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Abstract
The introduction of tyrosine kinase inhibitors into clinical prac-
tice now offers most patients with chronic myelogenous leukemia 
lengthy remissions and the possibility of normal life expectancies. 
These improved survivals have resulted in the need to address is-
sues relating to quality of life, including fertility and procreation. 
Treatment may require lifelong daily therapy with drugs that 
might inhibit proteins essential to gonadal function, implanta-
tion, and embryogenesis. Animal data suggest that imatinib at 
standard dosages is unlikely to impair fertility in either adult male 
or female animals. However, human data remain limited, particu-
larly in children and adolescents. Children born to men who are 
actively taking imatinib at conception seem healthy, and current 
advice is not to discontinue treatment. In contrast, data are less 
encouraging for children born to women exposed to imatinib dur-
ing pregnancy. Although numbers are small, a disturbing cluster of 
rare congenital malformations has prevented imatinib from being 
recommended safely, particularly during the period of organogen-
esis. Alternative strategies for managing pregnancy in chronic my-
elogenous leukemia include one or both of regular leukapheresis 
and interferon-α. Pregnancy in advanced-phase disease presents 
particular problems. (JNCCN 2009;7:1050–1058)

become almost as important as those of preservation of 
life. For many patients, one of the clearest indications of 
good quality of life is the ability to conceive children and 
raise a family. Physicians caring for patients with CML 
are not infrequently asked for advice regarding the need 
for, and/or the appropriateness of stopping, treatment in 
order to conceive.

For obvious reasons, data regarding safety of TKIs be-
fore, during, and after gestation remain limited. In this 
context, one must remember that Bcr-Abl is not the only 
target of the TKI; imatinib inhibits not only Abl but also 
c-kit, platelet-derived growth factor receptors α and β 
(PDGFR-α/β), ARG, and c-FMS. Dasatinib, a second-
generation TKI, also inhibits Src and related proteins. 
Several of these proteins are known to have functions 
that may be important in gonadal development, implan-
tation, and fetal development.1–5 An international reg-
istry of pregnancy outcome was recently established by 
Novartis to compile pregnancy outcomes in women who 
have been exposed to imatinib and nilotinib, but some 
years may elapse before further data are available. In the 
meantime, any recommendations regarding the manage-
ment of CML in pregnancy must take into consideration 
this lack of information.

Although most patients with CML experience pro-
longed remissions while taking a TKI, approximately 
20% might require alternative therapies, including al-
logeneic stem cell transplantation.6 Because identifying 
these individuals before treatment is impossible, future 
fertility must be considered at diagnosis in all patients 
of child-bearing age. Semen cryopreservation is recom-
mended before start of treatment and women should be 
counseled on oocyte, ovarian, and embryo storage.

The use of tyrosine kinase inhibitors (TKIs) in the man-
agement of chronic myelogenous leukemia (CML) has 
changed the natural course of the disease to such an ex-
tent that considerations regarding quality of life have 
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communication). Spermatogenesis was studied using 
the microscopy of the seminiferous tubules together 
with measurement of their diameter (an index of 
spermatogenic activity) and determination of the 
number of sperm. This suggests that intermediate-
term treatment, at least in adult male mice, is not 
associated with impairment of gonadal function.

Females
Data are sparse relating to TKI effects on ovarian 
function. During the development of imatinib for 
clinical use, female rats were given imatinib 14 days 
before mating and through day 6 of gestation.7 Fertil-
ity was not affected. Rats given doses of 45 mg/kg or 
more experienced postimplantation loss, evidenced 
through early fetal resorption or stillbirths, nonvi-
able pups, and early pup mortality between postpar-
tum days 0 and 4. If imatinib was administered dur-
ing organogenesis at doses of 100 mg/kg or more, it 
induced teratogenic effects, including exencephaly 
or encephalocele, absent or reduced frontal bones, 
and absent parietal bones. At doses higher than 
100 mg/kg, total fetal loss was noted in all animals. 
Fetal loss was not seen at doses of 30 mg/kg or less 
(approximately equivalent to 300 mg). In the first-
generation offspring at this same dose level, mean 
body weights were reduced from birth until termi-
nal sacrifice. First-generation offspring fertility was 
not affected.7

In the studies by Melo and Gosden, female mice 
were also given imatinib, 150 mg/kg, orally for 2 
months (Junia Melo, MD, PhD, and Roger Gosden, 
PhD, DSc, personal communication). The ovaries 
were examined for morphologic differences and 
changes in the numbers of follicles at all stages of 
development (primordial, primary, secondary, tertia-
ry). No differences were observed between imatinib-
treated and control mice. In addition, there was no 
increase in follicular atresia in the animals exposed 
to the TKI, suggesting that there may be no effect 
on fertility. 

