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The management of chronic myeloid leukemia (CML) diagnosed during pregnancy is a rare and challenging situation. We report
the treatment and outcome of 87 cases diagnosed in chronic phase from 2001-2022 derived from the largest international
observational registry, supported by the European LeukemiaNet (ELN), of 400 pregnancies in 299 CML women. Normal childbirth
occurred in 76% without an increased rate of birth abnormalities or life-threatening events, including in patients untreated or
treated with interferon-a and/or imatinib in 2nd-3rd trimester. The low birth weight rate of 12% was comparable to that seen in the
normal population. Elective and spontaneous abortions occurred in 21% and 3%, respectively. The complete hematologic response
rate before labor was 95% with imatinib and 47% with interferon only. No disease progression during pregnancy was observed,
28% of the patients switched their therapy at varying times after delivery. Treatment options balance the efficacy and safety for
mother and infant: interferon-a can commence in the 1st trimester and continued throughout in cases of good disease control and
tolerability. Because of limited placental crossing, selected tyrosine kinase inhibitors (imatinib and nilotinib) seem to be safe and
effective options in 2nd and 3rd trimester while hydroxycarbamide offers few benefits.
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BACKGROUND

Chronic myeloid leukemia (CML) presenting in pregnancy is a
rare event and lacks standard recommendations for treatment.
Most patients with CML present in the chronic phase (CP). The
median duration of CP without cytoreductive therapy is of the
order of 2.5 years [1], offering an opportunity to consider
continuing the pregnancy without therapeutic intervention. This
possibility is more attractive since the introduction of tyrosine
kinase inhibitors (TKIs) as they can induce rapid disease control
once treatment starts [2, 3]. An ever-increasing number of
case reports and case series over the past 10 years have
described the management of planned and unplanned preg-
nancies in CML patients, providing evidence for some treat-
ments during gestation [3-6].

In managing a patient newly diagnosed in pregnancy there are
two main considerations.

First, for the fetus there is the risk of potential teratogenicity of
treatment [7-9]. Although there are now several reports of
successful pregnancy outcomes in patients with established CML
who received imatinib (IM) during pregnancy [5, 10, 11], and of
limited placental transfer of IM [12-14] the drug has potential risks
during pregnancy. Preclinical studies identified teratogenicity and
birth malformations were reported, usually in connection with the
use of IM during the 1st trimester [7].

Data regarding the use of second generation of TKIs (TKI-2G)
during pregnancy are more limited [8, 15, 16]. There was no
evidence of teratogenicity of nilotinib in preclinical experiments
but embryo- and fetotoxicity were observed in rats and rabbits.
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However, information on nilotinib use during pregnancy con-
tinues to accumulate and gives cautious optimism, with around a
dozen cases describing the use of nilotinib in late pregnancy with
good fetal and maternal outcomes [4, 13, 15, 17]. Nilotinib also has
limited placental transfer.

Dasatinib and bosutinib may have less limited placental transfer
[13, 18], and the use of dasatinib was of considerable concern
given the reports of hydrops fetalis in 3 of 15 exposed cases, even
when dasatinib was commenced after the 1st trimester in one
patient [8]. In contrast, good outcomes have been described when
women conceived on dasatinib or bosutinib and stopped the drug
at the time of confirmation of the pregnancy [16].

Interferon-a (IFN), previously used extensively in CML and other
myeloproliferative diseases, has no known teratogenicity in
humans [2, 3, 15, 19]. It acts through a complex multifactorial
mechanism involving the induction of differentiation, immuno-
modulation, apoptosis, and anti-angiogenic effects. IFN is less
effective than the TKis in terms of inducing cytogenetic and
molecular responses, and is slow in cytoreduction.

Hydroxycarbamide (HC) is still used in CML to rapidly reduce cell
counts. As a cell-cycle inhibitor, it has acknowledged teratogeni-
city although there are a few reports of its use in pregnancy with a
good outcome [20, 21].

The second risk is that of disease progression without effective
treatment. Although CML is a “slowly” developing disease it is
difficult to predict the consequences of a long period without
treatment especially in patients at diagnosis, knowing that a high
leukemic burden is a basis for disease progression. Moreover,
uncontrolled increases in the white blood cell and platelet counts
in untreated women may interfere with placental blood flow and
result in obstetric complications [22].

Thus, the key questions in patients diagnosed with CML during
pregnancy are whether to start or not treatment before delivery,
and if treatment is given, which option to choose.

