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Abstract. Breastfeeding in patients with chronic myeloid leukaemia (CML) during tyrosine
kinase inhibitors (TKIs) therapy is not recommended but interruption of TKI treatment may
cause the loss of remission. We studied the 3 cases of pregnancy and breastfeeding in women
with CML and observed that stopping treatment without major molecular response may end in
haematological relapse. The concentrations of nilotinib and imatinib in maternal milk were
measured and nilotinib distribution in human breast milk was demonstrated for the first time.
The estimated maximal doses of imatinib and nilotinib which an infant may ingest with the
maternal milk were less than the therapeutical doses. However, the unknown impact of the low
dose chronic exposure to these TKIs in infants imposes the limitations on their use during
breastfeeding. Breastfeeding without TKI treatment may be safe with molecular monitoring, but
preferably in those patients with CML who have durable deep molecular response.
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Introduction. Currently, patients with chronic
myeloid leukaemia (CML) who achieve an
optimal response being treated by tyrosine kinase
inhibitors (TKIs) have a high life expectancy, and
therefore planning a family is a significant issue
for them.™* However, the TKIs used for CML
treatment have been classified as Category D by
the US Food and Drug Administration (FDA) due
to their potential teratogenicity and the use during

pregnancy is not recommended unless treatment
benefits overweigh potential risks.*

It has been proved that the first-generation TKI
imatinib is distributed into breast milk.>*® It is
reasonable to suggest that the second and third
generation of TKIs used for CML treatment
(nilotinib, dasatinib, bosutinib, ponatinib and
radotinib) also distribute into maternal milk, but at
the present time it has never been demonstrated in
humans, as of our knowledge. According to the
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calculations made from the experimental data, the
dose of imatinib which a child may ingest with the
maternal milk is considerably lower than the
therapeutic drug dose, since it corresponds to the
plasmatic level.” However, the effects that even
low doses of TKIs may cause on infants in the first
months of life are unknown. Therefore,
breastfeeding for women who use these drugs is
not recommended. On the other hand, if a woman
insists on breastfeeding, a delay in resuming TKI
after labour may lead to loss of response to
treatment. We aimed to describe the course of the
disease in women with CML who were off-
treatment during the breastfeeding period and to
measure the concentrations of TKIs in breast milk
when available.

Materials and Methods. Three women with Ph+
positive  CML in chronic phase (CP) were
observed during the years 2014 to 2017. Two
patients interrupted imatinib in order to conceive
without TKI, one of them had an in vitro
fertilization. One woman conceived while taking
nilotinib and stopped the drug immediately after
pregnancy confirmation. The haematological and
the molecular response of the patients were
assessed every 4-6 weeks during the off-treatment
period or more often if required. The definitions of
the haematological and molecular response were
in accordance with the European LeukaemiaNet

(ELN) recommendations.** One patient resumed
imatinib in the second trimester due to the loss of
complete haematological response (CHR) and 2
patients were off-treatment until labour (Table 1).
The pregnancy ended in childbirth in all 3 patients,
all 3 babies were healthy. The women insisted on
breastfeeding their children and were observed
without treatment during the breastfeeding period.

When the breastfeeding period came to an end,
the patients were asked to collect breast milk
samples after TKI intake. The patients took the
same TKI they had before pregnancy and avoided
breastfeeding during the sampling day. The time
points for the milk sample collection were
established as 1, 2, 4, 6, 8, 12 and 24 hours after
the drug intake. The samples were stored at -20°C
until evaluation. Quantitative detection of drug
concentrations was done by high-performance
liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS).  All  patients signed an
appropriate informed consent for analysis of their
biological samples and clinical data.

Results.

Molecular monitoring of BCR-ABL levels during
pregnancy and breastfeeding. The molecular
response and management of CML differed in
each case (Table 1). In order to provide the
details, we present a brief description of these
cases.

Table 1. Management of chronic myeloid leukaemia and treatment response in accordance with pregnancy and breastfeeding periods.