Effects of Imatinib on Human Fertility
A recent publication described the development of 
oligospermia after exposure to imatinib,11 and anoth-
er reported the occurrence of primary ovarian failure 
in a 30-year-old woman within 2 years of starting 
imatinib.12 Although these reports have not been 
substantiated, it would seem prudent to continue to 

Experience From Animal Models

Males
Animal studies investigating the effects of imatinib 
on gonadal function have yielded confusing results.7 

Lower testicular weights along with a reduction in 
the number of motile sperm were observed in male 
rats who received imatinib, 60 mg/kg, for 70 days 
(equivalent to the human dose of 600 mg/d).7 This 
was not seen at doses of 20 mg/kg or less (equivalent 
to 200 mg/d). The fertility of male and female rats 
was not affected.

When immature male rats (aged 5–7 days) were 
exposed to these higher doses of imatinib for only 3 
days, gonocyte migration, growth of the testis, for-
mation of spermatogonial stem cell and Leydig cell 
pools, and proliferation of differentiating type A 
spermatogonia were all impaired.8 Surprisingly, how-
ever, by the age of 11 weeks, the exposed animals had 
normal epididymal sperm counts, although gonado-
trophins levels remained elevated above the normal 
range. The authors concluded that treatment with 
imatinib early in life caused a permanent reduction 
in testicular size and resulted in altered reproductive 
hormone levels, suggesting the presence of compen-
satory mechanisms designed to maintain normal tes-
ticular function. The investigators speculated that 
treatment with imatinib before puberty may have 
more deleterious effects than exposure in adulthood.

These data were later confirmed by Basciani et 
al.,9 who administered intraperitoneal imatinib (50 
mg/kg) to newborn male mice for 5 days and ob-
served a profound reduction of spermatogonia, that 
returned to normal as the mice aged. These inves-
tigators ascribed the effects of imatinib to inhibi-
tion of PDGFR-β, which is known to be required 
for proliferation and migration of gonocytes in the 
early postnatal period. Nurmio et al.10 later showed 
a reduction in litter size from adult male rats that 
had been treated with imatinib in early postnatal 
life compared with untreated littermates. Reassur-
ingly, no differences were seen in the fertility index, 
live birth index, sex ratio, or frequency of survival to 
time of weaning.

In contrast, no differences in spermatogenesis 
were seen between imatinib-treated and untreated 
adult mice when they were exposed to imatinib, 150 
mg daily, continuously for 2 months (Junia Melo, 
MD, PhD, and Roger Gosden, PhD, DSc, personal 
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recommend strategies to preserve fertility from time 
of diagnosis. Adult male patients should be offered 
semen cryopreservation, but unfortunately boys di-
agnosed before the onset of puberty still cannot be 
provided a realistic hope of future parenting ability. 
Female patients of child-bearing age with stable part-
ners may wish to consider embryo cryopreservation. 
Those without partners should be referred for discus-
sion of ovarian and/or oocyte retrieval and storage.

Effects of Imatinib During Conception 
and Pregnancy

Men
Increasing evidence shows that children born to 
men who were taking imatinib at conception do not 
have an increased risk for congenital malformations. 
An early report from the Novartis group described 
13 pregnancies in the partners of men who were tak-
ing imatinib at conception. The outcome was known 
for only 8 of these; 3 ended in abortion (2 therapeu-
tic and 1 spontaneous), 1 in utero death occurred 
at 13 weeks, and 4 normal pregnancies resulted in 4 
normal infants.13

A later report from M. D. Anderson was more 
encouraging, with 7 normal pregnancies and 1 spon-
taneous abortion in the partners of 8 men treated 
with imatinib for a median of 20 months. One infant 
was born with a malrotation of the gastrointestinal 
tract, which required surgical correction.14 After 
these initial publications, another 10 uneventful 
pregnancies were reported in the partners of 9 men 
on both standard and high doses of imatinib.15,16 
More recently, Novartis reported awareness of more 
than 60 pregnancies in the partners of men treat-
ed with imatinib without any suggestion of an in-
creased risk for pregnancy-associated complications 
or congenital abnormalities (Novartis personnel, 
personal communication).