Given the enhanced knowledge, inducing an abortion at the
onset of CML to start TKI immediately, with the prospect of a
planned pregnancy at a later time after achieving a deep and
durable molecular response, is no longer deemed necessary. As a
matter of fact, irrespective of the psychological, social and human
distress it might cause, this decision leaves the woman waiting
indefinitely for the right moment to discontinue treatment for a
planned pregnancy. Clearly, achieving the minimum criteria for
treatment-free remission (TFR) after at least 4-5 years of TKI
treatment offers the best chance of safe TKI cessation for the
period of conception and pregnancy [23, 24]. Such deep
responses are not always achieved in every patient, even in those
who attain early sustained major molecular response (MMR) [25].
Importantly, not every woman can postpone childbirth for several
years for biological (age-dependent decreased fertility) and/or
social (family-based or religious) reasons.

The experience with CML diagnosed during pregnancy is scarce
[2, 4, 15, 24] and we now report the largest series to date,
gathered through multinational collaboration and derived from a
larger database of pregnancies in patients with CML.

PATIENTS AND METHODS

The data were obtained through a multicenter observational study of
conception/pregnancy in adult patients with CML supported by the
European LeukemiaNet (ELN). The trial design was observational, both
retrospective and prospective. The main objective was to describe the
management and outcome of pregnancy in patients with CML. The key
inclusion criteria were (1) adult women, age =18 years; (2) CML confirmed
with the presence of Ph’ chromosome and/or BCR:ABL1 transcript; (3)
pregnancy; (4) written informed consent. Considering the rarity of cases,
the sample size was not defined. The trial protocol was given to
participants to adapt for any local regulatory procedures according to
ICH/EU/GCP and national/local laws. The data were collected by using the
online “Redcap” database, a secure web application for building and
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managing online databases for research studies, developed by Vanderbilt
University (Nashville, TN, USA), and distributed free of charge.

The information included demographic characteristics, therapy, mon-
itoring, pregnancy outcomes, characteristics of the newborns and follow-
up. For the purpose of description of the cases with CML diagnosed during
pregnancy we made a targeted search for this particular subpopulation
within the database.

RESULTS

At the time of analysis (March 2023) the ELN pregnancy registry
contained data from 17 countries of 400 pregnancies in 299 CML
women (some patients had more than one pregnancy). CML was
diagnosed during pregnancy in 87 of 299 (29%) women from 11
countries in years 2001-2022 (Supplementary Table 1).

The median age of the patients at diagnosis was 27 years (range
18-41 years). CML was diagnosed during 1st, 2nd and 3rd trimesters
in 50 (57%), 21 (24%) and 16 (19%) women, respectively (Table 1).
The median gestational period at the time of the diagnosis of CML
was 11 weeks (range 5-38 weeks). A gestational week was
calculated based on the first day of last menstrual period.

All patients were diagnosed in CP with most being low Sokal
score (71%), with intermediate plus high score accounting for 23%
of patients. About 40% of the patients had a pregnancy pre-dating
the diagnosis of CML.

Pregnancy outcomes

After the diagnosis of CML the pregnancy was terminated in 21
(24%) patients by elective (n =18, 21%) or spontaneous (n =3,
3%) abortion. Only one patient underwent elective termination in
the 2nd trimester, at week 17, by a joint physician-patient decision
in order to start treatment with a TKI.

Pregnancy resulted in childbirth in 66 (76%) patients, with labor
to term in 59 (89%) and preterm labor in 7 (11%) patients, at 34
(n=1), 35 (n=3) and 36 (n = 3) weeks of gestation respectively.

Pregnancy resulting in childbirth was more common and
elective abortion less frequent in recent years with 13 (57%)
children born from 23 pregnancies in 2001-2011 and 53 from 64
(83%) pregnancies in 2012-2022 (Fig. 1A) reflecting increasing
knowledge from both physicians and patients. The proportion of
patients who received treatment during pregnancy versus
untreated cases also increased by decade from 23% in
2001-2011 to 75% in 2011-2022 (Fig. 1B).

Therapy during pregnancies resulting in childbirth (n = 66)
The proportion of treated and untreated patients during
pregnancy was 17 (26%) and 49 (74%) in the 1st trimester, 34
(51.5%) and 32 (48.5%) in the 2nd trimester and 43 (65%) and 23
(35%) in the 3rd trimester. Of 23 patients untreated throughout
their pregnancy 5, 6 and 12 were diagnosed in 1st, 2nd and 3rd
trimester respectively. In contrast 43 women (65%) were treated
with the specific drugs varying by trimester (Fig. 2).