Ne of | Molecular and hematologic response Treatment of CML Follow-up
case
Before During During Before During During Time of Treatment Respo
pregnancy | pregnancy breastfeed | pregnancy pregnancy breastfeed | observatio nse at
ing period ing period | n after last
labour, follow
months -up
1 DMR, DMR, CHR | DMR, NIL 800 mg No treatment No 28 No DMR,
CHR CHR since 4™ week | treatment CHR
of pregnancy
2 DMR, Loss of Loss of IM 400 mg, No treatment No 24 IM 400 mg DMR,
CHR MMR, CHR | MR2, no treatment treatment CHR
CHR at conception
3 no MR2, Loss of no MR2, IN 400 mg, no | IM 400 mg No 19 IM 600 mg MMR,
CHR MR?2, CHR treatment at was resumed treatment for 6 CHR
loss of CHR conception since 16" months,
week of then
CHR gestation switched to
restored NIL 800 mg
when IM
was
resumed

CML- chronic myeloid leukaemia, TKI- tyrosine kinase inhibitor, CHR- complete haematological response, MR2- molecular response with
the level of BCR-ABL<1%, MMR - major molecular response with the level of BCR-ABL<0,1%, DMR —molecular response with the level
of BCR-ABL<0,01% including undetectable level, IM-imatinib, NIL — nilotinib.
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Case 1. A 32-year old woman with CML CP and
low Sokal score had achieved a CHR but no
cytogenetic response after 6 months on imatinib
400 mg and was switched to nilotinib at a dose of
800 mg. The patient conceived after 3.8 years of
nilotinib therapy and stopped the drug from the
fourth week of gestation. The patient had a stable
DMR for 2 years before pregnancy and during
whole pregnancy with BCR-ABL levels less than
0.0032%. Median (Me) time interval between
subsequent molecular tests during pregnancy was
7 weeks (from 5 to 9 weeks). The treatment-free
period was prolonged in order to breastfeed and it
lasted for 19 months with no loss of DMR. Me
time interval of molecular monitoring during
breastfeeding period was 12 weeks (from 3 to 33
weeks). On the day when the breastfeeding was
ended, the patient took 400 mg nilotinib and
samples of breast milk were collected. After that,
the patient did not restart nilotinib and continued
treatment-free  observation ~ with  molecular
monitoring. Molecular tests were done every 3-6
months. The DMR was maintained (Figure 1a).
Her total treatment-free period at the last follow-
up was 37 months. The follow-up of the child for
more than 2 years showed no developmental
delay.

Case 2 A 30-year-old woman with CML CP and
low Sokal score had been receiving treatment with
imatinib at a dose of 400 mg for 7 years. A DMR
was achieved which was stable for more than 6
years, and the BCR-ABL level was undetectable
with the sensitivity of the PCR method of > 4.5 Ig.
The patient wished to become pregnant and
stopped the drug intake. A pregnancy occurred
after 5 months. At the onset of the pregnancy, the
major molecular response (MMR) was lost and the
level of BCR-ABL was 0.11%. Further tests
during pregnancy showed fluctuations of BCR-
ABL levels between 0.1% and 0.35%. Me time
interval between molecular tests during pregnancy
was 6 weeks (from 3 to 9 weeks). The patient
insisted on breastfeeding. The treatment-free
period was extended. Two molecular tests were
done during breastfeeding period with time
interval of 10 and 5 weeks. The last test showed
the BCR-ABL level was 1.65% after nearly 3
months of breastfeeding. The breastfeeding was
terminated, treatment with imatinib at a dose of
400 mg was resumed. The total duration of the
treatment-free period for conception, pregnancy

and breastfeeding was 18 months. The DMR was
restored 4 months after restarting imatinib and
remained stable for the following 2 years of
follow-up. Molecular monitoring was done every
6 months after treatment resuming (Figure 1b).
The child met the milestones of development
during 2.5 years of follow-up.