Women
The literature describes several case reports of preg-
nancy outcome in women who conceived while tak-
ing imatinib but ceased treatment either in the first 
trimester or remained on drug throughout the preg-
nancy, with most reporting favorable outcomes.17–32 
Recently, full outcome data have been reported for 
125 women from a total of 180 known to have con-
ceived while on imatinib. These results have given 

considerable concern regarding drug safety (Table 
1).33 Most of these women (70%) were exposed to 
imatinib only during the first trimester, but 26% re-
mained on treatment throughout their pregnancy 
(i.e., until elective or spontaneous abortion or birth).

Of the 125 pregnancies with known outcome, 63 
resulted in the birth of normal live infants, with 18 
of the women receiving imatinib throughout their 
pregnancy. Among these 125 pregnancies, 35 (28%) 
underwent elective terminations—3 after the identi-
fication of fetal abnormalities. The remaining fetuses 
were either not examined or had no defects identi-
fied. Furthermore, 18 pregnancies (14.4%) ended 
in spontaneous abortion, which is within the lim-
its expected in the normal population (10%–15%). 
Among the remaining 9 infants, 8 live and 1 still 
births occurred, all with congenital abnormalities.

In total, 12 pregnancies resulted in infants with 
fetal abnormalities. The dose (but not exact dura-
tion) of imatinib taken by the mother was known 
for 10 of these cases, but the data were insufficient to 
assess any potential relationship between cumulative 
dosage and the occurrence of fetal abnormalities. No 
maternal exposure to alcohol, tobacco, or drug addic-
tion during pregnancy was reported in any of these 
cases, and none of the mothers had undergone any 
high-dose chemotherapy before their pregnancies.

Table 2 provides additional details of the de-
fects seen in the 9 infants born with abnormalities 
(3 fetuses were aborted because of identified abnor-
malities). Cases 2 through 4 (in Table 2) are notable 
because the combinations of defects were strikingly 
similar and because similar bony defects were ob-

Table 1	 Outcome of Pregnancies Associated 	
	 With the Use of Imatinib
Pregnancy Outcome Number

Elective abortion (fetal abnormalities 
identified)

3

Elective abortion (fetal abnormalities 
unknown)

32

Spontaneous abortion 18

Still birth with fetal abnormalities 1

Live births with fetal abnormalities 8

Normal live births 63

Outcome unknown 55

Total 180

Data from Pye SM, Cortes J, Ault P, et al. The effects of 
imatinib on pregnancy outcome. Blood 2008;111:5505–5508.
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occurs, planned or unplanned, after CML is diag-
nosed and treatment was already initiated. Clearly, 
the situations have important similarities, particu-
larly with respect to the subsequent management, 
because therapies other than TKIs may be necessary 
for disease control until delivery.

Diagnosis During an Established Pregnancy
The occurrence of CML in women of child-bearing 
age is rare, but diagnosis during pregnancy is com-
mon. Disease detection is undoubtedly an opportu-
nistic observation and occurs at this time because 
the blood counts performed in early pregnancy are 
the first such measurements in that woman’s recent 
lifetime. This diagnosis adds considerable complex-
ity to management, because fear of risk to the infant, 
and loss of happiness usually associated with preg-
nancy, adds to the patient’s trauma from being diag-
nosed with a potentially fatal disease.