Twenty-eight (42%) women received IFN with a median start of
treatment at 12 weeks of gestation (range 5 - 35 weeks). Initially
pegylated (PEG-IFN) and regular IFN were given to 12 and 16
women respectively. One patient was switched from regular IFN to
PEG-IFN in the 2nd trimester.

Twenty-one (32%) patients received IM in late pregnancy: 13
patients in the 2nd trimester and 8 patients in the 3rd trimester.
The median time to the start of IM therapy was 18 weeks of
gestation (range 16-34 weeks).

Seven (11%) women received HC during pregnancy: 2 as
monotherapy (in the 2nd trimester till therapy change and in the
3rd trimester till labor) and 5 patients got HC in combination with
IFN or IM (Fig. 2).

The dosages of IFN, IM and HC were similar to those used
routinely in CML (Fig. 2). Additionally, 5 (8%) patients had
leucapheresis procedures (from 2 to 17 times).
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Table 1. Clinical and demographic characteristics of 87 women with CML diagnosed during pregnancy.
Characteristics of patients All patients
Chronic phase, n (%) 87 (100)
Age, median (min-max), years 27 (18-41)
Sokal score
Low, n (%) 62 (71)
Intermediate, n (%) 15 (17)
High, n (%) 5 (6)
No data, n (%) 5 (6)
Trimester at time of diagnosis
1st trimester, n (%) 49 (56)
2nd trimester, n (%) 22 (25)
3rd trimester, n (%) 16 (18)
Median gestational week (range) 11 (5-38)
Previous pregnancies with a childbirth
Yes, n (%) 38 (44)
No, n (%) 37 (43)
No data, n (%) 12 (13)
A n=23 n=64
100%
80%
60%
40%
20%
0%
2001-2011 2012-2022

Oinduced abortion Emiscarriage Olabour

Fig. 1
B Treatment in pregnancy by decade in 66 cases of childbirth.

The change or combinations of therapy during pregnancy were
as follows. Seven patients were switched from IFN to IM: 5 in the
2nd trimester and 2 in the 3rd trimester. Two patients received
IFN + HC in the 2nd - 3rd trimester. One patient received IFN + HC
(HC for 3 days only) in the 1st trimester and IM from the 2nd
trimester to term. Two patients received IM+HC in the 3rd
trimester (one for just 5 days and the other for 5 weeks). One
patient received HC monotherapy in the 2nd trimester and was
then switched to IM in the 3rd trimester.

In summary, 33 of 66 (50%) patients were pre-treated with IFN,
HC or both before TKI (either during pregnancy (IM) or after
delivery). The median delay to start of TKI after diagnosis was
6.5 months (range 1 week — 12 months).

Outcome of patients before delivery

Information relating to the achievement of complete hematologic
responses (CHR) before delivery was available in 40 of 43 patients
who started therapy during pregnancy (Table 2). CHR was
achieved in 19 of 20 (95%) of patients who received IM (including
1 patient with IM + HC) and in 9 of 19 (47%) patients who received

SPRINGER NATURE

Pregnancy outcome
Childbirth Abortion or miscarriage
66 (100) 21 (100)
28 (18-38) 27 (20-41)
51 (77) 11 (52)
11 (17) 4 (19)
11,5 4 (19)
3 (4,5) 2 (10)
29 (44) 20 (95)
21 (32) 1(5)
16 (24) -
14 (5-38) 8 (5-14)
31 (47) 8 (38)
27 (41) 9 (43)
8(12) 4 (19)
n=13 n=53

100%

80%

60%

40%

20%

0%
2001-2011 2012-2022

Ono treatment  Oreceived treatment

Changes in pregnancy outcome and therapy in a period between 2001 and 2022 year. A Pregnancy outcome by decade.

IFN without subsequent IM during pregnancy (including 2 patients
with IFN + HC). The treatment period before delivery lasted for
3 weeks (from 32 to 35th gestational week) in a single patient who
did not achieve CHR on IM. There was no difference in the median
duration of IFN therapy in patients who did or did not achieve CHR
before delivery (p =0.8).

Disease progression was not seen in any patient irrespective of
therapy or not during the pregnancy.