Case 3 A 33-year old woman with CML CP and
low Sokal score had received imatinib treatment
before pregnancy for nearly 9 years. A first
attempt to conceive was made after 1 year of
imatinib 400 mg, when no MMR was achieved
and only BCR-ABL level<1% was observed. The
patient stopped taking imatinib and was switched
to interferon alpha (IFN). No pregnancy took
place, the BCR-ABL level increased to 35%, and
the patient restarted treatment with imatinib. The
dose of imatinib was increased to 600 mg and the
patient continued this treatment for 6 years. A
DMR was reached but it was not stable and long-
lasting. Two more attempts to conceive with
imatinib interruption for 3-7 months were made by
the patient. The DMR was lost, the BCR-ABL
level raised to 3%, and again no pregnancy
occurred. The patient restarted treatment with
imatinib at a dose of 400 mg (Figure 1c).

The last attempt to stop taking imatinib and to
conceive with the help of in vitro fertilization was
successful.  The off-treatment period for
conception lasted for 1 month and it was
prolonged after pregnancy confirmation. The
molecular test which was done at the 10th week of
gestation (2.5 months after treatment was stopped)
showed a BCR-ABL level of 65%. The
haematological relapse of CML which was
reflected by the loss of CHR was observed after 1
month. The whole treatment-free period during
conception/pregnancy lasted for 5 months.
Imatinib at 400 mg was resumed in the second
trimester after the 16" week of gestation as
imatinib was a drug with a high efficacy in this
patient and has a low placental transfer.> The
CHR was restored in 3 weeks. The next molecular
test during pregnancy was done 3 months after the
administration of imatinib. The level of BCR-ABL
was 5,16%. It was strongly recommended to the
patient that she should continue imatinib after
labour. However, the patient interrupted treatment
to breastfeed and resumed imatinib at a dose of
600 mg after 1 month. She maintained CHR, but
nearly 3 months after delivery the level of BCR-
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Figure 1. Levels of BCR-ABL in patients with chronic myeloid leukaemia in accordance with pregnancy and breastfeeding periods. IM-
imatinib, NIL- nilotinib, IFN- interferon alpha, CA- conceiving attempt, PR- pregnancy, BF —breastfeeding. NT- no treatment. Observation

is shown with 3- month time intervals.

ABL increased to 10%. No BCR-ABL mutations
were found. The patient was switched to nilotinib
at a dose of 800 mg and the MMR was achieved in
3 months. (Figure 1d). The MMR remained stable
during further observation. The recommended
frequency of molecular monitoring every 3 months
was not followed properly by the patent. The
follow-up of the child for nearly 3 years showed
no developmental delay and no growth retardation.

Concentration of imatinib and nilotinib in
maternal breast milk. Four series of samples were
analysed (Figure 2). In case 1, the patient received
nilotinib at 400 mg; in case 2, the patient received
imatinib at 400 mg; and in case 3, the patient
received imatinib at 400 mg on day 1 and imatinib
at 600 mg on the second day of milk-sample
collection. One sample after 24 hours of nilotinib
intake was missed, and other samples were
collected according to the schedule.

The maximum concentration (Cmax) of
nilotinib in breast milk was 129 ng/ml after 4
hours of the drug intake in case 1. The Cmax of
imatinib in breast milk at a dose of 400 mg was
1402 ng/ml after 4 hours of the drug intake and

420 ng/ml after 8 hours in cases 2 and case 3,
respectively. The Cmax of imatinib after a dose of
600 mg was 1411 ng/ml after 6 hours of the drug
intake in case 3.

Discussion. Lactation and breastfeeding are
biological mechanisms that have been established
in mammals, including humans, during years of
evolution. Besides nutrition, the benefits of
breastfeeding for the child include supporting the
immune system and protection from infectious,
autoimmune and other diseases.”® The emotional
perception of women regarding breastfeeding may
be connected with psychological, social and
cultural factors.** Mothers with CML may also ask
whether they are permitted to breastfeed their
children

It has been found that imatinib distributes to
maternal milk as well as its active metabolite N-
desmethyl derivative (or CGP74588) (Table 2).
The milk/plasma ratio for CGP74588 was higher
than for imatinib: 0.9-3 vs 0,5.”° The calculated
maximal dose of imatinib plus CGP74588 that a
child could take daily with the maternal milk was
less than 3 mg. This dose corresponds to 0.75% of
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Table 2. Data from the literature regarding imatinib concentration in human breast milk and breastfeeding