For pregnant patients with CML in chronic 
phase, treatment is probably unnecessary if the 
white cell count remains below 100 x 109/L and the 
platelet count is less than 500 x 109/L, but this is 
not confirmed. Therapies other than TKIs include 
interferon-α (IFN-α), hydroxyurea, busulphan, and 
leukapheresis, although hydroxyurea and busulphan 
should be avoided if treatment is required in pregnan-
cy (Table 3). Busulphan is an alkylating agent that 

served in rodent studies. The expected incidence 
of exomphalos in the general population is approxi-
mately 1 in 3000 to 4000 births,34 and the finding of 
3 cases of 180 is far higher than would be predicted. 
The most likely candidate whose inhibition might 
be responsible for the induction of these abnormali-
ties is the tyrosine kinase receptor PDGFR-α. Mice 
homozygous for null mutations in PDGFR-α showed 
birth defects, including facial clefting, severe spina 
bifida occulta, cardiac defects, omphalocele, renal 
and urogenital anomalies, and vertebral and rib fu-
sion abnormalities.35,36 These data are derived from 
spontaneous reports and therefore subject to some 
potential reporting bias, but remain the most com-
prehensive set of data on the effect of imatinib in 
pregnancy. This information is sufficiently concern-
ing for physicians to advise all female patients to 
avoid conception while taking imatinib.

Effects of Imatinib Postpartum
It is not known whether imatinib mesylate or its me-
tabolites are excreted in human milk. However, both 
were extensively excreted in the milk of female rats 
administered 100 mg/kg. The concentration in the 
milk was approximately 3-fold higher than in plas-
ma. Estimates suggested that approximately 1.5% of 
a maternal dose would be excreted into milk, which 
is equivalent to a dose given to an infant of 30% of 
the maternal dose per unit body weight.

Subsequently, imatinib levels have been mea-
sured in the milk of women taking imatinib postpar-
tum. Of the 3 reports, 2 have identified substantial 
excretion of imatinib into breast milk and in 1 pa-
tient the active metabolite N-DesM-IM accumulat-
ed approximately threefold in breast milk compared 
with plasma levels.37–39 Because of the potential for 
serious adverse reactions in nursing infants, breast 
feeding should be strongly discouraged for women 
taking imatinib.

Managing Pregnancy in CML
Two distinct scenarios exist regarding pregnancy and 
CML. The first is when the pregnancy antedates the 
CML diagnosis, wherein it is discovered when the 
patient undergoes the blood tests associated with 
managing the pregnancy, usually in the early part of 
the second trimester. The second is when pregnancy 

Table 2	 Congenital Abnormalities Described 	
	 in Children Born to Women Who 		
	 Conceived While Taking Imatinib
Case Abnormalities

1 Premature closure of the skull sutures 
(craniosynostosis)

2 Hypoplastic lungs, exomphalos, duplex 
left kidney, absent right kidney, 
hemivertebrae, and a right shoulder 
anomaly

3 Exomphalos, right renal agenesis, and 
hemivertebrae

4 Exomphalos and scoliosis

5 Communicating hydrocephalus, cerebellar 
hypoplasia, and cardiac defects 

6 Meningocele (stillborn)22

7 Hypospadias

8 Hypospadias

9 Pyloric stenosis25

Data from Pye SM, Cortes J, Ault P, et al. The effects of 
imatinib on pregnancy outcome. Blood 2008;111:5505–5508.
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does not alter the natural course of the disease and is 
inferior to both hydroxyurea and IFN-α in terms of 
overall and progression-free survival. It is now rarely 
used in the management of CML in chronic phase 
and should certainly be avoided in pregnancy.40,41

Case reports of 5 women with a history of CML, 
treated with hydroxyurea at conception, all of whom 
continued the drug during pregnancy, show that 4 
delivered normal infants. The remaining woman de-
veloped eclampsia at 26 weeks gestation and a mor-
phologically normal male infant was subsequently 
delivered stillborn.42–45 Overall, the risk for teratoge-
nicity does not seem as high as suggested by animal 
models, but again avoiding this drug in pregnancy 
seems prudent unless no alternative exists. Hydroxy-
urea is known to be excreted in breast milk and 
therefore should not be given to lactating women.46