Adverse events during pregnancy in 66 pregnancies resulting
in childbirth

Seventeen of the 66 (25%) patients reported AEs during pregnancy.
One of the two women who did not receive any therapy had a
thrombosis (details unknown) and the other experienced post-
partum bleeding (a patient whose initial platelet count was >1000 x
10%/L and who underwent multiple apheresis procedures during
pregnancy). Adverse events related to IM occurred in 2 women
(nausea and vomiting in one, thrombocytopenia grade 2 and rash
grade 1 in the other). Only one patient on regular IFN described an
AE (fever) lasting for few days at first injections of IFN.

Leukemia (2024) 38:788 - 795
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K lar IEN* Daily doses of regular IFN:
| All patients Regu a£7F 3 MU every other day (n=2)
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Miscarriage n=28 1 pt was transferedto 9 MU daily (n=1)
n=3 Me start from REGIFN|(5: mcg*"':
No therapy 12t week (range 5-35 w) : S weakiv d £ PEG IFN
- : ) PEG IFN* .- eekly doses o :
Abortion during 7 pts were SV\IIItChed to IM e 45 pg (n=2)
n=18 pregnancy & 90 pg (n=2)
= 135 pg (n=6)
n=23 (35%) Imatinib* Daily doses of imatinib: 180 pg (n=3)
Fo i —> _ 400 mg (n=20)
Chlldt6)|6rth n=21 400-600 mg (n=1)
n=
Therapy during Me start from
pregnancy™ 18t week (range 16-34 w)
n=43 (65%) Daily doses of HC:
A 2000 mg (n=2)
*
N— Hydroxycarbamide 1500 mg (n=1)

n=7

1000 mg (n=2)

2 patients - for 3 and 5 days (1t and 3" trimester)
5 patients - since 2-3™ trimester till labour

dose unknown (n=2)

HC as monotherapy - 2 patients, HC in combination - 5 patients: HC+ IFN (n=2), HC + IM (n=3)

> Leucapheresis in 5 patients : 2 patients without drug therapy, 2 patients treated with IFN and 1 patient on HC

* the number does not reflect combination/switch of drugs

Fig. 2 Therapy on 66 women with CML onset during pregnancy. IM imatinib, IFN interferon, PEG IFN pegylated interferon, HC

hydroxycarbamide, Me median, pt patient, w week.

Table 2.

Therapy at the moment of CHR achieved before

delivery delivery
n=40 n=28
IFN%, n=19 9

IM?, n =20 19

HC, n=1 =

“Including 2 patients with IFN + HC, 1 patient with IM + HC.

The remaining 11 women described AEs not thought to be
attributable to treatment with any drug, and included abdominal
pain and diarrhea (n = 1), asthenia and shortness of breath (n = 1),
vertigo (n=1), anemia (n=2), gestational diabetes (n=1),
hypoamnion and preeclampsia (n=1), threatening abortion
(n=1), thrombosis of superficial veins (n=2), mild COVID 19
(n=1), undefined viral infection and infection of the urinary
tract (n=1).

Neonatal AEs were reported in 2 (3%) cases: intrauterine
infection (n=1, on IM therapy), prematurity with respiratory
insufficiency and perinatal cephalohematoma as complication of a
delivery (n=1, on IFN therapy). None was considered to be
therapy- or CML-related.

Follow-up of the patients after the end of pregnancy
All 87 patients received TKI therapy after delivery. The median
follow-up on TKI treatment was 29 months (range 8 months to 17
years) in 66 patients who delivered children and 60 months (range
8 months - 15 years) in the 21 patients with pregnancy termination.

First line TKI was IM in 71 (82%) and TKI 2G in 16 (18%) patients
(Table 3). Twenty four (28%) patients were switched to another
TKI, 18 (21%) for resistance or suboptimal response. No significant
differences were found in the rates of resistance/suboptimal
response to Tst line therapy in patients with childbirth who
received during pregnancy only IFN (+HC) without switch to IM (3
of 21), received IM+HC (6 of 21) or were untreated (5 of 23)
(p =0.531).

At the last follow-up, cytogenetic response (CyR) or molecular
response (MR) data were available in 78 patients treated for more
than 3 months. The best overall MR on treatment was MMR

Leukemia (2024) 38:788 - 795

No CHR achieved before

Complete hematologic response on therapy achieved before delivery in CML women (n = 40).

