used to prevent neutropenia-related 

infections.(1–8) We conducted this observational study to assess outcomes associated with 

the administration of G-CSF to women with chronic neutropenia during pregnancy. We 

recognized the limits of this method of study, but determined that it would be valuable to 

collect and summarize this information for clinicians and researchers with interest in this 

field.(9–12).

The study included 124 pregnancies with exposure to G-CSF and 100 pregnancies with G-

CSF treatment. The mothers in the treated group were significantly older (median 27 versus 

29 years) and for the patients with cyclic neutropenia (25 versus 28 years) (See Table 1). We 

do not know if this might relate to starting G-CSF after failed attempts to have a pregnancy 

or if it is simply a chance finding of this small study. The number of pregnancies by 

diagnosis varied considerably; the largest group was the patients with idiopathic 

neutropenia, the group receiving the lowest median dose of G-CSF, as in other reports.(2) 

For this sub-group and overall, the gestational age of the G-CSF treated group was 

significantly lower, but the birth weights were not different. The biological basis and 

consequences of earlier births in women on G-CSF are not known, but deserve further study.

Analysis of adverse events (all events or events in individual women) revealed no significant 

differences for pregnancies with or without exposure to G-CSF (see Table 2). For some 

events it is possible that a study of approximately 300 patients per group, three times the size 

of the present study, might reveal significant differences. A much larger study would be 

needed to identify differences for other categories of adverse events.

Seventeen percent of the neonates born to the mothers in this study had neutropenia. 

Neonatal neutropenia is associated with prematurity(13), but statistical analysis shows no 

significant relationship for this small study in which 4/16 premature deliveries were 

associated with neutropenia and overall there were 33 cases of neonatal neutropenia. This 

suggests that other factors, e.g., inheritance of a causative genetic mutation (14), trans-
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placental transfer of maternal antibodies(15), or allo-immunization because of maternal-

paternal differences in neutrophil-specific antigens(16) may have been causal.

There were no statistically significant differences in complications among neonates in the 

two groups. Table 4 shows that there were four life-threatening infections in the babies of 

mothers not treated with G-CSF; a much larger study, probably 2 to 3 times the size of the 

present study would be required to show a significant difference or to be confident of no 

treatment effect.

We have previously examined the safety of G-CSF administration in severe chronic 

neutropenia.(17, 18) These studies show overall a very favorable safety profile. Patients with 

severe congenital neutropenia, however, are at risk of developing acute myeloid leukemia, 

with or without G-CSF treatment. We observed no events related to development of myeloid 

malignancies or other events in this study to indicate that G-CSF should be withheld from 

pregnant women. Based on the observations reported here and the wider experience of the 

SCNIR (19), we do not counsel neutropenic women on G-CSF against pregnancy and 

recommend genetic counseling for women with heritable forms of neutropenia. We also 

believe it is prudent to continue to long-term follow these patients and their children. In 

future studies we will broaden the scope of the maternal database and obtaining consent to 

collect data on their children to determine their long-term outcomes.

We are circumspect in interpreting these findings. This was an observational study of 

pregnancy in neutropenic women who self-reported the results of their pregnancies. There is 

limited data on the outcomes of the children. Other limitations include the size of the study 

population, the diversity of underling cases for neutropenia, the unevenness in the size of the 

individual groups, and potential for bias in self-reported data. While a randomized 

controlled trial of the use of this drug in women planning a pregnancy would be the ideal 

mechanism for describing the safety profile, such a study is unlikely to be done given the 

rarity of this disorder. Our interviews occurred over a 15-year period and we identified only 

244 pregnancies. We feel that the observed improvement in maternal condition on G-CSF 

with no observed differences in pregnancy and neonatal complications is important 

information which could be used in counseling women with these disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

The authors thank Charles Spiekerman, Statistical Consultant, for his advice, and Laurie Steele for her assistance in 
manuscript preparation.

Supported by NIH/NIAID, grant # 5R 24AI049393-10. Amgen, Thousand Oaks, CA, provided granulocyte colony–
stimulating factor free of charge to U.S. patients enrolled in the Severe Chronic Neutropenia International Registry.