Ne | Literature Main IM IM Time Calculated Calculate | Conclusion
source observation concent | metabolite after ratio of d daily
ration N- IM concentration | dose of
in desmethyl matern | sof IM and IM for an
breast derivative al dose, | IM infant
milk, (CGP74588) | hours metabolite
concentrati
on in milk
1 Russel etal | IM and its 596 1513 ng/ml 15 - From 1,2 The risk to an infant
[6] metabolite were ng/ml to2mg consuming the drug at
found in breast the levels observed in
milk in high breast milk is probably
concentrations in small. The long-term
a single point side effects of IM
measurement exposure and  the
neonatal
pharmacokinetics of IM
metabolism are not
established
2 Gambacorti | IM and its 3-3,2 0.8-11 pg/ml | 1,2, 3,4 | Milk/plasma <3mg The expected exposure
-Passerini et | metabolite were pg/mi and 9 ratio 0.5 for for infant is about 10%
al [7] found in breast IM and 0.9 for of a therapeutic dose.
milk at several CGP 74588. The effects of low-
time points, IM dose, chronic exposure
plasma blood of infants to IM are not
levels were known
analysed in
parallel
3 Alietal [8] | IM was found in From - From10 | - - Breast feeding during
breast milk in a 1430 to to 16 IM therapy seems to be
series of 2623 safe; but, the effects of
measurements ng/ml chronic infant exposure
from 7" to 16" to IM are not known.
day postpartum Breastfeeding is not
advisable
4 Kronenberg | IM and its From From409to | 3, 27, Milk/plasma - Breastfeeding cannot
el al [9] metabolite were 751 to 1052 ng/ml 51,171 | ratio nearly be
found in breast 1153 0.5 for IM and recommended during
milk at several ng/ml nearly 3 for treatment with IM
time points, IM CGP 74588.
blood levels were
analysed in CGP
parallel. The 74588/IM
accumulation of a ratio in milk
CGP 74588 in from 54% to
milk was 132%
observed
5 Burwick et IM and its 18.9 658 ng/ml 99 - - Breastfeeding is
al [10] metabolite were ng/ml discouraged. IM and its
found in breast metabolite concentrate
milk. IM blood in breast milk.
levels were Longer period of drug
analysed in cessation would be
parallel. The recommended if
accumulation of a mother got IM before
CGP 74588 in breastfeeding.
milk was
observed

the standard maternal dose of 400 mg and it is
much lower than the lowest paediatric dose of
imatinib of 260 mg/m2 recommended for children
with CML."™ However, experience of imatinib use
in the first year of an infant's life is very rare as the
median age of paediatric CML patients is nearly
12 years.® Some studies have reported impaired

bone growth, growth hormone synthesis and
vitamin D metabolism resulting in growth
retardation in children with CML who received
imatinib.’"** Nilotinib has been just recently
approved for use in children with CML and no
extensive data can be taken from the pediatric
population today.
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Figure 2. Concentration of nilotinib and imatinib in breast milk.

Our concentration measurements of imatinib in
maternal breast milk correspond with the drug
levels described earlier (Table 2) and demonstrate
the inter-individual and dose-depending variations
(Figure 2). The concentration measurements of
nilotinib in maternal milk described here are, to
the best of our knowledge, the first in a woman
with a single dose of nilotinib 400 mg once a day.
Nilotinib penetration into human breast milk is
evident. Based on our data, the estimated
maximum daily dose which an infant may take is
nearly 1 mg for imatinib and 0,1 mg for nilotinib
since the maximum daily milk intake is considered
as being 1000 ml. Therefore, we deduce that the
calculated doses of these TKIs which an infant
may ingest with the maternal milk are less than the
therapeutical doses. However, the unknown effects
of the low-dose chronic exposure to imatinib in
infants in the first year of life and no data of
nilotinib durable impact on infants' development
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