Time of exposure, weeks, Me (min-

delivery max)
n=12

10 14 (4-31)
1 19 (3-24)
1 9

(BCR=ABL1 <0.1% 1IS) in 28 (32%) patients and DMR (BCR:ABL1 <
0.01% IS) in 38 (44%) patients. Two patients with a sustained DMR
were already observed in TFR, one for 6 years now, while for the
other case the TFR duration is not known.

Three of 87 (3%) patients died at 19, 24 and 119 months after
completion of pregnancy. One (CML diagnosed in 2013) received
IFN in doses up to 9 MU daily from 12 to 30 weeks gestation, no
CHR was achieved and IM 400 mg was started at week 31. She
achieved a CHR and continued IM after delivery but had no CCyR;
no BCR::ABLT mutations were detected. The patient was switched
to dasatinib and then underwent allogenic stem cell transplanta-
tion (allo-SCT) complicated by graft failure and died 19 months
from diagnosis from transplant complications.

The second patient (diagnosed in 2007) started IM shortly after
diagnosis following an elective abortion but was resistant to IM
with a T315I/F359V mutation. She progressed to blast crisis and
died 24 months from diagnosis of relapse following an allo-SCT, at
a time when no effective drugs against T315I] were available.

The final patient (diagnosed in 2007) was untreated during
pregnancy, started IM after delivery and was switched to nilotinib
due to resistance. No kinase domain mutations of BCR:ABL1 were
identified and the patient achieved a CCyR as the best overall
response. However, this patient was non-compliant to therapy,
progressed to blast crisis and died 119 months after diagnosis.

The 2 babies that were born had normal growth and
development.

Characteristics of the newborns

Sixty-seven children were born (one set of twins): 38 (56.7%) boys,
28 (41.8%) girls (no information was given for 1 case).
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Congenital abnormalities were reported in 2 (3%) newborns.
One baby girl had an abdominal cutaneous angioma 5cm
diameter, she was exposed to PEG-IFN during 2nd and 3rd
trimester and to HC in 3rd trimester. Another child (a girl,
prematurely born at 35th week) had a patent foramen ovale at
birth, her mother received IM from week 33.

Data of height at birth were available in 47 newborns. The
median height was 51 cm (range 41-57). Data of birth weight
were available in 58 newborns: The median weight was 3100 g
(range 1700-4330 g). Seven of 58 (12%) newborns with known
data had a low birth weight <2500 g of which 1 was born preterm
at week 35 and 6 were born at term (=37 weeks). Two of those
children were exposed to IM in late pregnancy (treatment started
at weeks 17 and 34), 1 was exposed both to IFN in 2nd trimester
and IM started from week 30, 1 was exposed to HC since week 32

and 1 was exposed to PEG-IFN in 2nd and 3rd trimester, while 2
children were born from untreated women (Table 4). A calculation
according to the week of gestation revealed those 7 newborns to
be “small for gestational age” (SGA) as having a birth weight less
than the 10th percentile including 4 newborns with a weight less
than 3rd percentile.

All low birth weighted babies recovered normal weight and
none needed medical intervention. The median follow-up was 36
months (range 8 months to 17 years) and has been uneventful
to date.

Outcomes of subsequent pregnancies

Twenty-one of the 87 (24%) patients had 29 subsequent
pregnancies. Fifteen patients who delivered live children had 19
pregnancies at a median of 3 years (range 1-7 years) from the 1st
pregnancy; 4 pregnancies ended in abortion (2 spontaneous and 2
elective). Six patients who terminated their 1st pregnancy had