Regular leukapheresis may avoid drug therapy 
and be particularly useful during the first trimester 
of pregnancy.47–51 Occasionally the platelet count 
may not be adequately controlled using leukapher-
esis alone and aspirin or low molecular weight hepa-
rin (LMWH) may be required. The safety profile of 
these agents in pregnancy has been investigated at 
some length and has reassuring  results.52–57 For wom-

en requiring additional treatment during pregnancy, 
either because of intolerance to leukapheresis or 
poorly controlled counts, IFN-α may have a role in 
the second and third trimesters. Several case reports 
exist of successful pregnancies in women receiving 
IFN-α at all stages of pregnancy and for various con-
ditions, including CML.58–61 Because of its large size 
(19,300 da), IFN-α probably does not cross the pla-
cental barrier significantly.62 Thus, the drug is prob-
ably safe in pregnancy, although avoiding its use if 
not essential would seem prudent. No data are avail-
able on the safety of IFN during breastfeeding, and 
whether any components of the drug are excreted in 
breast milk is unknown.

Pregnancy After Diagnosis and Initiation 
of Treatment

Unplanned Pregnancies While on Imatinib
In the case of an unplanned pregnancy while taking 
imatinib, balancing the risk to the fetus if the mother 
continues imatinib against the risk to the mother if 
she interrupts treatment remains difficult. From the 
fetal perspective, imatinib should be discontinued 
because of the potential risk for serious developmen-
tal abnormalities, but from the maternal perspective 
this may not be appropriate. Another option would 
be to continue imatinib and have the pregnancy 
closely monitored, with termination considered if 
any significant abnormalities are identified. In these 
circumstances, the couple should be made aware of 
potential risks, particularly regarding first trimester 
exposure. Considerations include the wishes of the 
parents, mother’s disease status, current response to 
imatinib, availability of suitable alternative thera-
pies, and ability to reinduce responses to imatinib 
after a prolonged period off-treatment.

Planned Pregnancies on Imatinib
The advice given to women who wish to become 
pregnant after the diagnosis and initial treatment 
of their disease will most probably differ according 
to the current response to treatment. Given the as-
sociation of congenital abnormalities with first tri-
mester exposure to imatinib, the drug should be dis-
continued before attempts to conceive. Controversy 
exists regarding the time that should elapse between 
cessation of treatment and unprotected intercourse, 
but advising women to wait a few days to permit the 

Table 3	 Reported Effects on Fertility and 		
	 Embryonic Development of 			
	 Chemotherapy Commonly Used  
	 in CML
Drug Reported Effects Reference

Busulphan Teratogenic in animal 
models, has been 
associated with birth 
defects in humans

39,40

Hydroxyurea Fetal growth 
retardation, fetal 
death, and an 
increased incidence of 
congenital anomalies 
including craniofacial, 
limb, and trunk 
defects

41–45

Interferon-α Nonteratogenic in rats 
and rabbits, resulting 
in normal offspring 
but has abortifacient 
effects in rhesus 
monkeys at doses of 
90 and 180 times the 
recommended dose of 
2 x 106 IU/m2

57–61
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diagnosis is 75% to 90%, these 9 women showed im-
proved response to treatment after pregnancy com-
pared with prepregnancy results.

Rousselot et al.64 recently showed that imatinib 
can be discontinued in some patients under certain 
favorable circumstances. Imatinib was discontinued 
in 12 patients who had all been in complete molecu-
lar remission for at least 2 years; 6 developed mo-
lecular relapse within 5 months of stopping imatinib 
therapy but the remaining 6 in complete molecular 
remission at a median follow-up of 18 months. Of 
those who experienced relapse, most achieved a 
complete molecular response again a short time after 
reintroduction of imatinib.

Pregnancy in Advanced-Phase Disease
Pregnancy in advanced-phase disease is usually un-
planned and extremely difficult to manage. The 
relevant data are largely derived from patients who 
develop acute leukemia during pregnancy.65 To give 
patients the best possible chance for remission (or, in 
the case of CML, a second chronic phase), treatment 
should be administered promptly and subsequent 
courses delivered in a timely manner. Most patients 
with advanced-phase disease will have previously 
been exposed to imatinib, and prolonged responses 
to a second-generation TKI are rarely durable. The 
alternative is to use combination chemotherapy akin 
to that used in acute myeloblastic or lymphoblastic 

washout of imatinib from the body seems reasonable.
For patients with optimal responses (i.e., in ma-

jor or complete molecular remissions), this author 
believes patients can reasonably discontinue treat-
ment to allow attempts at conception. Given that 
patients will not take imatinib for the duration of the 
pregnancy, physicians may consider suggesting that 
the period from stopping imatinib to becoming preg-
nant should not exceed 6 months. Patients who have 
experienced very large reductions in tumor load are 
unlikely to require any therapy until after delivery, 
although regular monitoring with reverse transcrip-
tase polymerase chain reaction should be instigated. 
If the response to TKI is less good, then cessation 
may lead to cytogenetic or hematologic relapse.63 
A plan for managing these pregnancies is presented 
in Table 4.