Boxer et al. Page 7

Obstet Gynecol. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



References

1. Chao NJ, Schriber JR, Grimes K, Long GD, Negrin RS, Raimondi CM, et al. Granulocyte colony-
stimulating factor "mobilized" peripheral blood progenitor cells accelerate granulocyte and platelet 
recovery after high-dose chemotherapy. Blood. 1993; 81:2031–2035. [PubMed: 7682454] 

2. Dale DC, Cottle TE, Fier CJ, Bolyard AA, Bonilla MA, Boxer LA, et al. Severe chronic 
neutropenia: treatment and follow-up of patients in the Severe Chronic Neutropenia International 
Registry. Am J Hematol. 2003; 72:82–93. [PubMed: 12555210] 

3. Pessach I, Shimoni A, Nagler A. Granulocyte-colony stimulating factor for hematopoietic stem cell 
donation from healthy female donors during pregnancy and lactation: what do we know? Hum 
Reprod Update. 2013; 19:259–267. [PubMed: 23287427] 

4. Cottle TE, Fier CJ, Donadieu J, Kinsey SE. Risk and benefit of treatment of severe chronic 
neutropenia with granulocyte colony-stimulating factor. Semin Hematol. 2002; 39:134–140. 
[PubMed: 11957197] 

5. Salmassi A, Schmutzler AG, Huang L, Hedderich J, Jonat W, Mettler L. Detection of granulocyte 
colony-stimulating factor and its receptor in human follicular luteinized granulosa cells. Fertil Steril. 
2004; 81(Suppl 1):786–791. [PubMed: 15019810] 

6. Chatta GS, Price TH, Allen RC, Dale DC. The effects of in vivo recombinant methionyl human 
granulocyte colony stimulating factor (rhG-CSF) on the neutrophil response and peripheral blood 
colony-forming cells in healthy young and elderly volunteers. Blood. 1994; 84:2923–2929. 
[PubMed: 7524759] 

7. Crawford J, Ozer H, Stoller R, Johnson D, Lyman G, Tabbara I, et al. Reduction by granulocyte 
colony-stimulating factor of fever and neutropenia induced by chemotherapy in patients with small-
cell lung cancer. N Engl J Med. 1991; 325:164–170. [PubMed: 1711156] 

8. Welte K, Zeidler C, Reiter A, Müller W, Odenwald E, Souza L, et al. Differential effects of 
granulocyte-macrophage colony-stimulating factor and granulocyte colony-stimulating factor in 
children with severe congenital neutropenia. Blood. 1990; 75:1056–1063. [PubMed: 1689595] 

9. Toh HC, Sun L, Soe Y, Wu Y, Phoon YP, Chia WK, et al. G-CSF induces a potentially tolerant 
gene and immunophenotype profile in T cells in vivo. Clin Immunol. 2009; 132:83–92. [PubMed: 
19345152] 

10. Rutella S, Zavala F, Danese S, Kared H, Leone G. Granulocyte colony-stimulating factor: a novel 
mediator of T cell tolerance. J Immunol. 2005; 175:7085–7091. [PubMed: 16301609] 

11. Aluvihare VR, Kallikourdis M, Betz AG. Regulatory T cells mediate maternal tolerance to the 
fetus. Nat Immunol. 2004; 5:266–271. [PubMed: 14758358] 

12. Gleicher N, Kim A, Michaeli T, Lee HJ, Shohat-Tal A, Lazzaroni E, Barad DH. A pilot cohort 
study of granulocyte colony-stimulating factor in the treatment of unresponsive thin endometrium 
resistant to standard therapies. Hum Reprod. 2013; 28:172–177. [PubMed: 23081869] 

13. Nittala S, Subbarao GC, Maheshwari A. Evaluation of neutropenia and neutrophilia in preterm 
infants. J Matern Fetal Neonatal Med. 2012; 25(Suppl 5):100–103. [PubMed: 23025781] 

14. Dale DC, Link DC. The many causes of severe congenital neutropenia. N Engl J Med. 2009; 
360:3–5. [PubMed: 19118300] 

15. Maheshwari A, Christensen RD, Calhoun DA. Immune-mediated neutropenia in the neonate. Acta 
Paediatr Suppl. 2002; 91:98–103. [PubMed: 12477271] 

16. Boxer LA, Yokoyama M, Lalezari P. Isoimmune neonatal neutropenia. J Pediatr. 1972; 80:783–
787. [PubMed: 4553087] 

17. Rosenberg PS, Alter BP, Bolyard AA, Bonilla MA, Boxer LA, Cham B, et al. The incidence of 
leukemia and mortality from sepsis in patients with severe congenital neutropenia receiving long-
term G-CSF therapy. Blood. 2006; 107:4628–4635. [PubMed: 16497969] 

18. Rosenberg PS, Zeidler C, Bolyard AA, Alter BP, Bonilla MA, Boxer LA, et al. Stable long-term 
risk of leukaemia in patients with severe congenital neutropenia maintained on G-CSF therapy. Br 
J. Haematol. 2010; 150:196–199. [PubMed: 20456363] 