Table 3. Follow-up data after pregnancy completion in 87 CML 10 subsequent pregnancies at a median time of 5 years (range 3-9
patients. years): 7 pregnancies resulted in live births, with 1 elective and
X 2 spontaneous abortions on one woman.
Follow-up data All patients Pregnancy outcome
n=287 Childbirth Abortion/
miscarriage DISCUSSION
n—66 n=21 We describe here the largest collection of the management and
Living status outcome of patients diagnosed with CML during pregnancy. They
.g represent a sub-group of 400 patients with CML associated
Alive, n (%) 84 (97) 64 (97) 20 (95) pregnancies reported to the ELN Pregnancy Registry with 87 (29%)
Dead, n (%) 33 2 (3) 1 (5) cases of CML diagnosed during pregnancy. It is not possible to
First line TKI evaluate whether this rate reflects the real-life situation, although
Imatinib, n(%) 71 (82) 51 (77) 20 (95) hematologists managing these patients may have been motivated
= to select and report those cases.
Dasatinib, n (%) 9 (10) 9 (14) - Notably, the proportion of the cases resulting in live births in
Nilotinib, n (%) 7 (8) 6 (9) 1 (5) years 2012-2022 increased to 83% compared to 57% in the
TKI switch, main previous decade (2001-2011), and this can be explained by a
reason number of factors including overall improvement of prognosis in
Resistance/ 18 21) 14 1) 4(19) TKI era, publications re[atmg to successfu.l pregnancies and
suboptimal, n (%) increasing personal experience of the physicians and awareness
intol y Y= e o of the patients. Fortunately, all the reported patients had CP CML at
othr::)r?r(?’/:)];e @) © () the time of diagnosis and the majority (86%) were either low or
— intermediate Sokal score. It was not possible to calculate an EUTOS
No switch, n (%) 63 (72) 48(73) 15(71) long-term survival (ELTS) score as this was introduced after the start
Best overall of our collection period [26] and many primary data were missing.
response, n (%) The “watch and wait” approach without any treatment
MMR 28 (32) 22 (33) 6 (29) throughout pregnancy was used in 77% of women who carried
DMR 38 (44) 31 47) 7 33) thel'r babies to term until 2011. .However, after 2012, treatment
during pregnancy was started in 75% of the reported cases,
o LOLUR 12 (04 ERiE < ({05 although it should be noted that all of the drugs were used off-
No data 9 (10) 5(8) 4 (19) label as the manufacturers warn against use in pregnancy. It is also
important to note that we do not have full information concerning
Table 4. Exposure to therapy during pregnancy and outcome in 7 cases with low birth weight (<2500 g) newborns.
No of Therapy during pregnancy by trimester Outcome Week of gestation Gender Birth Percentile®
case at birth weight, g
1st trimester 2nd 3rd
trimester trimester
1 - - - Birth at term 38 Male 2400 <5
2 - - - Birth at term 39 Female 2400 <3
3 = PEG-IFN PEG-IFN Birth at term 37 Male 2190 <5
4 - IFN Imatinib Birth at term 37 Male 2340 <10
5 - Imatinib Imatinib Birth at term 40 Male 2360 <3
6 = Imatinib Imatinib Preterm 35 Female 1700 <3
birth
7 = = HC Birth at term 1 female 2400 <3

®Calculated according to INTERGROWTH-21st Project tables [32] http://intergrowth21.ndog.ox.ac.uk/.
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blood counts at diagnosis for all the cases and are unable to
comment on the precise reasons for treating or not during
pregnancy. We accept that there might be a reporting bias for
successful pregnancies and some underreporting of miscarriages
or abortions.

The potential teratogenic risk of IM during pregnancy was the
main concern as there were early reports of congenital
malformations predominantly associated with its use in the 1st
trimester [7]. Subsequently the data of “safe” IM use in late
pregnancy were gradually accumulating [10, 11, 17]. Possible
explanations include limited placental crossing of IM ex vivo [12]
and in vivo [13, 14, 27, 28] and use of IM after completion of major
organogenesis. In our series IM was used exclusively in the 2nd
and 3rd trimester, with a median start in the 18th week of
gestation, i.e. at a time when major organogenesis was already
completed and the placentation process would be established.

The incidence of congenital malformations was 3% in our patient
cohort. This value is close to the estimates in the general population
which range between 20-55 per 1000 live births (2-5.5%) [29]. One
premature child had a patent foramen ovale, the most frequent
congenital heart abnormality, which is present in approximately
25% of the adult population [30]. Another newborn in our case
series (exposed to PEG-IFN and HC in utero) had a congenital
cutaneous angioma which has an incidence of 17 per 10,000
newborns (or 0.17%) [31]. Thus, we did not identify an increased
rate of congenital malformations, and moreover, there were no
severe or life-threatening birth abnormalities or complications.

Seven (12%) newborns were SGA as they had a fetal size less than
the 10th percentile. According to large multinational population-
based studies, the rate of low birth weight in the general population
ranges from 6 to 11% [32] while the SGA rate is around 10% [33].
Both are rather similar to our data. The possibility of low birth
weight in newborns of women who received IM during pregnancy
has been reported previously [34]. We were unable to confirm this
as there was no consistent association of low birth weight and
therapy, but acknowledge our numbers are limited. Interpretation
of our results is further confounded by recognized differences in
infant sizes in different national populations [35, 36]. SGA only
partially overlaps with fetal growth restriction (FGR), a pathologic
condition characterized by hypoxia and lack of nutrition [33, 37, 38],
which occurs in 3-10% on newborns in the general population and
up to 25% of pregnancies in low- and middle-income countries. The
level of detail required to assess FGR was not collected in our study.
Again, we would like to underline that growth and development of
all children were reported to be normal.