Ault et al.14 previously reported on 10 women 
who interrupted treatment with imatinib because 
of pregnancy. Of the 9 in complete hematologic re-
sponse (CHR) when imatinib was stopped, 6 had an 
increase in Ph-positive metaphases and 5 lost their 
CHR while off treatment. At a median of 18 months 
after restarting imatinib, these 9 women were again 
in CHR, and although all experienced a cytogenetic 
response, it was complete in only 3. Although this 
might be considered a poor response, because the 
rate of complete cytogenetic response at 18 months 
in patients who receive uninterrupted imatinib from 

Table 4	 Optimizing Management of Female Patients With CML Who Are Planning a 			 
	 Pregnancy
Preconception Ideally 24 months in MMolR before discontinuing imatinib

Counseling on risk to infant if imatinib continued and risk to mother if discontinued

Limit attempts at conception to within a certain interval to prevent prolonged periods off-
treatment

Imatinib washout Unknown, but no more than 7 days

Disease monitoring Blood counts monthly; real-time quantitative PCR 2–3 times monthly

No treatment if CMolR/MMolR

Consider treatment if loss of MMolR or CCyR

Administer treatment if loss of CHR

Leukapheresis in first trimester if treatment required

Leukapheresis or IFN-α in second or third trimester if treatment required

Postdelivery Restart imatinib, with urgency dependent on reverse transcriptase PCR results; if MMoIR, 
breastfeeding could be permitted

For all other disease status, restart imatinib and advise against breastfeeding

Abbreviations: CCyR, complete cytogenetic response; CHR, complete hematologic response; CML, chronic myelogenous leukemia; 
CMolR, complete molecular response; IFN-α, interferon-α; MMolR, major molecular response; PCR, polymerase chain reaction.
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leukemia. If the pregnancy is in the first trimester at 
diagnosis, delaying treatment until after delivery is 
not an option because the mother or child is unlikely 
to survive to term.

Chemotherapy given during the first trimes-
ter for any malignancy confers the highest risk for 
congenital malformation, estimated from studies 
in acute leukemia to be between 10% to 23%. The 
possible impact of intensive chemotherapy on fetal 
development during the first trimester of pregnancy 
must be explained, and the mother must also realize 
what consequences delaying this treatment will have 
on her own health. In this situation, many women 
may elect termination.

Combination chemotherapy given during the 
second and third trimesters is widely accepted to be 
associated with fewer complications; in general, the 
later in the pregnancy chemotherapy is given, the 
fewer the risks to the fetus. However, caution should 
be exercised when administering chemotherapy near 
the time of delivery. Ideally, patients should recover 
from therapy-induced pancytopenia before delivery.

If the leukemia presents late in pregnancy, early 
delivery is strongly encouraged with intensive sup-
portive therapy using blood products and growth fac-
tors and a delay in the administration of chemother-
apy. If treatment is deemed essential, the attending 
obstetrician should be aware that the child may be 
born anaemic, neutropenic, or thrombocytopenic. 
Appropriate measures must be taken at delivery and 
the infant closely monitored, and then followed up 
after birth. The use of second-generation TKIs has 
not been described in this situation.

Summary
In one decade, TKIs have revolutionized the man-
agement of CML and radically changed the outlook 
for patients. CML has become a lifelong chronic ail-
ment, the management of which must now adapt to, 
rather than dictate, the patient’s lifestyle. For male 
patients, fathering children can be achieved without 
interruption of treatment. For female patients, par-
ticularly those with more advanced disease, manage-
ment is more complicated. However, with counsel-
ing and a considered approach to disease monitoring, 
many women wishing to conceive can minimize risk 
to both mother and infant.
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