19. Zeidler C, Grote UAH, Nickel A, Brand B, et al. Outcome and management of pregnancies in 
severe chronic neutropenia patients by the European Branch of the Severe Chronic Neutropenia 
International Registry. Haematologica. 2014; 99:1395–1402. [PubMed: 24997149] 

Boxer et al. Page 8

Obstet Gynecol. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Boxer et al. Page 9

T
ab

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 m

ot
he

rs
 tr

ea
te

d 
an

d 
no

t t
re

at
ed

 w
ith

 g
ra

nu
lo

cy
te

 c
ol

on
y–

st
im

ul
at

in
g 

fa
ct

or
 a

nd
 th

ei
r 

ne
on

at
es

D
ia

gn
os

is

A
ll 

P
ar

ti
ci

pa
nt

s 
an

d
P

re
gn

an
ci

es
P

ar
ti

ci
pa

nt
s 

an
d 

P
re

gn
an

ci
es

 w
it

ho
ut

G
-C

SF
 t

re
at

m
en

t
P

ar
ti

ci
pa

nt
s 

an
d 

P
re

gn
an

ci
es

 w
it

h
G

-C
SF

 t
re

at
m

en
t

#
P

at
ie

nt
s

(P
ts

)

#
P

re
gn

an
ci

es
(P

re
g)

# P
ts

#
P

re
g

M
ot

he
rs

’
A

ge
 a

t
de

liv
er

y
m

ea
n 

(S
D

)

N
eo

na
te

s’
G

A
 a

t
de

liv
er

y
m

ea
n 

(S
D

)

# P
ts

#
P

re
g

M
ot

he
rs

’
A

ge
 a

t
de

liv
er

y
m

ea
n 

(S
D

)

N
eo

na
te

s’
G

A
 a

t
de

liv
er

y
m

ea
n 

(S
D

)

G
-C

SF
D

os
e

m
cg

/k
g/

da
y

M
ed

ia
n

(R
an

ge
)

A
ut

oi
m

m
un

e
4

8
2

2
33

 (
0.

48
) 

(n
=

2)
40

 (
0.

71
) 

(n
=

2)
4

6
33

 (
5.

54
) 

(n
=

6)
38

 (
1.

83
) 

(n
=

4)
0.

11
 (

0.
23

 –
 4

.6
)

C
on

ge
ni

ta
l

15
21

3
4

26
 (

4.
32

) 
(n

=
4)

41
 (

1.
29

) 
(n

=
4)

12
17

29
 (

5.
91

) 
(n

=
7)

39
 (

2.
89

) 
(n

=
15

)
2.

13
 (

0.
5 

– 
7.

9)

C
yc

lic
29

74
15

35
25

*  
(4

.1
3)

 (
n=

35
)

37
 (

7.
64

) 
(n

=
30

)
20

39
28

*  
(4

.8
2)

 (
n=

39
)

36
 (

10
.1

) 
(n

=
33

)
1.

1 
(0

.0
7 

– 
8.

6)

Id
io

pa
th

ic
59

12
1

37
83

28
 (

6.
19

) 
(n

=
83

)
40

*  
(1

.6
9)

 (
n=

60
)

25
38

29
 (

4.
89

) 
(n

=
8)

37
*  

(7
.7

1)
 (

n=
30

)
0.

8 
(0

.0
2 

– 
5.

7)

T
ot

al
10

7
22

4
57

12
4

27
*  

(5
.7

6)
 (

n=
12

4)
39

*  
(4

.6
5)

 (
n=

96
)

61
10

0
29

*  
(5

.1
2)

 (
n=

10
0)

37
*  

(8
.0

) 
(n

=
82

)
1.

0 
(0

.0
2 

– 
8.

6)

* D
en

ot
es

 s
ig

ni
fi

ca
nt

 d
if

fe
re

nc
e 

(P
<

0.
05

) 
be

tw
ee

n 
un

tr
ea

te
d 

an
d 

tr
ea

te
d 

pa
tie

nt
s 

fo
r 

th
e 

di
ag

no
st

ic
 c

at
eg

or
y,

 u
np

ai
re

d 
St

ud
en

t’
s 

t-
te

st

Obstet Gynecol. Author manuscript; available in PMC 2016 January 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Boxer et al. Page 10