More patients received IFN rather than IM, most probably because
of the greater confidence in its safety. The variability of IFN dosage
reflects the efficacy in controlling blood counts, tolerability and the
personal experience of the treating physicians. Unsurprisingly, IM
used during pregnancy was more effective than IFN in inducing a
CHR. All but one patient (treated for less than one month) achieved
CHR on IM compared to only half of the patients on IFN, with a
comparable treatment duration. However, it is well known that IFN
has a slow kinetics for reducing tumor burden, thus more time is
needed compared to IM or HC to normalize counts [39]. Normality of
blood counts at the time of delivery may be an important benefit in
terms of reducing the risk of perinatal complications such as
bleeding or impaired placental blood flow. Twelve of 28 (42%)
women who were treated with IFN received its pegylated form; PEG-
IFN is better tolerated compared to regular IFN and, with the
withdrawal of regular IFN by the manufacturers in many countries, it
may be the only formulation available in the future.

Seven women received HC during their pregnancy (Fig. 2). The
choice of HC by physicians and combinations of HC and IFN possibly
represented the attempts to normalize the extremely high blood
counts (hyperleucocytosis, hyperthrombocytosis) in the absence of
other treatment options as HC is usually considered hazardous
because it crosses the placenta, can interfere with DNA synthesis
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and cause teratogenic effects [20, 21]. As reported, one child in our
series (exposed to HC in 3 trimester and to PEG-IFN in 2nd-3rd
trimester) was born with an abdominal cutaneous angioma,
however the connection with the IFN and/or HC use in this case
is debatable, considering the relative common frequency of this
abnormality in general population.

Providing information about the tolerability of treatments
during pregnancy was optional in the study and thus could be
underreported. However, no unexpected treatment-related AEs
were observed. Any interpretation regarding causality is challen-
ging because some complications associated with TKI are also
common during pregnancy (e.g. nausea, fluid retention). With the
more frequent use of CML treatment options during pregnancy
we consider it important to pay more attention to the maternal
AEs evaluation in future in order to choose the treatment with the
best tolerability.

Follow-up of the patients after pregnancy was performed
according to national guidelines The 20-year period of case
collection and different access to treatment and monitoring options
(i.e. molecular analyses) in different countries, precluded an accurate
evaluation of treatment responses. In general, the proportion of
patients who underwent a change of their 1st line TKI (28%) seems to
be comparable to the expected in a non-pregnant CML population.
As has been described in many trials the rates of primary treatment
change was from 26.5% to 37.5% for IM and approximately 40% for
TKI 2G used in 1st line [40-43]. We acknowledge that we are
describing a special cohort with median age 27 years (range 18-41)
akin to “adolescents and young adults” (AYA), most frequently
defined as between 15-16 and 39 years [44, 45]. Younger patients
are known to present with more ‘aggressive’ features, (i.e. larger
spleen size, lower rate of early molecular response) [45, 46] but there
is no evidence that this adversely affects responses to TKI and/or
survival. More recently guidelines have suggested that younger
patients may be more suitable for initial therapy with 2GTKI and early
switching for suboptimal responses in order to identify candidates
for the extremes of referral for stem cell transplantation or
consideration of TFR [46].

There were no cases of CML progression during pregnancy
although 3 women unfortunately progressed and died during a
long-term period of follow-up. Two of those cases represented
primary resistance of disease and one patient developed
secondary resistance after non-compliance. It is unlikely that any
delay to effective treatment because of pregnancy led to clonal
evolution and disease progression: one patient received serially
IFN and IM during pregnancy and achieved a CHR before the
delivery, the other one underwent an elective termination and
commenced IM immediately afterwards.

Almost a quarter of women had subsequent pregnancies which
confirms the ability to parent children also in established CML, and
underlines the advances in our approach to this disease, where
quality of life has improved alongside duration of life following the
introduction of TKI.

So, what is the best approach: to treat or not to treat in CML
diagnosed during pregnancy? There are some disturbing reports
of blast crisis developing shortly after delivery when TKI were not
given [11, 47] highlighting the importance of a timely treatment
start. In contrast, even during the last decade 25% of cases of CML
presenting in pregnancy were untreated and none experienced
disease progression. In our small series no difference was found
between the rates of resistance/suboptimal response to 1% line
therapy in patients with and without therapy before delivery, with
median treatment delay of 6.5 month. Possibly, certain number of
pregnancies diagnosed with CML in 3rd trimester and having no
signs of a rapid blood count increase may be observed without
any treatment intervention. There are no data to suggest a safe
value of leukocytes (a threshold of 100-150 x 10°/L was described
in cases treated with leucapheresis) or platelets (while a threshold
over 1000 x 10° /L was suggested as extreme thrombocytosis in
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pregnant patients with MPN [48]) indicating immediate treatment
intervention. The logical conclusion is that the nature and timing
of therapy during pregnancy should be judged individually.
Leucapheresis was an acceptable option in previous years, but is
not available widely.

Nowadays with the highly effective treatment options for CML
and accumulating evidence of the safety of particular TKls in late
pregnancy (i.e. IM and emerging data for nilotinib [13, 15]) and
having IFN as an alternative, there is more basis and greater
confidence for giving treatment during pregnancy. In a recent
publication from an international group, the authors suggested
that it was reasonable to adjust therapy according to the
competing risks to mother and child [4].

Before the advent of TKis, IFN was the best available treatment
for CML. IFN is able to inhibit cell proliferation by its effect on
protein synthesis, RNA degradation and by immune system
modulation [49], while it does not inhibits DNA synthesis. Besides,
the large molecular weight of IFN (19,000 Dalton) prevents
placental crossing, decrease any risk to the fetus [50].

Therapy with IFN, in patients with CP CML, demonstrated a CHR
rate of 70% and a cytogenetic response rate of 40% [51]. The limits
for IFN use are the relatively slow response and the poor
tolerability. However, it is a manageable drug with the possibility
to modulate dosage, and newer pegylated formulations require
only weekly or biweekly administration with considerably fewer
side effects [52]. Furthermore, the use of IFN during pregnancy,
including early stages, is an accepted practice not only in
hematology but also in other diseases [53]. The dose can be
chosen individually considering the optimal disease control and
tolerance, starting at 3-9 MU daily for regular IFN, or 45-180 pg
weekly of the PEG formulations currently available.

IM is possibly safe in 2nd-3rd trimester considering the
completion of organogenesis and its limited placental crossing
and there are a number of reports of normal childbirth with IM
administered late in pregnancy [5, 10, 11]. Nilotinib, although not
used in this case series also has limited placental transfer and
there are reports of normal childbirth with nilotinib exposure in
2nd-3rd trimester [4, 13, 15, 17]. The data of the other TKls use
during pregnancy are very limited, and dasatinib use even at late
pregnancy has shown serious fetal AEs, including hydrops fetalis
and fetal death [8, 18].

The use of HC is not a reasonable option as it has few
advantages compared to IM and passes freely through the
placenta. In exceptional cases it might be implemented for urgent
cytoreduction if leucapheresis is unavailable.

CONCLUSIONS AND PRELIMINARY RECOMMENDATIONS
Taking into consideration the accumulated experience we suggest
that CML onset in CP during pregnancy in the era of TKis is a
manageable situation with a significant chance of a normal
delivery.

According to the data in the ELN CML pregnancy registry, the
particular experience of a certain physician/clinic and the access to
different drugs have a significant impact on a decision of a
treatment start or delay during pregnancy and a treatment choice.
An expected time to delivery is an important issue. Obviously,
patients with CML onset in 1st trimester may require treatment
during pregnancy to benefit both mother and a child. The safest
treatment in the Tst trimester is IFN, including PEG-IFN formula-
tions. However, IFN has a reduced chance of achieving a CHR by
the time of delivery while IM used in the 2nd-3rd trimester (after
15 gestational weeks) is more effective in inducing CHR while the
risk of congenital abnormalities seems to be similar to the general
population [4, 10, 13, 27]. Nilotinib, a drug without preclinical
teratogenic effects but with less clinical experience, may also be a
possibility in late pregnancy [13, 15] in selected cases, particularly
when a TKI 2 G is preferable (e.g. in patients with high risk score).

SPRINGER NATURE

This approach incorporating the strategy of the safe treatment
options balanced in accordance with a gestation period takes a
step forward to have normal childbirth in women with newly
diagnosed CML and further development of the evidence-based
recommendations.
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