T
ab

le
 2

M
at

er
na

l c
om

pl
ic

at
io

ns
 o

f 
m

ot
he

rs
 tr

ea
te

d 
an

d 
no

t t
re

at
ed

 w
ith

 g
ra

nu
lo

cy
te

 c
ol

on
y–

st
im

ul
at

in
g 

fa
ct

or
 d

ur
in

g 
pr

eg
na

nc
y

C
lin

ic
al

 E
ve

nt
s

A
ll

P
re

gn
an

ci
es

N
ot

 e
xp

os
ed

to
 G

-C
SF

A
ll

P
re

gn
an

ci
es

ex
po

se
d 

to
G

-C
SF

F
is

he
r’

s
ex

ac
t 

te
st

(P
)

E
ve

nt
s 

in
In

di
vi

du
al

W
om

en
 N

ot
E

xp
os

ed
 t

o
G

-C
SF

E
ve

nt
s 

in
In

di
vi

du
al

W
om

en
E

xp
os

ed
 t

o
G

-C
SF

F
is

he
r’

s
ex

ac
t 

te
st

(P
)

T
ot

al
 P

at
ie

nt
s

--
-

--
-

--
-

57
61

--
-

Pr
eg

na
nc

ie
s

12
4

10
0

--
-

--
-

--
-

--
-

Sp
on

ta
ne

ou
s 

ab
or

tio
ns

27
13

0.
11

15
11

0.
37

Pr
eg

na
nc

ie
s 

w
ith

 li
ve

 b
ir

th
s

97
87

--
-

--
-

--
-

Pr
et

er
m

 la
bo

r
9

2
0.

12
5

2
0.

26

Pr
et

er
m

 r
up

tu
re

 o
f 

m
em

br
an

es
1

0
1.

00
1

0
0.

48

Pr
et

er
m

 d
el

iv
er

y 
(<

37
 w

ee
ks

)
10

10
0.

64
8

9
1.

00

L
if

e-
th

re
at

en
in

g 
in

fe
ct

io
ns

 (
se

ps
is

)
1

1
1.

00
1

1
1.

00

M
in

or
 in

fe
ct

io
ns

 (
e.

g.
, m

as
tit

is
, s

in
us

 in
fe

ct
io

n,
 p

er
ir

ec
ta

l a
bs

ce
ss

, c
el

lu
lit

is
, p

ne
um

on
ia

)
6

7
0.

57
6

6
1.

00

Se
ve

re
 th

ro
m

bo
cy

to
pe

ni
a

0
1

0.
45

0
1

1.
00

A
br

up
tio

 p
la

ce
nt

a
0

1
0.

45
0

1
1.

00

Pl
ac

en
ta

 p
re

vi
a

1
1

1.
00

1
1

1.
00

Obstet Gynecol. Author manuscript; available in PMC 2016 January 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Boxer et al. Page 11

Table 3

Gestational age for the subgroups of patients overall and for pregnancies with early delivery of infants with 

neonatal neutropenia

Maternal
Diagnosis

#
Patients

#
Pregnancies

Median Gestational Age
Weeks at Delivery

(range)

Gestational Age and
Maternal Complications
for Early Deliveries with

Neutropenic Neonates
(weeks)

Congenital 6 7 40 (38–42) None

Cyclic 9 15 40 (29–40) 29, Preterm Labor; 36, Abruptio Placenta

Idiopathic 7 7 42 (35–43) 35, Preterm Labor

Autoimmune 3 4 39 (36–40) 36, Intrauterine growth restriction

Total 25 33 40 (29–43)
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Table 4

Neonatal complications of babies delivered from mothers treated and not treated with granulocyte colony–

stimulating factor during pregnancy

Clinical Events Babies of Mothers
Not Treated with G-CSF

Babies of Mothers
Treated with G-CSF

Total live births 101 (4 sets of twins) 90 (1 set of twins, 1 set of triplets)

Neonatal birth weights kg mean (SD): 3.19 (0.64) range: 1.45–
4.64 N = 83

mean (SD): 3.28 (0.67) range: 1.19–5.20 N = 76

Neonatal neutropenia 15 of 101 (15%) 18 of 90 (20%)

Life-threatening infection 4 of 101 (4%) 0 of 90 (0%)

Minor infection 1 2

Cerebral palsy associated with prematurity 1 0

Respiratory distress syndrome at full term 1 1

Respiratory distress syndrome associated with 
prematurity

0 5 (2 single neonates and 1 set of triplets)

Collapsed lung 1 0

Tracheal esophageal fistula 0 1 (exposed 1st trimester)

Hydronephrosis 0 1 (exposed in all 3 trimesters)

Neonatal apnea associated with abruptio placenta 0 1

*
There are no statistical differences in complications among neonates delivered.
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